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FOREWORD

This volume contains the Proceedings of the Technical Sessions from the 30th Annual
Conference of the Canadian Nuclear Association. As in previous years, the Annual Conference of the
Canadian Nuclear Society was held in conjunction with the Canadian Nuclear Association
Conference.

The papers for these Proceedings were prepared on standard forms supplied by the
Canadian Nuclear Association and arc generally published as submitted by the Authors.
Responsibility for the content of each paper rests solely with the Author.

These Proceedings arc Copyrighted by the Canadian Nuclear Association. Rcqucts for
further information concerning these Proceedings, permission to reprint any part of these
Proceedings or orders for copies of these Proceedings should be addressed to :

Canadian Nuclear Association
111, Elizabeth Street., 11th Floor

Toronto, Ontario, Canada
M5G 1P7

AVANT-PROPOS

Ce volume contient les actcs des seances techniques de la 30 Conference de l'Association
nucleaire canadiennc. Comme dans Ics annecs passccs, la Conference annuelle de la Societe
nuclcaire canadienne s'est tenue en meme temps que la Conference de ['Association nucleaire
canadienne.

Lcs communications ont etc redigecs scion un format standard, sur des fcuilles fournics
par 1'Association nucleairc canadienne ct sont gencralcment publiccs tellcs que soumiscs par les
autcurs. Lc contenu de chaque commincation n'engage quc la rcsponsabilite de son auteur.

Les actcs de la Conference sonl proteges par un droit d'auteur detenu par 1'Association
nucleaire canadiennc. Pour toule demande de renseigncments sur ces actes, pour obtcnir
I'autorisation d'en reproduire une quelconque partie ou pour en commander un cxemplairc,
s'adrcsscr a :

Association nucleairc canadienne
111, Elizabeth St., 11th Floor
Toronto, Ontario, Canada

M5G 1P7
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GLOBAL ENERGY OUTLOOK - A FUTURE FOR NUCLEAR POWER

R. G. Skinner
Director

Long-Term Co-operation and Policy Analysis
International Energy Agency, OECD

Paris, France

ABSTRACT

All indicators point to continued growth in world energy demand over the next 10 to 20 years and this
growth could be especially rapid if the economic expansion of non-OECD countries continues to accelerate.
Growth will likely occur in the demand for virtually all forms of energy, but it will continue to be
particularly strong for electricity. Growth in the electricity demand of industrialized countries is likely to
approximate the rate of economic growth, but the demand increases in developing countries are likely to be
much more rapid.

Of the many sensitivities affecting the World energy outlook, three issues dominate: (i) The uncertainty of oil
prices: (ii) The potential effects of policy responses to global environmental concerns; and (Hi) The
implications of Eastern European countries' move to more market-based economies. The price of oil is a
chronic sensitivity; perhaps made more so by the closing gap between OPEC capacity and the call on OPEC
production together with the demands on the oil industry's capital in OECD countries to meet non-oil
producing costs such as transportation, refining and distribution, equipment upgrading or replacement, new
environmental requirements and higher fuel specifications. Environmental restrictions on energy supply and
use will become increasingly stringent although their impact is still highly uncertain. While no major shifts
in fuel shares are expected in the near-term, the increased emphasis on natural gas, renewables and energy
efficiency, if policies and efforts are accelerated to curb emissions of CO-, and other greenhouse gases,
should adjust fuel shares early in the next Century. Political and economic changes underway in Eastern
Europe pose major uncertainties for oil markets and the outlook for electricity demand in Europe in general.
A decline in both energy demand and indigenous energy production is likely in the near-term in this region.
Over the medium-term, while increased electricity demand and greater use of oil in transportation are
possible, their effects on overall energy consumption could be offset by efficiency improvements. The scope
for efficiency in energy production and use is enormous in Eastern Europe, and this is one of the principal
energy policy goals of these countries. The electricity sector will have to adapt to these environmental
pressures and uncertainties as well as to increasingly competitive markets. While few countries are likely to
attempt the type of major restructuring now underway in the United Kingdom, there will be more efforts to
strengthen competition in this sector and to require utilities to operate more like private businesses.

These trends and uncertainties have many possible implications for nuclear power. The increasing demand
for electricity means that there will have to be substantial new baseload capacity, especially towards the end
of the 1990's notwithstanding continued strong efforts in Demand Side Management. The emergence of
environmental concerns as critical factors in virtually all stages of energy supply and demand holds both
great promise and risk for the nuclear industry — and is clearly the area requiring the most immediate
attention. But rising costs and increasing pressures on the utility industry from governments to be
increasingly competitive, in particular to use higher discount rates, will also pose difficult challenges.
Clearly, the nuclear industry cannot expect a return to the heyday of the 1970's, but with continuing efforts
to address these challenges, it should be able to make a growing contribution to future energy requirements.
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INTRODUCTION

In the last thirty years since the founding of the Canadian Nuclear
Association, the World nuclear industry has seen its share of electricity
generation grow from a few demonstration or prototype reactors to
434 operating reactors producing 17% of the World's electricity. The
energy generated has constituted a major contribution to the OECD's energy
security. The industry has also made major contributions to the health
sciences, space technology, nutrition, environmental protection, materials
testing and fundamental science to name only a few. The only thing
exceeding the difficulty of quantifying the industry's contribution to
improving our lifestyle, is the infrequency with which it is given credit
for doing so! Unfortunately, this is unlikely to change given the current
debate everywhere over the role of nuclear power in our future.

Nuclear's past success, as in many endeavours, need not have much bearing
on the possibility of success in the future. To use a topographic analogy,
it is difficult to say whether nuclear energy is on a divide, a plateau, a
terrace still on the way up, or on a fragile lip of a precipice to
oblivion. It very much depends on our view of the future. And our view of
the future is not helped by the confusion of signals found in the present.

The organizers of this Conference have asked that I provide a long-term
view of the global energy demand outlook, how this might be met and what
role nuclear might play in this future. What I therefore propose to do is:

• provide a summary of the IEA's World energy outlook to the year
2005;

• identify a number of new and developing factors that could
alter this outlook, and;

• review the status of nuclear energy internationally, the major
issues confronting it, and the role it might play in meeting
energy demand and in achieving sustainable development.

The International Energy Agency was established in 1974 by 21 OECD
countries in response to a manifest threat to its Members' energy security
and economic growth. The Agency's overriding concern was oil—supply
security. IEA Ministers agreed to a programme of goals based on
recognition that higher energy prices could be addressed through fuel
diversification, increased energy efficiency, technological innovation and
reduction of barriers to energy trade, as well as the maintenance of the
capability to share oil supply during emergencies. While these principles
remain the basis for much of our activity, additional factors are
attracting our attention. Principal among these are:

• the relationship of energy and the environment, and the reality
that future energy supply and use will be subject to acutely
sharper environmental scrutiny; and

• energy developments in non-Member countries are having a
growing influence on World energy markets.

But these two subjects are only twin headings for a long list of questions
and issues confronting energy planners everywhere.

WORLD ENERGY OUTLOOK

The IEA Secretariat analyzes on a continuing basis the long-term outlook
for World energy supply and demand. This is done under a set of
assumptions about oil prices, economic growth rates, population and other
variables. Our possible scenarios for the future are only that: they are
not forecasts or predictions. While we continuously update these outlooks
to reflect new developments, our most current, published outlook (prepared
about 18 months ago) does not fully take into account the implications of
possible responses by governments and industry to, for example, global
environmental issues, nor of the range of developments both since and
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underway in Eastern Europe . In any event, the technological innovations
needed to address some of the environmental goals and the policies likely
required to accelerate their penetration would have to take place soon in
order to significantly influence World energy demand by 2005. So, this
outlook was essentially based on a "business as usual" view of the next
fifteen years.

Having said that, few witnesses to the dramatic changes taking place in the
World today, and who have watched the evolution of World energy markets for
the last thirty years, would insist that "business as usual" will apply to
the next thirty years, unless this refers to uncertainty and surprises.
Therefore, the scenario described here merely provides a reference against
which to assess the potential effects of new policies and technologies,
recent political processes and economic developments . In other words,
if this was our view a year ago, what could radically change it?

Tables 1 and 2 summarise the basic assumptions and major elements of World
oil and energy demand projections to 2005 as reflected in the following
outlook.

Table 1
Major Demographic and Economic Activity Assumptions

(Annual average rate of growth, 1987-2005)
- percent -

OECD

Population 0.5
GDP 2.7

Eastern Europe*

0.6
2.7

Developing
Countries

1.9
3.8

Unless otherwise specified, Eastern Europe includes the Soviet
Union, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland,
Rumania and Yugoslavia.

This base case scenario is based on oil prices risin.-j from
$17.50 in 1990 (1987 terms) to $30 in 2000 then flat
thereafter; annual GNP growth @ 2.7% for OECD; 2.7% for CPE's
and 3.8% for developing countries.
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Table 2
World Primary Energy Requirements

Rising Oil Price Case

average annual
per cent change

1987 - 2005

OECD
Oil
Natural Gas
Solid Fuels
Nuclear
Hydro and other
Total

EE/SU/C*
Oil
Natural Gas
Solid Fuels
Nuclear
Hydro and other
Total

Developing Countries
Oil
Natural Gas
Solid Fuels
Nuclear
Hydro and other
Total

World
Oil
Natural Gas
Solid Fuels
Nuclear
Hydro and other
Total

0.8
1.4
1.6
2.1
1.8
1.3

2.1
4.4
2.2
6.3
2.7
2.9

3.2
7.2
5.1
1.4
3.9
4.5

1.7
3.7
2.4
2.8
2.6
2.5

market
- per

1987

43.3
18.5
23.8
7.9
6.5

100.0

26.8
25.1
42.2
2.3
3.6

100.0

51.2
15.8
21.5
1.7
9.7

100.0

39.3
20.2
29.3
5.1
6.1

100.0

share
cent -

2005

39.7
18.9
25.2
9.1
7.1

100.0

23.2
32.4
36.9
4.1
3.5

100.0

41.0
25.2
24.0
1.0
8.9

100.0

34.2
25.1
29.0
5.4
6.3

100.0

Eastern European economies, the Soviet Union and China.
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SUMMARY OF OUTLOOK*

The outlook's principal elements are:

Total Energy Demand

• Under a scenario of gradually rising oil prices. Total Primary Energy
Requirements (*TPER') in the OECD grow at a moderate rate of about
1.3% per annum over the 15 year period. The Centrally Planned
Economies (some now more accurately are formerly CPE's) and
developing countries' energy demand slows from the past 10 years but
continues at 3.0% and 4.5% respectively with an overall World rate of
2.5%, meaning 50% over the 1987 levels by 2005.

• Figure 1 shows the expected changes in the world primary energy
requirements among these three groups. Developing countries'
continuing rapid growth in population and economic activity,
increasing industrialization and greater road transportation, and a
squeeze on availability and a move away from traditional, non-
commercial energy forms account for the high growth in these
countries.

• Overall energy intensity (TPEE/GDP) in OECD countries continues to
decline at 1.3% owing to structural changes, technological advances,
and continued investments in energy efficiency and stock turnover.

• Non-OBCD countries have seen no significant decline in energy
intensity since 1973 and little change is anticipated.

Fuel Mix

Figure 2 shows the relative fuel mix of Total Final Consumption since 1960
and over the forecast period.

oil

World demand grows at 1.7% per annum with demand growth greatest in
developing countries at 3.2% per year, followed by CPE's at 2.1% and
OECD at 0.8% [compares with 7.9% from 1965-73 and 0.7% from 1973-87].
As a result, by 2005 the non-OECD share of the World's oil demand is
greater than half (52%).

Transport and petrochemicals end-use sectors account for most growth,
but oil's share of the overall energy market falls from 39% to 34%.

Oil intensity (oil use per unit of real GDP) in the OECD continues to
decline at 2.0% per year. Overall intensity outside the OECD
declines, but slower than the OECD's.

Supply is available, but increasingly comes from non-OECD regions,
especially the Middle East.

Natural Gas

World demand for natural gas grows the fastest of all energy sources
at 3.7% to 2005, but because of delays in increasing infrastructure,
demand in OECD grows at 1.2% in the first half of the forecast
period, increasing to 1.6% by 2005. Some end-use sectors' gas demand
grows quite rapidly, such as in industry and in the electricity
sector.

The full outlook will be published in the IEA's annual
publication "Energy Policies and Programmes of ISA Countries"
in mid-1990.
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• The CPE's growth in gas demand slows to 4% from recent high growth
(6%), owing to a slow down in investment, but the developing
countries' gas demand grows very rapidly, especially in the Middle
East.

• Natural gas' share of the World market grows from 20% to 25%.

Coal/Solid Fuels

• OECD solid fuel demand maintains market share, continuing to grow at
1.6%.

• Hard coal use in power generation grows (2.7% per annum), slightly
faster than projected electricity growth rates (2.4%). Within a
scenario of decelerating nuclear, hard coal is still seen as the main
alternative for baseload and medium load generation.

• Coal consumption and production in the USSR and Eastern Europe
stagnate until the mid-90's, awaiting revamping of the infrastructure
for the production, transportation and consumption of coal in that
region. China's consumption of its own coal however, grows at 3.6%
per annum, especially in electricity generation. Other developing
countries continue to experience high growth rates in coal use.

Hvdroelec'cricitv

• OECD's hydro use is mature, and its overall share of generation
declines from 19-20% to 16-17% by 2005. Hydro growth could increase
in developing countries but is constrained by the lack of capital,
even though It often makes the lowest claim on scarce foreign
exchange earnings; for this reason, some growth in these regions is
anticipated.

Nuclear Power

• Nuclear's rapid growth in the recent past (quadrupling between 1973
and 1982, and doubling again to 1987) slows over the next 15 to 20
years, due to declining cost advantages in some countries and public
concerns. Growth of nuclear output in the OECD (which accounts for
80% of the World's total) declines to 2.9% per year up to 1995, and
further to 1.4% over the next ten years to 2005. Decisions to change
this growth rate especially in the latter half of the period, would
have to be made in the next year or so.

• 45% of net additions take place in Eastern Europe, even with recent
cancellations and prolongation of construction schedules, dropping
the OECD's share to 70% of the total.

• Very little nuclear contributions take place in the developing World
because of nuclear's high call on limited hard currency earnings, and
its excessive dependence on external sources. There are a few
exceptions.

RECENT DEVELOPMENTS - NEW FACTORS

If there is anything certain about this scenario, it is that it surely is
out-of-date and in many respects, for example for nuclear construction in
Eastern Europe, it is very optimistic. But it has enjoyed the general
support of many energy analysts as a reasonable and therefore a "reference
outlook". There are numerous sensitivities that could affect it, not the
least of which are the interrelated factors of oil-prices, the environment,
and developments in non-OECD countries in general and Eastern Europe in
particular.
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Oil Markets

While the IEA considers the risk of an oil market crisis to be relatively
low in the short-terra, there are signs of new pressures that could bring
back the conditions for rapid price increases, even within the nineties,
although this would again be reversed over time, as in the mid-eighties.
The scenario described above was predicated on crude oil's price rising to
$30 by 2000. An alternative view of price, say, a price continuing at
$17.50/bbl, would lead to higher oil consumption than in the $30 case (5%
higher in 1995; 13% in 2005). But this scenario would tend to see a faster
decline in production in OECD countries and a more rapid growth in their
reliance on non-OECD sources, especially in the Middle East. Even this
region's investment in new crude capacity would be impaired by the lower
cash flow from its major cash source - crude oil production. Under this
scenario, the squeeze between the call on OPEC crude production and actual
OPEC capacity would be brought forward, all else being equal.

Adding to this scenario's plausibility is the growing call on capital in
the OECD's oil industry to do things other than replace reserves; namely,
replace and refurbish aging capital stock in refineries, pipelines, service
stations and tankers. Much of the steel underpinning the oil and gas
infrastructure in North America was assembled, erected or buried several
decades ago. And not only its age is calling for its refurbishment or
replacement; new environmental concerns and regulations are accelerating it
too, as well as the fear of litigation or private law suits, especially in
North America. And equipment replacement is happening in Europe and
elsewhere at the same time. In the absence of adequate revenue to
capitalize this adjustment, chronic nuisance leaks and more serious upsets
and shut-downs could result. If capacity is not forthcoming prices would
likely rise again, but whether in a smooth fashion and for how long is hard
to tell.

Calls for "dialogue between producing and consuming governments" to discuss
the need for accelerated investment in new capacity in oil producing
countries - the figure of $60 billion before 2000 has been mentioned - are
heard with increasing frequency. These same calls have been heard in the
past. Quite simply, if the terms of investment are such as to attract
private investment in those producing regions where production costs are
relatively low and if an acceptable rate of return is likely, it seems
reasonable to expect that private capital will flow to make the necessary
investments. It is not clear how governments can or should help in
something which experience has shown is best done by the private sector.

Meanwhile, the two important new developments of Eastern Europe and the
environment will also certainly influence the oil market.

Eastern Europe - Countries in Transition

While oil market uncertainty and environmental concerns have been with us
since the sixties, recent developments in Eastern Europe constitute a major
new factor affecting our uncertainty of World energy markets. The veil is
only beginning to lift on this region. It is still far too early to tell
just what the implications are of these economies trying to emulate ours.
Examples of uncertainties include:

• Whether Soviet hard-currency oil exports can be maintained over
the short-term and how rapidly their oil and gas exports to
their Eastern European trading partners can be shifted to hard-
currency terms and whether this in turn will slow the latter's
increase in oil demand?

• Whether and when oil use in transportation will increase,
especially in the central European countries; perhaps unlikely
without a major expansion and improvement in the infrastructure
(fuel distribution, road networks, vehicle supply).

• How Soviet oil industry manages its problem of capital
availability; moving into the more remote and higher cost
regions of the country will likely require the involvement of
Western capital and industry, but this will take time for a
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variety of institutional, social and financial reasons. The
practice to date of the Soviets in this area of activity haa
been that foreign companies are offered projects on the most
complicated oil reservoirs - ones that would be exceedingly
difficult, even in traditional petroleum basins in the Western
world.

• The move to more market-oriented economies in this region
should result in and be accelerated by greater energy
efficiency, for which there is a very large potential. The
energy intensity (TPER/GDP) is at least twice that in OECD
countries. If Eastern Europe had the average energy intensity
of Western Europe, their energy consumption would he cut by
44%. But there are many institutional barriers to this
happening, and dramatic results are unlikely in the short-term.

• Much of Eastern Europe's energy is based on poor quality
indigenous coal. This geological reality has led to a
dependency whose socio-political features will be no less
intractable than they have proved to be^in some of the most
market-oriented economies in the World.

This region's use of oil and its response to market signals is unlikely to
be as in the West. Energy intensive industries predominate; a move to a
more market-oriented system could in theory stimulate efficiency. But this
will only happen at a scale and pace commensurate with the availability of
capital, and the extent to which massive state-controlled monopolies are
restructured to stimulate competition. Also, oil use is not as
discretionary as it is now in Western economies where the dominant use is
in transportation, and more specifically in private automobiles (although,
this is not as discretionary in some Western regions as it is in others).

A command economy, accustomed to aiming for supply-side results, will not
be converted to energy efficiency or a demand-side "culture", over-night.
Getting prices right, is the first step, and moves are already underway in
this direction. While a demand reduction is what theory might predict,
with decades of pent-up demand and months of earnings in savings, the more
likely consequence of the sudden new freedoms could be the purchase of
convenience goods, if available, and the pursuit of mobility. In this
respect, they would be paralleling the pattern in OECD countries over the
past few years where increased economic growth has been accompanied by
rising demand in electricity and road transport fuels. While the West has
experienced both a dramatic increase in the efficiency of vehicles and
appliances, and an increased demand for the transport services and the
services provided by a profusion of appliances, it is likely that Eastern
Europe will experience the latter before the former.

These are only a few of the questions and uncertainties that confound any
assessment of the implications of these economies' making the transition to
a more market-based approach. The absence of reliable statistics and
appropriate legislative, administrative and accounting systems makes it
exceedingly difficult to expect with any confidence a rapid escape from the
inertia born out of years of failed planning. But everyone wishes this
region success, and agencies such as the IEA and the OECD are already
engaged in discussions with many of these countries to transfer our
knowledge and experience, both on the successes and the failures, in
improving our market-based economies generally, and enhancing our energy
security in particular.

It is ironic perhaps that up to now our projections have accepted that
these planned economies would deliver more or less according to their GOSS
plans. Recent events in this region are testimony to many realities: that
"democracy and market systems may not be all that great - but they are
better than the alternative"; that central planning by big governments
delivers neither energy security, economic well-being, nor, above all, a
clean environment. At the roots of what has happened in this region lies
an environmental movement. Few people might recall, in the excitement of

West Germany, the United Kingdom, Belgium and Cape Breton have
long had subsidized coal industries.
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today's evei. -s, that the first clear expression of perestroika and glasnost
was the unprecedented candour and self-deprecation of Soviet officials as
they described to a spell-bound audience at the IAEA in Vienna, the awesome
operator errors and system weaknesses that, combined, led to the Chernobyl
catastrophe. And that event has become a central symbol in the global
environmental debate, as much as it has become an unfair but real piece of
baggage that the nuclear industry world-wide is now having to carry.

The Environment

During the seventies, energy was at the top of the international political
agenda. It drove fiscal policy - in Canada, to such an extent that, in
1980, an energy policy and federal budget were one and the same: the
National Energy Program. In many countries, "environmental" policy, if a
policy existed at all, was a consequence of energy policy. Now in the
nineties, this order is reversed. Environment is at the top of the
international political agenda; in some countries (Finland, Sweden, Denmark
and the Netherlands) it is already beginning to drive fiscal policy, and
the energy implications are sometimes receiving secondary consideration.

Again reflecting the interrelated nature of these three major new factors
(oil market uncertainties. Eastern Europe, and the environment), much of
the reduction in OECD oil demand since 1973 resulted from energy policies
that emphasized, among other things, energy efficiency and substitution for
oil. These same policy responses are now top on the list to address, not
only the conventional environmental problems of acid rain, oil spills and
toxic wastes, but especially the risk of global climate change, which has
attracted unprecedented political attention. Just as energy efficiency and
natural gas were tools to secure oil security in the seventies, so are they
advocated in the nineties to reduce C02 emissions and to transform command
economies. Eastern European countries tell us that along with getting
energy prices to better reflect costs, energy efficiency is their number
one priority. A vigorous re-emphasis of these "old" instruments for the
new agenda will surely yield results for the "old agenda" of reducing oil
dependence. The questions are how fast, how much, at what cost, and with
what side-effects?

Given that electricity and transportation account for more than half of the
energy-related CO2 emissions in most IEA countries, it is likely that they
will be the focus for early policy attention for environmental reasons. In
1988, transportation energy use grew 4.6%, more than any other end-use
sector. Having grown at 1.7% per annum since 1973, it is, at 31%, now the
second largest end-use sector next to industry (at 33%). Slightly over 50%
of all oil used in OECD countries is used in transportation. The
transportation sector in its entirety is now becoming, in many countries
and in major urban centres, the object of urban and health policies. To
the extent that these policies are effective, they could have a dampening
effect on the projected increase in oil demand.

Electricity and the Role of Nuclear

Developments in the electricity sector are of greatest direct relevance to
the nuclear industry, but have to be seen within the preceding, more
'macro' setting of energy markets in general.

Figure 3 illustrates the relative growth of electricity demand, GDP and
Total Final Consumption since 1960 in OECD countries. While Total Final
Consumption has increased by 100%, and GDP has gone up by 180%, electricity
consumption in 1989 was 300% higher than it was when the Canadian Nuclear
Association was formed. Electricity now accounts for the largest
contribution to the growth in total final consumption of energy in OECD
countries (4.2% increase in 1988).

Electricity generation has grown even faster in non—OECD countries which
have increased their share of World electricity output from 32% in 1971 to
41% in 1987. The pattern of fuel shares outside the OECD has also shown a
rise in nuclear, but rather than a decrease in natural gas as has been the
case in the OECD, an increase in the use of gas is reflected in all regions
except in Latin America (see Figures 4a and 4b). Coal has been and will
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continue to be the dominant contributor in the future. World output of
nuclear electricity increased 16 times between 1971 and 1987, from 25
million tons of oil equivalent (Mtoes) to 388 Mtoes. Non-OECD's share of
the nuclear output over this period went from 2 Mtoes to 77 (Figure 5).

The dramatic increase in nuclear's role in the OECD's electricity
generation is shown in Figures 6 and 7. Will this wedge-shaped
contribution widen, stay constant or, on similar graphs shown thirty or
forty years from now, be pinching out as a lens?

Our own projections and those provided by our Member countries suggest OECD
electricity demand increasing to 8,500 Twh by the year 2000 when total
capacity is expected to be around 1,800 GW. Beyond that time, if only by
extrapolation of GNP growth and the belief that electricity demand will
continue to at least parallel or exceed economic growth, anywhere from
400 GW to 450 GW of new capacity will be needed by, say, 2010. The impact
of new technologies and other events totally beyond our contemplation make
any extrapolation beyond this point totally fanciful.

There are currently 320 nuclear units in OECD countries with an installed
capacity of about 265 GW. Notwithstanding the outlook based on both the
IEA model and on country submissions, a realistic view would see an
increase of only 37 GW (27 net of retirements) or 10% by the year 2000. At
this rate, and given growth in electricity demand, this will constitute a
drop in nuclear's share of electricity generation. For the rest of this
decade, at least, what is in place now represents about (91%) of the
capacity that will be in place by 2000 (see Figure 8).

The growth in nuclear has halted in most OECD countries (see Figure 9).
Only three countries - Canada, France and Japan - which accounted for 23%
of OECD electricity generation in 1989, are currently actively proposing to
add new nuclear units beyond those already under construction.

What are the specific issues that are going to influence whether nuclear's
role as portrayed on future fuel-share graphs will appear as a wedge or a
lens? Figure 10, building on Figure 8, i3 a conceptualization of these two
extreme alternatives. The future for nuclear is essentially already
determined up to about 1998 or 2000. But even this is not certain, it
must be said that a nuclear accident of a Chernobyl, or even of a lesser
scale anywhere in any nuclear reactor could bring about a more rapid
decline in nuclear's share, as some countries already contemplating early
closures, accelerate their decisions.

Beyond 2000 there are numerous factors that, while not necessarily possible
concurrently, could expand or reduce nuclear's future contribution.
Nuclear optimism might be based on the following: (not necessarily in any
order of significance)

• A Crisis Approach to the Greenhouse Effect. No responsible
nuclear industry representative would claim that nuclear is the
answer to the greenhouse phenomenon. This would be as
irresponsible as saying that any other energy form alone can
solve the problem. As long as nuclear has other difficulties
in the eyes of the public, it is ill-advised for the industry
to make this claim, even though it is an inescapable fact that
the generation of electricity from nuclear power plants does
not produce greenhouse gases. In any event, there are few
signs that a true crisis mentality is developing on a world
scale in the face of climate change. Although the scientific
basis for the greenhouse effect is solid, whether the earth's
current climate is changing because of man-made emissions of
greenhouse gases is not firmly established. The
Intergovernmental Panel on Climate Change' s Working Group on
the scientific assessment of climate change, in its report to
the Panel, is definite that the increases in atmospheric
concentrations of the main greenhouse gases will, however, lead

1.10



to a warming of the Earth's surface. The costs of policy
responses are unknown, and the global political instruments
such as international conventions and protocols, and the
institutions necessary to implement them, are nowhere in sight.
These will take a long time to develop, even if there is a
global consensus that they are needed. Such does not yet
exist. Finally, experience would suggest that a crisis
atmosphere does not always result in sound policy (witness much
of energy policy in the seventies).

Resolution of the Public's Major Concerns about Nuclear. The
public in most countries is concerned about the safety of
nuclear plants, the safe disposal of radioactive wastes and
decommissioning of retired plants. These issues are major
preoccupations of those of our Member countries which have
nuclear programmes. Organizations like the Institute of
Nuclear Power Operations ('INPO') and, more recently, the World
Association of Nuclear Operators ('WANO') are commendable
initiatives towards improving safety while improving reactor
performance. The Nuclear Energy Agency of the OECD and the
International Atomic Energy Agency continue to foster the
exchange of information and experiences in waste disposal
programmes and effective approaches to improving public
information.

But international agencies can do little to influence the
perception of citizens of any particular country. Nuclear
plants must be operated safely and be seen by the public as
being operated safely. The nuclear waste question is not going
to be resolved easily to the satisfaction of the public in many
countries in the near future, even though, from a technical
point of view, safe disposal would seem to be achievable. A
site is actually in operation in Sweden. But concentrated
efforts are needed to demonstrate convincingly to the public
that safe waste management and disposal are achievable.

Canada is to be commended for launching a full, public
assessment of the concept of managing and ultimately disposing
of spent fuel in engineered, deep geological repositories.

The Cost of Competing Generating Fuels. Nuclear electricity
can be a costly form of electricity. Because it has been
required to internalize its environmental, human safety and its
waste costs and even waste's potential risks for future
generations, nuclear's costs are frequently higher than for
competing forms of generation which have not, as of yet, been
required to internalize comparable costs. But environmental
pressure has increased on these other fuels. Coal, for
example, in mo3t industrialized countries is internalizing most
of the costs of acid gas emissions. In the countries that we
have studied** nuclear does not always enjoy a clear economic
advantage over coal under all conditions of various cost
assumptions. It is most sensitive to discount rates and
projected coal prices. The nuclear industry in the UK is not
at a standstill because of an antinuclear movement: it cannot
compete on a commercial basis in a new regulatory environment
based on competition for customers, more liberal rules
governing access to the grid, and, above all, commercial
discount rates for investments in new supply. But, if the
economics of nuclear can be significantly improved relative to
the competition, this would tend to expand nuclear's prospects.

"Policymaker's Summary of the Scientific Assessment of Climate
Change", Draft Report to IPCC from Working Group,
March 12, 1990.

"Projected Costs of Generating Electricity from Power Stations
for Commissioning in the Period 1995-2000", Nuclear Energy
Agency/International Energy Agency, OECD, Paris 1990.
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There are other factors that could improve nuclear's potential. Certainly,
technological improvements that reduce construction and operating costs,
improve the assurance of safety and enhance the overall performance of
nuclear units could be important. The development of smaller reactors,
such as the CANDU 3, that better fit future capacity demand curves will
help reduce tfce costs of nuclear. New concepts fox nuclear units will
require time to obtain approvals, to build and gain adequate experience
before they can be expected to start influencing nuclear's prospects.
Finally, given the state of public perception of nuclear energy, reference
to new "inherently safe reactors" may tend to suggest that all current
reactors are unsafe, therefore use of the term may not be advisable. Life
extensions for some nuclear plants have already been carried out. These
have been important in reducing the life-time costs of nuclear and will
likely constitute a major activity in the years ahead. Because sites for
new plants of any kind are rapidly becoming the limiting resource, life-
extension will take on even more importance.

Other factors of a highly qualitative and intangible nature that could
influence nuclear's prospects might include:

• a major change in the regulatory and political process. While
it could be more streamlined and less prone to delays,
especially if designs are more standardized as is intended in
the United States, it is inconceivable that regulation will or
should become less strict.

• a major improvement in the public's understanding of nuclear
energy, and in the public's perception of relative risk.
Related to this is the role of the media.

• rapid economic growth might, through an associated rise in
electricity demand, contribute to an improvement in nuclear's
prospects.

Forces tending to push the line down include the following:

Energy Efficiency. Using energy more efficiently has come back into vogue.
Because efficiency also generates economic benefits, improves competitivity
and continues to bolster energy security, while reducing the call on
natural resources, it has become the policy response of first choice to
address environmental concerns.

But the effects of energy efficiency are difficult to assess, and more
difficult to count on. Over the last fifteen years, IEA countries have
tried the full spectrum of instruments to stimulate conservation and
efficiency, from information programmes, financial incentives to
regulation, standards and targets. Results have been mixed. However,
there is little doubt that considerable potential exists to improve the
efficiency of electricity end-use. Our own recent study concludes that
substantial savings could be made through economically viable improvements
in end-use efficiency over the next ten to twenty years using technologies
that are already on the market. But most of these savings would not be
achievable by market forces or existing government policies. A recently
published study for the Electric Power Research Institute** in the United
States calculated the maximum technical potential savings to be 24% to 44%
of their base case electricity consumption in the year 2000 if consumers
were to replace their stock of electrical end-use equipment of average
energy efficiency with equipment ranked among the top 20% in terms of
efficiency. Translated into peak demand reductions, this amounts to 148 GW
to 268 GW by 2000.

"Electricity End-Use Efficiency", IEA, Paris 1989.

"Efficient Electricity Use: Estimates of Maximum Energy
Saving"; March 1990, prepared by Baraket and Chamberlin Inc,
for EPRI, California.
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But a distinction must be made among "technical", "cost effective", and
"likely or realistic" potential. How to increase the rate of penetration
of new, more efficient technologies is a perplexing issue for governments
and utilities. Much of the IEA's current work on (jnergy and the
environment is directed at the problems, costs and benefits of different
policies that have been or could be implemented tc accelerate the uptake of
energy efficient technologies.

Utilities, especially in North America are actively pursuing Demand Side
Management investments to buy-back kilowatts rather than invest in the next
large increment in supply. In the United States, DSM investments have been
part of power planning for some years, and they are growing as evidenced by
a recent joint-announcement by Californian utilities to increase total DSM
expenditures to $300 million per year by 1991. The Electric Power Research
Institute (EPRI) estimates that DSM may amount to 80 GW of avoided capacity
(or 13% of total projected capacity requirements) over the next decade or
(at $l,250/Kw to build capacity) $100 billion in avoided capital costs.
Canadian utilities plan to spend CAN$10 billion (about 2.5% of revenues or
about 5% of capital expenditures) over the next twenty years with the
objective of reducing capacity requirements by 12 GW by 2010, or nearly 10%
of total projected capacity. Ontario Hydro's recent power development
plans call for 25% of its expectations over the next 25 years to be met by
DSM investments. In Europe, DSM has not yet become popular with utilities,
although there are some initiatives underway, especially in those service
areas where new power plant additions have encountered siting difficulties
or other delays.

It might be argued that DSM, paying your customers to reduce purchases of
your product, does not make sense - that it is a pure path to oblivion.
The simple response usually given to this assertion is that reducing
revenue is OK as long as your costs go down more. Accordingly, your
profits go up and, if the utility regulator allows the costs of DSM to be
capitalized like supply costs, the prospects of a profit on reducing demand
improve considerably. If the cost of producing the next unit of
electricity is that much higher than the revenue received on the last unit
produced, perhaps the price is not high enough. And if prices did reflect
true replacement costs, customers would have invested in reducing their
demand on their own. Why such 'rational' behaviour does not occur, even
where prices do tend to reflect long-term marginal costs, has been the
subject of many interesting studies. That the average Canadian
houseowner spends less than 2% of gross income on electricity, is surely
one element of the explanation.**

The IEA's World Energy Outlook includes a continuing improvement of energy
intensity at 1.3% per annum over the next fifteen years. This would have
to be doubled and sustained in order to stabilize C02 emissions in the OECD
by 2015. Although energy efficiency actions will likely accelerate and
will tend to reduce electricity demand (as suggested by the above plans,
between 10-15% result from utility actions) from what it would otherwise
be, they will not reverse the growth in demand without a major change in
current policies which would have to essentially control consumer
behaviour. Such policies are not favoured by current OECD governments,
given the success of their market-oriented policies. Their justified
conviction that the reduction of market intervention over the past decade
or so has helped generate current economic growth, leads to the conclusion
that there is little prospect of their reversing their position. Besides,
while economic growth stimulates electricity demand, it also favours
turnover of capital stock which tends to be more efficient than the
replaced stock.

See for example, "ENERGY USE: The Human Dimension"; 1984, U.S.
National Research Council, P.C. Stern and E. Aronson, Editors,
published by W. H. Freeman and Company.

According to Statistics Canada the average annual income of
Canadian homeowners is slightly under CA$48,000, of which only
CA$815 are spent on electricity.
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Competing Fuels. Just as there could be cost reductions for nuclear, so
could the cost of competing fuels decline. Although renewable technologies
based on solar, wind, geothermal and tidal energy exist and may be
economically viable in some markets and localities, further market
penetration will require technology improvements, mass production and/or
economies of scale. No significant contribution from these forms of energy
is foreseen in the near-future. However, the IEA/NEA study identified
several technologies, some still at the demonstration stage, that have the
potential, through increased thermal efficiencies, to significantly lower
unit costs of generation. Technologies, such as regenerative gas turbine
cycles and combined cycle systems, which increase the efficiency and
economic attractiveness of gas use in electricity generation are receiving
increased attention. Although gas turbines are not without siting
problems, if they can be situated in proximity to large building complexes,
they offer the potential for Combined Heat and Power further increasing the
overall efficiency of natural gas use. Additionally, gas for electricity
offers comparative environmental advantages (lower acid emissions) and
short lead and construction times, which reduce its overall costs.
Finally, owing to a combination of factors including changes in the
competitive structure and ownership of electricity generation in OECD
countries, more non-utility electricity will be generated based on natural
gas.

New more efficient and less polluting combustion systems based on coal are
also under development. These include Fluidized Bed Combustion (FBC)
units, alone or in combined-cycle configuration, and integrated
gasification combined-cycle (IGCC) units. Both atmospheric and pressurised
FBC units are in operation or under construction in utility applications
and the first utility applications of IGCC are expected to be on stream in
the mid- to late 1990's according to BPRI. However, there is no indication
that these new coal or gas-based technologies will or can meet all
projected capacity requirements.

CONCLUSION

There are few if any compelling reasons to believe that the demand for
electricity in the World will decrease, even with recent improvements in
technologies and in the new approaches taken by governments and utilities
to reduce the rate of growth in electricity demand. Electricity in its
end-use is clean and convenient and will increasingly be a sought-after
energy service throughout the World.

There do not appear to be any major energy resource limitations in the
short-term. Oil supply will meet demand, however factors are emerging that
could pat upward pressure on oil prices within the nineties. These factors
include the reduced rate of capital investment in new oil production
capacity, the call on industry capital for other non-productive purposes,
rapid growth in oil demand in the transportation sector and in industry,
including renewed demand for oil in the electricity generating sector, as
well as growing oil consumption in developing countries.

The implications of developments in Eastern Europe for energy demand are
uncertain. If anything, disruption of the status quo in this region
through higher prices for energy and other services, and the inevitable
difficulties in adjusting to more market-oriented systems, will probably
result in lower energy demand initially. The potential for growth is
significant, however.

The renewed attention to environmental concerns contains contradictory
signals for the nuclear industry. But the fact that the generation of
nuclear electricity does not contribute to greenhouse gases must place
nuclear in a very favourable light for future electricity supply. However,
a nuclear expansion repeating that experienced in the sixties and seventies
is unlikely, not only because of continued public opposition owing to
concerns about safety and waste disposal, but because of the increased use
of alternative fuels, especially natural gas, the application of higher
discount rates and renewed emphasis on energy efficiency. Meanwhile the
nuclear industry is not expected to be dormant. Life-extensions and
retrofitting, decommissioning, performance improvements, and waste



management, as well as construction of new units of current and new designs
will present continuing challenges and opportunities.

Themes for the future might include:

Performance. The continued safe, efficient operation of existing
nuclear units is the most important near-term factor influencing the
prospect of new units being built.

Simplification of regulatory systems, of designs, of construction
methods; to reduce costs.

International Cooperation to ensure safe operation of all nuclear
facilities; upgrading of standards where possible.
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Figure 4a
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Figure 9
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CANDU: RENEWING THE PROMISE

Alan R. Holt
Vice-President, Corporate Planning

Ontario Hydro
Toronto, Ontario

I am delighted to join your annual conference. Ontario
Hydro and the various CANDU industries have formed a close
working relationship over the past number of decades. These ties
will serve us well in the next few years as we work together on a
new generation of nuclear reactors.

Which leads me directly into my topic today. I want to talk
about the role of nuclear generation in Ontario Hydro's long-term
plan for the future supply of electricity. And I want to talk
about some of the factors that could strengthen or weaken that
role.

I should begin by restating the obvious. Ontario Hydro
needs a strong and efficient Canadian nuclear industry. And for
years we've worked to sustain that goal. It's sometimes hard to
believe those first reactors at NPD Rolphton and Douglas Point
brought forth a unique Canadian technology which now provides
about half of the electricity we use in this province. We expect
nuclear power will continue to supply a major portion of our
power needs for the foreseeable future.

That expectation forms part of our 25-year plan we released
at the end of last year. It's now in the hands of the government
and proceeding towards a full environmental assessment hearing.

The key word governing the plan is balance. We've attempted
to strike a balance between reducing the need for electricity and
finding the resources to generate the new supply we'll need. We
have also attempted to balance customers' needs for assured
supply against citizens' concerns about environmental and social
impacts.

Proposing any sort of major new supply in modern-day Ontario
is not a popular thing to do. It is an environmentally,
economically and socially divisive undertaking. That's why we
first had to explore and exhaust all the viable and feasible
alternatives to just building more large generating stations.
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A large proportion of our future electricity needs will be
met through measures such as increasing energy efficiency,
encouraging the shifting of loads to off-peak hours, buying power
from the private sector and purchasing power from other
provinces.

After taking all that together, we believe major new supply
sources will still be required to provide about 15,000 MW of our
future needs, and all of these new resources will have to be
built, or be under construction, within the next twenty-five
years.

At first glance we would seem to have three strong and
dependable options in that regard: hydro-electric power, thermal
power and nuclear power.

When you look more closely, however, the options begin to
narrow. For example, when it comes to water-power, most of
Ontario's big, economically viable sites have already been
developed. However, we're still planning to add about 3,000 MW
of hydro-electric capacity in the next 25 years, mainly through
redevelopment of some existing facilities and through the
extension of our activities to some of the smaller sites on
northern rivers.

Adding more coal-fired power production may seem unlikely,
given current public concern about acid rain, carbon dioxide and
the greenhouse effect. Our view, however is that clean thermal
production adds a precious measure of flexibility to our system,
one which we cannot afford to abandon. Technological
developments could also make coal a more attractive alternative
sometime in the future — we will maintain an active watching
brief in this area.

The plan also proposes a strong and well-defined role for
existing coal plants. Appropriate environmental safeguards and
rehabilitation programs are being undertaken to ensure continued
operation of stations such as Lakeview, Lambton and Nanticoke
well into the next century.

We also propose to build a number of gas-fired combustion
turbine units. Natural gas is more economical to supply our
peaking needs. It emits lower amounts of acid emissions and
greenhouse gases, including carbon-dioxide, for which no
economical removal technology exists.
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Our base-load needs however, must, continue to be met by our
workhorse option, nuclear power. Which is why we've recommended
the construction of 10 new CANDU reactors at three different
locations.

There's a lot of work to do before we get approval to put
the shovel in the ground. The hearing process ahead of us will
undoubtedly be lengthy and time consuming, and I can't say I
relish the prospect. But we recognize it as a fair and vital
step to reaching a sufficient public consensus. We're also armed
and ready to put forth our view, once again, that Ontario faces
some urgent decisions on new supply.

The reality is, however, that simply planning additional
nuclear capacity does not automatically bring it about. We all
know nuclear power faces substantial public opposition in
Ontario. No doubt that opposition will be revitalized and
expressed in many forms at the forthcoming hearings. Our
proposals will be examined with a fine tooth comb.

The numbers are not all that encouraging at the moment. Our
public opinion research shows that four of every 10 Ontario
citizens don't believe Ontario Hydro when it says we need three
more nuclear stations. When environmental groups tell the
public that we don't need any more nuclear stations, that figure
increases to six in ten. Environmental and other intervenor
groups have high credibility with the public and we have to take
their views very seriously.

Our research also indicates people would prefer a clean coal
station over more nuclear power, if such a technology became
available.

However, the news is not all bad. Among people who are
aware of the contents of our long-term plan, the opposition to
nuclear power is much lower. That suggests to me that the more
people learn and understand about our energy proposals, the more
they are likely to see nuclear power as the most acceptable
supply option.

There is also the environmental advantage nuclear generation
currently enjoys when compared with our existing fossil stations.
If you're worried about acid rain and the greenhouse effect,
nuclear power starts to look more attractive.
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This is no cause for complacency, however. The public
acceptance of nuclear power is both limited and fragile. A poor
performance or safety record would very rapidly turn the picture
around. So we should interpret the poll finding as, at best, the
public's way of saying it finds nuclear power the least
distasteful way of generating new electricity.

It's not exactly the kind of support we would prefer heading
into a very contentious series of public hearings. Clearly, the
public expects and deserves a full debate. It is waiting for
Hydro to make a persuasive case at the hearings.

Some of you may be asking, well, what's new here? A lot of
people have harboured reservations about the safety and
environmental aspects of nuclear generation for a long time. And
that's quite true. What is different now is that serious
questions are also being asked about the reliability and economy
of the CANDU reactor — previously its two main selling points.

Let us look for a moment at how this has come about. The
CANDU reactor has amassed impressive operating and safety records
since it first went into service at Douglas Point in the mid-
1960s.

In the more than 150 million hours worked in nuclear
operations in Ontario there has never been a fatality or
measurable health effect due to radiation exposure. CANDU
reactors have consistently ranked in the top 10 in the world in
annual and lifetime performance. In fact, Canada still ranks
fourth out of 18 countries in terms of lifetime capability of its
nuclear generation.

However, at the very moment we are proposing significant
additional nuclear capacity, our overall reactor performance has
been slipping badly. In an age of tighter planning margins and a
stretched power system any slippage is obviously magnified even
further.

Let me give you some examples of what I am talking about:

0 Last year our reactors achieved only a 73 per cent annual
capacity factor, compared with 90 per cent in 1981;

0 Our life-time capability for all units is down to 77 per
cent, significantly below our target of 80 per cent;
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0 Our older "A" station units averaged only 57 per cent
capability last year. At 55 per cent capability, nuclear
and fossil become economically equal in the long term. In
other words, if our A stations performed like that over
their lifetime, nuclear would have lost its cost advantage;

0 Our "B" stations last year achieved 88 per cent which, of
course, is excellent. But I recall it wasn't so long ago we
were saying the same about the performance of our A
stations!

Now I know we have good reasons to expect our B stations to
maintain significantly better performance. But, what are all
these figures saying? I believe they are saying that increasing
the operating reliability and performance of the CANDU reactor
must become the nuclear industry's number one priority in the
1990s.

I know many of you could put forth good explanations for
this decline in performance. We could probably go back and forth
on the topic. That's why I want to emphasize that we at Ontario
Hydro are not questioning the basic merits of the CANDU reactor.
Not at all.

We are, however, becoming increasingly concerned as to its
long-term reliability. We've already had to retube four of the
eight reactors at our Pickering station. Next up for retubing
are two units at Bruce. This retubing is coming after about 15
to 20 years of operation, far from the 25 to 30 years we would
like to have.

Reliability is not only our prime concern. It's our
customers' concern as well, and it's never been more important
than in the decade we're just entering.

Right now we're planning on tighter margins. We will have to
operate with less reserve capacity. Shortfalls in our nuclear
output have serious impact throughout the entire system.

For example, a decline of just two per cent in nuclear
capacity in 1995 would require us to operate about 500 additional
MW of coal-fired power. Under our current emission limits,
that's pretty well impossible.
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Another response to recent nuclear shortfalls has been
increased purchases. In the first six months of this year we
will spend over $200 million importing power from the United
States to largely replace lost nuclear production. Here again
we're rapidly losing manouvering room. Few utilities are going
to be carrying much excess capacity in the 1990s, particularly in
the North East. The market is going to be extremely tight, and
the prices high.

It's imperative that we get optimum performance from our B
stations through the next decade. We can't allow them to
deteriorate as quickly as their predecessors. In just twelve
years from now, about a quarter of our nuclear capacity will be
more than 25 years old. By 2014, almost half will have been
operating longer than 25 years. That is shaping up as a
tremendous performance challenge for our existing and proposed
stations.

In this climate we all have to think very carefully about
design, and questions of operability and constructability. We
have to balance state-of-the-art perfection against time, money
and reliability. I can think of two examples which point in
opposite directions. I offer them to you to show the complexity
of the job before us, and the necessity to think through our
strategy very carefully in advance. Both overbuilding and
underbuilding can have very large costs, and our job is going to
be to try to walk the narrow line between them.

In certain cases there's a definite advantage to going
beyond what the law and regulations require. The use of the
defence-in-depth principle in the design of Hydro's nuclear
stations has resulted in very high safety standards and far lower
emissions than allowed by regulation.

But I can also give you an example where trying to perfect
the design of the CANDU reactor has cost all of us time, money
and a lot of headaches.

Some time ago a decision was made to equip Darlington with a
computerized shut-down system, in spite of the fact that hard-
wired systems at our other reactors had worked fine.

Well, we lost no small amount of time and money trying to
make the computerized system acceptable to the regulators. It
gave us a great deal of trouble, and from the point of view of an
operating utility, also cost us a lot of time and money.
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The system is now working. And maybe some day there'll be a
payoff. To my mind, however, we have to be very, very wary about
making changes to the design of our plants when the potential
benefit is not crystal clear and when our good intentions can
backfire.

Is it really necessary to change things that have worked
well in the past every time we build a new station? Wouldn't it
be nice if the 10 reactors proposed in our plan turned out to be
all the same?

As an operating utility, we base our planning on achieving
80 per cent lifetime performance. We need technology that will
give us that 80 per cent. So please. . .let's make sure we get
that 80 per cent. By all means aim for more, but not by putting
the 80 per cent at risk.

We all bear a share of responsibility for the performance of
our nuclear plants — designers, constructors, manufacturers and
the operators. We have to ask ourselves serious questions about
design and operating practices in the face of the declining
performance of our older reactors. Don't get me wrong:
performance is still good by any international standard. But
that's not good enough for our purposes.

On the operating side, we've instituted programs to improve
our maintenance and operating levels to boost reactor
reliability. But we're going to need help from everyone in the
industry and I hope you see this in the same serious and urgent
light that we do.

Every day our time frames grow tighter. We have about three
years of hearings ahead of us before we get the go-ahead to build
a new nuclear station and that may be optimistic. This would
allow us nine years to get the plant up and running if we are to
meet the plan. Well, so far, we've spent 12 years building
Darlington and it still isn't in service.

The people of Ontario, who see the Dome Stadium open on
time, and watch skyscrapers rise overnight are saying that that's
just not good enough any more. When, and if, we build again,
we've got to speed up our engineering, construction and
commissioning without sacrificing quality.

I have spoken frankly today because I think it is critical
that we understand each other. Ontario Hydro will soon be
operating 20 out of the 29 world's CANDU-type reactors. We are
the flagship of the CANDU technology. We have worked long and
hard together. We're long beyond mincing words.
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We fully expect to build more nuclear stations. But nuclear
power is just one component of our long-term plan. We have
alternatives we can turn to if, regrettably, we are not
authorized to build more nuclear caipacity.

Your industry, by contrast, has been pushed to the brink in
recent years. Which is why your interest in improving nuclear
power's record for economy and reliability should be even more
direct than ours.

The public and government will make the eventual decision on
all aspects of our long-term plan, including the question of more
nuclear reactors. It's obvious, though, that Ontario Hydro will
have to do all it can to make sure that the public is fully aware
of all the facts, and to help it make informed decisions.

In the meantime, both Hydro and other members of the CNA
have the opportunity to look again at the numbers the older Candu
reactors are producing, and to ask ourselves what can be done to
reverse the trend. We have to return to the outstanding
performance of the past.

None of us can afford to be complacent. But I am confident
that, working together to a common objective, we can meet the
challenge.
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ONTARIO HYDRO'S 25 YEAR DEMAND/SUPPLY PLAN
AN INDUSTRY PERSPECTIVE

David S. Goldsmith, P.Eng.
Vice-chairman

Association of Major Power Consumers in Ontario
Manager - Development and Planning

Ivaco Rolling Mills
L'Orignal, Ontario

In recent years, Canadians have made a major shift to electricity
as the energy source of choice. Industry in particular has adopted
electrotechnologies and has moved to electricity as its energy
source of choice. In this manner, it has increased the efficiency
of production and the quality of its products. Business as well
has become increasingly dependent upon electricity. The present
office work station has computers, disk drives, modems, fax
machines, photocopiers and telephone systems that are totally
dependent on a reliable supply of electricity. Our homes contain
an ever-increasing range of products which are electrically powered
and controlled.

There's a problem, however. Today, and especially tomorrow, the
common perception of inexhaustible sources of electricity couldn't
be further from the truth. Here are some facts:

ONE - Well before the end of this decade, Ontario faces the
enormous problem of providing a reliable source of electricity.

TWO - Conservation is essential, not only now but as a permanent
way of life. However, no matter how many energy conservation
measures we introduce, these measures will never satisfy the
steadily increasing growth in demand for electricity. At best,
conservation will only postpone the necessary decision to increase
generating capacity.

THREE - Even if our government decides immediately to build new
generating capacity to serve the people of Ontario, it's still too
late to avoid the shortages that AMPCO and others forecast for the
mid 1990's.

I can't speak for the Government or Ontario Hydro, but I can speak
on behalf of a large segment of industries which has a public
interest in securing a reliable supply of electricity for all of
us. The larges-t electricity consuming companies - or major power
consumers - have made it their mission to work towards this goal.

I represent AMPCO - The Association of Major Power Consumers in
Ontario. Our members process or manufacture a diverse range of
products, from steel and automobiles to nickel and beer. We also
understand energy supply problems because AMPCO has studied the
reliability challenge for years.
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AMPCO members consume about 21 percent of all electrical power
produced in Ontario...or $650 million annually. Collectively, the
members employ directly or indirectly well over 400,000 people.

It is important to think of the future for those 400,000 Ontarians
who depend on these companies for their livelihoods. These same
companies, along with other industry sectors, consume nearly 36
percent of all electricity produced in the province.

Present users are not the only ones in need of reliable, low cost
energy. Ontario also requires an increasing amount of electricity
to attract new industry and introduce new technologies. The growth
and prosperity of this province depends in no small way on the
ability to develop competitive employers who can also create jobs.

What happens when the power feed is suddenly interrupted at a
company that is dependent on electricity for manufacturing? What
happens to production? What happens to employment?

Let me give you some examples.

Inco in Sudbury had to recycle about 250,000 pounds of nickel,
simply because of a voltage dip which lasted l/10th of a second.

At Fiberglas Canada's Guelph plant, a four hour power interruption
means two days lost in production.

At Ford Canada's Oakville operations, a momentary drop in voltage
virtually shuts down four million square feet of assembly plants,
including the power house, leaving the workforce of 4,600 idle and
unproductive. Even when the power returns, it could take an hour
or more to start the complex process going again. In the automo-
tive business, we're talking thousands of dollars for each minute
of production downtime.

At our own steel plant, a Momentary dip in power means two hours of
lost production, thousands of pounds of scrap steel and many man-
hours of cleanup and equipment repairs.

These scenarios are mild compared to what we will face later this
decade. Today we're talking about expensive production seriously
interrupted by occasional power outages. Tomorrow, we're talking
about the economic future of the province and the tremendous number
of jobs at stake.

Canadian industry has always stressed the competitive advantage of
the relatively low cost electricity available in Canada. As the
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previous examples illustrate, the cost of electricity is now taking
second place to reliability of supply as the most essential
requirement for Canadian industry. Periods of protracted brownouts
or blackouts would have disastrous consequences for our manufactur-
ing sector.

Last December, Ontario Hydro announced its demand/supply program
for the next twenty-five years. I would like to put this program
into some context.

For more than two decades after the Second World War, utilities
around the world experienced growth in demand for electricity of
the order of 7% per year. To meet this kind of growth means that
a utility must double its supply capability every decade. Ontario
experienced this same growth pattern, and, as a consequence, was
building generating facilities at a feverish pace to stay ahead of
the rising demand.

Following the first OPEC oil crisis in the 1970's, many observers
felt the use of electricity would increase as the world moved off
oil. What was not recognized was that the subsequent oil shocks
would cause the economy of the world to go into its most serious
recession since the great depression of the 1930's. This resulted
in a dramatic decline in the demand for all forms of energy,
including electricity. Thus, Ontario Hydro found itself with major
generating facilities coming to completion and an electrical load
which was not growing. In 1980, Ontario Hydro had a 45% surplus
capacity, while most prudent utility managers plan for a 25%
reserve margin.

Reserve margin, by the way, refers to the amount of generation
available on the system to cover for failure of major generation
elements (i.e., spinning but not loaded). Statistically, 25% has
proven to provide a secure, reliable supply to the end user. One
often overlooked fact is that Ontario Hydro has in the past chosen
to reduce the reserve requirement to 24% to help justify the delay
in adding new facilities. In other words, even if the plan's
forecast of demand growth and conservation impact hold true, we
will be living with a less than optimum supply system - and look at
what happened last December.

Critics of Ontario Hydro labelled the utility as being overbuilt
and out of control. A group of industry associations convinced the
government of the day that for Ontario Hydro to be overbuilt was an
asset and not a liability. In fact, Ontario Hydro was able to sell
its surplus electricity to neighbouring utilities in the United
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States and, as a result, was able to reduce the unit cost of
electricity to its domestic customers by some 7%.

In response to political pressure, the Ontario government estab-
lished the Royal Commission on Electric Power Planning to look into
Ontario Hydro's affairs. This inquiry was followed by a series of
Select Committees of the Legislature which continued to examine
every facet of Ontario Hydro's operations. In addition, groups of
experts were commissioned to undertake studies into many specific
areas of the utility's activity.

In 1977, Ontario Hydro committed to build the Darlington Nuclear
Generating Station. The tirt>t of these four 900 megawatt units
came on line in January - one month too late to prevent the
shortages experienced in December. The political examination of
Ontario Hydro since 1977 has meant that no further major additions
to the generating capacity of the utility have been planned or
committed. The effect of this thirteen year hiatus on the orderly
development of generating facilities is illustrated in Figure 1.
When Darlington is completed in 1992, Ontario Hydro's generating
capacity will remain essentially static until some time in the next
century. It takes at least ten years to build a major generating
facility and, if Ontario were able to start building a new power
station today, it would not produce electricity until after the
year 2000.

Figure 2 superimposes winter peak demand on the generating capacity
curve. During this past winter, the peak demand was 23,635
megawatts, some 600 megawatts higher than the year before - greater
than the output from one of the Pickering generating units.

Now we move into forecasting. Ontario Hydro first develops a Basic
Load Forecast as shown in Figure 3. This includes information
driven efficiency improvements and naturally occurring load
displacement (non-utility generation or NUG). AMPCO's forecast is
included for reference. This is based on an underlying growth of
4.5% per year reduced by Hydro's estimates of information driven
efficiency improvements and naturally occurring NUG. Also included
is the 1989 winter peak. Note that we have already exceeded the
lower load forecast, so this is discarded as irrelevant, at least
until the year 2000.

Subtracting the planned results of the incentive driven demand
management programs including load shifting and load displacing NUG
gives the Primary Load Forecast in Figure 4.
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Finally, the demand which must be met with supply capacity is
called the Firm Load Forecast, and is arrived at by subtracting the
interruptible loads from the Primary Load Forecast (Figure 5) .
Note that the forecast level of interruptible power is growing at
the same rate as other load. Given present experience with
interruptions, about 25% of the present effective interruptible
load (that which is actually shed during an interruption) has
requested a shift to firm. It is unlikely that this load will grow
at the forecast pace, even with the new savings incentives being
introduced at this year's OEB hearings.

Adding 24% to the demand forecast gives the level of new supply
required according to the plan (Figure 6).

Taking the median Ontario Hydro forecast, but with a 25% reserve
margin (Figure 7), gives the value of the total demand the system
can reliably meet. This shows a supply shortage around 1997.

Projecting based on AMPCO's forecast and deducting the full impact
of the demand management programs gives the curves shown in Figure
8. If this forecast is accurate, 1994 is the problem year.

For a few years now, Ontario Hydro has been predicting a 2.5%
annual growth in demand. Under this scenario, Ontario Hydro would
predict that, after 1997, the demand on the system would exceed the
available supply. In actual fact, the growth in demand in Ontario
has exceeded 5% for the past six years. If this growth continues,
demand will exceed capacity after 1992. No matter which scenario
one considers, it is obvious that Ontario Hydro is going to
experience severe difficulties in meeting demand during the 1990's.
Unfortunately, all of Ontario's neighbouring utilities are
experiencing chronic power shortages which means that out of
province power purchases will provide less and less of an option.
For comparison, Ontario Hydro imported a staggering 3.3% of its
supply requirements in 1989.

In essence, the Demand/Supply Plan's solution for meeting the
challenges of the supply issue is an ambitious conservation/demand
management program which plans to save 5,500 megawatts of power.
This is more ambitious than any other attempted to date in North
America, and it may be useful to note that none of the other
attempts has succeeded. However, allowing for the success of the
program, Figure 8 shows load growth including the full impact of
this program as well as capacity interruptible power. We still
can't last the decade.
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In addition, an upgrading of some Hydro facilities and the
installation of gas turbines are to provide some relief. Again,
for context, as of January of this year, Ontario Hydro had not
joined the queue on TCPL for pipeline space for all the gas it will
need to run the CTU's. Even if that space becomes available, there
are only a limited number of turbine manufacturers available, and
they are sure to be swamped with orders as all major utilities
scramble to meet growing demand at the same time using the least
complex option.

For the longer term, three Darlington sized nuclear stations are to
be added to the system to come into service during the first
fifteen years of the next century.

The Ontario Government has instituted an Environmental Assessment
review process to assess the need for facilities defined in the
plan and then undertake site specific assessments. It is estimated
that this process will take three to four years, although it has
already been delayed six months to accommodate those who need the
time to determine how much of Ontario Hydro's money they will need
to help fight the plan.

The scope and magnitude of Ontario Hydro's plan is based on a
forecast growth in electricity demand which is to average 2.4% over
the next twenty-five years. Ontario industry has grave reserva-
tions about this projection since electricity demand has grown at
more than 5% over the past six years and has averaged about 5% for
the past twenty-five years.

During the period from 1959 to 1989, electricity demand has grown
in step with gross provincial product (Figure 9). Plotting energy
use against GPP (energy intensity) for this period gives the
picture in Figure 10. The curve is monotonic except for the period
around the recession of the early 80's. Figure 11 superimposes a
trend line which corresponds to a 5% growth in energy use for every
4% growth in gross provincial product. Thus, a forecast of 2.4%
growth in energy demand predicts an underlying growth in the
provincial economy of 2% per year. In the new era of Free Trade,
such a prospect is dismal indeed for Ontario industry.

We recognize that the only good forecasts are those prepared after
the fact. We are concerned, however, that past history and future
projections differ by a factor of two, particularly since twenty-
five years of our future depend on these forecasts. The question
that must be asked, therefore, is, "What are the contingency plans
made by Ontario Hydro and the Government of Ontario to address the
possibility that growth will, indeed, be in the 4 to 5% range?" If
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these plans do not exist, the power shortages of the 1990's could
extend well into the next century. Ontario Hydro's prediction of
a 2% growth in the provincial economy could well become a self-
fulfilling prophecy.
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STRATEGY FOR THE NINETIES
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INTRODUCTION

During the past decade the Canadian nuclear industry has been the subject of
frequent external and internal examinations. Through these examinations
supporters and critics have sought to understand the industry and the importance
of its role both now and in the future. Explaining and justifying the industry's
existence is not an unreasonable requirement. However, it is time consuming and
often frustrating to have to explain the same arguments over and over again to
many different audiences. At times it must have caused many to question whether
or not it is worth the trouble to try to maintain a capable and viable industry.

Nevertheless, members of the industry rallied to Team Canada during the last year
and were rewarded with the support that is now evident. The government of
Canada has made a landmark decision to retain the nuclear energy option for
Canada, and Ontario Hydro has published its Demand/Supply Plan.

So, now what must be the strategy for the nineties? It must be to prepare for
the 21st century, for the role that nuclear energy must play in the future. Before
discussing the future however, we must examine why nuclear energy is vital to the
future of the world and then look at the issues that the industry has faced during
the past few years. That background is necessary for assessing the challenges
facing the nuclear industry in the 1990's.

ENERGY DEMAND

To assess what the requirements will be in the future, it is necessary to start by
looking at the global energy demand and supply in 1988.

It is an indisputable fact that global energy demand is continuing to increase. The
increase is driven by increasing population and by the industrialization of the
developing nations. In 1988 the population of the world totalled 5 billion
people,*1* of which 1.1 billion, or less than 25%, lived in the developed nations.
The remaining 3.9 billion lived in the developing nations. The developed nations
consumed on a per capita basis 6 times as much energy as those in the
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developing nations, even when the contribution of biomass, which is a major factor
in many developing nations, is considered. <2>3>

All told, the 5 billion persons of the world consumed close to 400 exajoules<2-3>,
and if they had all consumed at the rate of the developed nations the total would
have been 1000 exajoules. At the consumption rate of North America the world
total would have been 1500 exajoules.

Demographers believe that the population of the world will inevitably reach
10 billion, some time during the 21st century<4>. Most people would consider
that it is reasonable for the people of the developing nations to aspire to the
same standard of living that is enjoyed by the developed nations. But if a world
of 10 billion consumed energy at the same rate as the developed nations, the total
energy demand would be over 2000 exajoules. At the consumption rate of North
America, the total demand would be over 3000 exajoules, or 8 times the total of
1988.

Many believe that it is possible to substantially reduce energy consumption through
the use of energy efficient technologies and conservation. For the purposes of
this analysis, let us then establish an ambitious target, such that in the long-term,
the average per capita energy consumption becomes only one-third of the current
North American average, or 100 GJ per person. This would then result in a total
energy demand of 1000 EJ when the population reaches 10 billion.

ENERGY SUPPLY

Now, how can 1000 EJ of energy per year be supplied to the world of the
future? It is useful to look at how the 393 EJ of 1988 was supplied. In 1988,
nuclear supplied 9 EJ, hydro supplied 25 EJ, solar and wind supplied only a small
fraction of an EJ, biomass supplied 55 EJ, and fossil fuels supplied 304 EJ.*2-3*

The next question is how much each of these sources can provide in the future.

First let's look at today's dominant energy supply - fossil. Ever since the Changing
Atmosphere Conference in Toronto in 1988, much attention has been paid to the
Greenhouse Effect, or Global Wanning. Many environmental experts contend that
the combustion of fossil fuels is a major source of the COS that contributes to
Global Warming.

There is still uncertainty concerning the tolerable level of CO2 emissions for a
stable climate. The Changing Atmosphere Conference recommended a reduction
of 20% from current emission levels by 2005 in order to avoid irreversible damage
to the environment<2>. No-one knows what the final number is, but lets assume



that it will eventually be necessary to limit the world to a maximum of 200 EJ
from fossil fuels in the future. Fossil fuels can then supply only a small fraction
of the global demand of the future.

The IAEA< 2 > calculates the total hydro potential of the world to be
approximately SO EJ. Let's assume that it can all be developed, in spite of the
growing environmental opposition to some hydro developments.

Although biomass, particularly fuelwood, is a relatively mature technology, let's
assume that it's contribution can be doubled to 110 EJ.

With the enormous energy demand ahead, it will be essential to develop and
utilize all the resources. So, let's assume that Hie renewables, wind and solar, can
be developed to provide SO to 100 times their present contribution. A target of
SO EJ would be very ambitious, remembering that at the present time they provide
considerably less than 1 EJ.

When all these contributions are considered, there is a large deficit relative to the
1000 EJ requirement. That deficit is of the order of 600 EJ. That is a deficit of
60% of the required energy, or over 1.S times the total consumption of 1988.
There is only one known source left that will provide it. That source is nuclear
energy. And this is after we have applied efficiency and conservation to reduce
the demand from over 2000 EJ.

One can change the assumptions, but any realistic set of assumptions will lead to
the same conclusion. This argument should be enough to convince even the most
uncertain member of the public that there is a need for nuclear power. That need
is global, not just in Ontario, where the Ontario Hydro Demand/Supply Plan has
clearly recognized the need for nuclear energy. Obviously nuclear energy will not
satisfy the total future demand by itself, but it must make an important
contribution.

So what is preventing the world from moving quickly in this necessary direction?
The simple answer is that economics and convenience favour the fossil fuels in
many applications and that the public does not yet have sufficient confidence in
the nuclear industry. As well as general antagonism to technology and our
society's NIMBY syndrome, there are a number of issues specific to the nuclear
context that are not well understood by the public.

NUCLEAR ISSUES

In the past, the critics of nuclear power have claimed that nuclear power is
unsafe, that it is uneconomic, that there is no safe way of disposing of nuclear
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wastes, and that Canada does not need a nuclear industry as an option for future
energy supply. The industry has not been successful in convincing the public that
these claims are not valid. While the industry has withstood detailed examinations
that have refuted many of these claims and while we continue to use every forum
available to address the issues, there remains much to be done.

SAFETY

After Three Mile Island and Chernobyl there were detailed reviews of the
CANDU design to assess it's susceptibility to similar problems. It was found that
only minor improvements were necessary in order to ensure a very low probability
of such incidents in a CANDU plant.

The most notable independent review of CANDU safety was the study undertaken
by Dr. Kenneth Hare, on behalf of the Ontario Government.<6> In his
conclusions he stated:

"The Ontario Hydro reactors are being operated safely and at high standards
of technical performance. No significant adverse impact has been detected in
either the workforce or the public. The risk of accidents serious enough to
affect the public adversely can never be zero, but is very remote."

That is as clear an endorsement as one could reasonably expect.

ECONOMICS

Nuclear power can not currently compete with coal when coal-fired plants can be
sited close to the load and close to the mine. Nor is nuclear competitive with
hydro when topography and rainfall combine to make cheap hydro available.
However when one is not blessed with either cheap coal or hydro, nuclear is a
very attractive option.

In October, 1988, the Ontario Government commissioned a panel of experts under
the leadership of Mr. Ralph Brooks, the former Vice-Chairman of the National
Energy Board, to examine Ontario Hydro's nuclear cost estimates, it's projections
for future nuclear costs, and it's assumptions for estimating costs of alternatives to
nuclear. The Ontario Government was assured<7> that Ontario Hydro's practices
were reasonable and that there was nothing to indicate that any item of
significance was omitted from Ontario Hydro's estimates. This has answered the
question of nuclear economics, at least in Ontario.
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WASTE MANAGEMENT

Critics argue that there is no method to dispose of nuclear waste. It is not
necessary to get into a comparison with other energy options and how they
manage their wastes, but it is a fact that few industries monitor and contain their
wastes as effectively as the nuclear industry. Similarly there are few that have
examined their practices as rigorously to ensure no harmful effects on its workers
or the general public.

For the past 12 years, AECL has led the Canadian nuclear R&D program on
nuclear fuel waste management, with the active participation of Ontario Hydro.
The program has conducted extensive research into methods of permanent disposal
of radioactive waste. It has concluded that the geology of the Canadian Shield is
well suited to deep geologic disposal. The results of this work have been offered
for independent review under the Federal Environmental Assessment and Review
process. The researchers are confident that this review will confirm the soundness
of the research and the concept.

In the meantime, secure facilities exist for the short and medium term storage of
the small volumes of waste that result from the use of nuclear fuel.

AECL's dry fuel storage concept in use at Douglas Point serves to illustrate the
point very effectively. 47 concrete canisters safely contain all the irradiated fuel
from 17 years operation of the plant. Research has shown that the used fuel can
be safely stored in such canisters for generations. It's worth noting that if coal
had been burned to produce the energy obtained from Douglas Point during its
lifetime, the ash would have filled roughly 5500 freight cars.

THE CANADIAN NUCLEAR INDUSTRY

A little over a year ago the federal government initiated a review of the Canadian
nuclear industry. This study, which was commissioned by the Minister of Energy,
Mines and Resources, the Honorable Jake Epp, examined among other things the
need for a Canadian nuclear industry and the CANDU reactor option.

Following the year of extensive review the government concluded that the CANDU
option is an essential element of the future Canadian energy mix and that a
strong nuclear industry is important for the future prosperity of Canada. It also
concluded that all the necessary elements of a strong R&D program and a
capable and efficient engineering and project management capability exist to
support the proven construction and operations organizations.
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The advanced technologies incorporated in the latest generation of CANDU plants,
the CANDU-3, were recognized as being essential to the continued development of
safe and economic nuclear power for the future, and the government
acknowledged the need to provide a demonstration of this advanced technology as
soon as possible.

PUBLIC OPINION

Scientists and engineers are generally able to deal with the technical aspects of
issues such as safety, economics, waste management, and the need for nuclear.
However, there is a far more difficult, and equally critical, aspect that must be
dealt with. That is Public Opinion.

A few years ago the Canadian Nuclear Association recognized that the general
public held many misconceptions about nuclear power and the Canadian nuclear
industry. A program was initiated to develop an understanding of public attitudes
and to determine how to deal with the concerns. This program has been very
effective in identifying the major concerns and as a result it has been possible to
address them. Partially as a result of this program nuclear is no longer in itself a
major issue in the minds of most Canadians. According to a Gallup poll taken in
February 1990, economic and environmental issues generally dominate.

In the Fall of 1989, a survey by The Environmental Monitor reported that when
Canadians think about environmental concerns, they list nuclear energy well down
the list behind other issues such as toxic chemicals, water quality, air quality, acid
rain and others. This same report showed that when Canadians think about
industries that have a negative impact on the environment, nuclear is again well
down the list with only 25% of the public mentioning it. In fact, the nuclear
industry's image is ahead of many others when the public is asked which industries
are careful with the environment.

Now, this is not to suggest that there are no concerns about nuclear. Safety and
waste disposal continue to emerge as the major concerns and they are being
addressed in an on-going public awareness program. Attitudes have not been
miraculously changed overnight, but there have been encouraging indications of a
better understanding of the issues. There is now a significant majority of the
public that believes that nuclear power will be an important option for the future
energy supply of Canada.

More work must be done but the progress to date has been encouraging.
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THE FUTURE

The global need for nuclear energy as a sustainable energy source for the future
is irrefutable. Around the world, the criticisms and concerns about nuclear are
being met head-on, addressed, and they are being successfully answered.

In Canada, the government has confirmed its support for a strong nuclear industry
and, along with the utilities and governments of Ontario, New Brunswick, and
Quebec, it has committed the funding necessary to support the essential R&D
program.

The nuclear industry must continue to take the message to the public that nuclear
energy is an essential element of any sustainable energy supply scenario. Nuclear
is becoming more widely recognized as an acceptable and essential option for
supply of energy but a continued effort is required in order to broaden the base
of support. Above all, safe and reliable operation of nuclear facilities is essential
to ensure that the public confidence is maintained.

Nuclear power has been proven to be an economic, safe, and environmentally
sustainable source of energy. The nuclear industry and its technology are able to
provide that energy, now and in the years to come. The message now must be
that nuclear power is necessary. At the same time, the industry must, through
actions and words, continue to earn the trust and confidence of the public.
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LET ME BEGIN BY SAYING HOW PLEASED I AM TO BE HERE THIS

AFTERNOON, AND TO HAVE THIS OPPORTUNITY TO MEET SO MANY

DISTINGUISHED SCIENTISTS, ENGINEERS AND OTHER MEMBERS OF

CANADA'S NUCLEAR INDUSTRY.

FIRST I WOULD LIKE TO DISCUSS WITH YOU AN ARTICLE I

CHANCED UPON RECENTLY IN POPULAR SCIENCE MAGAZINE.

I AM SURE MANY OF YOU HAVE READ IT. IT WAS THE COVER

STORY IN THE APRIL ISSUE. THE TITLE, IN BIG, BOLD LETTERS,

ASKED THE QUESTION: "DARE WE BUILD" THE NEXT GENERATION OF

NUCLEAR REACTORS?

THE ARTICLE WENT ON TO DESCRIBE THE DEVELOPMENT OF THE

U.S. NUCLEAR INDUSTRY SINCE THE 1950S, WHEN PRESIDENT

EISENHOWER INTRODUCED HIS "ATOMS FOR PEACE" PLAN.
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AS YOU KNOW, THAT WAS A TIME OF INCREDIBLE OPTIMISM, A

TIME WHEN THE POTENTIAL OF NUCLEAR POWER SEEMED LIMITLESS.

LEWIS STRAUSS, THE CHAIRMAN OF THE ATOMIC ENERGY

COMMISSION, EVEN PREDICTED THAT ELECTRICITY FROM THE ATOM

WOULD BE "TOO CHEAP TO METER."

OBVIOUSLY, THAT WAS AN UNREALISTIC EXPECTATION. AND

SINCE THEN, THE NUCLEAR INDUSTRY HAS FACED ITS SHARE OF

CHALLENGES. NEVERTHELESS, NUCLEAR POWER IS AN ESTABLISHED

FACT IN MANY INDUSTRIALIZED NATIONS, AND MAKES A VALUABLE

CONTRIBUTION IN MEETING THE WORLD'S ELECTRICITY NEEDS.

AS YOU KNOW, THE CANADIAN AND AMERICAN NUCLEAR

INDUSTRIES HAVE FOLLOWED VERY DIFFERENT PATHS.

UNLIKE THE LIGHT WATER REACTOR PROGRAM IN THE UNITED

STATES, WHICH WAS ORIGINALLY DEVELOPED FOR SUBMARINE

PROPULSION, THE CANDU REACTOR WAS CONCEIVED AND DESIGNED

FROM THE VERY BEGINNING PRIMARILY TO PRODUCE ELECTRICITY.
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AND UNLIKE THE U.S. NUCLEAR PROGRAM, WHICH HAS BEEN

DRIVEN BY THE PRIVATE SECTOR, CANADA'S NUCLEAR INDUSTRY HAS

DEVELOPED THROUGH A PARTNERSHIP OF GOVERNMENT AND PRIVATE

SECTOR INTERESTS.

I HAVE NO DOUBT THAT THESE DIFFERENCES HAVE BEEN KEY IN

ENABLING CANADA, AS A SMALL COUNTRY, TO DEVELOP A

SUCCESSFUL NUCLEAR PROGRAM — ALONG WITH THE TECHNICAL

BRILLIANCE AND FORESIGHT OF THE INDIVIDUALS WHO DEVELOPED

THE CANDU.

TO PUT THIS ACHIEVEMENT IN PERSPECTIVE, IT IS WORTH

REMEMBERING THAT SIX COUNTRIES HAVE ATTEMPTED TO

COMMERCIALIZE THEIR OWN NUCLEAR REACTOR DESIGNS. YET ONLY

THE LIGHT WATER REACTORS OF U.S. ORIGIN AND THE CANDU ARE

NOW BEING MARKETED COMMERCIALLY IN THE WESTERN WORLD.

IN MANY RESPECTS, THE DEVELOPMENT OF THE CANDU PROVIDES

A GOOD MODEL FOR OTHER HIGH TECHNOLOGY INDUSTRIES IN

CANADA.
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IN FACT, ITS ADVANCEMENT WAS DRIVEN BY MANY OF THE

FACTORS THAT ONTARIO'S PREMIER'S COUNCIL HAS RECOGNIZED AS

CRITICAL IN DEVELOPING INNOVATIVE, KNOWLEDGE-BASED

INDUSTRIES — THE INDUSTRIES THAT WILL GENERATE MOST NEW

WEALTH IN THE YEARS TO COME.

FOREMOST AMONG THESE FACTORS WAS A STRONG COMMITMENT TO

RESEARCH AND DEVELOPMENT.

THIS IS A PATH OTHER INDUSTRIES MUST FOLLOW.

CANDU REPRESENTS ONE OF THE LARGEST RESEARCH AND

DEVELOPMENT EFFORTS IN CANADA'S HISTORY. WELL OVER

$4-BILLI0N HAS BEEN SPENT BY THE FEDERAL GOVERNMENT,

ONTARIO HYDRO AND THE PRIVATE SECTOR IN BRINGING THE

INDUSTRY TO ITS CURRENT LEVEL OF SOPHISTICATION.

THAT INVESTMENT HAS RESULTED IN A CANADIAN NUCLEAR

INDUSTRY THAT IS WORLD-COMPETITIVE IN EVERY SENSE OF THE

TERM. IT HAS ALSO CREATED THOUSANDS OF HIGH VALUE-ADDED

RESEARCH, ENGINEERING, AND PRECISION MANUFACTURING JOBS IN

THIS COUNTRY.
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IMPORTANTLY, THE FUTURE OF ALL HIGH TECHNOLOGY

INDUSTRIES IS TO LOOK INTERNATIONALLY, FORGING NEW

PARTNERSHIPS IN PURSUIT OF NEW APPLICATIONS OF

TECHNOLOGIES.

IN THIS REGARD, NUCLEAR RESEARCH HAS LED DIRECTLY TO

THE DEVELOPMENT OF A NUMBER OF IMPORTANT SPIN-OFF

INDUSTRIES, THE MOST NOTABLE EXAMPLE BEING THE CANCER

TREATMENT INDUSTRY BASED ON COBALT-6O — A BY-PRODUCT OF

THE CANDU SYSTEM.

CANADA WAS HOME TO THE WORLD'S FIRST COBALT THERAPY

MACHINE, WHICH WAS INSTALLED IN LONDON'S VICTORIA HOSPITAL

BACK IN 1951. SINCE THEN, AN ESTIMATED 13-MILLION YEARS OF

ADDED HUMAN LIFE HAVE BEEN MADE POSSIBLE THROUGH COBALT-60

TREATMENT.

AS I AM SURE YOU KNOW, CANDU BY-PRODUCTS ARE ALSO BEING

USED TO STERILIZE MEDICAL PRODUCTS, DIAGNOSE DISEASE,

HARDEN WOOD AND PLASTICS, AND EVEN ACTIVATE THE SMOKE

DETECTORS IN OUR HOMES.
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ANOTHER FACTOR THAT HAS CONTRIBUTED TO THE SUCCESS OF

THE CANDU PROGRAM HAS BEEN ITS STRONG COMMERCIAL FOCUS.

ALTHOUGH IT INITIALLY BEGAN AS A QUEST FOR KNOWLEDGE ON THE

PART OF SCIENTISTS, THE RESEARCH WAS SOON TARGETED AT

DEVELOPING A NUCLEAR REACTOR THAT WOULD LEAD THE WORLD IN

THE SAFE AND RELIABLE PRODUCTION OF ELECTRICITY.

FROM THE BEGINNING, THE CANDU PROGRAM ALSO HAD THE

OBJECTIVE OF CREATING A TECHNOLOGY THAT WOULD BUILD ON

CANADA'S STRENGTHS — FOR INSTANCE, OUR RICH SUPPLY OF

URANIUM, AND OUR MANUFACTURING CAPABILITY.

CANADA IS THE ONLY ADVANCED INDUSTRIAL NATION THAT HAS

CONCENTRATED ITS NUCLEAR DEVELOPMENT EFFORTS ALMOST

EXCLUSIVELY ON THE HEAVY WATER REACTOR. AS A RESULT, MOST

OF THE ECONOMIC AND INDUSTRIAL BENEFITS FROM BUILDING CANDU

REACTORS STAY RIGHT HERE IN CANADA.

OVER 90 PER CENT OF THE PARTS THAT GO INTO CANADIAN

NUCLEAR PLANTS ARE MANUFACTURED IN THIS COUNTRY. EACH CANDU

SOLD ABROAD PRODUCES HUNDREDS OF MILLIONS OF DOLLARS IN

BENEFITS FOR THE CANADIAN ECONOMY AND GENERATES THOUSANDS

OF JOBS IN CANADA.
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STRONG DOMESTIC SUPPORT IS ANOTHER FACTOR THAT HAS

CONTRIBUTED TO THE DEVELOPMENT OF THE CANDU.

IN ITS REPORTS ON ONTARIO INDUSTRY, "COMPETING IN THE

NEW GLOBAL ECONOMY", THE PREMIER'S COUNCIL ARGUES THAT A

HEALTHY DOMESTIC MARKET IS VITAL FOR THE DEVELOPMENT OF

COMPETITIVE, WORLD-SCALE TECHNOLOGY INDUSTRIES. OFTEN THIS

SUCCESS IS BORN OUT OF PARTNERSHIPS.

THE NUCLEAR REACTOR INDUSTRY WAS BORN OUT OF A

CO-OPERATIVE COMMITMENT BY THE PRIVATE SECTOR, A.E.C.L.,

ONTARIO HYDRO AND BOTH LEVELS OF GOVERNMENT. USING THE

INNOVATIVE AND DISTINCTLY CANADIAN DESIGN, HYDRO WENT ON TO

DEMONSTRATE THE TECHNICAL EXCELLENCE OF THE CANDU REACTOR.

IT ALSO PROVIDED A BASE FROM WHICH THE CANADIAN NUCLEAR

INDUSTRY COULD EXPAND INTO FOREIGN MARKETS WITH SPIN OFF

TECHNOLOGIES.

CANDU WAS DEVELOPED IN AN ERA OF STRONG ECONOMIC

GROWTH, WHEN IT WAS ASSUMED THAT THE DEMAND FOR ELECTRICITY

WOULD CONTINUE TO CLIMB STEEPLY. UNFORTUNATELY, BY THE

TIME THE TECHNOLOGY HAD BEEN PROVEN AT HOME, AND WAS READY

TO TAKE ON OTHER MARKETS, THE WORLD'S NUCLEAR ENERGY MARKET

HAD LARGELY EVAPORATED.
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AFTER DOING SO MANY THINGS RIGHT, THE INDUSTRY WAS

OVERTAKEN BY WORLD ECONOMIC EVENTS, AND BY A SHIFT IN

PUBLIC SUPPORT AWAY FROM NUCLEAR POWER.

SINCE THEN, DESPITE THE SCARCITY OF NEW REACTOR ORDERS,

THE INDUSTRY HAS DONE A GOOD JOB IN MAINTAINING ITS

EXPERTISE AND PREPARING FOR THE FUTURE. TODAY, IT SEEMS

POISED FOR A LONG-AWAITED TURN AROUND.

I SAY THAT FOR A NUMBER OF REASONS.

PRESSURES ARE MOUNTING FOR A RE-EVALUATION OF NUCLEAR

POWER IN THE UNITED STATES: A CONTINUING INCREASE IN THE

DEMAND FOR ELECTRICITY, A GROWING RELIANCE ON FOREIGN

ENERGY, AND CONCERN FOR THE ENVIRONMENT, PARTICULARLY

GLOBAL WARMING.

THESE SAME FORCES ARE AT PLAY HERE IN ONTARIO AND IN

OTHER PARTS OF THE WORLD.

AS YOU HEARD THIS MORNING, THE DEMAND/SUPPLY PLAN

RELEASED LATE LAST YEAR BY ONTARIO HYDRO INDICATES THAT THE

DEMAND FOR POWER IN THIS PROVINCE IS PROJECTED TO INCREASE

BY 50 TO 100 PER CENT OVER THE NEXT 25 YEARS.
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THE PLAN CALLS FOR NUCLEAR POWER TO MAKE A MAJOR

CONTRIBUTION IN MEETING THAT DEMAND — AN ISSUE THAT NOW

RESTS WITH ONTARIO'S ENVIRONMENTAL ASSESSMENT BOARD.

WHATEVER THE RESULT HERE IN ONTARIO, I THINK IT IS

PRETTY CLEAR THAT NO SINGLE ENERGY SOURCE WILL DOMINATE

FUTURE ELECTRIC UTILITY MARKETS.

GLOBAL CONCERN FOR THE ENVIRONMENT, AS WELL AS SECURITY

OF SUPPLY, SAFETY, AND ECONOMICS, WILL DICTATE THE NEED FOR

A BALANCED MIX OF ENERGY SOURCES.

SOME ENERGY EXPERTS PREDICT THAT THIS WILL TRANSLATE

INTO A RISING DEMAND FOR NUCLEAR POWER. FOR EXAMPLE, THE

INTERNATIONAL ATOMIC ENERGY AGENCY PREDICTS THAT NUCLEAR

ENERGY PRODUCTION WORLDWIDE WILL GROW BY AN AVERAGE OF

BETWEEN 70 AND 95 PER CENT FROM NOW TILL THE YEAR 2005.

GIVEN CANDU'S RECORD FOR RELIABILITY AND SAFETY, I

THINK IT IS FAIR TO SAY THAT CANADA'S NUCLEAR INDUSTRY IS

WELL POSITIONED TO CAPTURE A SHARE OF THAT MARKET.
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IN FACT, I UNDERSTAND THAT TWO POTENTIAL SALES ARE NOW

UNDER CONSIDERATION: A SECOND CANDU UNIT AT WOLSONG IN

KOREA; AND A PROTOTYPE CANDU 3 UNIT AT POINT LEPREAU [NEW

BRUNSWICK].

THE LONG-TERM PROSPECTS ARE ALSO POSITIVE. ATOMIC

ENERGY OF CANADA PREDICTS THAT CANADA'S WORLD MARKET SHARE

OF REACTOR SALES WILL MORE THAN DOUBLE TO 13 PER CENT OVER

THE NEXT QUARTER CENTURY.

IF THIS WERE TO HAPPEN, IT WOULD MEAN BILLIONS OF

DOLLARS OF WORK FOR CANADIAN MANUFACTURERS, ENGINEERING

CONSULTANTS, AND SERVICE COMPANIES.

ONE REASON FOR THIS BULLISH OUTLOOK IS THE NEW LINE OF

MODULAR, LESS EXPENSIVE REACTORS THAT ARE NOW BEING

DEVELOPED BY A.E.C.L. — THE CANDU 3.

INTERESTINGLY ENOUGH, MANY OF THE DESIGN AND

CONSTRUCTION INNOVATIONS PIONEERED IN THE CANDU-3 ARE NOW

BEING MIRRORED BY THE AMERICAN VENDORS.
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I HAVE ONE ADDITIONAL REASON FOR BEING OPTIMISTIC ABOUT

THE FUTURE OF THE INDUSTRY, AND IT HAS TO DO WITH THE

RENEWED SPIRIT OF CO-OPERATION THAT IS EMERGING AMONG THE

MAJOR PLAYERS — THE ATOMIC ENERGY CORPORATION LIMITED,

ONTARIO HYDRO AND THE OTHER UTILITY AND PRIVATE SECTOR

MEMBERS.

THIS CO-OPERATION IS ALSO EVIDENT AS WE WORK TO DEVELOP

THE NEXT GREAT ENERGY TECHNOLOGY — FUSION.

THROUGH THE PREMIER'S COUNCIL TECHNOLOGY FUND, MY

MINISTRY IS WORKING CLOSELY WITH THE MINISTRY OF ENERGY,

THE FEDERAL GOVERNMENT, ONTARIO HYDRO AND VARIOUS

UNIVERSITIES AND NUCLEAR INDUSTRIES TO SUPPORT THE CANADIAN

FUSION FUELS TECHNOLOGY PROJECT. I UNDERSTAND THAT THE

PROJECT HAS ALREADY PRODUCED RESULTS. IN CO-OPERATION WITH

ITS PRIVATE SECTOR PARTNERS, IT IS:

0 SUPPLYING COMPLETE, ENGINEERED FUSION SUBSYSTEMS TO

SENIOR WORLD FUSION LABORATORIES,

0 DESIGNING THE REACTOR EXHAUST AND FUEL CLEANUP SYSTEMS

FOR THE NEXT EUROPEAN TORUS PROJECT, AND
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0 CONTRACTING WITH SEVERAL UNIVERSITIES OVERSEAS FOR THE

DELIVERY OF ACCELERATOR TRITIUM CONTROL SYSTEMS.

THIS TYPE OF INTERNATIONAL CO-OPERATION AND PARTNERSHIP

IS ESSENTIAL TO THE SUCCESSFUL DEVELOPMENT OF FUSION

ENERGY. FOR THAT REASON I FIND IT VERY GRATIFYING TO SEE

STRONG CANADIAN PARTICIPATION IN THE R & D AND DESIGN WORK

FOR THE WORLD'S LARGEST FUSION PROJECT — THE INTERNATIONAL

THERMONUCLEAR EXPERIMENTAL REACTOR, OR I.T.E.R..

I WOULD JUST ADD THAT THE ONTARIO GOVERNMENT, IN

COOPERATION WITH ONTARIO HYDRO, HAS APPROACHED I.T.E.R.

WITH A PROPOSAL TO LOCATE THEIR ENGINEERING DESIGN ACTIVITY

HERE IN ONTARIO. I HOPE TO ANNOUNCE SOMETIME IN THE NEAR

FUTURE, THAT THE PROPOSAL HAS BEEN ACCEPTED.

THANK-YOU VERY MUCH.
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THE ENVIRONMENT AND THE URANIUM INDUSTRY

S. E. Frost
Manager, Corporate Safety & Environment

Cameco - A Canadian Mining & Energy Corporation
Saskatoon, Saskatchewan

HISTORY

The Canadian uranium industry began in 1930 with the discovery of
the Port Radium ore body on the shore of Great Slave Lake,
although the element of primary interest at the time was radium
rather than uranium. In 1932 processing of ore started at Port
Hope, Ontario. At that time uranium was used as a colouring
agent for glass and ceramics, and the demand was only a few
hundred pounds per year.

The International Commission on Radium and X-ray Protection was
only starting to formulate recommendations, which were directed
toward avoidance of acute radiation effects in occupationally
exposed persons. It was generally assumed that occupational
standards were adequate for public protection and no further
limitations were imposed on waste management and environmental
protection.

To the extent that anyone thought about environmental issues,
good engineering practice as it applied to mines and chemical
plants represented the only controls. One of the unfortunate
results of this was that wastes from the radium refinery, both
process wastes and scrap equipment, were treated like ordinary
garbage. As a result, contaminated material was dumped into
several ravines in Port Hope, with no control on salvage, and
many properties were later found to have extensive radioactive
contamination.

During World War II, uranium became a strategic material and
after the war uranium entered its first boom period. Over 20
mines were operating in Ontario and Saskatchewan by the late
1950s. The Atomic Energy Control Board was organized in 1946,
but, although the Board licensed uranium mines, the concern was
one of national security, rather than environmental protection.
Water pollution problems arose as a result of refinery waste
management practices in the 1950s and as a result of mine
tailings management practices in the 1960s. Although
radioactivity, in particular Ra, got the attention, the primary
problems were chemical,- arsenic and acidification due to pyrite
in tailings.

At the same time that these problems were being identified and
remedied, international recommendations and federal and
provincial regulations were being developed, which gave greater
protection of the public and the environment, Since 1960, the
uranium industry has gone through a major depression, which left
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only three operating companies by 1970, and another boom, which
resulted in the discovery of several significant new ore bodies,
the development of new mines and the construction of new refinery
and conversion facilities. Whereas the early uranium production
was entirely for export, the development of commercial nuclear
power resulted in the development of a Canadian fuel fabrication
business.

As the uranium industry has evolved, so has its environmental
awareness. Despite what some opposition groups would have you
believe, great strides have been made in environmental protection
and the uranium industry is conducting its business in an
environmentally responsible manner.

EXPLORATION

For many years mineral exploration was regarded as a largely
benign activity from the environmental viewpoint. Exploration
crews worked from temporary summer camps, cut lines, trenched,
etc., with diamond drills skidded in during the winter.
Disruptions to the environment were generally minimal.

This started to change in the 1970s with the advent of the "oil-
field1* approach to exploration: large camps, heavily mechanized
operations and all-season diamond drilling. Modern exploration
activities are a far cry from two men in a canoe. Equipment may
include trucks, boats, airplanes, helicopters, all-terrain
vehicles, generators, skidders, nodwells, diamond drill rigs,
trailer units, satellite dishes and microwave towers, as well as
a host geophysical instruments, computers, etc. camps may range
from two-man fly-in operations to 40 to 60 persons with
permanently attached helicopters.

Potential environmental impacts include over-clearing of bush,
fires, fuel spills, litter, and water pollution from poor waste
disposal, some camps now fly all garbage out on the back-hauls
of food flights, but aircraft usage is frequently accused of
disrupting both wildlife and human use of wilderness areas.
Trenching generally disrupts small areas but leaves steep-sided
trenches, some jurisdictions require back-filling, but this can
be more disruptive if a bulldozer must be brought in to do the
reclamation. Outcrop stripping can employ anything from shovels
to heavy equipment, and can expose large areas of soil to
erosion, resulting in large silt loadings to adjacent water
bodies. Line-cutting removes trees, but generally leaves the
under-story intact, unless the area is trenched, stripped,
drilled or travelled extensively with motorized vehicles.

Diamond drilling requires clearing for haul roads, drill set-ups,
pump stations and baselines. Oil spills represent a significant
hazard to the environment. Fires in drill rigs are a serious
risk to personnel as well as the environment. Large drilling
programs have the potential to disrupt large areas of land,
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although winter programs are generally less disruptive and
regeneration starts in the spring.

Saskatchewan has a comprehensive set of guidelines for mineral
exploration. The trend now is to demand Environmental Protection
Plans (EPP) prior to any type of exploration work proceeding.
Saskatchewan's model EPP for exploration comprises a project
description, a description of the environmental setting including
archaeology and social issues, route and site selection,
potential impacts and mitigation, detailed protection procedures,
reclamation, and monitoring plans.

The EPP is designed to determine the potential for environmental
damage, the precautions to be taken to avoid or mitigate
environmental damage and the reclamation work to be done.
Because of the large areas involved in exploration projects,
baseline studies are often impractical. The EPP is developed
from previous experience and general knowledge of the terrain.

MINING

In earlier times a mining company could identify a deposit, sink
a shaft, mine the ore and leave, with little concern for
environmental impacts. Now an extensive system of environmental
legislation requires wide-ranging studies, detailed
documentation, public meetings and/or hearings and approvals from
several levels of government.

In Saskatchewan, any mining project (uranium, gold, base metal,
potash) starts with submission of a project proposal, which is
essentially a "mini Environmental Impact Statement". This
describes the ore body, the local setting, the proposed
development, anticipated impacts and mitigating measures. While
minor projects could be approved at this stage, a mine inevitably
merits a full Environmental Impact Statement (EIS) and the
response to the Project Proposal by the agencies takes the form
of the EIS guidelines. During this initial review period, the
company generally carries out its feasibility study,
incorporating the anticipated environmental requirements into the
economic assessment of the project. The EIS requires four-season
baseline environmental studies, including terrestrial, aquatic
and air quality, fish and wildlife surveys and archaeological
assessments. Detailed examinations must be made of potential
impacts, including social and economic impacts, and mitigating
measures. Public meetings are required to inform people in the
impact region of the project and summaries of these meetings form
part of the EIS.

After the EIS is submitted, the agencies examine it and develop
technical review comments. If significant deficiencies are
found, they must be answered by the proponent. At this point the
EIS and the technical review comments are placed in public
libraries with appropriate advertising for a 30- to 60-day public
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review period. At the end of this period, the public reaction is
assessed. If public questions can be satisfactorily answered, a
ministerial approval is given; if impacts are significant and/or
public reaction is very strong, the project nay be referred to a
public hearing, such as was done for the Cluff Lake Mine and the
Key Lake Mine.

At Rabbit Lake, three EIS's have been prepared over the past 16
years, for the original Rabbit Lake mine, the currently mined
Collins Bay B-zone pit and the A-zone, D-zone and Eagle Point
development. In each case the quality of environmental data has
improved, as the monitoring programs from the earlier
developments have provided baseline data for the new
developments, but at the same time the depth of analysis of the
data has increased.

The B-zone ore body was partly under the waters of Collins Bay
and required a dike to permit development. Extensive sediment
sampling was done in Collins Bay both before and after the
development, including work from surface and underwater
examinations.

Fish studies have been improved over the years. Initial studies
were not formulated on a rational basis, with the result that
species were selected which were not resident in the area of
interest. Any analyses done on these fish were indicative of the
average water quality in Wollaston Lake, but hardly
representative of the area immediately around the development.
Fish sampling protocols were changed in some past years to save
analytical costs at the expense of useful field data. These
problems have now been rectified, resulting in a program which is
cost-effective but which produces useful data.

The review of past monitoring data for the most recent EIS showed
that lichen could be a useful guide to air quality in areas
around a uranium development. Uranium and radium show clear
trends with distance from the operation, but Pb and Po are
essentially constant. This is because the natural exhalation of
radon from the ground contributes far more Pb and Po to the
atmosphere than does the mining operation.

At the Rabbit Lake Operation the nearest community is wollaston
Lake, 35 km away to the east. In the latest EIS the impact of
radon emissions from the various mining operations, ore and waste
stockpiles was assessed. Although a theoretical concentration
can be calculated at the town site, the number is so low that it
would be impossible to distinguish from the normal fluctuations
in natural background.

The years have also seen improvements in milling operations. The
Rabbit Lake mill, which was started up in 2975 used an ammonia
precipitation process to bring the uranium out of solution after
solvent extraction. Waste ammonia presented a waste water
problem. In the mill modifications made in 1985 to prepare for
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the milling of Collins Bay B-zone ore, the ammonia precipitation
process was replaced with a peroxide precipitation which produces
no undesirable effluents.

Because of the distance to the nearest village, public radiation
dose from the operation is not really an issue. Nevertheless,
when the yellowcake drier was replaced four years ago, a new
packing area with a new scrubber was installed. Stack testing by
Saskatchewan Research Council has shown that the uranium
emissions from this facility are less than a gram per hour and
the environmental impact is truly negligible.

Waste management at uranium mines and mills has undergone
revolutionary change in the past decade. Historically, as with
other segments of the mining industry, mill tailings have been
discharged into natural lakes or into tailings ponds which have
been constructed for the purpose. Thus, in the history of our
company, we have seen the discharge of tailings into Fookes Lake
at Eldorado's Beaverlodge Operation (1953-1982) and the discharge
of tailings into a pond constructed by damming both ends of a
small valley at the Rabbit Lake Operation (1975-1985). The
Beaverlodge Operation clearly contaminated a small chain of lakes
during the production period, but it is very encouraging to see
how well the lakes have cleaned up since decommissioning. Fish
have returned to all the lakes in the tailings system, it will
still take many years before the uranium concentration in
Beaverlodge Lake returns to its original levels, but the
important thing to remember is that no long-term environmental
disaster resulted from this operation.

At Rabbit Lake, some seepage from the old tailings pond is moving
through the ground water, but surface water quality objectives
continue to be met and we are hopeful that decommissioning will
result in reduction of water movement through the tailings and
elimination of this potential pollution source.

More recently two innovative tailings management systems have
been developed at Key Lake and Rabbit Lake. The Key Lake system
has been in use since 1984. A 600 m square tailings area was
defined by 15 m dikes and the area was lined with a bentonite
seal topped with a sand filter blanket. Tailings are deposited
by sub-aerial deposition rather than the more conventional sub-
aqueous technique. The tailings consolidate as the water is
drained off through the filter blanket. The plan is to have a
consolidated, drained tailings mass at the end of the operation,
which, after capping to prevent infiltration, will not generate
any contaminated seepage. The system has not performed as well
as expected in the original design, but it still holds promise of
being able to be decommissioned without any long-term problems
requiring human intervention. At present, because of the very
long tailings beaches, we have been getting particle-size
segregation. The sands have been draining and consolidating as
desired, but the slimes are not giving up the pore water and are
freezing in the cold northern winters. The agencies are
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concerned that some time after the site is abandoned the tailings
will thaw, resulting in contaminated seepage and disturbance of
the cap by differential settling. However, computer modelling
has shown that even with the "green-house effect1*, the tailings
would thaw so slowly that the seepage rate would be extremely low
and the surface water quality objectives would continue to be met
at all future times. Nevertheless, an extensive program is
planned to address the agencies' concerns.

The current tailings system at Rabbit Lake holds great promise.
The Rabbit Lake open pit was mined out in 1984 and is now being
used for tailings disposal. A drift, or tunnel, was constructed
horizontally from the bottom of the pit to a vertical raise
outside the pit brow. Pumps installed in the raise allow the pit
to be drained. The pit is lined with a layer of crushed rock and
an inner filter blanket of sand. The tailings are placed in the
pit and drain through the permeable liner to the de-watering
system. The water pumped from the pit is recycled to the mill
for use in the process. As the tailings drain they are
consolidating. When the pit is filled with tailings, it will be
capped with a permeable layer and the original water table will
be allowed to restore itself. The permeability of the
consolidated tailings is six orders of magnitude less than the
permeability of the crushed rock envelope and ground water will
take the path of least resistance through the rock. With all
excess pore-water pressure relieved during the consolidation,
there is no driving force for hydrodynamic dispersion of
contaminants from the tailings. The only remaining mechanism for
release of contaminants is molecular diffusion and computer
modelling shows that this takes place so slowly, that the surface
water in the restored Rabbit Lake will always meet water quality
objectives.

REFINING

Canada's only uranium refinery operated at Port Hope until 1983,
when a new modern plant opened in Blind River. Twenty years ago
all solid refinery wastes were buried in shallow pits near Port
Granby, Ontario, and waste water with high dissolved salts and
Ra contents were discharged to Lake Ontario. Now the Blind

River plant generates less than 10% of the waste, while refining
substantially more uranium.

The major waste stream from refining is the raffinate from
solvent extraction. This is a nitric acid solution of most of
the impurities separated from the uranium. It is treated to
recover the nitric acid for recycle, leaving a sulphuric acid
solution. This material is trucked back to the uranium mills at
Elliot Lake, where it is fed into the mill circuit. The residual
uranium content is actually higher than that of the ore and is in
a more readily recoverable form, and the excess sulphuric acid is
useful in the leaching circuit. The remaining impurities are the
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same as those in the ore being treated in the mill and have no
effect on the quality of the tailings.

A more vigorous pursuit of waste separation within the refinery
has reduced the amount of contaminated material which must be
handled. The bulk of the waste from the plant is disposed of as
conventional garbage in the local landfill site. An incinerator
is used to reduce the volume of combustible waste. At present
incinerator ash is being stored in drums, awaiting resolution of
the low level waste disposal site problem.

Emissions to the environment are low and pose no problems. An
attempt was made early in the Blind River operation to establish
Derived Release Limits (DRL) for both air and water. The limit
for releases to the air was incorporated into the operating
licence from the Atomic Energy Control Board, but the water limit
was so high as to be meaningless. Economics, even in today's
depressed uranium market, would never allow us to discharge that
much uranium. The DRL is that amount of radioactivity which, if
released to the environment, would result in a member of the
public receiving the maximum permissible annual radiation dose of
5 mSv. The Blind River plant normally operates at a fraction of
a per cent of this limit. Even with the recent plant upset,
which resulted in emissions exceeding the weekly action limit, we
do not expect to exceed 1% of the DRL this year.

FUEL CONVERSION

At Port Hope, Ontario, Cameco operates plants producing uranium
hexafluoride (UF.) for the light water reactor market, uranium
dioxide (U02) primarily for the CANDU market, and a variety of
uranium metallurgical products. (Although there was a
significant demand for metallic fuels in the past, most metal
production now is for radiation shielding or counterweights.) As
in the refining operation, historically plant wastes went for
shallow land burial. The principal wastes were calcium fluoride,
ammonium nitrate and filter ash, a uranium-fluoride-corrosion
product mixture, together with the usual contaminated garbage.

The calcium fluoride arises from the treatment of scrubber water
from the UF6 plant and, aside from traces of uranium, contains no
radioactivity. We identified some potential uses, such as a
fluxing agent in steel production, but we have never succeeded in
developing any of these, because of the stigma associated with
that trace of uranium. Over the past few years, major efforts at
improving chemical utilization within the process have reduced
calcium fluoride generation by about 75%. At the present time we
are using the calcium fluoride, which contains excess lime, to
neutralize any corrosive fluorides in the filter ash, producing a
uranium-bearing material which is suitable for recycle to a
uranium mill.
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The ammonium nitrate has a happier story. Port Hope is in a
corn-growing area and corn requires lots of fertilizer. The
ammonium nitrate arises from the ceramic-grade U02 production and
is a very pure material, albeit with measurable uranium and
radium concentrations. We were able to demonstrate that this
material contained less radioactivity than many conventional
fertilizers on the market and after years of negotiation were
permitted to sell the ammonium nitrate as a fertilizer.

As at Blind River, all combustible contaminated wastes are
incinerated and the ash is stored pending the availability of a
low level waste disposal area. Drums from both Blind River and
Port Hope are cleaned and recycled to the extent possible within
the uranium industry. Scrap metal is generally decontaminated in
campaigns and shipped to a steel plant for recycle. Drums which
are no longer serviceable are generally crushed and shipped for
disposal in a uranium tailings area.

Port Hope has more difficulties than Blind River with emission
controls. The site is in the middle of town, rather than 4 km
away, which results in much more stringent limits; some of the
compounds being handled are more volatile and more apt to get
air-borne; and some of the compounds are more corrosive and more
likely to cause operating problems. However, given these
difficulties, the operation is doing a good job overall,
maintaining emissions comfortably below 10% of the DRL, although
not approaching the low emissions achieved at Blind River.

A recent difficulty has surfaced at Port Hope, which is a result
of past rather than current operations. The Port Hope sewage
treatment plant, like many others, gave the sludge to farmers to
use as soil conditioner and fertilizer. Recently, uranium was
discovered in the sludge and the Ontario Ministry of the
Environment has stopped the use of the sludge on fields. One
source of the uranium was identified as laundry water from Cameco
and this has been eliminated by evaporation of the water, instead
of discharge to the sewer. But uranium in the sludge persists
and is now thought to be originating from leaks of contaminated
ground water into the sewer system. Despite studies showing that
use of this material would be no more hazardous than the use of
phosphate fertilizers on farm fields, the Ministry will not give
the Town any relief.

FUEL FABRICATION

The fuel fabricators, Zircatec Precision Industries and Canadian
General Electric, take ceramic-grade U02 from Cameco, convert it
into sintered pellets and load these into fuel bundles for power
reactors. Most of their wastes are recyclable. Scrap pellets
and other uranium wastes are returned to Cameco for recycle into
the production of more U02. The nature of the operations tends
to generate far less contaminated scrap and garbage than does
mining, milling, refining and fuel conversion, and the
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contaainated Material contains only refined uraniun. Waste
volumes are proportionately lower, with fuel fabrication
generating only a few tens of cubic metres per year containing
only a few kilograms of uranium. These wastes are sent to Chalk
River for burial.

Waste water from the production process, such as grinder coolant,
pellet washes, etc., are treated for uranium removal before
release to the sewer. Laundry water and floor washings are
discharged to the sewers and contain a few hundred grams of
uranium per year. Releases to atmosphere comprise filtered
exhausts from furnaces and hoods and unfiltered exhausts from
general building ventilation. These are estimated to contribute
a few kilograms of uranium per year to the environment.

DECOMMISSIONING

The uranium industry can boast of a number of significant
decommissioning successes. The Combustion Engineering fuel
fabrication facilities in Moneton, New Brunswick, and Sherbrooke,
Quebec, and the Canadian Westinghouse facility at Varennes,
Quebec, were cleaned of radioactivity and released for other
uses.

Three uranium mine sites have undergone decommissioning.
Hadawaska Mines at Bancroft still has a couple of items of field
work to complete. Agnew Lake has completed its reclamation work
and has satisfied all AECB requirements; however, its leases must
be surrendered to the province before the site can be abandoned
and there appears to be reluctance on the part of the province to
take this step.

After 35 years on the site, 29 years in full production, the
Eldorado Beaverlodge Operation was shut down in 1982. An
extensive review of available environmental data was done and
further field studies were undertaken. A detailed
decommissioning plan was developed in consultation with a panel
of interested regulatory agencies. The agreed plan involved the
salvage of some of the more valuable equipment, the removal,
burial or submersion of all tailings, the destruction and burial
of all structures and the closure of all mine openings.

Work was completed in 1985 and the company and Saskatchewan
Environment have been monitoring the site for the past five
years. Areas covered with waste rock are naturally slow to
revegetate, but this is not that distasteful, since much of the
area consists of rock outcrops with little or no vegetation. The
water in the tailings system has cleaned up to the extent that
there are fish in all the lakes. Radionuclide levels remain
elevated, but it was anticipated that they would take some years
to decline. This year there will be a major evaluation of the
site and a decision as to whether or not it is ready revert to
the province.



A portion of the Rabbit Lake drainage basin, which discharges
into Wollaston Lake, was contaninated with sine slimes many years
ago. Surface water quality objectives are not being met because
of some contaminants leaching from the slimes. Under the
direction of Dr. Hargarete Kalin, ecological engineering is being
employed to clean up this system. An attached algae, which
absorbs radionuclides, has been transplanted into the
contaminated lake. As the algae dies off, the incorporated
contaminants are fixed in the lake sediments. The process must
be studied for several years to determine its degree of success.
If it works, it has great appeal, because the system will be
self-sustaining, allowing abandonment with no further need for
human intervention.

FUTURE CONSIDERATIONS

The uranium industry had its birth before the rest of the nuclear
industry and before the high standards of personal and
environmental protection, which are a part of the modern nuclear
industry, had been developed. Its standards for environmental
protection have evolved from the conventional mining industry.
The industry has greatly increased its level of environmental
control over the past 30 years and would have to be judged one of
the leaders of the mineral resource industry. However, public
perceptions are demanding ever stricter controls and even
fuelling the cry for closure of the industry.

In recent years we have seen several examples of irrational
thinking, which have resulted in difficulties, not only for the
uranium industry in particular, but Canadian industry in general.
The uranium in sewage sludge is a classic example. It is clear
from analytical work that the sludge contains less radioactivity
than does phosphate fertilizer, which is used without
restriction. The Atomic Energy Control Board had an outside
consultant examine the issue and the use of sludge on farm land
was declared to be a safe option. Yet the Ontario Ministry of
the Environment refuses to let the Town of Port Hope release the
sludge to farmers. The result is an ever-growing pile of sludge
with no disposal method. Ontario has rational standards for the
content of heavy metals in sewage sludge, which permit the use of
this material, but refuses to recognize any parallel standard
for uranium. This refusal to keep an environmental issue in
perspective is creating a problem where none should exist.

Our attempts to dispose of or recycle plant wastes are
continually running into what I can only describe as the
balkanization of Canadian waste management efforts. Provinces
are reluctant to allow a scrap drum to be disposed of within the
province if the drum originated elsewhere. Provinces do not want
waste materials brought across their borders for recycle, unless
they can be assured of local origin. Similar problems have been
noted in non-nuclear areas, such as the disposal of PCBS. Canada
cannot afford to take this sort of approach. Waste recycle and
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disposal facilities are very expensive. If one province has the
facility to safely handle wastes from another jurisdiction, it is
counterproductive to throw up roadblocks to prevent
interprovincial trade in wastes.

Perhaps the most disturbing new development is the fall-out from
the recent Rafferty-Alameda and Oldman Dam decisions. We are
informed by provincial agencies that any project proposal
involving water must be submitted to Fisheries and Oceans for
screening, no matter whether or not the province approves and no
matter what the size of the project. The federal government has
no mechanism in place to handle this work. Saskatchewan is the
least populous and least industrialized of the Western provinces,
yet it is estimated to generate 1,000 proposals per year. With
the other two Prairie provinces and the territories, some 5,000
proposals per year are expected and all of these are supposed to
be screened by one person in an office in Winnipeg! At one
proposal per day, he has 20 years' work from one year's
proposals. This bureaucratic bottle-neck could grind all
industry to a halt in no time at all.

Many years ago, when Environment Canada was formed and started to
produce federal environmental legislation, the rationale was that
all the provinces did not have adequate environmental
legislation, that federal legislation would provide minimum
standards, and that federal legislation was necessary for trans-
boundary problems. We do not have problems with those ideas but,
where the provinces are doing a competent job, there is no need
to interpose another layer of bureaucracy.

In 1986 Eldorado developed several options for coping with low
level radioactive waste from past and continuing operations,
including the so-called historical wastes in the Town of Port
Hope. Because the company could not afford long-distance
transportation of these wastes, the solutions developed were
local ones. The result was such a cry of outrage from local
residents that the politicians told Eldorado to drop its waste
disposal plans and appointed a task force to solve the problem.
The task force re-defined its terms of reference and settled for
developing a process for site selection. Now, four years later,
we see a second task force following that process to select a
site for low level waste. But this task force also appears to
have re-defined its terms of reference, because we are now
informed that it is seeking only for a site for the historical
wastes and that, if anyone wants a site for current wastes, they
must make their own arrangements with the selected municipality.

Whether it is cleaning the stable, taking out the garbage or
dealing with radioactive waste, the public exhibits a distinct
lack of enthusiasm. Some strong leadership from the government
is clearly needed.

The handling of the Rabbit Lake spill last November points to
another problem faced by the industry. The water which spilled
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into Collins Bay was mine water containing about 4 Bq Ra per
litre. The spill caused enormous public concern,- people were
worried about their drinking water 35 km away; people were
worried that fish in the lake would be contaminated; there were
calls for an inquiry. Cameco is in no way attempting to excuse
itself from responsibility; the spill was the result of sloppy
operation and should never have happened. But in terms of true
environmental impact it was totally insignificant. Dr. Robert
Rowland in testifying at the Elliot Lake Assessment Board Hearing
noted that it would not concern him to have his family drinking
water at 10 Bq/L. At the time, he was considered the foremost
expert on the health effects of radium. Yet despite this, the
agencies insisted on making a major issue of the spill, to the
extent of paying for a study of the fish in Collins Bay. The
public quite rightly asks, 'If it is so safe, then why are the
agencies acting this way?1 The regulators have as much
responsibility as the industry for placing risks in perspective.

Canada is a wealthy country and can afford environmental niceties
which others cannot. But we must not allow our missionary zeal
to overcome our better judgement and cause us to discard a system
of power generation which is among the most environmentally
benign in the world.
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It must be well known to all who are attending this Conference and, to those
who are not here, but who work in the Canadian Nuclear Industry, that the
public believes nuclear power plants are dangerous and liable to unacceptably
serious accidents, that they pollute the environment and in so doing harm
people, and that they produce wastes that are impossible to dispose of safely.
These perceptions are enhanced by the news media because its members depend for
their livelihood on selling news, and because people are mainly interested in
bad news rather than good news, especially if the bad new is tinged with a
modicum of sensationalism and cause for anxiety. It is ironic that nuclear
power may be getting another chance mainly because, in the minds of the public,
there are more worries if we continue to produce electricity by burning fossil
fuels, because of acid rain and climate change due to the 'Greenhouse Effect'.

Perhaps the greatest obstacle that faces anyone who wants to keep informed on
the environmental issues is the remarkable persistence of what G.L.
Baskerville and K.L. Brown of the University of New Brunswick call "factoids":
these are false, exaggerated of misleading information made believable by
constant repetition.

For example, a recent headline in a local New Brunswick newspaper read "LEPREAU
TO CHECK LEAKS IN APRIL". The lead in sentence stated that "Radiation leaks
above the acceptable limit have prompted testing at the Point Lepreau Nuclear
Generating Station during the plant's annual shutdown in April."

The actual facts were that:

(a) The leakage involves air, not radiation, except during a severe
accident.

(b) The air leaks into, not out of, the reactor building during normal
operation.

(c) Radiation emissions via filtered discharge have been five thousand
times lower than regulatory limits in each of Lepreau's seven years
of operation.

It is quite clear that this story presents a misleading representation of the
"facts". This example is not intended as criticism of the media, particularly
since the newspaper in question usually does report nuclear matters fairly and
responsibly, and was willing to print a correction. Yet the 'factoid' that
radioactive emissions are above acceptable limits is likely to persist,
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especially since a similar statement attributable to a New Brunswick
conservation group appeared in the same paper less than a year earlier. A
correction which appeared later, in smaller print, on a less prominent page and
under less dramatic headline, has had virtually no effect on public's belief in
this particular 'factoid'.

Peter Medawar, a British Scientist of repute, pointed out in his "Advice to a
Young Scientist" that "the intensity of a conviction that a hypothesis is true
has no bearing on whether it is true or not." There is no substitute for the
facts.

Being a reporter is a tough job, and scientists and engineers, most of whom are
more comfortable with equations, statistics and jargon than they are with plain
English, share some of the responsibility for disseminating misinformation.
Nor are all 'factoids' limited to radiation; they exist for nearly every
newsworthy issue from PCB's to the health effects of high voltage power lines.
They are almost always accompanied by anxiety trigger words such as 'cancer',
'childhood leukemia', 'birth defects' and 'miscarriages'.

In truth, by any measurable standard, nuclear power has demonstrated that it is
far and away the cleanest, safest and most environmentally benign of all the
ways of producing electricity in commercial quantities. It is today, for some
utilities, the most cost effective means of building new generating capacity as
evidenced by the recently published study by Ontario Hydro on Electricity
Demand and Supply in the Province of Ontario in which ten future nuclear units
are stated to be the most economical means for new generation to meet future
electricity needs in an environmentally acceptable way. It would doubtlessly
be the same for every utility, if the demand for safety, safe operation and
lowest possible effect on the environment was applied to the same degree to
hydro and fossil fuelled thermal generating plants, as it is already applied to
nuclear.

New Brunswick Power is now building three new generating stations, none of
which are nuclear because the cost competitiveness of fossil plants is still
superior to nuclear in moderately sized single unit plants. However, thanks to
recent enhanced concerns about SOx, NOx and perhaps COx the economic gap is
closing fast. The next plant in New Brunswick is very likely to be nuclear, if
ongoing negotiations can be successfully concluded with AECL and the Federal
Government. Thereafter, it is quite conceivable that all future base load
generating plants in the Province will be nuclear. It is also likely that as
other parts of Canada need additional generating plants, and as environmental
concerns become more intense, the nuclear alternative will receive much more
serious consideration.

It must however be recognized that there is still a great deal of public
concern about the safety of nuclear plants and about the disposal of nuclear
wastes, even though this concern is more imagined than real. Unfortunately,
the nuclear industry has great difficulty in communicating with the public, and
although some progress is being made, public opinion in New Brunswick is still
about evenly divided on whether or not more nuclear plants are desirable in the
province of New Brunswick. There is still quite a strong belief among many of
the people that they are too dangerous, and that other types of plant should be
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chosen despite the possible or even the probable environmental consequences.
It therefore becomes of paramount importance that Canadian nuclear units be
operated and maintained with meticulous care and precision, so that no issue
can be made public which would throw doubt on the safety of existing Units or
any other units which might be built in the future.

Of course perfect operation is impossible, and the plants are designed on the
principle of 'defence in depth' so that no single operating error or equipment
failure, or even a series of such errors and failures, can cause serious
consequences to the public or to the plant staff. Nonetheless, it is sobering
to realize that all of the serious nuclear accidents to date have been
attributable, in whole or in part, to maintenance errors, and that each of
them would have had a different outcome if well prepared operating and
maintenance procedures had been available, and had been followed by the plant
staff.

I am sure that everyone here is aware of the incident where a drinking cooler
at Point Lepreau was spiked with tritiated heavy water, and eight members of
the staff received significant radiation doses in the short period of time
before the source was identified. This event received world wide press, and
did a great deal of harm to the reputation of a station, which has been
recognized internationally as among the best in the world.

It also cast doubt on the integrity of the operating staff, and raised the
question "what else could a mentally unstable individual do?" This event has
repeatedly been quoted by those against building another nuclear unit in the
Province of New Brunswick, despite the fact that at any other industrial
facility, such as a paper mill or an oil refinery, various noxious chemicals
that are readily available to operating staff, might be introduced into
cafeteria drinking supplies with even more harmful results.

Point Lepreau has consistently been one of the top performing nuclear power
plants in the world. Point Lepreau's capacity factor since declaring the
station 'In Service' on 1st February 1983, to the end of February 1989, is
93%. Figure 1 shows the capacity factors achieved for each year of operation
since start up in 1982. In addition, it was recently confirmed that Point
Lepreau placed second in ranking, as measured by Lifetime Capacity Factor, of
all 339 operating nuclear power stations in the world excluding the 'communist
bloc'. Lifetime Capacity Factor is the fraction of the maximum theoretically
possible electrical output that the station has produced since it first
produced electricity. Lepreau's Lifetime Capacity Factor to the end of 1989
was 89.6%. Third, fourth and fifth places are also held by CANDU reactors,
Pickering Unit 7, Pickering Unit 8 and Bruce Unit 5 with Lifetime Capacity
Factors of 88.2%, 88.0%, and 87.1% respectively.

It should be noted that first place is held by a relatively new West German
plant for which start up was in April 1988, which has not yet had its first
outage for refuelling. Lepreau is presently number one in the world. Am sure
you will agree that the performance that I have outlined, and which is shown on
Figure 2 is a remarkable endorsement for the CANDU reactor.
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Point Lepreau and other CANDU reactors have achieved remarkable performance in
the production of electricity. At the same time, possibly even more remarkable
results have been achieved as an environmental benefit, when compared with the
damage which would have been caused by producing the same amount of electricity
from coal or oil. Figure 3 shows the economics of fuel cost savings and the
reduction in harmful emissions to the environment due to operation of Point
Lepreau over its lifetime.

I do not intend to compare nuclear plant performance with wind generated or
solar power, which are so strongly advocated by some of the critics because I
do not think that these technologies hold the potential, even with intensive
development, to match the power being produced today from the current
generating technologies. This is not to say that there is no place for them;
only that they cannot today, nor are they likely in the future, to be able to
replace other forms of electricity generation to any significant degree. They
are also not without their own forms of environmental pollution.

Despite claims to the contrary, there has never been a serious incident at
Point Lepreau, which in any way affected or had the potential to affect the
general public. Normal releases of radio-active material from Lepreau
represent, even to the hypothetical person living at the plant boundary for
twenty-four hours each day, three hundred and sixty-five days every year, only
a minute fraction of background radiation exposure. This is shown
diagrammatically in Figure 4,

A typical half acre lot, approximately fifty metres by fifty metres, contains
about six kilograms of thorium, two kilograms of uranium and seven thousand
kilograms of potassium in the first thirty centimeters of soil. All of these
substances are radio-active and contribute to human radiation exposure.
Additional radiation exposure comes from cosmic radiation, natural
radioactivity in our bodies, mostly potassium, and natural radioactivity in the
air we breathe, radon and its products. Even when we have our morning shower,
radiation exposure increases measurably as radon gas is released from the
heated water. The exposure that a typical person receives from background
radiation every hour is shown in Figure 5.

This enormous sea of natural radiation that we live in has considerable
geographic and annual variability. With the exception of natural background
and medical exposures, all other contributions to human radiation exposures are
trivial. In 1988 the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) reported that medical diagnosis contributes from
twenty percent to fifty percent of the dose from natural background, with the
higher range of values in developed countries. In contrast, nuclear power
contributes less than 0.1% of natural background.

It is clear that if nuclear power were causing significant health effects in
the population, we would see enormously greater effects resulting from
variations in natural background and the use of radiation in medicine. Despite
extensive research, medical scientist have not been able to detect significant
effects.

2u30



Radioactivity is easy to measure even at levels far below any rational concern
for health. Chemicals such as PCB's can be measured at 'parts per billion'
(ppb) concentrations by chemical analysis using good techniques. Since the
decay of a single atom can be detected, radioactivity measurements are often
millions of times more sensitive than chemical techniques. For example, it is
not difficult to achieve detection limits for radioactive tritium in water of
ten to fifteen grams per litre, a decimal point with fourteen zeros followed by
a one, this is roughly the equivalent to detecting one litre of a chemical
added to the Bay of Fundy.

The ability to measure radioactivity at such low levels has significant
advantages for the industry, regulators and the public because:

(a) Emissions can be measured and reported with considerable accuracy,
and every nuclear power station is required to do so.

(b) Environmental measurements can be performed by the utility, and
independent regulators can confirm that the impact on the environment
and the public is negligible.

No other industry, including paper mills, oil refineries, chemical producers,
coal and oil fired generating stations, could continue to operate if they were
required to measure their emissions to air and water as completely and as
accurately as do nuclear power stations. Comparable technology simply does not
exist in other industries.

To illustrate this further, in 1989 Point Lepreau's total emissions of
radioactive tritium to air and water contributed a radiation exposure, at one
kilometer, that was more than two thousand times smaller than natural
background radiation. Ironically, this extreme sensitivity is used by some
critics to claim that if radiation is detectable, then it is present at harmful
levels. The classic example is that of Chernobyl from which traces of
radioactivity could be detected throughout the northern hemisphere. At Point
Lepreau we were able to detect, for a short time, one atomic disintegration per
second in each three cubic metres of air attributable to Chernobyl releases.
This is roughly equivalent to detecting the amount of material in an aspirin
tablet evenly distributed in the volume of air between Halifax, Vancouver, and
north to Churchill, Manitoba to a height of five kilometers.

Bhopal, the Ontario tire fire, the Mississauga derailment, the Saint-Basile-le-
Grand PCB fire, the Canning Warehouse fire in Nova Scotia, and every coal
station, oil station, and automobile have contributed toxic and carcinogenic
substances to the world atmosphere. Since our ability to detect chemical
compounds is primitive compared with radioactivity measurements, no one raises
concerns about chemicals until they reach detectable (ppm or ppb) levels. In
contrast, we can measure radioactivity at levels far below that which any
competent scientist believes there is a measurable, let alone a significant
health impact.

X-Rays were discovered in 1895, followed in 1896 by the discovery of natural
radioactivity. From initial medical uses it rapidly became clear that high
doses of radiation could damage human tissue. In the early apart of the
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century, it also became clear that large doses could cause cancer. As a result
of the rapidly expanding use of X-Rays in medicine, early scientists set up
associations to examine health effects and set exposure limits. These groups,
which encompass a broad spectrum of scientific and medical expertise, include
the International Commission on Radiological Protection (ICRP), the United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the
U.S. National Academy of Sciences Committee on the Biological Effects of
Ionising Radiation (BEIR), and numerous other national and international
scientific associations interested in the use of radiation in science, medicine
and industry. The groups that set international consensus standards based on
risk data from human and animal studies are not dominated by the nuclear
industry. There is already an enormous amount of information on the effects of
radiation, and research is ongoing. As a result, the effects of radiation on
human health are better understood than the effects of virtually any other
substance.

The fact remains, however, that radiation effects are measurable only at high
doses and dose rates, and human risk data is based on studies of the
Hiroshima/Nagasaki survivors and large groups of people who have been exposed
to high doses of radiation due to medical treatments. It is extremely
difficult, despite tremendous improvements in epidemiology, to interpret data
at low radiation doses and low dose rates, at dose rates below occupational
dose limits, since health effects are hidden by more significant health risks
in our society.

The approach taken by early radiation researchers was to assume that effects
measured at high levels could be linearly extrapolated to low levels without
thresholds. In other words, a small exposure would have a correspondingly
small probability of causing an effect, but would cause some effect. An
analogy that is often used is that, if taking one hundred aspirins at one time
is fatal to one person, then one hundred aspirins given to each of one hundred
people would also cause one fatality, and indeed that one hundred aspirins
taken once each month by one person would also be fatal to hi . Although this
approach seems to defy common sense and ignores the radiation repair mechanisms
in the body, it is accepted by most scientists because there is no evidence to
prove or disprove the theory and, failing specific evidence, radiation
protection specialists have always opted for the cautious approach.

Unfortunately, this concept, which was started by radiation protection
specialists, has become environmental dogma that it is incorrectly applied to
all types of trace substances found in the environment, regardless of
carcinogenic potential. This is of considerable frustration to toxicologists
who know that dose not substance, makes a poison.

The fact, that studies at low doses are difficult to interpret because of large
statistical uncertainties has produced two fringe groups with minority
opinions. The first group supports 'hormesis', or the possibility that low
levels of radiation may actually be good for you. They base their views on
statistical data on insects and animals, and the fact that low concentrations
of toxic substances are known to act as stimulants to many organisms. Hormesis
researchers are viewed with a blend of mild interest and skepticism by the
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radiation protection community. They are ignored by the media because they are
potential story killers.

The second group, which is highly vocal, insist that radiation risks are vastly
under-estimated. They are unconstrained by the rigors of scientific evidence,
and their opinions are widely sought after by the media to provide "balance" to
radiation related stories, despite the fact that they are rarely held
accountable for their views. They use anxiety "trigger words" liberally, and
try to convince the public that there is a raging debate on radiation risk in
the scientific community. If their statements were correct, humans would have
been extinct long ago as a consequence of natural background radiation.

In fact both groups are largely ignored by radiation protection scientists for
several compelling reasons:

(a) It is now clear that studies on populations exposed to low levels of
any toxic substance are unlikely to provide meaningful risk
information because large statistical errors and a myriad of
competing social, economic and hereditary effects will mask all but
the strongest cause and effect relationships.

(b) If the current radiation risk estimates were grossly in error, we
would detect a massive increase in cancers due to the extensive and
widespread use of radiation in medicine. We would also detect
substantial differences in cancer rates due to differences in natural
background radiation in different parts of the world. Scientists
cannot measure such effects despite extensive efforts to do so.

A great deal of study and effort has been put into investigating the overall
risk to radiation workers, many of whom work in the nuclear power industry. It
has been found that risks are not statistically different from risks of
workers in other comparable industries. Epidemiological studies of workers
suffer the problem that because the number of people, the dose and the expected
effects are small, results are often inconclusive. Generally, studies have not
indicated an increase in cancer incidence in workers. In particular, no
studies have reported leukemia risks statistically different from control
populations.

An independent study on the mortality of 23,997 Ontario Hydro workers in the
period between 1970 and 1985 did not indicate a higher cancer risk among
radiation workers than other workers. In fact cancer mortality was slightly
lower than expected. This study population is of interest to N.B. Power
because it is the one that is most directly applicable to the workers at Point
Lepreau.

In order to assess radiation risk, it is useful to relate it to a more
familiar hazard. One of the most suitable comparisons is that of road
fatalities, since the risk is familiar, well known statistically, random in
occurrence, and has both voluntary and involuntary components. In other words,
it is voluntary by choosing to drive on that day, and involuntary by being hit
by another car.
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In 1989, radiation exposures to 902 of the workers at Point Lepreau were lower
than the regulatory limit for members of the public, 5 mSv per year. The
average Lepreau worker received an extra radiation exposure of 3.2 mSv,
slightly greater than natural background radiation which is 2 - 3 mSv. Based
on recent estimates, this corresponds to the risk of driving an extra five
thousand kilometers per year. For the most exposed member of the public, the
corresponding risk, is equivalent to driving an extra two kilometers per year.
It is interesting to note that many members of the Point Lepreau staff drive at
least one hundred kilometers per day, to and from work, which is about twenty
thousand kilometers per year. Therefore, it can be argued that locating a
nuclear plant far from a population centre increases the risk of death or
injury, due to increased travel time, to the plant staff to a greater degree
than the radiation hazard of their work.

In this paper I have to indicated that the environmental effects of the
operation and maintenance of a CANDU nuclear generating station is extremely
small, and that radiation from its operation poses a relatively small risk to
plant workers and the public. We are now seeing macroscopic changes in the
environment in terms of carbon dioxide build up, ozone depletion and acid
rain. Although nuclear pover cannot on its own solve the problems of world
energy production, it does have an important role to play. It would be
unfortunate if excessive fears of radiation prevented at least some
displacement of more environmentally damaging technologies involving fossil
fuels.
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FIGURE 1
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FIGURE 2

RANKING OP NUCLEAR POWER STATIONS
(by lifetime capacity factor to 31 December, 19989)
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FIGURE 3

ECONOHICS AND ENVIRONHENT
(TO THE END OF FEBRUARY 1990)
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FIGURE 4

RADIATION DOSES IN PERSPECTIVE
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FIGURE 5

NATURAL RADIATION AND RADIOACTIVITY
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ENVIRONMENTAL ASPECTS OF NUCLEAR MATERIALS
STORAGE AND TRANSPORTATION

P.D. Stevens-Guille, P.J. Armstrong,
K.J. Donnelly, M.E. Gavin

Ontario Hydro
700 University Avenue

Toronto, Ontario
M5G 1X6

"CONVENTIONAL WISDOM"

A current trend is to focus attention on the environmental effects
of any Large operation with a view to assessing its impact. One
way to make this assessment is to listen to what the critics have
to say and examine their findings to see if they are true or
exaggerated. The nuclear industry has no lack of critics and this
is what they say about waste management;

(1) Radioactive waste is held in "dumps";

(2) The volume and accumulated radioactivity of waste is
growing at alarming rates;

(3) The waste dumps leak "poisons" to the environment;

(4) Transportation is disruptive and unsafe;

(5) There is no solution to "disposal" of nuclear wastes.

These observations are reviewed below.

Ontario Hydro Waste Management Practices

Ontario Hydro's waste management practices are very different to
the assertions above.

(1) Radioactive waste, other than used fuel, from the 17
reactors in operation is stored at the Bruce Nuclear
Power Development (BNPD) , Radioactive Waste Operations
Site - 2 (RWOS-2) on the east shore of Lake Huron. Far
from being "dumped" the low and intermediate level waste
is handled, processed and stored as described below, with
care and attention.
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(2) The critics are partially correct. The volume of
radioactive waste is increasing (but not alarmingly) for
the simple reason that Ontario Hydro stores, but does not
dispose of waste at the RWOS-2. To put the issue into
perspective, the total volume shipped to the RWOS-2 over
the past 16 years is about 70,000 cu.m. The present rate
of shipments is about 1,000 tonnes/a; this can be
compared with some 3.0 million tonnes/a of garbage
produced in Toronto.

(3) Far from leaking "poisons", all emissions to the
environment are sampled and monitored to ensure
compliance with the limits in the operating license from
the Atomic Energy Control Board (AECB). In addition to
the controls on the RWOS-2 itself, there is an
environmental monitoring program for the Bruce site and
environs. Ten monitoring stations continuously sample air
and daily sample water.

(4) Transportation by trucks is almost "invisible" to
Ontarians. The accident, record is exemplary.

(5) Disposal of radioactive waste is outside the scope of
this paper, but it is necessary to say that low level
waste has been disposed for many years by other countries
and licensing of disposal structures is under way at the
Chalk River site. The concept for underground disposal
of fuel waste is currently undergoing an environmental
assessment by the Federal Government.

WASTE STORAGE SYSTEMS

Bruce Storage site

Ontario Hydro began operations at the 8 ha (19 acre) RWOS-2 in
1974. This facility receives, processes and stores waste from all
the nuclear stations. Its development is based on the following:

* All materials are stored in a retrievable manner in
facilities with a 50 year design life;

* No radioactive material is placed directly in the soil;
engineered structures are used;

* Only solids are placed in storage;

* All waste placement is treated as interim storage as
components of the waste may outlive the expected lifetime
of the storage structures and hence will need to be
retrieved and sent to ultimate disposal.

RWOS-2 classifies solid and liquid wastes into the following type;
(Table 1):
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Table 1

Solid waste

(dose rate on contact)

Liquid waste

Type

Type

Type

1

2

3

<2 mSv/h

>2 mSv/h

>150 mSv/h

<3.7xlO8 Bq/m3

>3.7xlO8 Bq/m3

>3.7xlO12 Bq/m3

Waste is further categorized according to operational safety
considerations. Type 1 includes incinerables, compactibles, and
non-processible wastes; reject drums and process liquids with
contact fields as shown. Type 2 includes ion exchange and filter
units and bulk resin. Type 3 includes the more radioactive ion
exchange and filter units, bulk resin and core components

Ontario Hydro's waste management philosophy is to reduce waste at
source as much as possible. Targets are established at each
station. Waste collected from the stations is processed at the
Waste Volume Reduction Facility (WVRF) at the RWOS-2 so as to
reduce the volume for final storage.

Centralizing operations at the RWOS-2 for the whole utility has
proved to be efficient in terms of personnel, equipment, licensing
and environmental emission control.

Storage Structures

Storage structures at RWOS-2 evolved since 1974 on the basis of
need, economics and radioactivity of the stored wastes (Table 2).

Table 2

Structure

Quadricells
Tile Holes
In-Ground Container-2
In-Ground Container-12
In-Ground Container-18
Concrete Trenches
Buildings

Volume
(cu.m/unit)

24
1
2
12
18

120
8000

Radiation Fields
of Waste (Sv/h)

<10
>0.15
>0.15
>0.15
>0.15
<0.15
<0.01
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The above ground facilities include storage buildings and
Quadricells, while in-ground facilities consist of concrete
trenches, tile holes, and various sizes of in-ground containers.
Recent storage facilities have been engineered to be leak tight
with the intent to prevent environmental contamination of the
subsurface. Some earlier in-ground storage facilities provide a
subsurface drainage system to ensure a preferred drainage route
which is routinely sampled and monitored. However, despite
providing confidence that contamination is not being released to
the ground water and transported off-site, some contamination of
the drainage system could occur.

Newer in-ground facilities are built on a "failsafe" principle.
If the multiple barriers fail, ground water enters the container
driven by the available hydrostatic head. Monitoring detects the
presence of water which can then be pumped out and treated without
any contamination of the surrounding soil.

Waste Processing

The Waste Volume Reduction Facility (WVRF) houses all waste
processing equipment currently on site. It contains a drum crusher,
a baler and an active waste incinerator. The incinerator uses a
controlled air pyrolysis technique in which batches of low level
waste are pyrolized. Gaseous products are fully oxidized in an
after burner and then cooled, filtered in a bag house and released
to the atmosphere. The exhaust gases are continuously sampled and
the samples analyzed for radioactivity.

This equipment has been in operation for a considerable time and
is aging. Plans call for a high force compactor and a replacement
incinerator which would have state-of-the-art off gas treatment.
This new equipment would reduce the volume of low level waste
significantly, consistent with the waste minimization philosophy.

Environmental Protection

RWOS-2 was designed with environmental monitoring requirements in
mind. The developed portion (Figure 1) is paved to control surface
water which flows into open ditches and buried pipes to sampling
stations. Composite samples collected weekly are analyzed for
tritium and gross beta activity and the results compared with the
Derived Emission Limit for drinking water (DEL). Experience shows
that radioactivity in vater accessible to the public is below 1%
of the DEL. The concept of a DEL is widely used in the industry to
measure the effects of emissions on operating staff and the general
public. DEL's are calculeited from dose limits set out by the
International Commission on Radiological Protection as authorised
in Canada by the AECB.
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FIGURE 1: Radioactive Waste operations Site

All undeveloped areas of RWOS-2 have "external" ditches to prevent
surface run-off from entering the storage areas. Some in-ground
storage structures employ a subsurface drainage system that
provides a preferred drainage route which is routinely sampled and
monitored. Subsurface monitoring of an aquifer at depth is carried
out via observation wells on the perimeter of the in-ground storage
area.

The incinerator stack and the ventilation exhaust from the WVP
are continuously monitored for tritium, particulate activity an
iodine-131. Experience shows that all emission categories ai



below 1% of the Derived Emission Limit (DEL).

Substantial radioactive decay occurs in waste during storage. When
waste is eventually disposed of, some long-lived isotopes which are
potentially mobile, such as Carbon-14, will require special
consideration in the engineering of the disposal system.

The monitoring program for radioactive waste operations staff
tracks whole body, skin, extremity and internal dose. There are
approximately 35 full time operators at RWOS-2, their total
occupational dose varies in the range 6 to 12 manrem per year. This
small dose is consistent with reactor operations at the Bruce site.

In addition, there is a routine environmental monitoring program
for the BNPD site which takes into account all nuclear operations.
Samples of air, precipitation, drinking and lake water, fish, lake
sediment and milk are taken at predetermined locations and
frequencies. Radiological assessments are prepared and submitted
to regulatory agencies on a regular basis.

MINIMIZING FUTURE WASTE

Low level waste volumes are forecast for the next twenty years at
an average of 7,000 m3 per year. It is projected that an overall
waste reduction of 25-35% is possible from procedural changes and
the installation of waste monitoring systems in each nuclear
station. Initiatives are planned in the following areas:-

* Implement materials control procedures.

* Provide each station with modern waste monitors.

* Improve waste handling and shipping areas at all
stations.

* Establish performance targets, training and awareness
programs for the station staff.

It is important to recognize that minimising active waste may only
remove it to the inactive stream with environmental implications
of its own. Thus a total waste minimization approach including
both active and inactive streams will be optimal.

NUCLEAR MATERIALS TRANSPORTATION

Unlike many utilities in North America, Ontario Hydro designs,
builds, tests and certifies (with the AECB) many of its
transportation containers. The utility has a fleet of 10 different
types ranging from Strong Industrial Containers for low level waste
through Type A Containers (Figure 2) for higher levels o""
radioactivity to Type B Containers which meet the most demandin-
transportation requirements.
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FIGURE 2: lm Type A Container during licensing drop test

Recent additions to the fleet, designed and tested by Ontario
Hydro, are Type B packages of 5,000 litre capacity for liquids or
solids (Figure 3), and a prototype Used Fuel Cask with a capacity
of 196 fuel bundles (4 tonnes) (Figure 4).

FIGURE 3: Tritiated heavy water transportation packages
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FIGURE 4: Used Fuel Cask

Environmental Protection

Ontario Hydro has shipped radioactive material for almost 30 years
without deleterious effect on the environment. In a typical year
over 1000 shipments of radioactive material are made covering
approximately 300,000 kilometres. Only three traffic accidents
have occurred involving shipment of radioactive materials; all
involved Strong Industrial Containers shipping low level waste. The
vehicles involved in the accidents were severely damaged, but there
was no release of radioactivity.

The safety and environmental protection aspects of radioactive
materials transportation is enhanced through:

* Careful container design to stringent packaging
regulations;

* Driver training and vehicle maintenance;

* Comprehensive Transportation Emergency Response Plans.
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Regulations for Packing and Transportation

The principal means of protecting people and the environment during
transportation of radioactive materials is by building packages
which, under normal transportation and severe accident conditions
limit radiation fields and release of radioactive materials to
negligible levels.

The AECB Transport Packaging of Radioactive Materials Regulations
specify radiation and release limits. They are based on the model
regulations of the International Atomic Energy Agency, The first
issue of the IAEA "Regulations for the Safe Transportation of
Radioactive Materials" was issued in 1961. In the last 29 years,
there have been three major revisions and many minor improvements.
The success of the Regulations is testified to by the fact that,
in spite of approximately 38 million package shipments world-wide
each year, there has never been a known death or injury due to the
radioactive nature of the cargo.

The most stringent category, Type B containers must meet tough
requirements in order to obtain a certificate from the AECB. The
container must survive the following tests, simulating a severe
accident, without loss of containment:

* A drop of 9 m onto an unyielding surface;

* A i m drop onto a steel pin;

* Fire (30 minutes, 800 C);

* Immersion in water for 8 hr.

Containers are designed for the above conditions using state-of-
the-art computer codes. Both codes and designs are validated with
tests on scale models subject to impact, fire and immersion.
Acceptance is based on meeting minute allowable leaks rates which
are measured with Helium spectrometers, the most sensitive industry
test available.

Driver Training and Vehicle Maintenance

Ontario Hydro drivers are highly trained and are allowed adequate
rest periods when conveying radioactive wastes. Regular maintenance
of the vehicles is carried out, as is inspection of the packages
in accordance with the Operating and Maintenance Manual for each
type.

Emergency Response Plan

Ontario Hydro has put in place a "Radioactive Materials
Transportation Emergency Response Plan". The basic outline is a
follows;
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(1) The plan is triggered by a call to an 800 telephone
number known to police, fire, and other emergency
response personnel throughout the Province. The hydro
end of the line rings in the office of the shift
supervisor at Pickering. This ensures a knowledgeable
person will respond 24 hours a day, 7 days a week. The
shift supervisor will both provide expert responses to
questions from the local emergency response people on
the scene as well as dispatch the appropriate Hydro crew
from the designated Hydro facility nearest the accident.

(2) All Ontario Hydro Radioactive Material Shipments are
logged with Pickering NGS. Therefore, in an accident,
it will be known which Hydro shipment is involved and
what the contents are. This will ensure an appropriate
answer to emergency response questions and the dispatch
of proper equipment to the accident scene.

Each of the Ontario Hydro Emergency Response Teams will be
dispatched in a van equipped with instrumentation, protective
clothing, respiratory equipment, and various tools that can be used
for cleanup and recovery. Since the initial response team is
composed of designated people already on site, the team will be on
the road almost immediately.

Because it is recognized that there will inevitably be a time lag
between the occurrence of an accident and the arrival of a Hydro
response team, for many years Ontario Hydro has provided training
to local police, fire, ambulance, and Hydro regional personnel on
how to respond to a radioactive material transportation accident.
More recently, we have assisted such organizations in the
development of their own training materials (e.g. the Ontario Fire
Marshals Office).

CONCLUSION

Ontario Hydro is North America's largest nuclear utility. Storing
waste from the whole nuclear program takes up very little space.
Waste from sixteen years of operation fits on the small RWOS-2
site. Waste is stored carefully; none is in direct contact with the
soil, and all of it is in engineered structures .

Reactor waste storage is accomplished with minimum deleterious
environmental effect. Emissions are continuously monitored and
regularly sampled. They are below 1% of the limits set out by the
AECB.

Waste transportation goes largely unnoticed. The few trips made per
week do not disrupt other traffic. The accident rate is very low
and no injuries have been caused by the radioactivity of the
truck's contents.
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1. INTRODUCTION

1.1 Background

The objectives of nuclear waste disposal are: 1) to ensure the
human population and the environment are protected from any
harmful effects; 2) to minimize any burden placed on future
generations; 3) to ensure all applicable radiological and non-
radiological criteria are satisfied; and 4) to ensure all social
and economic consequences of managing the waste are taken into
account.

These objectives include all the basic principles of sound
environmental practice, i.e, guarding the health and safety of the
population from possible adverse effects of industrial activity,
protecting the environment, and not passing on environmental
problems to future generations. In the nuclear industry, the
environmental implications of waste management programs are
researched well in advance of implementation, the best available
science and engineering is applied, and the required research
programs are adequately supported.

CANDU nuclear generating stations have been in operation in Canada
since 1962. Their present capacity of about 12 500 MW
(electrical) will expand to about 16 100 MW by the mid-1990s when
reactors that are now being either commissioned or constructed,
come on stream. A once-through fuel cycle has been used for all
nuclear power generated in Canada, and the intact used-fuel bundle
is the reference waste form for most studies on storage,
transportation and disposal. There were about 14 100 Mg(U) of
used fuel in storage at the end of 1989. In addition, about
10 000 m3 of low and intermediate level waste (LILW) are produced
annually in Canada by nuclear power stations, hospitals, research
institutions and industry. LILW is currently being stored in
above-ground and shallow in-ground structures.
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1.2 The Nuclear Fuel Waste Management Program

The Nuclear Fuel Waste Management Program (NFWMP) was initiated in
1978 pursuant to an agreement between the governments of Canada
and Ontario (1), It is a research and development program
directed at assessing the concept ("the Concept") of permanent
disposal of used nuclear fuel — or wastes arising from its
reprocessing — in a disposal vault 500 to 1 000 m deep in
Precambrian rock of the Canadian Shield. The Concept is based on
a multi-barrier system for isolating the waste from the
environment. The broad division of responsibilities has been such
that Ontario Hydro has been primarily responsible for R & D on
storage and transportation of used fuel, while AECL has been
responsible for R & D on disposal. Additionally, Ontario Hydro
has contributed financial and human resources to research on
disposal, through the CANDU Owners Group and the Technical
Assistance Program.

The objectives of the NFWMP are to develop and demonstrate the
technology to site, design, build and operate a disposal facility
for used fuel; to develop and demonstrate a methodology to
evaluate the performance of a disposal system against safety
criteria; and to demonstrate that sites are likely to exist in
the Canadian Shield which could host a disposal facility that
satisfies regulatory criteria.

The Concept must meet stringent regulatory requirements. The
Atomic Energy Control Board requires that following closure of the
disposal vault, no individual should receive an annual radiation
dose greater than 0.05 mSv (compared to the 3 mSv Canadians
currently receive annually). It must be shown quantitatively that
this criterion can be satisfied for a period of 10 000 years (2).

The NFWMP has matured over a period of about a decade, and today
at AECL's Whiteshell Laboratories alone, about 150 scientists and
technologists are dedicated to carrying out research directed at
the safe disposal of used nuclear fuel. There are many more
scientists at universities, Ontario Hydro and private sector
companies who are also involved with this research. The NFWMP
must rank as one of Canada's most advanced programs dedicated to
protecting the environment.

2. ENGINEERED SYSTEMS

The function of the engineered systems is to limit the interaction
of groundwater with the used fuel in the disposal vault, and the
subsequent transport of radionuclides released from the fuel. The
engineered barriers are the waste form itself, the waste disposal
containers, and low-permeability buffer material around the
containers, and backfill and sealing material.



2. 1 Waste Forms

Research into waste forms is carried out in order to understand
the release of radionuclides that would result from groundwater
contacting the waste. Effort has mainly focussed on assessing the
stability of used fuel as a waste form, although products for the
immobilization of high-level liquid wastes from reprocessing have
also been studied.

Considering the disposal of used fuel, once groundwater breaches
the container shell, the zirconium alloy fuel sheaths are assumed
not to provide significant protection because of potential
susceptibility to localized corrosion. However, the uranium oxide
is expected to provide highly effective containment of
radionuclides.

Our research shows that there are three principal mechanisms by
which radionuclides are released from used fuel bundles in
groundwater (3):

1. About 2% (on average) of the iodine and cesium are released
rapidly once the zirconium alloy fuel sheath is breached.

2. An additional 6% (on average) of the iodine and cesium are
released slowly by preferential dissolution at the grain
boundaries.

3. The remaining fission products and actinides within the
uranium oxide grains are released extremely slowly as the
grains dissolve.

Under the reducing conditions expected in a disposal vault,
experiments with used fuel show that uranium concentrations in low
to moderately saline groundwater would be in the range 1-100 Pg/L.
Dissolution rates are observed to be less than 10-* per day.

2.2 The Used-Fuel Container

Containers, in which the fuel bundles would be placed for
disposal, are being designed to prevent groundwater from coming in
contact with the used fuel for at least 500 years. Container
integrity will be determined primarily by the corrosion resistance
of the outer-shell material. For the chloride-rich groundwater
found deep in the Canadian Shield, we have focussed our research
on titanium alloys and copper.

Our studies on titanium alloys demonstrate that their uniform
corrosion rate would be less than 1 \ira/a under the conditions
expected in the disposal vault that is, groundwater at less than
100 C with a chloride content less than 1 mol/L (4). This
extremely low corrosion rate is a result of a protective, passive
oxide film. However, breakdown of this film can make titanium
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susceptible to localized corrosion processes, such as crevice
corrosion. We have used an electrochemical approach, which forces
crevice corrosion to initiate, to demonstrate that ASTM Grade 12
titanium is capable of preventing the propagation of crevices by
re-establishing its protective oxide film and that propagation in
ASTM Grade-2 titanium would be limited by supply of oxygen. Thus,
a 5-nun thick titanium outer shell would be sufficient to isolate
the used fuel from groundwater for at least 500 years.

If copper is used for the outer shell, only uniform corrosion is
expected to play a role. Our studies of the dissolution of copper
in chloride solutions and in the presence of compacted bentonite
indicate that a 25-mm thick container of copper would also provide
an effective barrier to the release of radionuclides for the
design lifetime (5).

2.3 Buffer and Backfill

A mixture of compacted bentonite clay and sand is being considered
as the buffer material to surround the containers in the vault.
Since this material has about the same hydraulic conductivity as
intact granite, groundwater flow would be inhibited in this region
and diffusion would be the primary mechanism for radionuclide
transport (6). Layer thicknesses of only 25 cm could delay
movement of suspended and dissolved radionuclides for thousands of
years. Backfill would be used in the emplacement rooms and would
likely consist of a mixture of lake-bottom clays and granitic
aggregate. The access and ventilation shafts would also be
backfilled with a compacted mixture of clay and crushed granite
and supported with a series of concrete bulkheads. The bulkheads
could be located so as to mitigate the effects of excavation
damage or fracture zones, should this prove necessary.

3. NATURAL SYSTEMS

The natural systems are located within the geosphere and the
biosphere. The term geosphere refers to the rocks, the naturally
occurring minerals, the groundwater and the groundwater pathways,
which occur between the disposal vault and the biosphere. The
biosphere is that portion of the Earth in which life is found and
it includes the soils, unconsolidated overburden, shallow
groundwaters, surface waters, oceans and parts of the atmosphere.
In the NFWMP, research has been carried out to study how
radionuclides released from the disposal vault would travel
through the geosphere and the biosphere, how they would be blocked
or retarded and what impact, if any, they would have on the human
environment.



3.1 The Geosphere

Transport in groundwater is the only significant potential
mechanism by which radionuclides could be brought to the surface
from a deep vault. Therefore, a knowledge and understanding of
the potential groundwater flow paths through the rock, and the
mechanisms of radionuclide transport and retention along those
paths, are required. This knowledge can be gained by mapping the
geometry of the potential flow paths, which occur as high
permeability cracks or fractures in the low permeability rock; by
determining the chemistry of the rock and the groundwater which
would determine the rate of dissolution of radionuclides from the
fuel, and the rate at which they would be adsorbed onto the rock;
by determining the pressure gradients in the groundwater which
would determine its rate and direction of flow; and the in situ
stress and temperature within the rock body. Since the excavation
of the vault and the emplacement of the heat-generating waste
would alter all these characteristics to some extent, the thermal
and mechanical characteristics of the rocks are also studied. The
above noted geological, hydrogeological and geotechnical studies
have been carried out at field research areas at various locations
on the Canadian Shield, and in the Underground Research
Laboratory. Regional seismicity is monitored by means of a
network of seismograph stations, operated by the Geological Survey
of Canada, throughout the Shield region of Ontario, in addition to
one station in Manitoba.

3.1.1 Field Research. Geological and geophysical mapping from
aircraft, or from the surface, and drilling are used to determine
the geological and hydrogeological characteristics of rock bodies
of the type and size that could host a disposal vault. A
systematic sequence of geophysical investigations has been
developed which allows the investigation of large areas relatively
quickly (7). Rapid reconnaissance-type surveys are first done to
select areas for more detailed investigations. The detailed
investigations lead to the identification of sites for drilling
boreholes. The boreholes are drilled, usually to vertical depths
of 1 000 m, and logged and instrumented to study the geology and
hydrogeology at depth. Crosshole geophysical and hydrogeological
surveys are used to study the rock volumes between pairs of
boreholes. The information derived from such field studies are
used to develop computer models for groundwater flow. The most
detailed investigations have been carried out at the Whiteshell
research area, near the towns of Lac du Bonnet and Pinawa in
southeastern Manitoba, which is underlain by the Lac du Bonnet
batholith. Other research areas are the Atikokan research area in
northwestern Ontario, which is centered on a granitic pluton much
smaller than the Lac du Bonnet batholith; the East Bull Lake
research area near Massey, Ontario, which is centered on a
gabbroic intrusive; and the Chalk River research area (gneissic
terrain) in the Ottawa valley, which lies inside the property of
the Chalk River Nuclear Laboratories.
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3.1-2 The Underground Research Laboratory; The Underground
Research Laboratory (URL) is excavated in the granite of the Lac
du Bonnet batholith at a location about 12 km east of the town of
Lac du Bonnet. It provides access to a depth of 440 m in the
batholith, for carrying out in situ, geotechnical and
hydrogeological experiments. Moreover, since the URL was
excavated after the hydrogeology of the area had been studied in
detail, "before and after" hydrogeological monitoring has provided
a rare opportunity to study the effects of such large-scale
excavations on the groundwater regime, and to validate
hydrogeological models for the area. Over the next ten years,
nine major experiments vill be carried out in the URL. They
relate to solute transport in fractured rock, buffer, grouting,
shaft sealing, jLn situ stress, backfilling, effect on the rock of
excavation and mapping of geological, hydrogeological and other
characteristics of the rock surrounding the URL.

3.2 The Biosphere

To complete the study of how radionuclides from a disposal vault
could affect the human population and the environment in general,
it is necessary to study the behaviour of radionuclides in the
biosphere (8). The biosphere has been divided into four distinct
areas: soils, surface waters and shallow groundwaters, the
atmosphere and the food chain. Extensive research has been done
on the near-surface environment to study the possible discharge of
groundwaters from depth into surface waters, the possible transfer
of radionuclides from water to the soil, the subsequent transfer
into the human food chain (which includes fauna and flora), and
dispersion of radionuclides through atmospheric processes.

4. POSTCLOSURE ASSESSMENT

We have developed a methodology that employs information from
detailed site investigations, laboratory tests, expert analysis
and computer modelling to assess the long-term impacts of a
disposal facility at a particular site. We are applying that
methodology to a case study that derives its site-specific
information from an actual field research area (9).

The case study will demonstrate our methodology for performing the
environmental and safety assessment required for implementing the
disposal concept. This methodology includes acquisition of data,
interpretation of information in analyzing the natural and
engineered systems, validation of models, and estimation of
potential impact. Further, the case study will help demonstrate
that the requirements of a safe disposal site are compatible with
the characteristics found commonly in the Shield. So it would be
evident that a site can be found on which to develop a safe
disposal facility.
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Our analysis of the safety of the system involves the following
steps:

1) Define the important characteristics of the disposal
system. These characteristics will include natural and
artificial features of the site, and properties of the
engineered components.

2) Identify scenarios that could occur over time. Each
scenario differs from the others in some significant
aspect affecting the performance of the disposal system.

3) Estimate the impacts of the disposal facility for all
potentially significant scenarios.

4) Calculate the total risk from all significant scenarios,
and compare the total risk with regulatory criteria.

Mathematical models play a major role. They are necessary for
predicting the long-term behaviour of the system from information
available today. The radiological safety criteria are
quantitative, so we have to make quantitative estimates to compare
with those criteria. To do this, we develop an understanding of
important processes, develop appropriate models, and use these
models to make quantitative projections of the impacts. If our
knowledge of a process is limited, conservative assumptions are
made to estimate upper bounds on the impacts.

The validity of the mathematical models is established by
comparison of model outputs with observation. It is important to
understand that, in the actual implementation of a disposal
facility, the models used would be improved and updated
continuously over the entire preclosure period. Observations of
pressures and chemical composition of the groundwater system,
temperatures, movements in the rock and other important system
characteristics would be made before and during construction, and
throughout the operating period. The models would be adjusted so
their outputs agree with all the historical observations at a
particular time, and would be used to predict future observations.
In this way the models would be evaluated and refined
progressively until the final closing of the facility. This long
period of matching observations and model outputs, using all the
information available from more than 80 years of monitoring, will
give a high level of confidence in the reliability of the models
used for long-term projections when making the decision to close
the facility.

5. NATURAL ANALOGS

A natural analog is a natural system, not controlled by man, in
which materials, processes, and conditions are either identical or
similar to those occurring in a disposal vault. Major uranium ore
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bodies, clay deposits and archeological objects have been studied
as analogs relevant to nuclear fuel waste disposal.

In the Canadian NFWMP, extensive studies have been carried out,
for example, at the Cigar Lake ore body in northern Saskatchewan
(10). This uranium deposit was formed about 1.3 billion years ago
and is situated at a depth of 430 m. Some important features of
the Cigar Lake natural analog are: the ore consists mainly of
uraninite which is similar to the chemical composition of used
fuel; titanium, a material being considered for the fuel
containers, is present as rutile; the ore is surrounded by a clay-
rich zone; groundwater in the ore zone is undergoing radiolysis
under the influence of alpha- and gamma-radiation from the high-
grade ore; and graphite near the ore zone has resulted in the
presence of bacteria.

Examination of samples from the ore body shows that the surface
oxidation state of the unraninite grains is consistent with
laboratory observations of the dissolution behaviour of uranium
oxide fuel (11). Thus we are able to relate the behaviour of
uranium oxide in the laboratory to its behaviour in the natural
environment over hundreds of millions of years.

6. THE REVIEW PROCESS

The environmental implications of the Concept for the disposal of
nuclear fuel waste will be reviewed in accordance with the
Environmental Assessment and Review Process (EARP) Guidelines
Order (12) promulgated by the government of Canada in 1984. The
overall objective of EARP can perhaps be best summed up by the
following quote from the Guidelines Order: " .... as early in the
planning process as possible and before irrevocable decisions are
taken, ensure that the environmental implications of all proposals

are fully considered....". In September 1988 the
Minister of Energy Mines and Resources requested the Minister of
the Environment to review the Concept under EARP. Consequently,
the latter appointed an Environmental Assessment Panel in October
1989. AECL, as the Proponent in the EARP review, is required to
submit an Environmental Impact Statement (EIS). The Guidelines
for the EIS will be published by the EARP Panel following public
meetings to obtain input on the scope of the review. While it is
not possible to define the EIS contents until the Guidelines are
received, it is likely that the EIS will include all the
significant results of all aspects of the decade-long research
carried out under the NFWMP. In view of the high-level science
and technology content of the EIS, the Panel will appoint a
Scientific Review Group to assist it in assessing the EIS. At the
end of the EARP review, which will include public hearings, the
Panel will make its recommendations on the acceptability of the
Concept and future course of action for nuclear fuel waste
disposal.
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7. LOW AND INTERMEDIATE LEVEL WASTE

Ontario Hydro operates a centralized facility at the Bruce Nuclear
Power Development site for processing and storing LILW from
Ontario Hydro reactors. AECL also operates LILW storage
facilities at the Chalk River Nuclear Laboratories, and is now
developing the technology for permanent disposal. The Intrusion-
Resistant Underground Structure (IRUS) will be used for disposal
of LILW with hazardous life times of up to 500 years (13-15). The
design is based on an underground concrete vault concept. Before
waste is delivered to IRUS it will be characterized and processed.
Liquid wastes will be treated to separate radionuclides from the
solution. The separated waste material will then be mixed with
emulsified bitumen, and simultaneously heated to drive off the
water. Finally, the bitumen/waste product will be sealed in steel
drums. Solid wastes will either be incinerated and the resulting
ash bituminized, or they will be baled.

IRUS will consist of three concrete vaults, each 30 m long, 20 m
wide and 9 m deep, with a capacity for 2 000 m3 of packaged waste.
Once a vault is full, it will be covered with a concrete cap,
which will be overlain by about 1.5 m of sand and soil which will
support vegetation.

8. CONCLUSIONS

The Nuclear Fuel Waste Management Program, under which research
has been carried out for more than a decade, is assessing the
concept of deep geological disposal of nuclear fuel waste. The
volume of used fuel produced by the nuclear generating industry,
about 1 800 Mg(U) per year, is relatively small. The quantity of
used fuel produced even after a century of nuclear power
production, will be comparable to the uranium content of a large
uranium ore body, or to the uranium content of a block of ordinary
granite just a few times larger than the excavation for the vault.

The research has assessed engineered and natural systems for
containing and retarding radionuclides that may be released from
the vault. The performance of engineered barriers — the waste
form, containers, buffer, backfill and seals for the excavations
— is being investigated thoroughly. The geology of Precambrian
rocks has been studied in detail. Extensive hydrogeological
research has been carried out to study the flow and chemistry of
groundwater up to a kilometre below the surface. In the surface
environment, studies have been carried out on the behaviour of
radionuclides in surface waters, soils, the atmosphere, and the
food chain.

Mathematical modelling is being carried out, using the extensive
field and laboratory data collected in the NFWMP, to assess the
environmental impact and safety of the disposal system — whose
major components are the vault, the geosphere and the biosphere.
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Studies of natural analogs, such as the uranium ore body at Cigar
Lake, in northern Saskatchewan, have provided information on
important processes over very long times. Canadian natural analog
studies complement those performed in other countries.

We are preparing to submit the results of the research for review
under the federal Environmental Assessment and Review Process, one
of the most stringent environmental review processes anywhere. An
Environmental Assessment Panel has been appointed, to whom we will
be submitting a comprehensive Environmental Impact Statement
containing the findings and recommendations of the NFWMP.

Acceptance and implementation of the Concept for nuclear fuel
waste disposal would demonstrate final closure of the nuclear fuel
cycle. The discharge of millions, or even billions, of tons of
effluents into the atmosphere and biosphere could be avoided with
increasing use of nuclear energy, whose social acceptance would
increase with the acceptance of the Concept. In addition, the
NFWMP has increased our understanding of the environment in
general. The extensive and thorough research on fundamental
natural processes in the geosphere and biosphere has considerably
expanded the pool of environmental knowledge, which may also be
applicable to the assessment of environmental issues facing other
industries.
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I want to thank you for the opportunity today to address
this distinguished audience on behalf of my colleague, the
Honourable Jake Epp, Minister of Energy, Mines and Resources. He
had intended to be here today, but was unable to come because of
Cabinet duties. He has asked me to convey his greeting and to wish
you well.

What I have to say to you today is very much the views
of the Minister and of the Government. As you may know, a number
of us have spent a great deal of time over the last year thinking
through issues of interest to the nuclear industry. I am happy to
share some of those thoughts with you today.

It was about 18 months ago that my colleague began a
process of review of the nuclear industry in Canada. That review
centred on the agency for which the Government of Canada has
exclusive responsibility - Atomic Energy of Canada. But it had
implications for the whole of the nuclear industry in Canada, not
least the utilities that include nuclear generation of electricity
in their energy mix and also the private sector.

Indeed, the review had implications for energy policy and
for environmental policy, as well.

The review was also a test of whether prudent management
of public resources would be applied to Canada's national nuclear
program.

The review had five objectives:

a) to assess the future of AECL realistically;
b) to effect a more rational sharing of the costs of

supporting the nuclear option;
c) to ensure that the level of support for AECL will be

on a long term basis;
d) to structure the industry in a way that encourages

the best contribution, without duplication by each
of the participants;

e) to ensure that the activities of AECL bears a close
relation to the needs of the customers it serves.

The first point I would make is that the job of
revitalizing the nuclear industry in Canada is not finished That
is not because we failed in our objective, but rather because of
the nature of this industry. If we continue to place a high
premium on constant renewal and sensitivity to the market and the
interests of the public, who are the shareholders, we will be
revitalizing the industry on an ongoing basis.

Let me remind us all of the nature of the nuclear
industry. It is first of all an industry that deals with a
technology that is awesome in its capacity to bring enormous
benefits to society. At the same time, however, nuclear energy is
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frightening to most people. Not the people in this room, perhaps,
but to the general public, the word "nuclear" conjures up
frightening images of mass destruction, enduring catastrophe if
anything goes wrong, toxicity that goes on forever and so on.

I believe that most Canadians are aware that nuclear
technology supplies many of the things that they take for granted,
whether it is electricity for household appliances or a medical
procedure needed by a relative. They also know, however, of the
legacy of Chernobyl.

They may know in a general sense of the good safety
record of Canadian reactors, but they also know of the enormous
challenge of safe, long term disposal of the waste from those
reactors.

What Canadians need to know is that the industry is led
by men and women who are sensitive to the guestions and concerns
of the lay public, and who will put safety above all other
considerations in the work they do.

Never forget that the customer is not the head of
engineering in the company you work for, or the CEO, or the
utility. The customer is the public. Furthermore, the customer
is the entire worldwide public, because as we are always being
reminded, the global community is more integrated than ever before.
What happens in one nuclear community happens, in a very real
sense, in every nuclear community.

The second feature of this industry is its emphasis on
high technology. That, too, is why we must continue to revitalize
and renew what we do. The country that rests on its laurels and
fondly remembers past glories will never add to those glories.
Similarly the industry or company that dreams of future glories
without keeping pace with technological development elsewhere will
never turn those dreams into reality.

One of the priorities that we believe the nuclear
industry should set for itself is the recruitment and training of
bright and promising young men and women to renew and revitalize
the level of knowledge and vision in nuclear science. We need such
people not only for the expertise that is in the field now to be
retained and passed on, but to benefit from the vitality and vigour
which young scientists and engineers typically bring to their work.

I challenge the industry to set its sights on specific
goals of recruitment and renewal, so that our position in this
exceedingly competitive industry will be enhanced.

The third feature of the industry is its competitiveness.
We believe that Canada has a two- to three-year lead in the
competition to develop the kind of product that most utilities are
looking for. We have to work hard to maintain that lead. And
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beyond that product we have the goal of developing the next
generation of reactors.

And, as a final general comment, I want to note
specifically that the Government recognizes the vital contribution
made to the industry by its regulator. My colleague looked
seriously not just at AECL when the Government revieved the nuclear
industry, but also at the Atomic Energy Control Board. We believe
that it is vital that the Board be sufficiently equipped to carry
out its duty to ensure that nuclear facilities are operating
safely. As a result of that review the Treasury Board, at the
Minister's recommendation and that of the Board, added to the staff
resources at the AECB to increase its strength.

We share the Board's objective of making its operations
more open and understandable to the public. We also believe that
the same need for renewal in human resources that occurs on the
industry side is there on the regulator side. I am convinced that
the AECB is committed to excellence in the work that they do, but
excellence in regulation requires the same talent and vitality that
young scientists possess.

Beyond that, we also want to encourage the Board to
expand our understanding in the industry of the role in reactor
safety played by the human dimension, the factors that go into
running the system with confidence and predictability.

Historically, nuclear energy — and particularly CANDU
technology — has made an important contribution to Canada's energy
supply picture. Nuclear reactors now provide more electricity than
the entire Canadian electricity system did in the early 1950s —
a time which some of us can actually remember! Over the years,

many of the people in this room have had a direct hand in the CANDU
success story.

Canada has invested some $30 billion in nuclear
facilities. The investments provide a good return, and we must
continue to support "these facilities through a strong nuclear
research and development effort. For the sake of future
generations of Canadians, we must ensure the continued availability
of the nuclear energy option. Recent Cabinet decisions demonstrate
the federal government is committed to this objective.

As we enter the 1990s, a window of opportunity faces the
nuclear industry. Ontario is now in the process of determining
whether it will need new nuclear reactors. Other provinces are
also exploring how they will meet growing electricity demand, and
a possible reactor sale to South Korea is firming up. And growing
concern for the environment is forcing the world to look again at
nuclear energy as an essential and environmentally acceptable
contributor to our energy supply system.

As you are aware, the environmental factor has become
exceedingly important. In the past, the environment was a
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consideration in overall energy policy, but it was by no means
central. That has changed. In the decade to come we will have to
face up to the need to reconcile our economic needs and desires
with environmental imperatives.

For the Government this is a particularly compelling
challenge. We recognize that without a secure supply of affordable
energy, Canada's continued economic growth is at great risk. This
situation can be magnified a hundred fold at the global level.

At the same time, I am aware that serious environmental
impacts can arise from the production, transportation and
consumption of energy resources. Acid rain, urban air quality, oil
spills, groundwater contamination and other environmental problems
have all been linked to the extraction, transportation or
consumption of the fuels that form the very basis of industrialized
economies around the world.

In contemplating issues of energy and the environment,
however, global climate change stands out as being of the greatest
potential significance. Scientists believe that a doubling of the
level of carbon dioxide emissions, combined with significant
increases in other greenhouse gases in the atmosphere, could cause
a significant global warming and changes in the world's climate.
The combustion of fossil fuels is a major contributor to C02
levels.

Part of the current consultations on the Government's
Green Plan is an exploration of ideas that Canadians have for
addressing global warming. Serious choices and decisions will have
to be made. It is vital that we explore with Canadians their
willingness to adjust the way we do things in order to make the
right choices.

The Government of Canada acknowledges its responsibility
to ensure that environmental impacts related to energy use are
minimized. That is one of our principal reasons for keeping the
nuclear option open. From an environmental viewpoint, nuclear
power can help us meet new demand for electricity without producing
acid rain or greenhouse gases. This makes it one attractive choice
for addressing the global change problem.

We recognize that all forms of energy production and
consumption have some environmental impact. And, as I mentioned
a moment ago, we recognize that a strong economy is needed if
Canada is to remain internationally competitive. That has three
dimensions.

First, energy — its availability and its cost — is a
crucial input for that international competitiveness. Energy has
a direct bearing on prosperity and quality of life.

Second, Canadians do not expect us to choose between
economic strength and environmental protection. They expect us to
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pursue economic prosperity in an environmentally responsible
manner. If we are careful there need not be a trade-off between
competitiveness and environmental integrity. Indeed, our use of
energy may enhance our competitiveness.

Third, we need a strong economy to pay the bill for the
things Canadians expect their governments to provide, not only for
the environment, but for all other aspects of quality of life too.

A business requires adequate revenues, including cash
flow, to improve its operations through the installation of new
equipment that will allow improved environmental performance. So
too, a country must have the economic base to afford the bill for
cleaning up the mistakes of the past, to assist others to preserve
a healthy global environment and to achieve a positive development
of our environmental heritage.

What this all means is that we must approach our energy
options with caution. We cannot afford to follow a path that puts
our international competitiveness at risk. We cannot afford
solutions that inadvertently lead to new problems. Rather, we must
continue to pursue a policy that supports a diversified energy mix.

This means increased emphasis on energy efficiency and
clean technologies. There may also be significant shifts between
market shares of different fuels — but this does not mean that we
will eliminate existing fuel sources and technologies at the
expense of a healthy economy.

The Minister of Energy has asked the Department to
develop an energy efficiency package to be a successor to the
Energy Efficiency and Diversity Program. He is currently
participating in the environmental consultations, along with a
number of us in Cabinet, to hear directly from industry and
environmental groups on what components should make up a new
initiative to be part of the Green Plan.

However, we can only achieve so much through efficiency
and diversity initiatives. Even with a very ambitious program, our
projections are that Canada's energy needs will grow over the next
decade. Electricity is increasingly the energy form of choice,
and it is clear that even with our best efforts at conservation,
we will need new generating capacity. In fact, some actions that
reduce total energy requirements may save oil or coal but could
actually lead to increased electricity consumption.

Our supply options include hydro-electricity and fossil
generation, but in some areas neither is feasible or practical.
As well, both have environmental impacts: hydroelectric projects
flood lands and disrupt river systems, and the burning of fossil
fuels produces greenhouse gas emissions.

If we are to protect the environment and Canada's
international competitiveness, nuclear energy must continue to be
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one of our supply options in the next century. I believe that
nuclear energy can be safe and environmentally sound, and that
there is significant potential for further development in Canada
and throughout the world.

Canada's existing nuclear program has been successfully
demonstrated. Ontario derives half its electricity from CANDU
reactors, and New Brunswick more than a third. Nevertheless, as
I said at the outset, there is significant public apprehension
about the nuclear option, and this is likely to surface during
Environment Canada's consultation process. Some in the public do
not share the idea that nuclear energy has nany advantages over
other sources of supply.

One of those advantages is that a nuclear reactor
requires relatively small volumes of fuel, given uranium's high
energy content. One tonne of uranium has the energy content of
about 20,000 tonnes of coal. As you know, Canada is the world's
leading producer and exporter of uranium. Despite the current
market uncertainty, domestic uranium exploration efforts remain
strong and Canada is well positioned to capitalize on future market
growth.

Nuclear technology also allows for the safe storage of
spent fuel at reactor sites for several decades, a practice that
makes' the ultimate handling and disposal of the waste much easier.
And a third advantage is that the nuclear option does not produce
acid rain or greenhouse gases.

However, these and other benefits are not well understood
by many Canadians. There is still widespread public concern about
the safety of nuclear reactors and the permanent disposal of
radioactive wastes. In this regard, the FEARO review of nuclear
waste issues, which is currently under way, is an essential element
in the process of testing the public's views on the environmental
viability of nuclear energy. In fact, I believe this review will
be one of the most important ever carried out in Canada. Through
public hearings and extensive critiques by scientific authorities,
it will assess the concept of disposing of nuclear fuel wastes by
burying them deep in the stable rock formations of the Canadian
Shield.

As I mentioned at the outset, the nuclear file has been
one of my colleague's priorities for more than a year. Extensive
discussions with provincial governments, utilities and the
industry, and a thorough review of our own position led the
Government to make some important decisions that support the
nuclear option. I would like briefly to review those decisions for
you.

In 1985, the Federal Government set out to reduce its
funding of AECL's research and development program by 50 per cent
over five years. Our reasoning was simple and rational: the
Government of Canada was shouldering a disproportionate share of
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the cost of nuclear R & D during a period when deficit reduction
was a key priority. We felt that those that benefit most from the
nuclear R & D program should increase their funding accordingly.
I am pleased to say that this objective has essentially been
achieved.

At the end of March, Mr. Epp announced that the Federal
Government would fund nuclear research and development at a level
sufficient for long term viability. Of critical importance for the
nuclear option, this level of funding — roughly $144 million per
year has been committed for seven years, providing much needed
stability and predictability.

At the same time, Ontario Hydro has agreed to increase
its contribution to AECL research and development to approximately
$72 million annually over the next seven years. Quebec will
provide about $5 million a year during the same period, and New
Brunswick about $3 million.

I must reiterate that all four governments are committed
to maintaining their funding for seven years, indexed against
inflation to ensure a stable and productive nuclear research and
development program.

As you can appreciate, the funding decision by Cabinet
was a very difficult one, given the intense pressure in Ottawa to
reduce the federal deficit. It means that we had to find some
$30 million more than we had originally budgeted for nuclear R &
D this year. But it sends out a clear signal to the industry that
the Government wants to retain a nuclear energy option and the
benefits that flow from a nuclear program: economic, industrial,
scientific, medical and environmental.

Funding R & D was only one of the issues that had to be
addressed. Another was the structure of the industry itself —
what would be the relationship between the various players; who
would play what roles? The result of our policy review is a
conviction that no one company can do it all. The private sector
companies, the utilities, potential sources of financing, and AECL
all have significant roles to play. The key is to find the right
combination of partners and tasks.

One criterion is to achieve better risk-sharing than we
have had in the past.

Another criterion is the comparative advantages of joint
ventures over permanent structural relationships. We may find that
particular projects require different combinations of players, and
we need the flexibility to adapt to issues and circumstances.

A further criterion is the effective management of the
total industry resource, both financial and technical. The
priority of the Government of Canada is to ensure that the needs
of the domestic market remains the paramount consideration.
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Success here will provide a demonstration of excellence that I am
convinced will attract customers elsewhere.

The last criterion that I mention is simply the question:
who can perform which tasks best? Financing, design and
engineering, marketing, project management, supply and
construction, must all be done, and the successful projects, the
successful competing nations will be those in which these tasks
are most effectively distributed.

I will simply say on behalf of my colleague that the
challenge of finding the right structure for this industry is not
finished.

We want to continue the discussions of the last year with
you to put in place the ingredients of a team approach that will
succeed.

In the meantime, we are already witnessing the evolution
of a more effective working relationship among the major players
in the industry. For example, AECL and Ontario Hydro have
established a CANDU Design Authority to ensure a more consistent
direction for the development of the CANDU.

Also in March, we announced that Cabinet had given AECL
a mandate to negotiate with New Brunswick Power to build the Point
Lepreau II reactor on a reasonable commercial basis.

This important decision signifies Government support for
the new technology in the CANDU 3 reactor. The CANDU 3 is solidly
based on proven CANDU features, but is designed for fast
construction and low initial cost. The CANDU 6 reactor at Point
Lepreau near my hometown of St. John is one of the world's best
performers. It supplies a third of New Brunswick's electricity and
has earned over 800 million in export revenues since it started up
in 1983.

Negotiations with New Brunswick are still in the early
stages, but they are serious and I am hopeful will lead to a sale.
This innovative project would bring great benefits to Canada, to
New Brunswick and to the St. John area.

We have a lead of several years in the design of reactors
in this size range, and a demonstration project such as Lepreau II
would position us well for new orders in the mid-1990s. Other
markets for the CANDU 3 may well develop in Canada and abroad, ana
many of its design concepts will undoubtedly be incorporated into
larger CANDUs of interest to other customers.

The Government of Canada's decisions on funding for
nuclear R & D, the restructuring of the industry, and Lepreau II
were all taken following consultations with the industry,
provincial governments and utilities. The bottom line is that we
have laid a solid foundation from which the nuclear industry can
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operate. We have responded to your challenge to show leadership
and to make tough decisions. We obviously have more work and more
decisions ahead of us, but in many ways the ball is now in your
court. The nuclear industry itself has a vital role to play in
addressing the challenges of the 1990s.

I believe one of your primary goals must be effective
business management. It has been more than a decade since the last
nuclear reactor was ordered in North America. So we can be assured
that the next reactors ordered will be the focus of significant
public and media attention. They will have to be built on time and
within budget. As well, both new and existing reactors will have
to be operated safely and economically. Failure to perform well
on any of these elements could make it difficult, if not
impossible, to sell additional nuclear units.

I am confident of the Canadian industry's ability to meet
the affordability, efficiency and safety tests. You have proven
your capabilities in designing the best operating reactors in the
world. The CANDU's safety record is second to none. We are ahead
of the competition in terms of new technology and designs. But we
must be totally committed to excellence if we are to remain in the
lead.

Although the primary market for CANDU technology will
continue to be in Canada, there will undoubtedly be export
opportunities. Foreign interest in the CANDU, which remains strong
based on continuing good performance, must be encouraged. The
competition is reorganizing to strengthen its position. In this
environment, the Canadian industry will need strong resolve and a
good team approach if it is to win export sales.

You will also require stronger public support for nuclear
energy. Such support will depend in large part on how you conduct
your business. You must demonstrate high levels of environmental
sensitivity, effective performance and safety. Moreover, you must
communicate these achievements to the public.

With the decisions announced on March 30th, the
Government of Canada has clearly made the key decisions to enable
the CANDU program to move forward. Now I return a challenge to
you — a challenge to make the most of this solid foundation- The
Government of Canada is committed to doing its part and to working
closely with all players in the nuclear industry — private sector
firms, provincial governments, and utilities. You must commit
yourselves to doing your part. Together, I am confident we can
retain a strong nuclear option for Canada.

Thank you.

- 30 -
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Abstract

In order to provide electrical energy for the competitive world markets of the 1990 's, CANDU
plants will have to be built economically to very demanding schedules. The design, analysis and
construction of a CANDU reactor is a complex process with many multidisciplinary groups
interacting. Advanced computer-based tools are being used to assist this process. The tools are
used to create, manage and exchange the large volumes of technical information and are
expected to reduce the costs for a constructed plant by up to 10%.

In engineering activities, computers have been used extensively for some time. To date, these
efforts have developed as individual isolated solutions automating segments of the overall work
flow. Major benefits in overall productivity are possible only if these computer tools can be
linked together in an integrated environment. Ontario Hydro and AECL are integrating the
computer-based tools used for all phases of the plant life cycle from initial concept through
construction to the on-going station maintenance. The plan is to progressively build an
informationally complete electronic model of each power station and to use this technical data
for the 40 year station life. Currently, integrated information technology techniques are being
applied to design of the CANDU 3 and to construction of portions of the Darlington project.
For both projects, 3-D CADD models are linked to databases of technical information followed
by extraction of design and construction information directly from these electronic files.

The paper describes in more detail how the tools are being deployed to make individual staff
more effective. The issues associated with integrating the many computer programs are
discussed including several applications where Ontario Hydro andAECL have worked together
to achieve common goals.

Introduction

The business environment in which we work has changed over the last several years. No longer
can we expect a steady improvement in the way things are done, nor in the expectations of our
clients. Instead, we are required to produce quality products, no matter what they may be, with
fewer resources, in less time and for lower cost than ever before. We are expected to do this
while meeting ever more stringent economic, political and social regulations which affect the
way our business functions. To complicate the picture even more, we are expected to be
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increasingly innovative in the way we create our product and show concern for any and all
possible impacts of these products on the world around us.

These pressures have been accelerating over the last number of years. To be able to
accommodate them we cannot continue to function in the same ways we did into the 1950's. We
must redesign the way we perform our work, and we must make effective and innovative use of
the tools available to us if we are to succeed and our companies are to prosper into the next
century. Computer based methods are one of the tools available to us in this endeavour.

The use of computers in the engineering design and operations fields have been with us for many
years. In the mid 1960's computer programs for finite element analysis (such as NASTRAN and
STRUDL) became available to the engineer to enable the improvements in the analysis of
systems. In the late 1970's, Computer Aided Drafting Systems became available to improve the
way in which we produced the drawings which documented the projects. In the 1980's, personal
computers became available which helped make some computer tools available to each and
every staff member.

These tools, as powerful as they are, only helped to improve a particular function or step in the
work process. That is, they speeded up single tasks but did not change fundamentally the way in
which we did our business. Something was missing, and that something was INTEGRATION.

The idea of integration is now new. In fact, the Integrated Civil Engineering System (ICES) of
which STRUDL is one component was conceived of as an integrated database system in which
all aspects of Civil Engineering; Surveying, Mapping, Roadway Design, Urban Planning, Project
Management and Structural analysis and design were included. This work begun in the mid
1960's was not a complete success as the technology of the day did not allow all of the concepts
to be realized at that time. Later in the 1970's, NASA through their Integrated Programs for
Aerospace-Vehicle Design (IPAD) project also pursued this idea and again it was based upon a
database management system which resides on a variety of different computer platforms. This
program resulted in the advance of the technology, but did not result in any commercial
products. Several follow-on projects of the U.S. Government have taken this work from concept
into production systems. Some of these are now becoming production systems which we can
use in our own endeavours.

There is a reason for all this work, and that reason is improved productivity and improved
communications. The quantum leap we need to be truly productive in the next century and to
effectively utilize these tools now becoming available comes from integration. Whereas these
earlier programs were less than overwhelming successes because the computer technology was
not capable of handling the communications and interface requirements, the work of the last
decade on networks, databases, personal computers and engineering workstations now makes the
realization of the dream a possibility.

Every major engineering firm in the world is working on integrated systems as will be described
in the remainder of this paper. It is no longer a luxury, but is critical if we wish to remain in
business in the next century.
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Goal of Integrated Design

To meet the business imperatives which exist today; quality, regulatory requirements, low risk,
shortened schedules and lower capital costs, we must take the tools available for automating
tasks, integrate them so that information can be shared and facilitate the redesign of our work
processes. Both AECL and Ontario Hydro have undertaken projects to do just this. These
projects while having to react to different business conditions both aim to optimize engineering
and construction productivity through increased and more effective use of computer technology.

To fulfil this goal, we have built upon experiences of other similar projects as indicated above.
It has become obvious that the solution to the problems in such a system lie with the use of a
common relational database management system. Each of the various applications will
communicate with this database in order to retrieve needed input from other processes and to
store data for subsequent use. That is, the database will contain the shared information about a
project. Local data will be managed by the application itself.

The projects undertaken by both Ontario Hydro and AECL follow this approach. It is by such an
arrangement that we are able to integrate diverse applications and make them function as a
whole without overwhelming the ability of each organization to devise an all encompassing
system for all activities of a project.

Benefits of Integrated Design

Integrated information databases and the associated tools that prepare and use the information
will have their full benefit impact when applied to complete phases of the plant life cycle (such
as design or procurement). This is because significant early efforts are required in some areas to
achieve pay-back much later. It is therefore appropriate to look at the benefits from their
synergistic contribution to a complete family of work processes. Our expectations have been
expressed in the form of quantified benefits from information technologies. These will be
realized throughout the design and construction phases of the project life cycle and can be
grouped into five major areas itemized below. The savings in each area include productivity
improvements, and reductions in risk elements such as site interferences, the as-built program
and engineering rework.
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Approximate Distribution of Benefits From Integrated Design

AREA % PLANT COST

Design Engineering 3.8
Project Management 1.0
Equipment and Material Procurement 1.2
Construction 1.8
Commissioning (L2

Total Benefits 10.0

A number of benefits of Integrated computer-based tools are difficult to evaluate economically
and are commonly presented without cost savings. Some of these benefits are:

a. more accurate bids to clients and from sub-contractors.

b. more complete and unambiguous design resulting in fewer contractual disputes.

c. reduced lead time for tenders. Rapid changes in tender drawings can be made to
accommodate clients' questions.

d. three-dimensional electronic models aid the marketing process and improve our ability to
communicate with regulatory agencies.

e. improved tools to operate a plant are possible from an up-to-date technical database (e.g.
electronically produced flowsheets can be altered to show the equipment status during
maintenance outages).

f. rapid transmission of design information to client and site offices.

g. easier design optimization of systems and structures.

Information Management Applications

A CANDU station is fully and completely described by technical information. The volume of
this information is enormous. For our technical staff to be effective they must have easy and
reliable access to the current and approved information. One example of how this is being
achieved is the Relational Document Manager (RDM) in operation on the CANDU 3.

Project deliverables (drawings, technical documents, computer output) are treated as
"documents" by the RDM system. Creation of a document, enables a description file that
contains data about the document describing and recording such information as the document
status, revision history; distribution, and editing access. The RDM then allows all documents to
be managed so that:

a. all internal and external staff with appropriate permissions can access the most up-to-date
documents
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b. all documents are routed to pre-determined staff for review and comment and for
approval

c. a history file of all review comments is logged along with each comment resolution

d. editing of documents is done only when changes are properly authorized

e. the status of each document can be reported or monitored.

Another example of the current status of information management is the Records and
Information Management System (RIMS) for the Lakeview Rehabilitation Project. This system
has been put in place to manage all the documents required for this project. Once the
rehabilitation is complete all documents pertaining to the plant will be on-line and will be
retrievable by operations. Operations staff will then add the maintenance and operations
manuals to the system as well. RIMS is a PC based network of workstations with a host serving
as the repository for the documents. Drawings, correspondence and reports are all scanned into
the system and are stored in standard CCITT Group 4 format. They can then be retrieved by any
appropriately equipped PC whether at Head Office, Lakeview Site or the consultant's office.
This means that there is a single source to all documents for the project and the information can
be made instantly available to all concerned parties on the project. As the use of the system
develops, more use will be made of the automatic notification and process control features of
RIMS.

Computer Methods for Design

At AECL CANDU Operations, CADD is being applied to design activities for the new
CANDU 3 power station. A 3-D electronic modelling approach, accompanied by schematics
and the associated database has been adopted as the central source of information from which all
design drawings and information is extracted. A modelling concept in which all disciplines
work together results in the most up-to-date design information available to all designers
through use of reference files (an approach where views of the work of others are attached to the
working file of a designer). Initial information that is preliminary or covers a broad range is
progressively updated to final and specific forms and incorporated into the 3-D plant model.

Three-D modelling of a plant means creating computer-based mathematical models of the plant
geometry. Associated with each geometric component are physical characteristics that come
from a database of electrically codified company specifications and standards (e.g. piping
specifications) and as well, logical characteristics that come from design decisions recorded as
part of schematic records (e.g. design pressure, and temperature, seismic classification).

Consistency and simplification are established early in the design cycle by insisting that all
component selections are made from the electronic reference database of company standards.

The layout of the components selected is done by experienced layout staff trained to use the
computer tools efficiently. The principal space users employ widely different shapes and space
allocation is derived from very different design decision sequences and requirements. Designers
therefore model their individual discipline portion separately while viewing the models of
others. The separate models are linked together for interference detection before the detailing
tasks begin.
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Geometric, physical and logical information from separate models are passed electronically to
other computing programs to confirm that designs meet requirements. Changes required by the
reviews and confirmation step are fed back and updated in the 3-D model.

To make sophisticated design tools available to the designers in all disciplines involved with the
CANDU 3 design, integration of between 35 and 40 CADD software applications packages is
being implemented. Most of the software applications packages are now operational as well as
the interfaces to related programs. These packages continue to evolve with improved
productivity features added regularly by the software vendor. A few software packages remain
to be implemented and are being introduced progressively, timed to match the needs of the
CANDU 3 design team. Where the software functions are not commercially available in high
impact areas, internal development programs are initiated with the assistance of AECL's
Research and Development Laboratories at Chalk River, O^ario.

AECL has achieved outstanding success in piping, equipment and structures design. Electronic
models are very fast to build. Drawings are extracted from the model in a straightforward
manner. However, the effort required for detail drawing annotation has been greater than
expected and additional effort is underway to reduce the labour effort during the detailing task.

Integration of tasks allows bills of material, isometrics, stress analysis geometry for piping and
structures and geometry for thermohydraulic analysis to be prepared from the 3-D model in a
fraction of the time compared to conventional manual techniques. Consistency across the
documentation is assured since all information is derived from a common data base. Equipment
and structural layout interferences are checked throughout the design process. Overall this
approach means that the plant is built twice. The first build is in the computer and therefore, if
the design is followed exactly during construction, there will be no errors at site.

Construction Applications

A principal advantage of the 3-D approach is that the construction documentation is based on a
verified design. System layouts can be thoroughly evaluated, options considered and changes
made to ensure a functional, error-free design is provided to construction forces.

As part of the use of a 3D Plant Design System at Ontario Hydro, a detailed computerized model
of the Darlington G.S. Fuelling Facilities Auxiliary Area - East building has been constructed.
This computer model developed at Head Office has been transferred to the construction site.
Here it is being used in a number of ways. Initially, it was used as a planning tool and was able
to assist in the construction sequence planning of the project. It has been used to create views of
the plant different from the issued drawings to better convey to the construction personnel how
the finished product would look. This has resulted in the use of different methods for supporting
construction services so as to minimize the need for relocation due to permanent fixtures.

Beyond this initial use, construction has made very effective use of the computer model in the
Pipe Fabrication Shop. Here the required data has been extracted from the model and this data
has been provided to the fabricators in the form which they require.

This successful pilot at Darlington has demonstrated the usability of electronic design
information by construction forces. Some small additional tests have confirmed that design
groups can also exchange design information with suppliers, fabricators and regulatory agencies.
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Operations and Maintenance Applications

A significant portion of future development of computer-based tools will stress the preparation
of unambiguous design information that is organized and formatted in ways that help operations
and maintenance staff. It is expected that design information will be linked to O&M tools and
will contribute to controlling or reducing costs.

One example already been applied is the Ontario Hydro wiring program used during the design
of several power stations. This tool is r.ow being implemented across many power stations and
will be used to manage the enormous number of wiring connections in each plant during
maintenance and modification activities.

In another example Darlington Operations has modified their operations flowsheets so that the
status of equipment (e.g. valve open or closed, pump on or off) can be shown by a colour change
on the computer screen. In this way, the control room can monitor field maintenance operations.

Ingredients for Successful Technology Change

Implementing many and new computer methods into any organization represents a large cultural
shock. At Ontario Hydro and AECL the need for the change as been well communicated,
understood and accepted. The implementation is therefore proceeding with healthy anticipation.
Attention is given to four influencing factors to facilitate smooth introduction. These four
ingredients are hardware, software, management and users in order of increasing importance:

a. hardware: Equipment is the least critical element. By choosing equipment that conforms
to international or industry standards, there is a much wider variety of computer
programs that will both meet our requirements and run on our equipment. We also assure
the project of support for the equipment throughout the project life. In some cases it is
necessary to convert computer programs from one computer type to another. This has
proved to be a straightforward task where standards are adhered to. One goal of both
Ontario Hydro and AECL is that our staff will not have to leave their prime work
location to use computers and since we have many applications to run, the workstation
equipment selected must be capable of accessing several computing environments.

b. software: Computer programs are what provide the design functions we want and are
therefore critical to our success. The tactic we are following for software introduction is
to make each computer application work well first and then make them work well
together.
Our policy is to buy software where we can. In many cases this will require a
willingness to alter our work process lo match the methods built into the software. In
some cases where software does not meet our requirements, the vendor can be guided to
develop tools in ways that meet our needs. However, in cases where it is not possible to
obtain commercial software, we have capability to modify or make programs to meet our
needs.
Software is evolving rapidly in all our work applications so we must have flexible plans
to adapt to new methods and exploit new functions.

c. management: Over the past decade applications attention has shifted from individual
high productivity programs to integration. The emphasis now being on the complete
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design process. Successful implementation requires active involvement from
management at all levels. Management must:

i. Establish performance requirements for programs that include integration and
adherence to company standards. This is essential since the synergism achieved from
integration very often means individual programs are not optimized for their specific
task.

ii. Remove any organizational barriers as data must cross many departmental boundaries
to be effective.

iii. Initiate small pilot programs that may achieve only small successes but pave the way
for broader implementation.

d. users: The impact of the information technology revolution on industry exceeds anything
we've seen since the industrial revolution. In particular, it completely alters the basis for
competition. People and their skills are the springboard for successful implementation
and to get there we must: have enthusiastic, persistent champions, support them strongly
and invest heavily in training so that our staff understand the technology and not just
mimic it. In this way we continue to discover new opportunities to apply information
technology.

Ontario Hydro and AECL share common goals for the application of information technology.
This has created a natural opportunity to work together in areas where our needs are concurrent.
These efforts are guided buy a joint steering committee and joint task team efforts are currently
underway in the areas of:

a. material management,

b. piping analysis links to 3-D CADD models,

c. cable and wiring routing, and

d. common data models for plant technical information.

Summary

Effective technical organizations are effective managers of information. A CANDU plant is
fully described by technical information. There is an enormous volume of data that must be
created, managed and cared for throughout the plant life cycle including operations and
maintenance. Information technology tools ensure that what is needed is available, consistent
and up-to-date. By linking together the many tools needed, data can move freely from one task
to the next reducing labour and the potential for inputting errors.

Integrating the many computer programs is tough and complex but can be easily managed with
enthusiastic users and management support. New ideas and capability continue to emerge and
must be folded into the overall portfolio of tools. Ontario Hydro and AECL are working
together to achieve common goals in this area. Overall the CANDU nuclear industry will
benefit from these efforts since electronic interchange of data between dissimilar systems (both
large and small) will be facilitated.
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INTRODUCTION

CONSTRUCTION INITIATED IMPROVEMENTS CAN HAVE A MAJOR INFLUENCE
ON THE SUCCESS OF THE NEXT NUCLEAR PROJECT.

The next CANDU nuclear unit may be a repeat of an existing
design or a pre-engineered prototype of an all new design.
Regardless, the common feature will be a late commitment to
power requirements, and a shortage of money. Hence the pressure
will be on to shorten durations and cut costs whilst maintaining
quality.

The past record of CANDU first units is generally one of a
fairly long construction duration which is often longer than
scheduled due to many factors including incomplete design, late
design changes, inexperience of staff, design difficult to
construct, material delivery problems, etc.

The diagram, Figure 1 (1), illustrates that the ability to
influence the cost of a project decreases rapidly as the project
progresses. You will see that the project conceptual planning
phase decisions can be made with considerable impact on the
project, however, once we are in the later phases of
construction it is almost impossible to have significant
influence on project costs. Hence it is essential that
Construction should not just look at its own area for
improvements but should look at those areas that come before it
in the project cycle and make sure that appropriate construction
input is presented and considered. Maximum benefits occur when
people with construction knowledge and experience become
involved from the very beginning of a project.
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Figure 1
Construction Ability to Influence
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The diagram, Figure 2, illustrates the cost of a project plotted
against duration.

It is sometimes assumed that the shorter the construction
duration the less the cost. There is an optimum point beyond
which costs start to increase and this has to be weighed against
power requirements and replacement power costs. There is an
optimum duration and we should strive to find it. This curve
can be displaced to give a shorter optimum duration by using
such techniques as modularization.
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Figure 2
Variation of Cost With Project Duration
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I believe that to hold project costs, construction must be able
to meet the project schedule in an organized fashion. Major
cost overruns occur when work is not completed as scheduled.

For this paper we narrowed our focus down to four key areas
where Construction considers significant improvements are
required.

1. Project Planning, Design and Procurement
2. Construction Methods
3. Management Systems
4. Improved Labour and staffing Situations

There are many other areas where improvements are possible.
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1. Project Planning. Design and Procurement

a) Pre-engineerina. From Construction's point of view it is
very important that complete information is available
before we start work- Design works in the reverse
direction to Construction so even though design work is
fairly well progressed, finalized civil drawings may not be
available.

We need 100% of the information on a particular activity
and typically it should be available a minimum of 3 months
before the physical work starts to allow detailed
construction planning.

Ontario Hydro is targetting to be 65% complete in the
design engineering of our next nuclear plant prior to first
concrete on site. For such a target to be meaningful and
of value to Construction it must be measured in completed
drawings and information packages in the areas in which we
wish to work. A typical situation would be where we have
100% of the concrete drawings and 90% of the resteel
drawings but cannot make the pour.

If a standard product is being repeated, then theoretically
only site specific drawings are required which would
certainly give additional confidence to project schedules.
However, a total repeat is virtually impossible and
information reissue will always be necessary with required
changes incorporated.

This leads into what effect proposed Plant Design Systems
(P.D.S.) or design databases will have on Construction.
Certainly we are fully in favour and consider they are the
ultimate tool to help us in many ways.

The potential elimination of interferences is worth hard
dollars in avoiding rework but a more significant effect
may be the cumulative cost to schedule. Interferences are
very labour intensive both in solving the problem with
technical staff, and rework and delays for construction
labour. At Darlington we have had over 10,000 deviations
from design of all magnitudes. For maximum advantage of
the plant design system the database must be as complete as
possible right down to instrument tubing supports. The
only thing that I can think of that can be better handled
in another way is cabling and I think this would utilize
computerized lists that could be integrated with the
P.D.S. It is desirable to include all construction
services - construction air, welding grid, construction
heating and water supplies. (Where possible the
construction services should make use of the permanent
services and this is possible when they are appropriately
designed). This requires Construction to work with
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Design for incorporating minimum services. Plant layout
drawings have always been important in the early phase of a
job but these have now been superseded by the database
model which is a spectacular, wonderful tool for initial
construction planning and layout. It is interesting to
note that 65% completion in the 3D model should allow very
significant construction planning. A particular example is
sequence planning for module installation. There may still
be uses for physical models but to a lesser degree. For
civil design to be optimized the information on major
equipment must be finalized at an early stage. Contingency
will then not have to be added to the design, for example
additional resteel. With the high density of resteel
experienced at Darlington it certainly cost a lot more than
10% of the cost of installation to put in the last 10% of
the resteel.

As you can tell, Construction is very enthusiastic about
the P.D.S.

b) Contracting Strategy. In the preparation of project
execution/implementation plans, the contracting strategy is
developed. This contracting strategy should be made
sufficiently early in the job so that input can be obtained
from the various major contractors into the early
construction planning teams.

c) Schedule for Design and Procurement. Overall project
schedules are construction sensitive. The relatively large
cost of construction when compared to design and
procurement, gives construction the greatest weight in
schedule optimization. Project cost effectiveness is
usually optimized when both design and procurement
schedules reflect the need of the construction schedule.
It may be a very expensive management error for a project
to have incomplete planning, cost and schedule analysis.
Often there is a great pressure to get design started which
may create an illusion of progress and efficiency.
Construction involvement in developing the optimum schedule
is essential.

The procurement schedule for major items is generally
relatively inflexible, therefore, it is essential that they
are scheduled to match the Construction requirements. It
is usually very expensive for Construction to modify its
sequence to accommodate late deliveries. This may well
involve extending the construction duration which may even
be the critical path.
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Design has the greatest flexibility of all in accommodating
the needs of both procurement and construction. A dollar
spent in expediting design may often save $10 in
construction. Therefore, the importance of construction
input to the design schedules cannot be overemphasized.
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2. Construction Methods

a) Modularization. Modules conjure up different ideas in
different minds and may range in size from prefabrications,
sub-assemblies, small skid mounted modules and up to major
modules of massive size.

A large module is defined as a structural component which
can be either a building or a part of a building and is, to
the maximum extent possible, complete with all of the
systems which normally form part of that volume.

Much has been said and written over the last few years on
the opportunities offered by large modularization, and
these are unquestionably real as demonstrated by
shipbuilders and the offshore oil rig industry.

Modularization to different degrees can be very schedule
effective and, therefore, initial utilization would be on
critical path activities.

The major construction related benefits offered by
modularization are:

. Paralleling the mechanical/electrical program with the
civil construction program. Conventional construction
dictates the essential completion of the civil program in
an area before the mechanical/electrical program starts.

. Reducing the peak manpower and labour density at site.

. Reduction in construction risk and opportunities for
sensible risk distributing amongst those who can best
manage it.

. Reduced costs due to increased productivity resulting
from a shop environment, regardless of whether the shop
is on or off site.

To some extent the first steps towards modularization were
taken early in the CANDU program when it was decided to
build the reactor vessel on the Bruce Project by combining
the calandria and the shield tank, and similarly by
prefabricating the header feeder frame assemblies off site.

Modularization has been taken to new heights in the work
being done by AECL on the development of the CANDU 3, and
the basic concepts have been presented at previous CNA/CNS
Conferences. Work has now progressed to the point where
the layout of the reactor building modules is complete and
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work has started on the detailed design.

AECL have looked at various modularization schemes in
conjunction with private sector companies. These range
from extremely large modules which are made up from whole
buildings weighing up to 12000 tonnes down to smaller units
in the range of 20 to 500 tonnes.

Schemes to modularize the CANDU 6 and the CANDU 3 using
extremely large modules have been developed in conjunction
with Grootint of the Netherlands. These are predicated on
being built in shipyards or similar facilities with water
access and use the same technology which was developed
initially for the construction of offshore oil platforms
and subsequently successfully applied to refineries, power
plants and bridges (successful equals meet cost and
schedule). These studies indicated the potential for
significant schedule and cost savings and risk reduction
(Figure 3). They also dramatically reduce the peak
construction manpower requirements (by up to a factor of 4)
and the labour density at site.

The reference CANDU 3 design is being developed for
somewhat smaller modules (maximum of 500 tonnes) which
provides for more flexibility on siting. The Saint John
Shipbuilding Company of New Brunswick is providing input to
this design. These can be built either off site and
shipped in by water or they can be built at a temporary
facility at site when ready water access is not available.
In both cases they will utilize open top construction and
be placed in the building using a very heavy lift crane.
This modularization scheme also shows that the plant can be
built to a much shorter schedule than the traditional
construction methods, together with cost savings and
reduced risk (Figure 4).

These same concepts can well be used to considerable
advantage when applied to the larger units more suited to
the larger North American utility systems. Studies have
been completed for new designs, however, applications of
these principles to existing designs are very limited.

This leads to the conclusion that modules must be
considered right from the concept phase of a project to
realize maximum benefit.

b) New Technologies. The construction industry lags far
behind the manufacturing industries in developing and
utilizing new technologies. It is easy to think that the
construction environment does not justify development
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CANDU 6 SCHEDULES

COMPARISON BETWEEN CONVENTIONAL AND LARGE SCALE MODULES
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CONSTRUCTION SCHEDULE
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of new technologies. There is, however, significant cost,
schedule, safety and quality benefits to be realized.
Areas showing potential for immediate gain include:

. More automatic cutting and welding, for example on
primary cooling systems.

. Greater use of pipe bending, initially cold bending of
small diameter pipe and later hot bending of large
diameter heavy wall. A recent Hydro study showed a
potential direct saving of up to $10 million for cold
bending of small pipe for a repeat Darlington style
plant.

. Automatic welding of rebar instead of mechanical
couplers.

. Composite steel box and concrete construction which takes
credit for the steel box as part of the structural
element and will reduce reinforcing steel and eliminate
formwork.

. Crane interference protection utilizing computers.

. Rebar placing and tieing machines.

. Concrete technologies - fibre reinforced concrete
- high strength concrete with
silica fume and fly ash.

c) Improved Construction Techniques. This is best defined as
the ability to provide people, tools and equipment, and
materials at the workplace.

Studies continue in many areas constantly looking for
improvement in promising areas such as:

. increased use of very heavy lift cranes

. open top construction

. vertical excavation which allows cranes to be close to
the plant

. use of permanent elevators of construction specification
earlier

. use of freight elevators instead of passenger elevators

. tower cranes mounted on permanent building steel

. use of luffing cranes rather than horizontal jibs.
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3. Management Systems at All Levels

The Construction Management System must be part of the
overall Project Management System. The most important
parts of this overall system are:

a) Plant Design System
b) Materials Management System
c) Schedule & Cost Control System
d) Information Control System.

a) Plant Design System. The Plant Design System (P.D.S.) as
mentioned in (l.a) encompasses not just the engineering
drawings but also a lot of other data that is required for
other systems - particularly the Materials Management
System.

This visualization of the plant will allow the Foremen and
other key workers to organize and plan their work better.
The greatest impact will occur on the first unit of a
multi-unit plant and for a single unit the impact is even
larger.

b) Materials Management System. The Materials Management
System is a major key to a successful project and is tied
to the Bills of Materials generated from the Plant Design
System. Because of the volume of items involved the system
becomes.- very massive and complex and, of necessity, is
computerized. It is essential in the continuing
development of this system that user friendliness is
paramount as the end user is the Foreman.

c) Schedule & Cost Control. Schedule and cost are closely
linked and usually have a common or closely related
system. Again this system is for use by both the Foreman
through to the Project Manager. The Foreman still has to
get the work done and, therefore, it is vitally important
that he see the system as a tool to help him do his work.

d) Information Management and Control. The volume of
information generated on a nuclear project is enormous and
in many cases is interrelated. Therefore, a common
database is essential. Thus, any one piece of data is only
input once to the system and can only be changed by one
source. However, its effect on all other systems can be
assessed. New technology must continue to be developed to
ensure that we have control of these interlinked databases.

One day we may well arrive at the point where the
Construction Foreman inputs his daily progress into the
P.D.S. This input would form the basis for scheduling cost
and productivity monitoring.



We must also not forget that we are all working for the
Construction Foreman. He is the major customer of all
project effort to that point. We should always keep in
mind that our mission is to help him build the project.
Sometimes it is easy to think that it is his job to help
Managers manage the project. The Foreman has to know what
he has to do and have the resources to do it. The Foreman
must have the freedom to operate, yet it is important that
the correct balance with management control is achieved.
We must allow him a sensible time scale to do his work and
allow him to use his own skill to achieve it. It is too
easy to design a system breaking everything down into
infinite detail and complexity that on paper would achieve
wonderfully comprehensive management control. In reality
people will try to beat the system and it will fail.

Design and implementation of these systems will not happen
without people dedicated full time to the system
development. If possible, the Foreman should be involved
in system development, which should broaden his
understanding and reduce necessary training.

A system that breaks down the construction into clearly
defined manageable packages is most likely to succeed.
There is considerable debate on the "system" or "area"
philosophy - both will work well if organized
appropriately.

The challenge for the next job is to effectively manage the
mass of data in a construction project in a way that is
both useful and user friendly to all, from the Foreman and
up the ladder to the Project Manager.
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4. Improved Labour and Staffing Situations

I was recently at a seminar where Professor Jeffrey Gandz
of the University of Western (2) stated that the key
success factor of those who will make it in the future is
productivity improvements in the 10 - 15% range. This is
required to remain competitive. I think he was mainly
thinking about manufacturing but I believe it applies
equally to construction and this is certainly an ambitious
target for the future.

All jobs can be reduced to a common denominator of people.
Construction is particularly labour intensive and,
therefore, people related improvements are very important
and can have a major impact on a worker's productivity.

The principle factors which affect detrimentally the morale
of the construction industry must undoubtedly be the
repetitive nature of some procedures, the need to undertake
remedial work due to ongoing changes or poor quality
workmanship in the first instance, and inadequate or
inefficient programming of the work so that they can move
smoothly from one task to another (3). The impact of these
factors individually is probably not too significant;
however, more often than not they are all present, and the
cumulative effect on production is quite serious.

We must give a worker the opportunity to be productive, as
we ask the Foreman for increased productivity from his
crew.

Study findings indicate a well planned job in construction
is closely linked to a construction worker's perception of
satisfaction. There is no doubt that seeing a job through
from start to finish not only offers job satisfaction but
also gives the employee a greater motivation to have pride
in his work. There have been many studies but we are still
struggling with how to achieve this.

a) Quality Improvement. Darlington Construction has been
experimenting for some time with Quality Improvement
Teams. Teams of this sort have been used with success in
the manufacturing industry but in Construction they have
not had widespread application.

A typical improvement team consists of a vertical slice
through an organization from the General Foreman down, plus
a facilitator from the Quality Section. An example will
illustrate this process best. After Unit 1 PHT feeder
program we set up a team to look at improvements ready for
the Unit 3 program. The team consisted of a cross-section
of tradesmen, Foremen, General Foreman, Technicians and a
facilitator. They reviewed the job process in detail and
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came up with many recommendations for improvement. These
recommendations were implemented for Unit 3. The result
was a program that was completed ahead of schedule with
virtually no rework. It is always difficult to quantify
the improvement as some gains usually are due to the normal
learning curve. We are convinced that this technique
increases the slope of the learning curve.

The spin-offs from worker involvement are enormous. We
foster a feeling of pride in being included on a team and
encourage the participant to talk freely with his fellow
workers and solicit additional input. Workers express
surprise that their opinion is being requested and their
involvement gives them a new enthusiasm for the job.

Teams are now being used in many areas, examples being
installation of doors, technician training programs, cable
pulling, etc. I believe that if these techniques are used
extensively from the start of the next job, then the gains
can be significant. We must make our staff feel that they
are part of an efficient team and they must be part of the
development of this dynamic group.

b) Hours of Work. Can we afford not to work extended hours on
major projects? There is a lot of capital and equipment
and material lying idle for much of the work week and we
are paying interest on it. We must look at different hours
of work to satisfy workers whilst achieving project goals.
Therefore, a project agreement must strive towards greater
utilization of fixed resources.

Considerable effort is needed to develop new labour
agreements which allow increased flexibility to work staff
and trades to give extended job coverage. This can often
involve many unions and these agreements have to be in
place before work starts. Rolling 4 x 10's is a popularly
quoted shift to at least obtain 10 hours a day seven days
per week (4). More extreme shifts may have to be
considered if a job really gets in trouble, but efficiency
and availability of trades may become limiting factors.
Pouring men into a job should only be used as a last
resort.

c) Training. We have lost many valuable people from our
construction nuclear program already. We must concentrate
on retaining our experienced staff and on training
newcomers to the field (5). There is some indication that
there will be a shortage of trades in the future, but we
are considering working more people in a more concentrated
manner. This appears to be a conflict. We will have to
work with the trade unions in joint training programs.
Technicians and Management staff will require special
training. Co-operative arrangements with schools, colleges



and universities will be developed as a means of attracting
students into organizations.

We may have to establish special training centres on
company premises to train apprentices to replace retiring
journeypersons, with theoretical training provided at a
local college in a day-release mode.

We must make a heavy investment in training and it must not
be sacrificed because we are rushing to do the job.
Personnel dedicated to training are essential to achieve
this goal. The paybacks from training are many, not the
least of which is the message that we are interested in the
person.

Once again we have come back to the significance of people
as our most important resource.
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CONCLUSION

Owners of nuclear power plants are demanding increased
confidence in meeting construction costs and schedules before
committing new plants. We must improve significantly in many
areas to gain the confidence to build to shorter schedules.
This paper has touched on a few areas where improvement must
take place, there are many others.

Throughout this paper I have purposely not used the word
constructability - because it seems to have many different
definitions depending on your point of view. However, I will
close with a definition which is really my message for the day!

Constructability - the OPTIMUM use of construction knowledge and
experience in planning, design, procurement and construction to
achieve overall project objectives.

And remember whatever group you represent - "We're from
Construction and we are here to help you!"
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"INDUSTRIAL CAPABILITY - MEETING THE DEMANDS OF THE 1990"s"

J.R.Howett
General Manager

Organization of CANDU Industries.

The title of the paper is self explanatory. It raises a very
serious question which all of us, if we intend to remain in the
nuclear industry, must consider now and be prepared to answer in
a very positive fashion.

As you all know no orders for CANDU nuclear stations have been
received since the late 1970's and early 1980 's. The last contract
covered the supply of 2-600 Mw.units for the Cernavoda power
complex in Romania. Orders for the major Canadian manufactured
equipment, after many months of negotiation, began to be placed
in late 1983 with the majority of contracts being placed in 1984.

Virtually all of these orders were completed and supplied many
months ago and as you know the equipment is still not in use. I
can quote one specific case with which I was personally involved
from start to finish - the two calandrias. Unit 1 calandria was
completed and ready for shipment in November 1985 and Unit 2 in
March 1986 - they therefore have been at site for four years.
Since that time MIL-Vickers/Dominion Bridge Escher Wyss, the
suppliers,have completed the calandria shipments for the
Darlington units but at this time have no nuclear work whatsoever
on their books and they are not the only companies who are in this
situation. Some have already turned to other products and it will
take a great deal of arm twisting to get them back if they cannot
see an ongoing future. They may turn to a product which fits in
well with their equipment and standard of quality and expertise.
If this product produces a better financial return with a more
secure market, as I said, it will be very difficult to get them
to return to nuclear manufacturing. Incidentally I know of some
who have gone through this situation and have found it to be very
costly. Their advice is - think before you make this very serious
decision. If this trend became a habit and AECL are successful in
obtaining contracts we could get into a situation where Canadian
companies are no longer able to supply. This then leads me right
back to the title of my paper - is industry able to deal with the
demands of the 1990's.

Having been in the nuclear industry for many years during which
time it has gone through some very difficult and lean periods, I
now sincerely believe that we are on the threshold of a new cycle
of orders for the construction of nuclear power stations. With the
development of the CANDU 3 we now have reactors, along with other
CANDU sizes, which should be able to cater to most customer
requirements but industry must be in a position to respond without
delay to inquiries that they may receive.

Why do I believe that we have turned the corner ?
After many years of an indifferent attitude worldwide to the
environment at last nations have come to realise that we are slowly
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destroying ourselves and action must be taken without further
delay. I think that it is generally agreed that one of the most
valuable services required today for many varied uses both domestic
and commercial is electrical power. To really appreciate what the
lack of this service means I suggest that you visit Romania in the
winter, as I have done so many times, where the streets are dimly
lit, the rooms in houses lit by 60 watt bulbs and you cannot get
the heat up to an acceptable level.

The present methods of producing electricity fall mainly into
hydro power, fossil fuels (coal etc.) and natural gas. Problems
have been experienced with all of them in that hydro dams can and
have changed the contour of the countryside and disturbed the
agriculture and climate of the region, the burning of fossil fuels
and natural gas are said to be the cause of acid rain.

Luckily a further method remains for producing electricity, a
method which causes a minimum of problems and in which we here are
all extremely interested and that is nuclear fission. This is why
I and many of my colleagues feel that nuclear generation is now
on the upswing. Much is being done here in Canada by the CNA, AECL
and Ontario Hydro to change the attitude of the general public
towards the use of nuclear energy. If it is properly handled by
qualified personnel and governed by international regulations, it
is a safe source of power and further, the CANDU system is one of
the safest if not the safest. In many parts of the world people
are beginning to realise that nuclear is the way in which they
should go.

Having said all of this what must industry now do to get into a
position which will eneable them to cope with this situation.

Item 1.

Speaking as General Manager of the Organization of CANDU Industries
I can tell you that our organization, which numbers 31 companies
the majority of whom are concerned with manufacturing and the
minority with engineering, have managed to hold on to their
expertise but urgently need some outside assistance from customers
and additional work now. Without this it will become difficult to
continue. This problem can be overcome to some extent by the
existing nuclear equipment owners preselecting those suppliers who
they will require to support the manufacture of their next CANDU
plants and keep them active by means of service and replacement
Farts contracts. It is essential that a critical mass of suppliers
is kept intact to keep the industry active and healthy. This also
applies to Research and Development where even the nuclear section
of the ASME is in some financial difficulty because of a drastic
decline in companies willing to buy updates of the nuclear sections
of the code. Therefore to summarise, the owners and suppliers must
work together otherwise there will be no suppliers in the future.
If this situation was ever reached the cost of re-starting
manufacture down the road would be prohibitive.

Item 2.

Suppliers must do their utmost to deliver contracts on time and
within budget, with the CANDU 3 one of the main selling points
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is the comparatively short time which will elapse between the
placing of a contract and production of power. How to achieve
this - by studying and perfecting quicker methods of production,
by procuring and using the sophisticated machines available today
and by utilising modulisation. Those of you concerned with
manufacture know that it is far more efficient and less costly to
build a piece in the shops than at the site. Control is much
simpler, progress is much faster and the CANDU 3 especially lends
itself to this technique. Industry must study the aforesaid, in
all probability with those concerned in AECL and Ontario Hydro,
and be prepared to act.

Item 3.

Earlier on I touched on the acceptability of nuclear power by the
general public. Campaigns are at present being run here in Canada
and elsewhere to attempt to change the attitude of the general
public - to prove to them that nuclear power is safe and reliable
and should not be confused with nuclear weapons. The Canadian
campaign, which people have told me does a great deal to allay
fears and demonstrate the many peaceful uses of nuclear energy,
can be referred to by those of us in the industry whenever we
have the chance. It is very unfortunate that two incidents, which
I feel are unlikely ever to happen again, were able to turn
people drastically against nuclear. I know that some of you have
been addressing local groups on the subject of nuclear safety,
keep up the good work, and those of you concerned with manufacture
and construction, whenever you have the opportunity, explain to
people the very stringent and exacting controls that govern the
products with which you are concerned.

Item 4.

Here in Canada we have an excellent product in the CANDU system
and I am certain that all of us here and in our company shops wish
to capitalise on this as much as possible. We have put a great
deal of energy, engineering, manufacturing and construction skills
into these products over the years and I feel that the time has
come for us to get some financial benefits. We are in a very
competitive market and our competitors are some of the largest and
well known in the business worldwide. A trend is developing
wherein even these large organizations, instead of competing
against each other, are joining forces to make sure they at least
get part of the pie. I think that we in Canada, and that includes
AECL, should give this serious thought. In 1992 there will be
formidable competitors in the European Common Market who we will
have to contend with on the global market as well as with our
North American friends.

New business alliances are being created for the benefit of
customers through the combining of advanced technology and service
capability as well as through the rationalising of human and
manufacturing resources.

To my mind our industry still consists of many groups, all with
good intentions, but not really acting together. Put yourself in
the position of prospective customers, it is much simpler for
them to deal through one organization, such as Framatom, than to
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be talking with many different organizations as is still the case
here. When, in April 1989, the Minister of Energy, Mines and
Resources, the Honourable Jake Epp, called for a re-structuring
of AECL I and others were hopeful that industry would be brought
into much closer proximity with projects on which AECL were
working and would be asked to contribute. We suggested that a
consortium consisting of AECL, Ontario Hydro and representatives
of industry should be set up and that industry should be allowed
a larger part in the marketing of CANDU. There are parts of this
world where our companies are well established and trusted - this
can be a great asset. In Minister Epp's statement of March 1990
he said that and I quote "a new Federal Crown Corporation would
be established in due course to facilitate the participation of
utilities and private sector firms in CANDU related activities"
unquote. Industry should continue to expedite this happening as
quickly as possible and we in OCI will certainly make this case
one of our important projects. We must have an entity which is
capable of not only putting forward well thought out and respon-
sible bids but also is able to ride out market fluctuations. One
way in which this strength can be gained is by being part of a
larger family or by being associated with a very strong parent.

To go a stage further with this conception of forming partner-
ships, they must be of such quality that the end users and the
suppliers work in very close co-operation to create and maintain
safe and efficient nuclear power capabilities. Earlier on in
this paper I stated that users must pre-select suppliers with
whom they desire to work with in the future and offer them some
repair work and parts contracts now. If this was done it would
automatically bring the users and suppliers to a better under-
standing of each other.

Item 5.

Let me now explore in more detail what I mean by quality partner-
ships. It is a relationship between supplier and purchaser/end
user where both parties will share equally in the potential
benefits. To achieve this it is essential that there be open
communication between them both in all phases. This then will
make sure that there is a clear understanding of the require-
ments and that no surprises will arise during the contract. Most
important of all is that a mutual trust exists between both
parties and that each party has complete confidence in the other.

Having a clear understanding of the requirements from the outset
enables an effective utilisation of resources to be made and both
parties are in a position to work together to remove any suspec-
ted problems before they occur. If the requirements have been
agreed upon at the outset these possible problems should be at a
minimum. The suppliers manufacturing experience can be brought
into play to resolve technical challenges, to utilise his
equipment in the most advantageous fashion and thus lower costs
and still preserve safety. Where the partnership is initially a
joining together of two manufacturing organizations, information
to be passed between them should be of a standard format, agreed
to by both sides, is clear and concise and meets all requirements.
There should also be an interchange of personnel because as the
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late Walter Hibbins of Standard and Modern Tool once said and I
quote "you cannot transfer technology in a brown paper parcel"
unquote.

Working along the above mentioned lines brings with it significant
commercial advantages to both sides. It allows lead time planning
at the outset of the contract thereby making it possible to
receive items at the required time instead of too early, which
requires storage, or too late which delays the work and increases
the price.

If it becomes necessary to make changes, these now should actually
be minimised, any impact that they may have on the
contract will come into focus earlier and can be dealt with more
easily.

The terms and conditions of all projects must be agreed upon and
be acceptable to both parties, this in itself will reduce bid
evaluation costs.

The drawbacks to partnerships,which however I feel do not preclude
these business relationships being made,must also be considered.
To start with, do not think that partnering is easy to implement
because it is not nor is it guaranteed to produce positive results.

An implicit trust between the partners must be cultivated and this
includes the risk taking. Both sides must share the risks equally
otherwise unnecessary bickering will take place whenever a
problem arises.

Trust in each other must be such that both sides are prepared to
and comfortable with handling each others proprietary information.

In a nutshell, without total commitment from both sides the
partnership will not work.

On the positive side,in a genuine partnership, it is much easier
for two groups to work together. A close interchange of informa-
tion on the most advantageous methods of working out problems can
be accomplished by the setting up of working committees as this
removes communication barriers.

Performance measurement criteria can be developed and monitored
with suggestions being put forward when things start to fall
behind schedule and improvement goals can be set because, as we all
know, time is money. If a problem arises both sides can get
together and give it top priority, assign action teams with mem-
bers from both sides and get it resolved as quickly as possible.
Often two heads are better than one.

If all of the above points are considered between two partners
with fully committed trust in each other it can only lead to
better prices, quicker deliveries with less chance of problems
and delays along the way.

In todays business world one may have an excellent product but
nevertheless to market this product one must be competitive as
there is a great deal of competition in the market place and
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with CANDU we are operating in the big league.

How can we be competive ?

(a) Every effort should be made to ascertain as much information
as possible on the competition in order that the proposal
which you offer shows an advantage over your competitor. With
this knowledge you may be in a position to offer superior
technology and delivery.

(b) The company should be organised in such a way that the
different phases of the contract are passed from one depart-
ment to another or one partner to another in a straight-
forward and cleancut manner. There should be sufficient
people involved to handle the job efficiently but it must not
be overloaded with non-productive personnel.

(c) Maximum productivity must be obtained. From my experience
people perform to their best ability when they feel that they
are an integral part of the whole and without them the work
would be incomplete. This makes them take pride in what they
are doing as they are part of a team.

(d) We have talked previously in some detail about partnerships.
Using the overall knowhow makes for better use of the more vaxied
facilities and hence a lowering of price but not safety
standards. The Canadian nuclear industry is still fragmented
into many companies which makes it difficult for customers.
If this could be gotten over,which I feel is essential, it
would be a further stage on our way to becoming more compet-
itive.

The following are some of the problems that we in the nuclear
industry still face in the 1990's.

(a) We are restricted in scope to a comparatively small number
of items and further to this , the quantity of these items
that are required at any one time is small. Hence machines
cannot be set up for long production runs except in very few
cases. As I am sure you know, the making of tapes and machine
set-up time on today's modern numerical controlled machines
is the most costly part of the job and is only worthwhile
on long runs.

(b) The extremely high standard of quality assurance in our
industry, and this is something with which I thoroughly agree
because if we have any further serious accidents it could be
a termination of our industry. In many cases the quality
program required runs head on into our being competitive
especially if we are short of work. The problem becomes
particularly acute with a manufacturer who is building to
both nuclear and commercial standards in the same plant.
It is very difficult for a worker to conform to nuclear
standards for part of the workday and then turn to commercial
standards for the rest of the time. It means that the costs
of the different types of work have to be kept separate as
if you use nuclear quality control costing on commercial work
your bids will not be successful. If there was sufficient
work to keep the nuclear side busy, which unfortunately is
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not so at present, these high costs might be lowered by more
repetitive work. As you know, there is very little nuclear
manufacturing work being done at present thus when the
situation improves, some companies will be back to learning
curves once again and all that involves. Some companies have
managed to keep together their high quality assurance standards
by managing to obtain contracts, outside of the nuclear
industry that still require equivalent standards. This is often
the case with those involved in defence work but unfortunately
for industry but I hope fortunate for the world as a whole,
this sector has problems of its own at present.

I have attempted to speak to some of the problems that our
industry now faces as we embark on the 1990's and I have suggested
some of the methods which should be implemented in order that the
CANDU system remains at the forefront during this period when I
feel nuclear power will once again move forward.

At this point and before coming to my final summary I wish to
acknowledge the invaluable assistance that I have received from
the Directors of OCI in preparing this paper.

To summarise the points which I have made:-

(a) Immediate work of a nature to assist companies in holding on
to their expertise, if not for new stations then for service
or repair parts. In line with this the pre-selection process
to continue enabling those who will be required in the future
to be so advised and every effort be made to place contracts
with them.

(b) Those who receive contracts must deliver on time and on
budget.

(c) Continued efforts be made to educate the general public with
the object of dispelling the fear of nuclear energy.

(d) Serious efforts be made to form quality partnerships to
rationalise human and manufacturing resources.

In Canada we have the engineering skills, the technical expertise,
the market strategies, the equipment and personnel to carry us
through the 1990's.

We know from Minister Jake Epp that the Federal Government is
backing up our industry by increasing their share of funds thus
demonstrating their confidence in the upcoming nuclear upswing.

If all parties work together as a whole I see no reason,
especially as we have an excellent product, why we cannot obtain
our fair share of this expanding market. It must be done now -
we may never get another chance.
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IA CAPACITÉ DE PRODUCTION D'UNE CENTRALE NUCLÉAIRE

Michel L. Ross et Roland Boucher
Hydro-Québec

Centrale nucléaire Gentilly
4900, boul. Bécancour, Gentilly (Québec) GOX 1G0

La capacité de production, soit 1'indice de performance le plus
significatif des centrales nucléaires, présente des écarts
importants selon la filière utilisée, le pays ou la région du
monde où la centrale est exploitée, les fournisseurs du matériel,
l'âge et la taille des tranches, la génération des centrales et
l'ordre d'implantation des tranches.

Par ailleurs, trois groupes de facteurs influent sur la capacité
de production d'une centrale : les facteurs techniques liés à la
conception proprement dite, les facteurs reliés à l'organisation
et à la gestion de l'exploitation des centrales et les facteurs
liés à la personne et à la collectivité. Si les facteurs
appartenant aux deux derniers groupes sont plus difficiles à
cerner, leur incidence relative sur l'indisponibilité des
centrales n'en demeure pas moins grandissante.

Des progrès sont certes envisageables. Si l'évolution technique
des centrales demeure à cet égard un axe privilégié,
l'amélioration de la formation des exploitants, le renforcement
des programmes d'assurance de la qualité, une attitude souple
face à de nouvelles façons de gérer, une grande transparence à
l'endroit des médias et de vigoureux programmes d'information
publique constituent autant de mesures dont l'incidence ira
grandissante.

INTRODUCTION

La capacité de production représente l'indice de performance le
plus significatif d'une centrale nucléaire. Du point de vue de
l'exploitant, l'évaluation de la fiabilité d'une centrale
s'effectue d'après la capacité de production, alors que du point
de vue du réseau qui transporte et distribue l'électricité
produite, le coefficient de disponibilité équivalente prévaut.
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Lorsqu'une installation est exploitée en tant que centrale de
base, sa production à pleine charge est sollicitée par le réseau
électrique. La capacité de production peut alors être mesurée
adéquatement d'après le coefficient de production brute.

Cependant, alors que la composante nucléaire des parcs de
production augmente, les centrales sont de plus en plus utilisées
en mode de modulation de charge et de réglage de réseau. C'est
notamment le cas en France, en Belgique, en Suède et dans
d'autres pays.

Rappelons que Gentilly 2 n'a pas été utilisée en tant que
centrale de base de 1984 à 1987 en raison d'un surplus d'hydro-
électricité. Pendant ces quatre années, le facteur de charge ou
coefficient de production brute moyen a été de 67,2 %, alors que
le coefficient de disponibilité équivalente moyen était de
81,1 %.

Dans les cas où une installation n'est pas exploitée en tant que
centrale de base, le coefficient de disponibilité équivalente
convient mieux à la mesure de sa capacité de production.

LA PERFORMANCE DES CENTRALES

La capacité de production observée des centrales nucléaires \rarie
énormément. Passons en revue quelques-uns des paramètres de ces
variations.

Les filières

La figure 1 illustre la capacité de production selon les
filières, telle que mesurée d'après le coefficient pondéré de
production brute. Seules les tranches de plus de 500 MWe ont ici
été retenues. La pondération a été faite en fonction de la
taille et de la durée de vie de chaque tranche.

L'écart peut être important (30 %) entre les diverses filières,
qu'il s'agisse d'une centrale à eau lourde sous pression (CANDU),
d'une centrale à eau légère sous pression (PWR), d'une centrale à
eau légère bouillante (BWR) ou d'une centrale refroidie au gaz
(GCR).
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Les régions et les pays

La capacité de production varie selon les régions du monde pour
une même filière. À la figure 2, on constate que la
disponibilité équivalente annuelle pour les tranches de plus de
600 MWe durant cinq années à compter de 1983 présente des écarts
significatifs (de 10 à 25 %) pour une même filière selon qu'elle
est exploitée en Europe, aux États-Unis ou ailleurs dans le
monde.

Qui plus est, la capacité de production d'une filière donnée
change selon le pays où est implantée la centrale. Ainsi, à la
figure 3, la capacité des réacteurs de la filière à eau légère
sous pression (PWR), telle que mesurée d'après le coefficient
moyen de production brute pour l'année 1988, présente des écarts
allant jusqu'à 25 % entre les divers pays. Seuls les pays
comptant au moins quatre réacteurs ont ici été retenus.

Les fournisseurs

De même, la capacité de production d'une filière donnée est
fonction des concepteurs-fournisseurs du matériel. À la figure
4, on peut observer des écarts allant jusqu'à 32 % du coefficient
cumulatif pondéré de production brute selon les fournisseurs de
réacteurs à eau légère sous pression (PWR), à la fin de 1988.
Seuls les fournisseurs de six réacteurs ou plus ont ici été
retenus.

L'âge des tranches

La capacité de production décrit une courbe caractéristique selon
l'âge des tranches. Il est d'ordinaire admis que cette capacité
croît durant les cinq premières années de vie d'une centrale,
qu'elle se stabilise durant une vingtaine d'années, qui
correspondent à une phase de maturité, pour ensuite décroître en
raison d'un vieillissement du matériel. Il s'agit là d'un
phénomène courant dans les centrales thermiques classiques. La
figure 5 montre l'évolution réelle du coefficient annuel de
production brute de l'ensemble des réacteurs du monde occidental
en fonction du nombre d'années d'exploitation. Cette courbe
culmine à la sixième année pour décroître continuellement par la
suite selon une pente douce d'un peu plus de 1 % par année.
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La génération des centrales

La génération des centrales, pour une filière donnée, influe
également sur la capacité de production. Ainsi, la figure 6
illustre le coefficient annuel de production brute calculé pour
trois générations de centrales à eau légère bouiliante (BWR) en
fonction des années d'exploitation. Le gain réalisé au moyen de
réacteurs de génération plus récente est d'environ 1 % par année.
Ce gain a toutefois tendance à diminuer à mesure que la capacité
de production augmente.

L'ordre d'implantation des tranches

II a été constaté une nette amélioration des coefficients annuels
de production brute de tranches identiques sur ceux de la
première tranche d'une centrale donnée. Pour une même année
d'exploitation, le gain des tranches identiques sur une première
tranche est de 5 à 8 %, dans le cas des réacteurs à eau légère.

La taille des tranches

La figure 7 montre la capacité de production mesurée d'après le
coefficient cumulatif de production brute pour trois filières
selon la taille des tranches, à la fin de 1988. Dans le cas des
réacteurs à eau légère sous pression (PWR) , il y a eu une
diminution de l'ordre de 2 à 3,5 % par augmentation de 100 MWe
dans la taille. Cependant, cette diminution a en partie été
compensée par un gain d'environ 1 % par année attribuable à la
génération des centrales plus récentes et par une augmentation au
cours des dix premières années d'exploitation due à l'âge. La
courbe des CANDU est inversée, principalement en raison du
retubage des coeurs des tranches de moins de 600 MWe.

Le CANDU-3

Bien que le coefficient pondéré de production brute des tranches
de plus de 500 MWe soit, pour 1989, de 66,5 % pour l'ensemble des
centrales et de 75,1 % pour les CANDU, et bien qu'il soit
cumulativement de 62,7 % pour l'ensemble des centrales et de
76,0 % pour les CANDU, les concepteurs du CANDU-3 aspirent à une
capacité de production moyenne, sur une durée de vie de 100 ans,
de l'ordre de 94 %!

On retrouve à la figure 8 les éléments constitutifs de
l'indisponibilité de 6 %, soit :



1,51 % pour les arrêts programmés de 11 jours des années
impaires;

2.22 % pour les arrêts programmés de 18 jours des années
paires;

1.23 % pour les longs arrêts programmés de 90 jours à tous
les 20 ans;

0,22 % pour les deux jours par année de réduction programmée
de puissance à 60 % P.P.; et

0,82 % pour les trois jours par année de réduction de
puissance ou d'arrêts fortuits.

LES FACTEURS TECHNIQUES LIÉS À LA CONCEPTION

Les indisponibilités de centrale sont dues soit aux arrêts
programmés pour essais, inspections, maintenance, chargement du
réacteur en combustible et modifications, soit aux arrêts
fortuits.

Caractéristiques des filières

Chaque filière possède ses caractéristiques propres. Ainsi, dans
les centrales CANDU, on effectue le chargement du réacteur en
marche. On n'a donc pas besoin de mettre le réacteur à l'arrêt à
chaque 12, 18 ou 24 mois pour changer les éléments combustibles.
Cependant, on doit quand même procéder à des arrêts périodiques
programmés pour permettre l'exécution d'essais réglementaires,
d'inspections périodiques, de travaux de maintenance et de
modifications.

Cet avantage inhérent aux CANDU est d'ailleurs de moins en moins
marqué par rapport aux centrales à eau légère. Actuellement, les
arrêts annuels programmés des CANDU sont de l'ordre de 20 à
40 jours alors que les arrêts programmés des centrales à eau
légère ont tendance à diminuer constamment. Ainsi, en 1983-1984,
la durée moyenne de l'indisponibilité au titre des arrêts pour
rechargement de l'ensemble des centrales américaines n'a été que
de 43 jours. Les arrêts annuels programmés approchent les
40 jours en France et les 30 jours en Suisse, alors que les
campagnes s'allongent à plus d'un an. Des arrêts ont pu être
ramenés à moins de 20 jours en Finlande.

Chaque filière a connu ou connaît son lot de déboires. Par
exemple, les CANDU ont pour faiblesse les tubes de force de
première génération, les réacteurs à eau légère sous pression
(PWR) ont éprouvé des problèmes liés aux turbo-générateurs
fabriqués par Westinghouse et à des générateurs de vapeur qui
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fuient, alors que les réacteurs à eau légère bouillante (BWR) ont
connu des difficultés majeures engendrées par les tuyauteries du
circuit de caloportage et d'eau d'alimentation qui craquaient par
corrosion sous tension.

Caractéristiques des générations de centrales

Les tranches d'une génération de centrales peuvent être affligées
de problèmes généraux. Par exemple, les tranches du palier
technologique de 900 MWe du programme nucléaire français ont
souffert d'une perte de disponibilité de 12 % en 1982 attribuable
au remplacement des broches de centrage du tube-guide de la
grappe de commande et à des correctifs apportés aux sécheurs-
surchauffeurs.

Caractéristiques de chaque tranche

Enfin, chaque tranche ou centrale a connu des problèmes
techniques particuliers pour lesquels des correctifs sont
d'habitude apportés dans les premières années de vie de la
centrale.

En ce qui a trait aux centrales implantées dans les pays en voie
de développement, plusieurs autres facteurs peuvent jouer : la
part des travaux de conception et de fabrication des composantes
effectués dans le pays même, les ressources techniques
disponibles à pied d'oeuvre et l'état de l'infrastructure
industrielle du pays.

Jusqu'à maintenant, l'industrie nucléaire a accordé une grande
attention aux problèmes techniques, d'où les multiples
modifications et améliorations apportées aux centrales. On peut
considérer que la forte réduction des temps d'arrêt programmé et
des arrêts fortuits pour raisons techniques illustre bien la
maîtrise technique atteinte. Aussi peut-on considérer que les
centrales nucléaires ont sous ce rapport atteint leur maturité,
bien qu'il y ait toujours place à l'amélioration.

LES FACTEURS RELIÉS À L'ORGANISATION ET À LA GESTION DE
L'EXPLOITATION DES CENTRALES

L'exploitation fiable et sûre d'une centrale nucléaire ne repose
pas seulement sur la qualité de ses équipements. Il faut aussi
tenir compte de la qualité de son personnel et de ses façons de
faire. De fait, il s'agit d'un tout indissociable, et l'accent
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doit maintenant être mis de plus en plus sur les deux composantes
que constituent le personnel et les façons de faire.

Ainsi, une excellente centrale au plan technique peut enregistrer
de piètres performances, voire être à l'arrêt forcé pour des
périodes prolongées, si sa gestion laisse à désirer. En
revanche, des centrales ordinaires au plan technique peuvent
afficher des résultats d'exploitation exemplaires grâce à une
gestion remarquable.

Les facteurs liés à l'organisation et à la gestion de
l'exploitation jouent un rôle prépondérant dans le nombre et la
durée des arrêts fortuits ainsi que dans la durée des arrêts
programmés. Ceci a d'ailleurs été bien précisé lors du Colloque
international sur la qualité en matière d'exploitation des
centrales nucléaires tenu à Toronto en septembre 1989. Voyons
quelques-uns de ces facteurs.

La capacité de gestion

La capacité de gestion de l'entreprise exploitante se manifeste
dans la résolution concrète et efficace des problèmes. Non
seulement une gestion proactive élimine-t-elle la nécessité
d'avoir à "éteindre continuellement des feux", mais celle-ci
permet de prévenir et de solutionner les problèmes, techniques ou
humains, avant que ceux-ci ne prennent de l'ampleur. Une
direction dont le leadership suscite l'engagement dans un projet
commun, et qui a pour volonté avouée la quête de l'excellence,
joue un rôle prépondérant dans l'atteinte d'une haute capacité de
production. Malgré des succès évidents remportés au cours des
dernières années, notamment en ce qui a trait à la performance de
certaines centrales CANDU, aucune complaisance ni relâchement
n'est permis à cet égard.

La structure organisationnelle

La structure organisationnelle dépend entre autres des éléments
suivants :
• liens entre l'exploitant, les concepteurs, les fournisseurs,

les ingénieurs-conseils et les entrepreneurs;
• liens entre le personnel de la centrale et le personnel du

siège social;
• appui des gestionnaires locaux par les services centraux de

l'entreprise;
• maintien d'une solide équipe d'ingénieurs de systèmes pour

appuyer le personnel de conduite et d'entretien;
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• indépendance du personnel fonctionnel d'ingénierie par rapport
aux opérations quotidiennes afin qu'il puisse faire porter son
attention sur le moyen et le long terme;

• efficacité des communications à la centrale même et liens
entre ses divers groupes.

Une bonne structure organisationnelle devient de plus en plus
importante à mesure que grandit la complexité des centrales.
Plus les centrales sont récentes, plus elles mettent en jeu des
technologies complexes de pointe et plus le personnel requis
augmente, principalement au titre du support technique.
D'ailleurs, la tendance est à l'augmentation et non pas à la
réduction du personnel réel total requis, que ce soit à la
centrale même, ailleurs dans l'organisation exploitante ou à
l'extérieur de celle-ci. Les centrales des dernières générations
tendent à utiliser environ une personne-année de travail par an
pour chaque MWe installé, dans le cas des installations à tranche
unique.

L'organisation du travail

L'organisation du travail a une influence directe sur la mise en
oeuvre des arrêts programmés, que ce soit du point de vue de leur
préparation et de leur planification, de l'approvisionnement en
pièces de rechange, en outillage spécial et en matériel pour fins
de modifications, ou encore de l'agencement et du suivi de
multiples activités interreliées : inspections, essais,
réparations, entretien préventif, modifications et alimentation
en combustible. Cette influence de l'efficience des arrêts
programmés sur la capacité de production des centrales est
croissante car la tendance actuelle des indisponibilités montre
que l'indisponibilité due aux arrêts programmés par rapport à
celle attribuable aux arrêts fortuits se situe dans un rapport de
3 à 1.

On peut également étendre l'organisation du travail à la collecte
des données d'exploitation et d'entretien, à la gestion et à la
tenue à jour de la documentation, à l'organisation du retour
d'expérience interne et externe, à la capacité de travail en
groupe, à la minimisation de la bureaucratie et à l'efficience
des méthodes administratives.

Les pratiques de conduite

Les pratiques de conduite comprennent aussi bien les lignes de
conduite pour l'exploitation, les procédures générales
d'exploitation, les procédures en conditions normales, les
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procédures en conditions anormales et les procédures en situation
d'urgence, que les pratiques non écrites auxquelles ont recours
les opérateurs.

Les pratiques d'entretien

Les pratiques d'entretien englobent non seulement les procédures
et façons de faire en matière d'entretien, mais aussi l'approche
privilégiée à cet égard. Pratique-t-on un entretien correctif ou
un entretien préventif? S'attaque-t-on aux causes des
défaillances plutôt qu'à leurs symptômes? Optimise-t-on les
interventions d'entretien en fréquence et en durée? Utilise-t-on
les robots et les bancs d'essais? Tient-on compte des phénomènes
d'obsolescence dus au vieillissement des centrales? Les
programmes d'essais et d'inspections sont-ils à la hauteur?

LES FACTEURS LIÉS À LA PERSONNE ET À LA COLLECTIVITÉ

Plusieurs études montrent l'importance grandissante des "erreurs
humaines" pour la sûreté et la capacité de production des
centrales. Ces études démontrent que dans plus de 50 % des cas
d'arrêts fortuits ou d'événements significatifs, la performance
humaine est en cause. Celle-ci a d'ailleurs joué un rôle
prépondérant dans les grands accidents nucléaires des dernières
décennies. Il existe trois catégories de déficiences de nature
humaine : les déficiences de procédures, les déficiences de non-
conformité et les déficiences de formation.

Les facteurs liés à la personne et à la collectivité influent sur
l'efficience des travailleurs et sur la qualité de leur travail.
Ainsi, des ralentissements de travail et des grèves amènent des
réductions de puissance ou des arrêts de centrales comme ce fut
le cas au Canada cette année et à quelques autres occasions dans
le passé au Québec et en Ontario.

L'attitude des collectivités peut aussi avoir une incidence
marquée sur la capacité de production des centrales nucléaires.
Par exemple, depuis novembre 1987, par suite de la tenue d'un
référendum sur le nucléaire en Italie, tout travail de conception
de nouvelles centrales a été suspendu (Trino Vercellese 2), la
construction et la mise en service de toutes les centrales
nucléaires ont été stoppées (Cirene, Montalto di Castro 1 et 2),
et toutes les centrales en exploitation ont été arrêtées ou
fermées (Latina Magnox, Caorso, Trino Vercellese 1).
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Le personnel et la formation

Au fur et à mesure que les centrales vieillissent, l'importance
de la maintenance grandit, celle-ci devient de plus en plus
complexe et il faut souvent composer avec des champs de radiation
qui' augmentent. D'où la nécessité de pouvoir compter sur un
nombre suffisant d'ingénieurs, de techniciens, d'opérateurs et de
préposés à l'entretien qualifiés. Il n'est pas facile d'attirer
et de garder ce personnel dans les vieilles centrales, ce qui
illustre bien les difficultés plus générales d'embauchage, de
sélection et de formation du personnel auxquelles on doit faire
face.

La complexité grandissante des centrales, des procédures de
conduite et des procédures d'entretien exerce une pression accrue
sur les programmes de formation technique destinés aux
différentes catégories de personnel en centrale : opérateurs,
hommes de métier, techniciens et ingénieurs. Souvent, les
formateurs ont peine à suffire à la tâche. Les attentes à
l'égard des programmes de formation théorique et pratique, aussi
bien généraux que spécifiques, sont presque sans limites :
connaissances théoriques et factuelles de base et spécifiques,
développement des habiletés pratiques, sensibilisation
opérationnelle à l'attention requise et aux dangers virtuels,
utilisation efficiente des procédures, etc.

La motivation et les conventions collectives

Les valeurs de la société évoluent rapidement. L'accent est de
moins en moins mis sur la famille, le travail, la sécurité, la
collectivité, le respect de l'autorité, l'ordre, le besoin de
considération, l'apparence, l'épanouissement professionnel, etc.

Même si ces valeurs demeurent, elles cèdent de plus en plus le
pas à d'autres courants comme la réalisation personnelle, la
nature, le libéralisme sexuel, la créativité personnelle,
1'intraception, la polysensorialité, l'engagement communautaire,
1'anti-manipulation, la simplification de la vie, l'écologisme,
la protection de l'environnement, la cellulisation, la bio-
émotivité, etc.

Cette évolution peut être exacerbée dans les grandes entreprises
où prévaut une très grande sécurité d'emploi. Ainsi, à Hydro-
Québec, les employés ont en commun les valeurs personnelles
suivantes :
• Hédonistes : ils préfèrent le plaisir, le bonheur et l'émotion

à la morale et aux principes. Ils vivent au diapason du temps
présent, et ils ne se soucient guère du lendemain.
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• Peu enclins à s'engager au travail : le travail est une source
de revenus et non pas une occasion de dépassement ou
d'épanouissement personnel. On peut percevoir ici la
difficulté que pose la mobilisation de tels employés face à
des enjeux d'entreprise!

• Soucieux de s'affirmer par rapport à autrui : ils s'affirment
en misant sur l'intensité de leurs rapports avec leurs
collègues de travail et non pas sur leur rang social.

• Critiques tout en étant conformistes : bien que très
critiques, ils demeurent, au plan des principes, conformistes
face à l'autorité et à l'ordre. Pareille attitude engendre
des attentes élevées en termes de rationalisme de gestion.
Enfin, certains stéréotypes sexistes continuent de prévaloir.

• Peu soucieux du patrimoine culturel traditionnel, ils font par
ailleurs grand cas de la protection de l'environnement.

Au fil des ans, certaines de ces valeurs ont transpiré dans les
conventions collectives qui comportent des clauses qui rendent la
gestion traditionnelle du personnel presque impraticable. On y
retrouve notamment des dispositions qui :
• limitent le recours à la sous-traitance;
• cloisonnent les tâches de façon relativement étanche;
• entravent l'utilisation de personnel temporaire;
• restreignent la sélection et l'embauchage;
• font de l'ancienneté un critère quasi unique de progression;
• imposent des règles à la formation;
• enlèvent presque toute flexibilité à la gestion du temps et

des horaires.

Dans un tel contexte et avec de telles contraintes, la tâche des
gestionnaires n'est pas de tout repos.

Les relations avec les organismes de réglementation et les
collectivités

Les relations entre les entreprises exploitantes de centrales
nucléaires et les organismes de réglementation varient beaucoup
d'un pays à l'autre. Dans certains pays, les autorités ont
adopté une approche pragmatique. L'entreprise assume la pleine
responsabilité de la sûreté de sa centrale, et les autorités ne
font que s'assurer que les questions importantes ont été traitées
adéquatement. C'est le cas en Suisse, par exemple. Par
ailleurs, dans certains autres pays, l'organisme de
réglementation a opté pour une approche plus bureaucratique.
L'entreprise a alors à se plier à un large éventail d'exigences
imposées par les autorités.
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Chacune de ces situations peut présenter des avantages.
Cependant, il arrive que certaines exigences de l'organisme de
réglementation influent directement sur la capacité de production
des centrales. C'est notamment le cas aux États-Unis où
l'Electric Power Research Institute (EPRI) a mesuré des
indisponibilités moyennes de 6,68 % pour l'ensemble des centrales
en 1983-1984. Ces indisponibilités sont directement imputables
aux exigences des organismes de réglementation. Il est certain
que 1'impact total direct et indirect est encore plus important.
Par ailleurs, des exigences trop grandes de la part des
organismes de réglementation peuvent, à la limite, devenir
contre-indiquées au plan même de la sûreté.

Par exemple, le grand savoir-faire technique d'un candidat peut
être survalorisé, au détriment d'aptitudes à la gestion, par des
exigences techniques indues, ou encore des restrictions trop
grandes dans les processus d'agrément du personnel de conduite
privent l'entreprise de ces ressources techniques essentielles.
En effet, le personnel agréé, en demeurant asservi à la conduite,
risque la sclérose, alors que la relève se fait attendre. Ce
personnel d'expérience ne peut donc pas être utilisé :
• pour améliorer les programmes de formation de base et de

recyclage;
• pour rédiger de nouvelles procédures d'exploitation et pour

valider celles faites par d'autres;
• pour faire bénéficier de leurs connaissances et de leur

expérience des groupes comme le support technique (sûreté et
analyse, ingénierie de systèmes, modifications) et la
planification; et

• pour aider à l'élaboration du programme d'assurance de la
qualité.

De bonnes relations avec les collectivités immédiates et avec les
collectivités en général sont nécessaires. Les préoccupations de
la population au sujet de la sûreté des centrales, des rejets en
cours d'exploitation ou lors d'accident, de la gestion des
déchets ou des risques de prolifération des armes nucléaires
peuvent engendrer des exigences ipplémentaires de la part des
organismes de réglementation, ou encore donner lieu à des
référendums.

LES VOIES D'AMÉLIORATION

Plusieurs voies d'amélioration sont envisageables. Ainsi,
l'évolution technique des centrales actuelles mais surtout à
venir est rendue possible sous plusieurs rapports.
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L'augmentation de la tolérance des systèmes de régulation aux
perturbations améliorera les marges d'exploitation et réduira la
fréquence des arrêts fortuits, même dans le cas de certaines
erreurs humaines.

L'amélioration de la maintenabilité et de la facilité de
remplacement des composantes réduira les temps d'arrêt programmé
au titre de la maintenance. On songe ici à des composantes même
majeures comme les tubes de force ou les générateurs de vapeur.
Concurremment, diverses autres mesures peuvent être mises à
contribution, telles la réduction des champs de radiation auprès
des équipements qui nécessitent des interventions, l'augmentation
des capacités d'entretien alors que la centrale fonctionne, et
une très large utilisation des banques de données de la centrale
sur ordinateur.

Les programmes d7entretien préventif conditionnel favoriseront
les interventions judicieuses aux moments les plus opportuns.
L'utilisation grandissante de la robotique et des bancs d'essai
pleine grandeur devraient aussi réduire les indisponibilités de
production des centrales.

Le perfectionnement des programmes et des techniques de suivi,
d'essai et d'inspection de l'appareillage réduira la fréquence et
la durée des arrêts fortuits dus aux bris. Ce perfectionnement
profitera également aux programmes d'entretien préventif
conditionnel et aux programmes de prolongation de la vie utile
des centrales. On peut penser à des techniques comme la
détection des fuites par émission acoustique non invasive,
l'analyse en continu des vibrations des machines tournantes ou le
contrôle diagnostique en continu de la qualité chimique des
fluides.

L'intensification de l'automatisation des centrales réduira aussi
les indisponibilités et les risques d'erreurs. On songe ici à
l'utilisation des microprocesseurs dans la logique des systèmes
spéciaux de sûreté ou dans leurs circuits d'essais. Ou encore
aux opérateurs qui pourront depuis les nouvelles salles de
commande exécuter des prodédures simples du bout des doigts, sur
un écran cathodique.

L'avènement des systèmes-experts et des aides informatiques
conçus à l'intention de l'opérateur facilitera la commande des
centrales, réduira les risques d'erreurs et, du même coup, les
indisponibilités. L'ordinateur éliminera la surcharge d'alarmes,
aidera l'opérateur à diagnostiquer les événements, affichera
l'état de l'ensemble de la centrale en continu, attirera
l'attention de l'opérateur sur les indications clés et le
développement de situations anormales, affichera les paramètres
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critiques de sûreté, assistera l'opérateur dans la présentation
et l'exécution des procédures et pourra lui fournir de
l'information d'aide à la prise de décision.

Par ailleurs, l'amélioration de la capacité de production des
centrales actuelles et futures pourra aussi bénéficier d'autres
mesures.

L'utilisation intensive du retour d'expérience a déjà porté
fruits dans plusieurs pays et dans plusieurs centrales. La
création de la World Association of Nuclear Operators (WANO)
incite tous les exploitants de centrale nucléaire à miser
davantage sur le retour d'expérience propre à la centrale et
surtout externe à celle-ci. La correction efficace des
faiblesses découvertes et la mise en pratique rapide des leçons
tirées de la revue systématique des événements importants et plus
mineurs visent à empêcher que de tels événements ne se
reproduisent, ou que des événements encore plus graves ne
surviennent.

L'amélioration des programmes et des techniques de formation
permettra éventuellement à la formation de répondre encore plus
adéquatement aux grandes attentes que l'on entretient à son
égard. La formation sera axée sur la tâche qui aura
préalablement fait l'objet d'une analyse poussée. Les programmes
de formation assistés par ordinateur et l'utilisation de plus en
plus massive des simulateurs pleine grandeur seront dorénavant au
coeur des techniques de formation.

Le renforcement des programmes d'assurance de la qualité favorise
la rigueur dans la gestion, dans le processus administratif et
dans l'exécution du travail. Il permet de s'assurer que les
équipements, les façons de faire et le personnel assument leur
mission de façon adéquate. Les évaluations par des pairs
représentent un des outils mis à la disposition des gestionnaires
pour jeter un oeil neuf sur l'exploitation de leur centrale.
Cette pratique grandissante est sans doute à encourager.

La souplesse à l'égard des nouvelles façons de gérer est
maintenant rendue essentielle compte tenu de l'évolution des
valeurs de la société. Les employés ont de nouvelles aspirations
qui sont bien différentes de celles des générations précédentes.
Les gestionnaires doivent s'adapter. La motivation du personnel
et la gestion, compte tenu des contraintes qu'imposent les
conventions collectives, constituent des défis majeurs. Les
théories comme la main et l'argent de Taylor, les relations
humaines selon Mayo, l'esprit et la stratégie selon Crozier ou le
style de commandement selon Blake et Mouton sont révolues. La

3„57



mise en pratique des théories de Maslow au sujet de la hiérarchie
des besoins de l'être humain, de Herzberg qui précise que les
besoins élémentaires et les besoins supérieurs ne fonctionnent
pas de la même manière, et de Mac Gregor qui énonce que tout
dépend de la conception qu'on a de la nature de l'homme au
travail, permettra peut-être de diminuer les causes de
démotivation et d'optimiser les causes de motivation.

La transparence à l'endroit des médias et de vigoureux programmes
d'information à l'intention du public sont nécessaires pour
consolider la timide remontée du nucléaire dans l'opinion des
collectivités. L'acceptation sociale des centrales nucléaires
s'améliore compte tenu des objections que suscitent d'autres
moyens de production d'électricité, telles les centrales
thermiques classiques en raison de leurs effets néfastes sur
1'environnement.

CONCLUSION

Comme l'illustre la figure 9, la capacité de production d'une
centrale nucléaire est fonction de plusieurs facteurs. Ceux-ci
peuvent être regroupés en facteurs techniques liés à la
conception, en facteurs reliés à l'organisation et à la gestion
et en facteurs liés à la personne et à la collectivité.

Les exploitants nucléaires ont atteint divers stades de maîtrise
de ces facteurs. Règle générale, ils ont la situation bien en
main d'un point de vue technique. Cependant, en évolution
constante, les autres facteurs sont plus difficiles à cerner et
leur incidence relative sur l'indisponibilité des centrales est
grandissante.

Le rêve que poursuivent les concepteurs en ce qui a trait à la
capacité de production des centrales nucléaires ne deviendra
réalité qu'à la condition que l'on réussisse à gérer en tenant
compte de l'évolution des aspirations de la société. Le défi
technique est relevé ... reste le défi humain.
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CAPACITÉ DE PRODUCTION / LOAD FACTOR

Selon l'âge des tranches
By Unit Age
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La capacité de production
d'une centrale nucléaire

Facteurs liés à la personne
et à la collectivité
• personnel
• formation
• motivation
• organismes de réglementation
• coHeaivités

Facteurs liés a
l'organisation et à la
gestion
• capacité de gestion
• structure organrsarionnelie
• pratiques de conduite
• pratiques d'entretien

Facteurs techniques de
conception
• filliere
•taille
•âge
• génération
• éléments spécifiques

Operational Capability
of a Nuclear Power Plant

Human and
population-related factors
• staffing
• training
• motivation
• regulatory bodies
• social acceptance

Plant organization and
management factors
• management skills
• organizational structure
• labor organisation
• operating practices
• maintenance practices

Technical factors
• reactor type
• plant si2e
• pfarrf j g e
• unit vintage
• specific and local
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OPERATIONAL CAPABILITY OF A NUCLEAR POWER PLANT

Michel L. Ross and Roland Boucher
Hydro-Quebec

Gentilly Generating Station
4900, Becancour, Gentilly (Quebec) GOX 1G0

SUMMARY

The capability factor — the most significant performance
indicator of a nuclear power plant — fluctuates considerably
depending on the reactor type used, the country or region where
the generating station is being operated, the vendors, plant age
and size, unit vintage, and the order of unit commissioning.

Moreover, three groups of factors influence the capability of a
generating station: technical factors related to plant design,
factors related to plant organization and management, and human
and population-related factors. While factors of the last two
types are more difficult to cope with, their relative
contribution to plant unavailability is nevertheless steadily
increasing.

Improvements cannot only be achieved through advanced plant
design, but also in the areas of operator training, quality
assurance programs, flexibility in new management methods,
greater openness in dealing with the media, and energetic public
information programs.

INTRODUCTION

The capability factor represents the most significant performance
indicator of a nuclear power plant. As viewed by the operator,
the reliability of a generating station is a function of its
capability factor; as seen by the utility which transmits and
distributes the power generated, the energy availability factor
is the preferred unit of measure.

If the plant is operated on base Load, all its available energy
is taken up by the grid. Under these circumstances, the
capability factor can be adequately measured by the load factor.
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However, as the nuclear component in the production increases,
nuclear plants are increasingly used for load following and
frequency regulation. This is the case in France, Belgium,
Sweden and other countries.

It is worth recalling that Gentilly 2 was not operated on base
load from 1984 to 1987 because of hydraulic surplus. During this
four-year interval, the average load factor was 67.2%, while the
average equivalent availability factor was 81.1%.

Where a plant is not operated on base load, the equivalent
availability factor affords a better measure for its capability
factor.

PERFORMANCE OF POWER PLANTS

The measured capability factors of nuclear power plants vary
largely. Let us briefly review some of the parameters underlying
these variations.

Reactor type

Figure 1 shows how capability factor, measured in terms of
weighted gross capacity factor, is affected by reactor type.
Units of 500 MWe and above are considered. The weighting was
carried out in terms of individual unit sizes and lifetimes.

The difference between reactor types — whether we consider a
Pressurized Heavy Water Reactor (CANDU), a Pressurized Light
Water Reactor (PWR), a Boiling Light Water Reactor (BWR) or a
Gas-Cooled Reactor (GCR) — can be substantial (30%) .

Operating region and country

The capability factor for the same reactor type varies depending
on the particular operating region. As Figure 2 shows, the
annual availability factor of units of over 600 MWe for the five
years beginning in 1983 exhibited significant variations (ranging
from 10% to 25%) for identical reactor types, depending on
whether they were operated in Europe, the U.S.A., or elsewhere in
the world. What is more, the capability factor of a given
reactor type will vary depending on the country where the power
plant is located. Thus, as Figure 3 demonstrates, the capability
of Pressurized Light Water Reactors (PWR), measured in terms of
the average 1988 annual load factor, can vary by as much as 25%
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between countries. In compiling these statistics, only countries
having at least four reactors were taken into account.

Vendors

Similarly, the capability factor of a particular reactor type
will vary depending on the vendors. Figure 4 shows differences
of as much as 32% of the weighted cumulative load factor in the
case of Pressurized Light Water Reactors (PWR) supplied by
different vendors, at the end of 1988. Only vendors of six or
more reactors were taken into account.

Plant age

The capability factor describes a characteristic aging profile
depending on the age of the units. It is generally recognized
that capability increases during the first five years of the
lifetime of a power plant, stabilizes for the succeeding period
of about 20 years (representing the maturity of the unit), and
thereafter declines under the effects of aging. This is a
characteristic of the fossil plants. Figure 5 illustrates the
measured change in the average annual load factor of all reactors
in the Western World, as a function of years of operation. The
curve reaches its highest point in the sixth year of operation,
to decrease thereafter slowly but continuously at an average rate
of slightly over 1% per year.

Unit vintage

Given a particular reactor type, unit vintage likewise has a
bearing on the capability factor. As Figure 6 shows, the
estimated annual load factor for three Boiling Water Reactor
(BWR) vintages varies in terms of years of operation. Increments
realized from the installation of more recent units amount to
roughly 1% per year. The vintage effect tends to become less
pronounced, however, as the load factors increase.

Order in which units are commissioned

It has been found that duplicate units show a net improvement in
annual load factors over those of their older sister units at the
same nuclear power station. At the same age, duplicate units
yield load factors 5% to 8% higher in the case of light water
reactors.
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Reactor size

Figure 7 shows capability factor measured in terms of the
cumulative load factor of three reactor types according to unit
size, at the end of 1988. In the case of the Pressurized Light
Water Reactors (PWR) , there has been a decrease in the order of
2% to 3.5% per 100 MWe size increment. This decrease has,
however, been offset by an increase of about 1% per year
ascribable to more recent unit vintages as well as to the effects
of aging, during the first ten years of operation. The curve for
the CANDU is inverted, mainly because of fuel channel replacement
for units of less than 600 MWe.

The CANDU-3

Even though the weighted capacity factor for units of 500 MWe and
above in 1989 was 66.5% for all generating stations and 75.1% for
the CANDU, and the weighted lifetime capacity factor was 62.7%
for all generating stations and 76.0% for the CANDU, designers of
the CANDU-3 are aiming for a target capability factor, over a
100-year design life, of the order of 94%!

Figure 8 shows the elements accounting for the 6% incapability
per year made up as follows:
• 1.51 % planned annual outage of 11 days in odd years;

2.22 % planned annual outage of 18 days in even years;
• 1.23 % planned 90-day outages every 20 years;
• 0.22 % 2-day planned derating to 60% F.P. per year;
• 0.82 % 3-day spurious derating or trip per year.

TECHNICAL FACTORS RELATED TO PLANT DESIGN

Unavailabilities may be due to planned outages for testing,
inspections, maintenance, fuel reload and plant modifications, or
to spurious trips.

Characteristics of reactor types

Each reactor type has its own characteristics. Thus, CANDU
plants feature on-power fuel loading, which means that the
reactor does not have to be shut down every 12, 18 or 24 months
to allow for fuel reload. However, planned periodic outages must
be scheduled to allow for the statutory tests, in-service
inspections, maintenance works and modifications.
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Moreover, the intrinsic advantages of the CANDU relative to
light-water reactors is increasingly less pronounced. At
present, planned annual outages for the CANDU are of the order of
20 to 40 days, whereas those for light-water plants are
continually diminishing. Thus, in 1983-1984, the average
capacity factor losses due to refuel and maintenance outages for
American plants was only 43 days. Planned annual outages are
approaching the 40-day mark in France and the 30-day mark in
Switzerland, while fuel cycles are becoming longer than one year.
Some refuel and maintenance outages have even been reduced to
less than 20 days in Finland.

Each reactor type has also had its share of problems. Thus,
CANDU reactors, for instance, have experienced difficulty with
regard to first-generation pressure tubes, while Pressurized
Light Water Reactors (PWR) have had trouble with
turbine/generator systems manufactured by Westinghouse and with
steam generator leaks. Boiling Light Water Reactors (BWR) have
experienced major problems with pipe-cracking due to the effect
of stress corrosion on the heat-removal and feed-water systems.

Vintage characteristics

Units of the same vintage may be affected by generic problems.
Thus, the 900-MWe units in the French nuclear park have suffered
an availability loss of 12% in 1982 due to the replacement of the
guide tube support pins of the control rod and to corrective
modifications in the separator-reheaters.

Unit characteristics

Lastly, each unit has had its particular technical problems
calling for corrective measures during its first years of
operation.

As regards generating stations established in developing
countries, several further factors can enter into play: the
manufacture and design of components within the country, the
development of indigenous manpower capability, and the state of
the country's industrial infrastructure.

Up until now, the nuclear industry has paid much attention t>
technical problems, with the result that many modifications and
improvements have been made to power plants. The tangible
decrease in planned outages and spurious trips due to technical
reasons affords some measure of the degree of technical
sophistication achieved. We may likewise assume that nuclear
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power plants have attained technical maturity, though there
remains room for further improvement.

FACTORS RELATED TO PLANT ORGANIZATION AND MANAGEMENT

The reliable and safe operation of a nuclear power plant depends
not only on the quality and reliability of the equipment. The
quality and reliability of personnel and procedures must also be
taken into account. In fact, these aspects are indissolubly
linked with each other, so that emphasis now must be increasingly
placed on the importance of qualified personnel and on the
adequate guidance of operations and maintenance.

A power plant of excellent technical characteristics can register
poor performance results, or even face forced shutdowns for
extended periods if its management is inadequate. By contrast, a
technically unexceptional power plant can post exemplary results
under good management.

Factors related to the plant organization and management play a
crucial role in determining the number and duration of spurious
trips, and planned outages. This has been emphasized at the
International Symposium on Quality In Nuclear Power Plant
Operation held in Toronto, September 1989. The following is an
account of some of these factors.

Management skills

The level of management skills within an operating utility can be
seen through the practical and efficient resolution of problems.
Not only does effective management obviate the need for constant
crisis control; it also makes it possible to foresee and to solve
technical as well as human problems before they reach critical
proportions. A management whose leadership can inspire
commitment to a common cause and heighten emloyees' will to
pursue excellence, plays a decisive role in attaining a high
capability factor. Moreover, despite the obvious successes of
recent years, particularly with regard to the performance of
certain CANDU stations, there is no room for relaxation or for
complacency.
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Organizational structure

Organizational structure includes such elements as:
relations between the operator, the designers, the
manufacturers, the consultants, and the subcontractors;

• relations beetween station personnel and head office
personnel;

• support of local managers by the company's corporate services;
• maintenance of a strong systems engineers group to second

operations and maintenance staff;
• independence of an engineering staff relieved from the day-to-

day pressures of keeping the plant on line, so as to enhance
their ability to advise on longer term strategies;

• efficient communications among various departments of the
power plant.

A sound organizational structure progressively gains importance
with the increasing complexity of power plants. The more recent
the power plants, the more they exploit front-line technologies
and the greater their staff requirements, particularly to provide
technical support. The trend, moreover, is towards increased,
rather than reduced, total actual personnel both at the power
plant and elsewhere in the utility, as well as outside it. Late-
vintage generating stations tend to use approximately one person-
year of work per year for each MWe installed, in the case of
single-unit stations.

Labour organization

Labour organization has a direct impact on the planned outages,
as regards their preparation and planning, the procurement of
spare parts, special tools and equipment, as well as the
execution and follow-up of many interconnected activities such as
inspections, tests, repairs, preventive maintenance,
modifications and fueling. The impact that the efficiency of
planned outages can have on the capability factor of power plants
has been increasing, since, as current trends show, the ratio of
unavailability due to planned outages to that due to spurious
trips stands at 3 to 1.

Labour organization can also extend to the ability of the data
collection systems, to configuration management, internal and
external operating experience feedback, capacity for team work,
the reduction of bureaucracy to a minimum, and to the use of
efficient administrative procedures.
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Operating practices

Operating practices include operating policies and principles,
general operating procedures, operating procedures under normal
and abnormal conditions, and abnormal operating procedures, as
well as unwritten practices and procedures resorted to by
operators.

Maintenance practices

Maintenance practices cover not only maintenance procedures, but
also preferred approaches to these concerns. Do we practice
corrective maintenance or preventive maintenance? Are the root
causes of defects attended to, or are we preoccupied only with
their symptoms? Is there an effort made to optimize maintenance
interventions in frequency and duration? Are mock-ups, advanced
tools and robots used? Are the phenomena of obsolescence due to
the aging of power plants taken into account? Are testing
programs and inspections up to scratch?

FACTORS RELATED TO THE INDIVIDUAL AND SOCIETY

A number of studies demonstrate the growing impact of "human
performance errors" on the safety and the capability factor of
nuclear power plants. The studies confirm that in over 50% of
spurious trips and significant events, human performance is at
fault. Human error has played an overwhelming role in the major
nuclear accidents of recent decades. There are three principal
categories of human deficiencies: procedural deficiencies, those
stemming from non-compliance, and those stemming from training.

Factors related to the individual and society have an impact on
worker efficiency and work quality. Thus, work slowdowns and
strikes can result in the derating or shutdown of power plants,
as we have seen in Canada this year and on a number of previous
occasions in Quebec and Ontario.

Societal attitudes can also affect dramatically the capability
factor of nuclear power plants. In Italy, for example, since
November 1987, in the wake of a referendum on the question of
nuclear power generation, all design work on new power plants
(Trino Vercellese 2) has been suspended, the construction and
commissioning of all new nuclear power plants (Cirene, Montalto
di Castro 1 and 2) has been halted, and all operating power
plants (Latina Magnox, Caorso, Trino Vercellese 1) have been shut
down and closed.
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Personnel and training

As power plants age, the relative importance of maintenance
increases, and the difficulty to perform maintenance tasks
becomes increasingly complex, as one has to deal with
intensifying radiation fields. Hence the necessity of being able
to count on a sufficient number of technically-trained workers
and qualified supervisory personnel. It is not easy either to
attract personnel to the older plants or to keep them there.
This is only one of many problems surrounding the recruitment,
selection and training of reliable personnel.

The growing complexity of power plants, and of operating and
maintenance procedures, exerts increasing pressures on technical
training programs intended for various categories of personnel:
operators, trades, technicians and engineers. Often, those
responsible for providing the training are themselves hardly
equal to the task. Expectations as regards theoretical and
practical training programs, whether general or specific, are
seemingly without limit, the programs are expected to provide
theoretical as well as basic and factual knowledge, help develop
practical skills, sensitize employees to potential operating
hazards and drive home the need for a high degree of vigilance in
operation, the efficient use of procedures, etc.

Motivation and collective agreements

The values of society as we know it are in a period of rapid
transition. Emphasis today is being placed less and less on the
family, the work ethic, security, the community, respect for
authority, law and order, the need for consideration, personal
appearance, striving for professional excellence, etc.

Even though these values have endured in today's world, they have
increasingly yielded primacy of place to others such as personal
self-realization, a concern for nature, sexual liberation,
individual creativity, introspection, commitment to community
values, resistance to being manipulated, the wish for a simpler
lifestyle, awareness of the ecology, protection of the
environment, a sentimental attachment to nature, etc.

These attitudes can, if anything, become further exacerbated in
large companies where a high degree of employment security is the
rule. Thus, at Hydro-Quebec, employees seem to hold the
following personal values in common:
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• Hedonism. They prefer pleasure, happiness and emotional
satisfaction to morality and principles. They live for the
moment, with hardly a care for what the future may bring.

• Low commitment to work. Work is regarded as a means to
earning a living, not as an opportunity for self-
transcendence and self-fulfillment. It is obvious that
mobilizing such employees in the interests of the
corporation is hard indeed!

• Eagerness to affirm themselves in their relations with
others. Employees affirm themselves by stressing the
intensity of their personal relations with fellow-employees,
rather than by emphasizing their social status or rank.

• Critical of everything, without ceasing to be conformist.
Although employees tend to be very critical, at the level of
principle they continue to adhere to highly conventional
attitudes to authority and order. This engenders high
expectations on their part as regards rational management.
Finally, certain sexual stereotypes continue to hold away.

• Little concerned with their traditional cultural heritage,
but intensely preoccupied with protecting the environment.

In the course of years, a number of these values have infiltrated
into the collective agreements, some of the clauses of which in
consequence make the traditional management of personnel
virtually impracticable. In particular, we find the following
provisions:
• limiting the corporation's recourse to subcontractors;
• circumscribing and compartmentalizing employment tasks

narrowly;
• hindering the use of part-time personnel;
• imposing constraints on selection and hiring;
• making seniority virtually the sole criteria for promotion;
• regulating training;
• eliminating practically all flexibility from work scheduling

and time management.

Given these conditions and constraints, the task of those called
upon to manage the corporation and the operations is far from
easy.

Relations with regulatory agencies and communities

Relations between utilities operating nuclear power stations and
regulatory agencies vary a good deal from country to country. In
certain avenues, authorities have adopted a pragmatic approach.
Here, the utility assumes full responsibility for nuclear safety
of the plant, the role of the authorities being restricted to
verifying that major concerns have been adequately dealt with.
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Such, for example, is the management model used in Switzerland.
Elsewhere, in a number of other countries, regulatory agencies
have opted for a more interventionist, bureaucratic style. The
utility in such countries must comply with a large body of
requirements imposed by the authorities.

Either of these alternative approaches possesses certain
advantages. Yet, in the case of the latter, some of the agency's
regulatory requirements can have a direct and adverse effect on
the capability factor of power plants. Such is particularly the
case in the U.S.A., where according to measurements made by the
Electric Power Research Institute (EPRI) capacity factor losses
averaged 6.68% for all plants in 1983-1984. These
unavailabilities are unequivocally attributable to regulatory
agency (NRC) requirements. Clearly, the total, direct and
indirect, impact of such requirements is even greater. What is
equally obvious is that in extreme cases over-regulation by
regulatory agencies can become counterproductive even at the
level of safety.

Thus, for example, a candidate's great technical know-how may be
overvalued, in comparison to, and to the detriment of, his
management skills in consequence of excessive technical
requirements; alternatively, the existence of undue restrictions
in the accreditation of senior operating personnel may in effect
deprive the utility of essential technical resources. Indeed, by
remaining at the helm of the operation too long, authorized
senior operating staff run the risk of getting 'stuck in the rut'
while waiting for their successors to take over. This in turn
prevents their experience from being put to the best use, in:
• upgrading basic training and retraining programs;
• developing new operating procedures and validating those

developed by others;
• enabling other groups, such as the engineering and technical

service (safety and analysis, systems engineering, and
modifications) and planning, to benefit from their knowledge
and experience; and

• contributing to the development of the quality assurance
program.

It is necessary to maintain good relations with the surrounding
community and the community at large. Public preoccupations with
the safety of power plants, radioactive discharges during normal
operations or in case of accident, waste management, and the
risks of proliferation of nuclear weapons may be the occasion
for additional regulatory agency requirements or give rise to
referendums.
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POSSIBILITIES FOR IMPROVEMENT

Several possible ways of improving the operational capability of
plants can be envisaged, not only for those already in existence,
but particularly for plants of advanced design to be built in the
future. These improvements include:

The development of reactor control systems more tolerant to
transients and operating errors would improve operating margins
and reduce the frequency of spurious trips, even in the event of
human error.

Higher component maintainability and ease of replacement would
reduce the duration of planned outages for maintenance. This
development should apply to major, as well as to minor,
components such as reactor pressure tubes and steam generators.
At the same time, various other measures could also be
implemented, such as the minimization of radiation fields around
equipment requiring intervention, the replacement, refurbishing
and modernization of facilities so as to allow maintenance to be
carried out during operation, and the large-scale utilization of
all plant data available on high-speed data highway.

The use of conditional predictive maintenance programs, allowing
for the proper interventions to be scheduled at the most
opportune times. Increasing reliance on remote-controlled robots
and full-scale mock-ups would also contribute to reduce
unavailabilities.

Upgrading equipment monitoring, testing and inapection techniques
would decrease the duration of spurious trips due to breakdowns.
This would also benefit conditional predictive maintenance
programs, as well as plant life extension programs (PLEX). Among
specific improvements might be included non-invasive acoustic
emission leak detection systems, on-line vibrating monitoring and
analysis of rotating machinery, and water chemistry expert
systems for on-line monitoring of fluids.

Intensifying the automation of power plants would also reduce
unavailabilities and the risk of errors. Under this head may be
mentioned the use of microprocessors for special safety systems,
to perform decision logic, control, monitoring and testing
functions; or operators utilizing touch-sensitive CRTs in
advanced control rooms to execute simple equipment sequencing and
plant state transfer manipulations.

The advent of Artificial Intelligence expert systems and operator
aids, designed to facilitate operators' control of power plants,
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would reduce the risk of error and, by the same token,
unavailabilities. The use of computers would eliminate
annunciation alarm overload, help the operator diagnose events,
continuously display plant equipment status schematics, draw the
operator's attention to key indications and abnormal situations
as they developed, display critical safety parameters, assist the
operator in the presentation and performance of computer-assisted
procedures, and afford him a knowledge-based decision-support
system.

Improvements in the capability factor of existing and future
power plants could also be promoted by other measures.

The intensive utilization of operational experience feedback has
already borne fruit in several countries and various power
stations. In line with the World Association of Nuclear
Operators (WANO) establishment, it is in the interest of all
nuclear power plant operators to make full use of operational
experience feedback from their own, and from other plants. The
efficient correction of diagnosed failures, and the rapid
implementation of lessons learned from the systematic review of
major and minor events, would contribute to preventing the
recurrence of such failures and preclude even more serious
accidents from happening.

The improvement of training programs and facilities would enable
training to come up to the expectations of operators. Training
should be based on the teaching of tasks that had previously been
submitted to in-depth analysis. Computer-assisted training
programs and a more massive use of full-scope simulators should
lie at the very heart of this training process.

The reinforcement of gualitv assurance programs would promote
higher efficiency in management, administrative procedures, and
the performance of work. Such programs would ensure that the
equipment, approved ways of doing, and the personnel each
fulfilled their responsibilities adequately. Peer evaluation
represents one of several tools available to station managers,
enabling them to observe operations at their power station with a
fresh set of eyes. The use of peer evaluation is gaining in
popularity and ought to be encouraged.

Flexibility as regards new management methods has now become
indispensable, given the direction in which social values have
developed. The aspirations of employees today are very different
from those of previous generations, and managers must learn to
adapt to the change. Given the constraints imposed by collective
agreements, the tasks of managing and of motivating staff pose a
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formidable challenge. Theories on management such as Taylor's,
on human relations such as Mayo's, on spirit and strategy such as
Crozier's, or on styles of exercising authority such as Blake's
and Mouton's are all things of the past. By contrast, the
application of such theories as Maslow's concerning the hierarchy
of human needs, Herzberg's concerning the different ways in which
basic needs and higher needs operate, or MacGregor's, who argues
that everything depends on one's conception of the nature of man
at work, may help combat lack of motivation and instill more
positive attitudes into employees.

Greater openness towards the media and the energetic pursuit of
public information programs are essential if nuclear energy is to
be rehabilitated in the popular view. Nuclear power plants
become socially more acceptable as objections multiply concerning
other modes of producing electricity, such as conventional
fossil-fuelled generating stations, with all their deleterious
effects on the environment.

CONCLUSION

As Figure 9 shows, the operational capability of a nuclear power
plant is the resultant of several factors. These may be
characterized as technical (that is, related to design),
organizational and managerial, and individual and collective.

Nuclear plant operators have reached different levels of
competence in dealing with technical, organizational and human
factors. As a general rule, from the technical point of view,
they have the situation quite well in hand. It is otherwise with
the other two factors which are not only difficult to cope with,
but whose relative contribution to plant unavailability is
increasing.

The designers' dream with regard to capability will come true
only insofar as management takes into account the ever-changing
expectations of modern society. The technical challenge has
already been faced up to... the human challenge remains to be
met.
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NEW DEVELOPMENTS IN SMALL REACTORS:
AN INVESTMENT IN THE FUTURE

F.N. McDonnell
General Manager

Local Energy Systems
Chalk River Nuclear Laboratories

Chalk River, Ontario KOJ 1J0

K. Kozier, Whiteshell Nuclear Research Establishment
D.A. Meneley, University of New Brunswick

A. Reed, University of Saskatchewan

INTRODUCTION

During the fifty years since nuclear fission was discovered, nuclear energy has
emerged to play an increasingly important role in meeting global energy needs.
At the recent World Energy Conference in Montreal, 1989 September, experts
agreed that nuclear power will continue to be an essential part of the future
energy mix.

The demand for economic and reliable energy sources is driven by the growth
in the world's population and the essential role which energy plays in industrial
development. Global energy requirements, expected to double over the next
40 years, will seriously challenge suppliers in their ability to meet the demand.
Ultimately, efficient energy utilization will become singularly important.

Industrialization and economic development manifest themselves in urbanization.
Urban dwellers consume significantly more energy per capita compared with
their rural neighbours. Consequently, concentrated and environmentally
acceptable energy sources, combined with efficient distribution systems, are now
recognized as essential to meet urban energy demands. In considering the
alternatives that will meet these requirements, nuclear energy qualifies as both a
concentrated and environmentally benign source. Nuclear electricity generation is
a mature technology that paves the way for other applications.

If nuclear energy is to realize its full potential as a safe and cost-effective
alternative to fossil fuels, applications beyond those that are currently being
serviced by large, central nuclear power stations must be identified, and
appropriately designed and sized reactors developed as an investment in the
future.



To meet this potential, new small reactor concepts are being developed to satisfy
the expected energy demands, while also displaying characteristics that address
current public concerns for providing minimal environmental impact. Concepts
ranging in size from 10 MW(t) to 1 000 MW(t) are being pursued in a number
of countries, including Canada, the USA, the UK, China and the USSR.

THE NEED FOR SMALL REACTORS

If small reactor concepts are to play a role in meeting some of the world's
energy needs, the safety and licensing challenges of urban siting must be faced
through the use of intrinsic safety features such as passive decay heat removal,
low stored energy, and limited reactivity speed and depth in the control systems.
The challenge of public perception must be met by clearly presenting the
characteristics of small reactors in terms of size and transparent safety in design
and operation.

Another crucial element is the public and regulatory acceptance of small nuclear
systems. Small reactors will bring nuclear technology close to the public, not as
remote megaprojects but as small energy systems located close to the loads of
the people they serve. This implies that not only must the safety and
environmental issues be thoroughly reviewed by technical experts, they must also
be expressed in a manner that can be understood by individuals who have
limited or no technical knowledge.

This is the dilemma currently facing not only Canada but also many countries as
they approach nuclear project decisions. Proponents must address the emotional
issues currently associated with nuclear projects with processes that are designed
to assess the ecological impact, safety aspects and economics in a logical and
formal manner. Effective public information programs, strongly supported by
the government, will be essential to emphasize the fact that nuclear energy
meets the challenges of sustainability and environmental acceptability.

In the final analysis, small reactors must also be able to meet fossil fuel and
competitive fuel prices. The challenge facing small reactor designers is the need
to minimize unit energy costs so that they are acceptable relative to larger (i.e.,
more powerful) plants. How is it possible to overcome the traditional, and
often inherent, economies of scale that favour larger and larger plants?
Probably the most promising approach is to increase the number of identical
reactor units produced so that advantage can be taken of modern series
production techniques for the fabrication of standardized nuclear plant
components. Also, unit energy costs will decrease significantly as multiple small
reactor modules are added at a single application site.
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Recent trends within the nuclear industry are fostering conditions that would
encourage the establishment of a viable small reactor market. For example,
international industrial consortia are being formed to address global reactor
markets rather than the largely indigenous and closed national markets of the
past. Also, there has been some consolidation of the multitude of competing
technical concepts proposed as "super-safe" reactor designs, and only a few are
proceeding to prototype tests. Notably, the process of "up-front" or "generic"
reactor licensing is making progress in Canada, the USA and elsewhere.

CURRENT DEVELOPMENTS AND STATUS

The rationale for developing small nuclear reactors throughout the world arises
from considering a number of factors such as the potential market, economic
competitiveness, safety, public and regulatory acceptability.

With these factors in mind, organizations in several countries are pursuing the
development of small power reactors for a diverse range of applications, from
the traditional role of generating electricity for domestic and industrial use to
small satellite-borne reactors.

A brief overview and examples of typical small reactor developments in several
countries are provided in the following sections.

ELECTRICITY GENERATION

The generation of electricity for utility grids is the traditional market for nuclear
reactors. On a worldwide basis this is provided by the LWR (light-water
reactor), the HWR (heavy-water reactor) and gas-cooled reactors. Small reactor
designs of both the PWR (pressurized-water reactor) and BWR (boiling-water
reactor) types have been proposed to serve the needs of small utilities or
developing countries that desire smaller increments to grid capacity. A partial
list of proposed LWR small reactor concepts (<1000 MW(t)) for electricity
generation is given in Table 1. The CANDU 3 HWR is the subject of a
companion paper in this session by D.S. Lawson and G.L. Brooks and will not
be discussed further in this paper.
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Table 1
Small LWRs (<1000 MW(t)) for Electricity Generation

Name

SIR
MS-300
ISER

TOSBWR-900P
SBWR-200

Designer
Country

USA, UK
Japan
Japan

Japan
West Germany

Thermal Power
MW(t)

PWRs

BWRs

1000
950
645

900
630

Electrical Output
MW(e)

320
300
210

310
200

In addition to the concepts in Table 1, electricity-producing designs have been
proposed based on the PIUS (Process Inherent Ultimate Safety) concept, in
which a deep pool of water provides natural pressurization of the water in the
fuelled reactor core. An example which fits within the size range considered is
the GEYSER-GTEC proposed in Switzerland, which could produce 1-10 MW(e).

A common theme of the small LWRs is increased emphasis on simple, passive
safety systems, usually involving natural coolant circulation. Several of these
designs are of the integral type, in which the complete primary coolant circuit is
contained within the reactor vessel.

INDUSTRIAL PROCESS APPLICATIONS

High-temperature reactors (HTRs) involving graphite core structures and helium
coolant offer the prospect of addressing process heat applications in addition to
electricity generation. Examples of proposed applications include water
desalination, coal gasification, bitumen extraction from oil sands, crude oil
refining, aluminum oxide production, and thermochemical water splitting
(hydrogen production).
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The HTR designs may be classified into two basic types based on their use of
either prismatic block construction or beds of graphite fuel pebbles. The
principal example of the former type is the MHTGR (modular high-temperature
gas-cooled reactor) proposed by General Atomics, which produces 350 MW(t).
The main example of a small pebble-bed design is the HTR-MODUL proposed
by Siemens/Interatom, which produces 200 MW(t). In addition to the USA and
European HTR programs, similar design concepts are being actively pursued in
the USSR and Japan.

A unique safety feature common to all HTR designs is their use of tiny TRISO
(triply isotropic) coated fuel particles. This fuel type offers extraordinary
resistance to the release of hazardous fission products up to temperatures of
1600'C.

MARINE REACTORS

Several hundred small reactors are in use today as the prime power source for
military submarines and surface vessels (mainly aircraft carriers) and for several
ice-breakers in the USSR. Such extensive use reflects the unsurpassed technical
and economic performance of nuclear power for these purposes. The vast
majority of these reactors are of the PWR type, although a few have been
liquid-metal-cooled designs.

Commercial marine nuclear propulsion has been attempted in the past, the main
examples being the USS Savannah and the Otto Hahn, but with limited success.
The advent of new and safer small reactor designs will likely trigger renewed
interest in this potentially large market.

Another possible application for marine reactors is to service off-shore oil
platforms, such as barge-mounted units, and commercial submarines. A recent
endeavour in the latter area is the AMPS reactor concept proposed by ECS of
Canada, spanning a power range from 100 to 1700 kW(e).

SPACE REACTORS

Undoubtedly, the most technically demanding environment in which to produce
power is the vacuum of space. For this reason, mankind's excursions beyond
earth have been limited to power levels of less than about 15 kW(e). Even the
Freedom manned space station will only extend this level to about 75 k\V(e),
using large solar arrays that require extensive use of reboost propellent to
overcome the atmospheric drag in low earth orbit.
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Nuclear reactors are the space power technology of choice at high-power levels
and for long-duration missions. They are particularly appropriate for unmanned
missions and deep space probes far from the sun, or when combined with ion
thrusters for mass-efficient nuclear-electric propulsion. Small reactors will also
likely be used when mankind returns to establish a base on the moon or visits
Mars. An important safety aspect of unused nuclear reactors is that they pose
no radiological hazard on the launchpad.

To date, the USSR has launched dozens of space reactors for military radar
reconnaissance satellites. The reactor is based on a compact, liquid-metal-cooled
concept, known as TOPAZ, which features a novel, in-core thermionic conversion
system that produces several kW(e). In contrast, the USA has launched only
one space reactor, SNAP-10A, in 1965, which produced 500 W(e) for about
43 days. However, the USA has recently revitalized its interest in space reactor
technology and is actively developing a more-powerful system known as the SP-
100. This unit uses a compact, liquid-metal-cooled, fast reactor core and will
produce 100 kW(e) for seven full-power years when combined with a passive
thermoelectric conversion system.

SMALL HEATING REACTORS

A substantial part of the energy load in urban centres is for supplying heat to
buildings through district heating systems.

In determining the heat sources, nuclear energy meets the challenges of
sustainability and environmental acceptability, provided it is economical and is
appropriately sized and designed to meet the technical requirements of the
specific application.

THE SLOWPOKE HEATING REACTOR

The SLOWPOKE Energy System is a simple nuclear heat source capable of
supplying 10 MW of thermal energy in water at 85"C. At this power level, a
SLOWPOKE Energy System can heat 150 000 square metres of floor area or
approximately 1500 individual apartments with an inflation-resistant fuel source.
It is a pool-type reactor designed to operate at atmospheric pressure, thus
eliminating the need for a nuclear pressure vessel. Consequently, loss-of-coolant
caused by depressurization is impossible.

The reactor core, coolant riser duct and the primary heat exchangers are
installed in the pool contained inside a steel-lined concrete vault. Double
containment of the pool water prevents loss-of-coolant caused by leakage.
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Pool water serves as the moderator, heat transfer medium and shielding.
Primary heat transport from the core is by natural circulation of the pool water
through plate-type heat exchangers. Natural circulation ensures core cooling
without the need to rely on the dependability of pumps or the integrity of
electrical supply for pump motors.

The secondary circuit delivers heat to the building distribution system by way of
the secondary heat exchanger. Pool water is continuously pumped through ion
exchange columns to maintain water chemistry and control corrosion. The
reactor pool is covered by an insulated lid, enclosing a gas space over the pool.
The air and water vapour are continuously circulated through a purification
system and hydrogen recombiner.

The goal of the 10 MW SLOWPOKE Energy System (SES-10) design is to fully
automate all essential systems, thus allowing the unit to be operated for
extended periods of time without a licensed operator in the reactor building.

The SES-10 can be housed in a separate building or building extension that
measures 10 x 15 metres, as shown in Figure 1. The reactor core and safety
systems are being designed to remain fully functional during and after seismic
events.

FIGURE 1: 10 MW SLOWPOKE ENERGY SYSTEM
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The SLOWPOKE Energy System has benefitted from the experience gained in
the design, construction and testing with the SLOWPOKE Demonstration Reactor
(SDR), located at the Whiteshell Nuclear Research Establishment (WNRE). The
SDR, with a power up to 2 MW, is being used to demonstrate the technology.
Experiments to date have provided confidence in the concept, particularly with
the validation of the thermalhydraulics and physics behaviour for conditions of
similar fuel power ratings as for the SLOWPOKE Energy System.

WORLDWIDE SMALL HEATING REACTORS

Small heating reactor developments are also being pursued in several countries,
many with features similar to the SES-10. The proposed designs are based on
standard concepts with appropriate safety-related modifications. The exception is
the GEYSER, a departure from contemporary designs in that it does not use
conventional engineered safety systems or controls. Some typical examples are
listed in Table 2.

Designer Country

Canada

China

Russia

Switzerland

Switzerland

United States
(General Atomics)

Table 2
Small Heating Reactors

Reactor Name

SES-10

THR-5

RUTA

Swiss Heating Reactor
SHR

GEYSER

TPS

Type

Covered Pool
Absorber Rod Control

PWR
Absorber Rod Control

Covered Pool
Be Reflector and
Absorber Rod Control

Pressurized BWR
Absorber Rod Control

Covered Pool
Chemical Control

Pressurized TRIGA
Absorber Rod Control



The Chinese THR-5 started up in 1989 October and is currently operating at full
power of 5 MW(t). It recently completed its 100-day run.

There are also a number of large nuclear plants currently in design or construction
dedicated to district heating. The ACT-500 program in Gorky, USSR, is the most
advanced: the twin 500 MW unit is in the latter stages of construction and will
supply hot water to about half the city. Kraftwerk Union AG in the Federal
Republic of Germany has designed a 100-500 MW district heating reactor. Other
designs include: the THERMOS 100-200 MW French reactor; the 100-400 MW
Swedish SECURE reactor, a forerunner of the PIUS concept; and the 64 MW(t)
TRIGA power system.

SMALL REACTOR APPLICATION IN CANADA

An opportunity to apply a small reactor concept could be provided in the near
term in Saskatchewan. In 1989 May, the President of the University of
Saskatchewan announced that a SLOWPOKE Energy System would be considered
for the University of Saskatchewan campus in Saskatoon. The University invited
Atomic Energy of Canada Limited to assess the suitability of campus buildings for
SLOWPOKE Energy System heating.

The proposed SLOWPOKE Energy System, if approved, will serve as a commercial
demonstration system to potential users and enhance the development of nuclear
district heating technology.

The Saskatoon campus is already home to a SLOWPOKE research reactor on
which the SLOWPOKE Energy System technology is based. In operation since
1981 by the Saskatchewan Research Council, this nuclear analytical instrument
supports research in such diverse fields as medicine and mining. The SLOWPOKE
Energy System would be a further development in this pioneering history. The
decision to install the system will be based on several factors, including the outcome
of the Environmental Impact Assessment process. This process for the first
commercial unit is particularly important since, through public interaction and
dialogue, it will bring out the environmental benefits of nuclear heating, and address
the public concerns and social acceptance of this technology.

SUMMARY

While it is clear that nuclear power will continue to meet its traditional role of
providing electricity generation from large central plants, an additional and major
contribution can be made by small reactors in the fields of district heating,
cogeneration and high-temperature process heat.



Worldwide, the market potential is attractive, and several countries have
development programs in place to meet the expected demand.

With increased emphasis on sustainability and environmental acceptability in the
1990s, small nuclear reactors will also have an important role to play in a variety
of new and non-traditional applications. Canada is only one of many countries
pursuing small reactor options to provide flexibility in meeting future energy
demands.
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DARLINGTON NGS STARTUP

LESSONS LEARNED FOR THE FUTURE

H.L. Austman
Station Manager - Darlington NGS

Ontario Hydro
Bowmanville, Ontario

INTRODUCTION

Darlington NGS is the fifth major nuclear station in Ontario.
Eighteen years have passed since the first commercial unit,
Pickering One, was commissioned with a net output of 500 MW.
Darlington units have a rated net output of 881 MW, an increase
of 87%, accompanied by an order of magnitude increase in the
volume and complexity of station information.

This period has seen many new safety requirements, new
capabilities in design, the introduction of new products and
processes, and new information management techniques. These have
been applied to succeeding stations: Bruce A, Pickering B, Bruce
B, and finally Darlington.

Increasing manpower and capital have been needed to meet station
licensing requirements and internal initiatives. Pressure on
resources will continue throughout the Station's life, generated
by Society at large and its Regulatory Bodies.

The pressure will often force a short-term approach which must be
avoided if possible. We have seen this in the major project
delay of three years due to reaction to the business cycle
recession in 1979 to 1981. Darlington would have been cheaper
if we had proceeded on the original schedule. We would now have
had the capacity to deal with the acid-gas ceilings.

I will examine some of the problem areas experienced during the
project phase.

THE TRADITIONAL PROJECT ORGANIZATION Figure One

The project phase management structure for an Ontario Hydro
Nuclear Generating Station consists of a "Prime Contractor" with
overall responsibility for achieving the Project Product — the
'In-Service' Station, and 'Sub-Contractors' (separate project
departments), for engineering, construction and commissioning,
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each with its own structure of management, customs and
procedures. The Project Management organization is created
afresh for each project, builds an organization to link the
project departments, and the three groups revise their
established procedures sufficiently to work together for the
project phase.

While this approach has been successful in the past, our
experience and the station lifetime needs, lead us to believe
that we must change to a much more integrated approach through
the use of Computer Network Technology and the use of advisory
teams with all three major disciplines represented, Design
Construction and Operations, for work in the three disciplines.
We have done this to some extent in the past, more so in
Darlington but it must be deliberate and extensive in the future.

The true "Final Product" of the project is the station at the end
of a long and successful life. Ontario Hydro and other utilities
recognize this in their life assurance and life extension
activities. The total life cycle Management System will
determine how long and how successful that life will be, and how
much it will cost along the way.

The common thread in the Management Systems (manual and
computerized) in our sub-contracting groups is the project and
station information in its broadest form and time frame, from
grand strategy to the last detail of the smallest component, from
design concept to decommissioning, and includes all station
ddcumentation for processes and material. The Work Management
System for Design, Construction and Operation is the structure
which uses the information. The project systems should be
designed for the specific needs of the project phase, as well as
for the lifetime of the completed station. In Darlington and
past stations we have not done this very well. We have had good
systems for parts of the task and have succeeded through the
dedication of individuals in all groups who filled the gaps and
manually integrated the systems. In Darlington this manual
systems integration effort has been strained to the limit in all
groups. Important things can fall into the gaps, to arise later
as serious problems.

Figure Two

Darlington Operations has developed a Computerized Work and
Material Management system which is second to none but we did not
or could not at the time we built it, link it properly to the
other groups. The reasons were many, the hardware capabilities

4J2



were not available for one. But now, information technology is
available to make it possible to apply our collective experience
to establishing an efficient life-cycle WORK AND INFORMATION
MANAGEMENT SYSTEM. The Production Branch has started a large
initiative on application of Information Technology to the
Operating facilities. The 'INTEGRATED PROGRAM FOR PLANT DESIGN
AND CONSTRUCTION1 (IPPDC) is being developed by Design Branch and
piloted on Darlington data and on the Lakeview rehabilitation.

The intention is to develop and maintain a complete 'IPPDC' file
which will become a design information base which will serve for
the life of a station. If it is augmented to include Operations'
documentation, this will accomplish one part of the future need,
but it requires a considerable expansion of vision, and of the
pocket book. Many initiatives are underway at Corporate, Branch,
and Division levels for many aspects of our business.
Specifically, the Design and Construction Branch has development
underway on SYSTEMS for materials, coding, schedule, and costs.
The Bruce site is developing 'BIMS', Bruce Information Management
System which will network the entire Bruce Site and serve in a
Work, Material, Documentation, Staff and Cost Information system.

We must persist in the effort to develop and integrate across all
groups and in the long time frame, the following systems:

DESIGN AND OPERATIONS' DOCUMENTATION
MATERIALS MANAGEMENT
SCHEDULING AND WORK MANAGEMENT

THE PLAGUE OF CHANGES Figure Three

Changes have been the bane of Darlington and we have had to work
very closely between project groups to control them. The reasons
for the multitude of changes are well documented in the Ontario
Hydro submissions to the Ontario Nuclear Cost Inquiry, for
example, 30% of engineering by first concrete placement. This
was planned because of the heavy project work at the time. The
one fully integrated MANAGEMENT SYSTEM is the ECN DATA BASE
(Engineering Change Notices), which is one Data Base for all
three project groups.

The Operations' perspective on change must tend towards
conservatism and predictability. A design which gives reliable
performance is regarded as having paid the debts incurred by the
introduction of previous innovations and is, therefore, worth
repeating.
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A repeat design has many advantages:

The construction work force can consider it the next unit in
a set,

- The Operating Staff will not need retraining,
Commissioning becomes a check-out,
Schedule is predictable and efficient,
Operation and Maintenance becomes a refinement.

Darlington however, has seen changes in every aspect of the
project. The effect has been to change the schedule, enlarge the
engineering scope and complexity, cause rework of already
completed systems. The impact in cost has been enormous.

We make changes because:

The original design would not work, OR
The standards of nuclear, environmental and public safety
are raised beyond the capability of existing systems, OR

- New technology becomes available which appears to offer a
gain in unit performance, OR
We think we see a better way, OR

- Experience or events within the business dictates it.

Many changes have been unavoidable but the MANAGEMENT STRUCTURE
of the future can reduce the number, and will control the
introduction of the remainder. At the present time, we put all
proposed changes through a comprehensive manual review by a team
of design, construction and operations1 people. They are aided
by the ECN DATA BASE. But we need more up-front change avoidance
ability rather than change management.

All Groups, Regulators included, must very carefully consider the
change they advocate - does it truly enhance safety and
performance?, what is the value impact?, is it going to
introduce an uncertainty in the existing systems? An example is
the introduction of pipe restraints to the point where the pipe
is in danger of breaking, instead of allowing flexibility.

Value-Impact is the subject of an analysis report recently
prepared by Nuclear Safety Department (Report #90115). The
report objective is to provide a decision-aid for assessing
safety related changes and to limit the pursuit of
ever-decreasing event probabilities.

There are definite limits to the affordability of change.
Darlington on occasion has trespassed on these limits. If the
clock were to be put back, our SHUTDOWN SYSTEMS would be built
with relays in the direct Trip Logic. Test, Display and
Monitoring could still be in channelized computers.
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We have had some significant basic changes in design approach on
Darlington: Shutdown Systems with software trip logic;
microprocessors (OH180) for the majority of device operation
logic; cabling splicing instead of junction boxes for steam
hazard areas. All aspects of changes such as these must be very
thoroughly engineered. We have had difficulties with them which
can be avoided in the future with more up-front design time.

Recommendations in this area have been expressed in both the
"Project Schedule and Cost Reduction Study" and the "Ontario
Nuclear Cost Inquiry". Darlington Experience Reinforces them:

Assumption fll

The Regulatory basis for the design of the new project must be
known and it must be essentially licensed before a spade is put
in the ground.

Assumption (2)

The Engineering must be 70% complete and reviewed before the
structure rises above the ground.

CONSIDER THE LIFE OF THE STATION

What have we learned about the life time of a station?

Nuclear Units were expected to achieve their design lifetimes
with comparative ease. Experience indicates otherwise, all
systems need increasing attention with time and will eventually
require refurbishment in whole or in part.

In recognition of the inevitability of deterioration, Ontario
Hydro stations have had both life asrurance and life extension
programs under study for some years. INTEGRATED MANAGEMENT
SYSTEMS are a vital ingredient in both of these programs to
enable the efficient and effective application of resources to
prevent deterioration. The report issued in April 1990 on work
done on equipment design life by the Mechanical Equipment
Engineering Department (Report #89596) illustrates the immensity
of the task.

Co-Author Gord Phillips contributed to this report. He is
working at Darlington as Operations' contact and contributor to
the Schedule and Cost Reduction Project,laying the ground work
for the next nuclear project. Our experience in details of
commissioning, early operation and maintenance is being gathered
and fed back to the PSCR. In general, the hardware problems have
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been less than those normally expected except for the latest one
with the generator rotor. This has caused a three month hiatus
but when this paper is delivered. Unit 2 should be ready to
return to power with an assured fix.

An essential feature of Life Assurance is a preventive
maintenance program, founded on the COMPREHENSIVE EQUIPMENT AND
DESIGN DATA BASES. Our existing PM programs are in various
computerized formats at Darlington:

Callups and Routines in the WMS;
Rotating equipment vibration data in a separate computer;
Motorized Valve Test database (MOVATS);

- Environmental Qualification Databases (Engineering
developed).

The EQ Databases are a key component for on-going maintenance of
Safety Related Equipment. The EQ SYSTEM is probably the most
important Life Assurance and Configuration Management tool. When
fully developed, it can be applied to all station components and
this will be a major tool in arresting the deterioration of
equipment.

In the effort of a utility such as ours to maintain excellent
performance, 'provision of the resources required1, began to
emerge as a major issue during the past decade. The resources
needed are large and availability is finite so efficiency is the
key. The goal is to prevent serious problems. The means is the
MANAGEMENT AND INFORMATION SYSTEMS.

CONCLUSIONS

As we all appreciate all too well, configuration management is
the bottom line of the whole project life cycle. The most
serious responsibility of all staff is that of ensuring the total
consistency of design, regulation and station physical status —
in the myriad of instructions, manuals, procedures, commitments,
and modifications. Literally hundreds of thousands of pieces of
data describe the complete station and mirror its physical state.

In Darlington we are required to prove the match between physical
and documentary status by almost continuous audit, not the least
significant of which is the knowledge demonstrated by
authorization candidates in regulatory examinations.

Effective configuration management throughout the life of
Darlington dictates the completion of an INTEGRATED MANAGEMENT
AND INFORMATION SYSTEM.
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The next project must develop this to carry the project through
all its phases to the end of its life with as little
discontinuity as possible at each major transfer of
responsibility between groups.

The technology to allow this is available now. In the next five
years it will be developing at such a rate that we can probably
foresee each project worker with a hand terminal carrying the
information he or she needs. It could even be linked by a
wireless data link to the main project data banks (like a
cellular telephone and probably including one).

The primary application systems:

The DESIGN AND OPERATIONS DATABASE will be a complete
project information system containing at the beginning the
design concept, in the middle the field maintenance
procedure and operator training manual, and at the end
system performance data for a life extension decision.

The MATERIALS DATABASE will contain the original
specifications of equipment, have the capability of storing
the smallest spare part and allow it to be ordered to meet
environmental qualification needs at any time in the future.

The SCHEDULING AND WORK MANAGEMENT SYSTEM will allow control
of the work by all staff from designer to a maintainer, will
schedule turnovers from Construction to Operations on the
basis of the sequence of need in unit startup, and will plan
an outage to upgrade systems in station later life.

The APPLICATION SYSTEMS must all start with the premise that
the ultimate customer is the Operating and Maintenance
Staff. All transactions must be linked so that a change in
any one cannot be made in isolation to generate
incons istency.

These SYSTEMS should remove the manual discontinuities which now
exist between groups in the project and if they are put in place
at the beginning, have the potential to reduce the manpower needs
and to improve in-service date performance. A comparison can be
made to the 'just in time1 manufacturing processes which
stream-lined activities, transactions and materials flow.

The expectations on Darlington for perfection in Design,
Construction and Operations are very high. We see this in the
quantity of safety analyses, the number of audits, the operating
and training manual detail, and everything we do.
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The next nuclear project will carry even higher expectations, the
demands on management will be much greater. The INTEGRATED
MANAGEMENT AND INFORMATION SYSTEMS must be in place from the
beginning. The up-front investment will be very high and we must
make it.

APPENDIX

The video of the Nuclear Generation Division Material and Work
Management System developed and piloted by Darlington Operations
from 1984.
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INTRODUCTION

Successful technically based industries expect to be driven by
market forces to advance their technology. It has become a
cliche that industries which too strongly resist change will
decline. From the earliest days of nuclear power, there has been
excitement about new ideas and technical advances which allowed
many different reactor concepts to be proposed and built. This
has been a technology-driven industry. As the industry matured,
a mixture of successes, failures, economic realities, social
changes and political events led to a shakedown of reactor types.
Today new commercial orders are only considered for light
waterreactors (mainly PWRs) and CANDU reactors.

The long time involved in taking a new nuclear power station from
concept to commercial service and the need to improve economies
through standardization have combined to give significant inertia
to existing designs. The desire for continuing technical
improvement comes up against the attraction of repeating what has
worked before.

It is said that you shouldn't argue with success, but the
success of nuclear power must be tempered by some caution. There
have been accidents that elicited media attention and public
apprehension; anti-technology groups that focussed on nuclear
power as their special target; public concern for the environment
which has tended to equate technical sophistication with
environmental harm; a succession of nuclear plant construction
delays and cost overruns that produced specific economic failures
and threatened the overall economic position of nuclear power.
These problems have brought new incentives to change nuclear
technology.

In an industry with a history of being technology driven, an
industry where economic and other realities have slowed the pace
of innovation, there are now new reasons to innovate. Today we
face a profusion of improvements proposed for our existing
reactor designs, along with completely new reactor concepts aimed
at providing technical fixes to the problems encountered by our
industry. We must assess the degree to which each of these
proposals addresses and solves the real problems and whether or
not these cures may create their own problems.

It is not our intention to examine in detail the merits or
drawbacks of new reactor concepts such as PIUS, IFR, ABWR, APWR,
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MHTGR, PRISM, SBWR, SIR, SPWR, or new revisions of CANDU. The
aim is to look back to find what we have learned in getting where
we are, to examine the real challenges ahead, and to set
requirements against which new designs can be evaluated.

THE WAY WE WERE

In a number of countries nuclear power had its beginnings through
an uneasy link between military programs and a civilian utility
industry. The 1950's in the U.K. brought the Magnox power
reactors as an evolution from graphite-moderated plutonium
production reactors. Later changes led to the AGR. Then a
"second string" concept was evolved, the SGHWR, which was taken
to the prototype demonstration stage but subsequently dropped
from commercial development. Despite the promising beginnings,
the industry went through further changes of direction which
leave it today with a large number of operating Magnox and AGR
reactors, a partially built PWR, and much uncertainty about the
future.

France which also had an early start with its military program,
developed Magnox-type reactors and then moved earlier than the
U.K.to a single-minded dedication to PWRs. Their very successful
program is to a large degree due to this eventual clear focus on
making a success of a single reactor type.

Military programs for plutonium production were the starting
point of the RBMK graphite moderated reactors in the USSR. The
PWR (followed by a later variant, the BWR) began as a power
producing reactor for submarines and ships. Many (but not all)
of the requirements for marine propulsion units were a close
match to the requirements for electricity producing reactors on
land. The large development expenses funded by the military
needs assured early success when civilian versions were
engineered for electricity production.

When President Dwight D. Eisenhower of the United States made his
famous "atoms for peace" proposals in 1953, the world was ready
to see peaceful applications of nuclear energy. The political
stage was set and those countries with military nuclear programs
received the needed impetus to dedicate efforts and resources to
civilian applications. In countries without military programs,
there was a new excitement about nuclear energy possibilities and
promises of help from the nuclear military powers. The following
years saw important successes. In addition to civilian nuclear
power programs in every country (except China) where there were
nuclear weapons programs, major programs evolved in countries
like Germany and Japan where weapons programs had been
prohibited. In Italy, a succession of false starts led to
eventual disarray in the aftermath of Chernobyl.

The CANDU program in Canada is a particularly interesting success
story against this world background. Canada was an early player
in nuclear research during the second world war, but following
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the war quickly began to sever the connections between the
research and military programs. A Canadian nuclear power program
began to build on the heavy water reactor experience that had
started during the war. The CANDU reactor that emerged had no
military antecedents except for the use of heavy water as the
moderator. It was designed from the beginning to produce
electricity. Canada examined the work in other countries but
decided early that the heavy water concept had important
advantages that could lead to success. The Canadian program
could not afford the luxury of following two or three parallel
paths. The concept had to be right for electricity production in
Canada and had to be followed in a single-minded way. After cne
false start with a pressure vessel based heavy water reactor
design, the pressure tube concept was settled on. Successes
followed with NPD, Douglas Point, the large Ontario Hydro CANDU
Program and CANDU reactors in other provinces and overseas. This
history is very familiar to most of us.

Many of us believe that our program of CANDU reactors could have
been even more successful had we get there earlier. The early
military start for the PWRs was a clear factor in their success
and today's market dominance. But other early starts were not
successful. Other factors had to be right. Indeed the success
of CANDU is instructive because it depended more on those other
factors than on an early start. In hindsight, Canada's
relatively weak position as an industrial power presented rather
intimidating odds against a successful nuclear program. Yet
those odds were overcome. The factors that allowed this may well
help point the way to future success with advanced reactors.

INGREDIENTS FOR SUCCESS

From the lessons of past successes and failures, we can extract a
number of ingredients necessary for success. These ingredients
include:

• A focus which concentrates resources on real problems.

This may appear self evident and yet this may be one of the
most difficult tasks of management. It is easy to be
distracted by a new panic or poorly thought-out criticisms.
It is difficult to balance demands for resources against
fundamental requirements and other requirements which depend
on a shifting external environment. The need for competitive
economics is fundamental for example. A safe and
environmentally acceptable product is also essential, but it
is much harder to determine the appropriate levels of safety
and environmental acceptability than it is to set economic
targets. There are also more detailed technical examples.
Since pressure tubes are a fundamental feature of CANDU
reactors, then our resources must ensure that pressure tubes
will behave in predictable and acceptable ways in our plants.
Other technical improvements are important to remain
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competitive, but cannot be allowed to divert necessary
resources from satisfying the critical requirements.

• Professionalism in all areas — design. operation and
maintenance.

It is very easy, when problems arise, for one group to point
fingers at another. Operators can blame designers for
inadequate attention to ease of operation or maintenance.
Designers can point to operating errors. Past successes and
future successes depend on professionalism and close teamwork
amongst all groups. Professionalism means that each group
understands its own areas of competence and understands its
relationships with and dependence on other groups. Each group
acknowledges and depends on the expertise of the other groups.
For overall success it is essential that each group be
competent, understand its requirements and work to achieve
them in cooperation with all others.

• Teamwork among designers. suppliers. operators. and.
appreciation of each others requirements.

Professionalism leads to teamwork. The early partnerships
among AECL, Ontario Hydro, and Canadian industry were
essential to the early CANDU successes. Today we are again
strengthening and building on those early ties to help us face
the challenges ahead. It is not enough to have competence and
dedication in one of these areas if another part of the team
operates in isolation with its own unrelated sets of
requirements.

In the United States where there are many more players in
nuclear power, the successes are well correlated with
teamwork, competence and professionalism in all areas. In
analyzing the spectacular failures — shutting down of
operating plants (Rancho Seco), failure to start nearly
completed plants (Zimmer) — there has usually been obvious
evidence of major failures on the part of essential members of
the team, or in the workings of the team. Today in the United
States, there is a new partnership emerging in pursuit of
successful advanced reactors. The Department of Energy (DOE)
and. the Electric Power Research Institute (EPRI) are leading a
team of utilities and suppliers who are setting requirements
and leading the conceptual design of new smaller, more
advanced reactors. The obvious professionalism and teamwork
bodes well for their success.

This form of teamwork is familiar to us. We see a similar
model at work in AECL's CANDU 3 design team which has
systematically involved Canadian suppliers and CANDU utilities
from early in the design process.

Continued strengthening of this team approach will help assure
success for designers, utilities, and suppliers with whatever
new or advanced reactors are being built.
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• Simplicity in concept and in execution.

The use of nuclear reactions to produce heat, steam, and
electricity is inherently a very simple concept. This simple
concept has become complicated by requirements for
redundancy, back-up systems, exotic materials, protection
against real and hypothetical sequences of events, and other
concerns. Further complication has resulted from the complex
structure of the organizations that are put in place to
design, build, operate, regulate, and approve the plants we
build. Although it is difficult to argue that any of these
elements can be dispensed with, it is obvious that our overall
success will be greater if we find ways to meet all of the
requirements with simple designs, and if we execute these
designs with simple and clearly understood organizational
structures.

• Concentration on fixing weak links

The need to focus resources on the real problems has already
been noted. Weak links which may exist in a design or in its
execution, will create future problems. Sooner or later the
weak link will cause problems. Weak links must be exposed and
resources committed to fixing them. The Three Mile Island
accident occurred through a complicated sequence of events,
but a remarkably similar sequence had been terminated short of
an accident at a similar station (Davis Besse). Insufficient
actions had been taken to learn from that earlier experience.
Similarly the Soviets knew about clear deficiencies in
shutdown capability in RBMK series reactors. Until Chernobyl
they thought operating procedures would be enough to avoid
troubles from this major weak link. The lesson is obvious:
there can be serious consequences from neglected weak links.

• Sufficient work to keep technology current

In an ideal world, orders for our product would come at a
predictable and steady rate, our work force would change at
easily manageable rates, and profit levels would always be
adequate and predictable. We could then budget money and
resources to update our product line, and to plan the
introduction of new models at a steady pace to meet both
competition and client needs. The reality of our industry has
been a roller coaster ride of many orders clustered together
followed by a drought of new orders. In busy times it has
been difficult to divert resources from immediate problems to
planning our future technology. In lean times the major
challenges have been to find financing to keep technology
current, and to know where and when that new technology will
be used. The challenges of lean times have been the more
difficult of the two and can only be met over a limited time
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period. Therefore future successes require sufficient and
continuing work now.

• Willingness to question and decisiveness in answering
questions and moving forward.

Our technology is constantly being challenged by questions
from outside our industry. Many of these can be characterized
as disingenuous or based on a hidden agenda. Some represent
real concern. Because it is easy to dismiss or argue with
many of the questions, we must avoid dealing with all
questions this way. Whilst we may tire of some of these
external questions, we should learn to not discourage all
questions. When questions (internal or external) expose a
real issue, we can deal with it. For instance, evidence in
recent years has suggested somewhat greater risk from low
level radiation doses than had been assumed in setting
existing regulations for occupational exposure. While we can
take comfort in our safety margins, and take time to question
the evidence, there comes a time when we should be prepared to
accept new guidelines and move forward to work with them. Our
industry and our designs must have the resilience to deal with
both good news and bad.

• Appreciation of both risks and economics

The nuclear power industry has long taken pride in its ability
to design plants that are both economical in comparison to
alternatives and that carry the lowest overall health and
environmental risks to society. We have seen in recent years
examples of nuclear power stations whose costs escalated to
the point that they became uneconomical. We also know that
some plants have brought unexpected risks. We are faced with
continuing low coal prices which challenge our abilities to
keep nuclear power competitive — especially in the face of
escalating regulatory requirements. We also serve a public
that has shown increasing intolerance to any health and
environmental risks. In this day and age, we must steer a
course that minimizes real risks and still allows the plants
to be economical. While this is not easy, it is the only
course to success, since our products can only be sold if they
achieve both targets — good economics and minimum health and
environmental risk.

• Openness among team members and with the public

The nuclear industry has sometimes been criticized as
secretive or less than candid. The criticisms have arisen as
society's needs for information changed. We thought we were
supplying information but it failed to come in the form that
our public expected. We chose our words very carefully and
qualified our positions in order to be scientifically precise.
We were seen as dissembling. We provided long technical
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answers and were viewed as deliberately trying to obscure.
Our critics made short, outrageous statements and were
perceived to be believable. It has taken us a long time to
learn how to cope with the media and our public. We have
gotten our message to many public leaders but still have too
high a percentage of society expressing their mistrust. Our
only way to counter this is to continue to increase our
clarity, our openness, our frankness, and our accessibility.
To be fully open with the public, it is obvious that we must
also be fully open with each other.

TODAY'S CHALLENGES

The ingredients for success must be seen in the context of
challenges to be addressed. The words risk and economics have
been used many times. All of the problems and challenges reduce
in some sense to either health and environmental risk, economics,
or someone's perception of such risk or economics.

Under the heading of "risk" we can list

- Accidents (worker and public exposure)

- Routine releases

- Ongoing worker radiation exposure

- Waste management (environmental effects)

- Weapons proliferation

- Decommissioning (waste management aspects)

The heading of "economics" includes

- Changing regulatory requirements

- Licensing uncertainty

- Design and construction cost overruns and schedule delays

- Increasing initial capital requirements

- Economic cost of accidents

- Costs of waste disposal and decommissioning

- Escalating staffing and maintenance requirements

The challenge facing the nuclear power industry is to both
operate our existing plants and to plan for future ones so that
each of these factors is understood and controlled. The overall
economics of nuclear power must remain attractive relative to
alternatives. The health and environmental risks must be small
and understood to be small — especially relative to
alternatives.
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FACING THE CHALLENGES

Of the two classes of challenges, risk and economics, economics
is the easier one to come to grips with. Cost targets can be set
based on alternatives and the market, and cost estimates can be
made based on known factors. There are uncertainties in cost
estimates due both to unknowns at the time of estimating and
changing conditions. There are some ways to reduce but not
eliminate these uncertainties. We can take comfort that we have
likely met the challenge when our estimates show wide margins in
favour of nuclear power over the alternatives. When the plant is
built, we eventually know with certainty how close our estimates
come to reality.

Facing the challenge of health and environmental risk reduction
is more difficult. It is difficult to establish realistic
targets. It is difficult to know if we have achieved them. Even
when we have evidence that we have met very stringent risk
targets, we may not convince a skeptical public that we either
set or met the right target. The targets that we are expected to
meet may be changing as we work to achieve them.

Meeting new and more difficult targets, whether related to
economics or to risk, can be done either with radically new
designs (revolutionary) or with strategic improvements to
existing designs (evolutionary). Both approaches are in evidence
as the world looks at advanced reactors as the way to meet more
difficult requirements. In most cases where the advanced reactor
is revolutionary (PIUS, PRISM, SIR, etc) the new concept has been
driven by the desire to reduce risk. There is an assumption on
the part of some proponents that if the reactor get? really close
to "inherently safe", good economics will follow — at least
after the prototype stages. The ultimate economic success of
most such proposals is still, however, very much in doubt.

In another set of advanced reactor concepts (CANDU 3, ABWR, APWR,
etc.) the approach has been to start with existing products whose
economics and risks are well understood and make incremental
improvements in both areas. If the economics and risks are
already well understood through a sound track record, then
reliable predictions can be made of the advanced reactor's
performance. An evolutionary improvement requires no prototypes
and has excellent chances of meeting its targets. Its
predictions can be substantiated — but the designers are also
precluded from making extravagant claims for radically better
safety or economics — likely a good thing in the longer term.

In the early days of our industry, a significant economic edge
for nuclear power appeared to be very likely. Achieving
acceptable health and environmental risk levels was not seen as a
problem. Governments and the public were anxious to proceed.
Today we have reluctant governments and a more reluctant public.
Good economics are not guaranteed. Risk aversion is rampant.
The case to build a new model of nuclear power plant has to be
very positive and clear. Gathering support for a case to build a
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radically different plant would be an extremely expensive
process. The numbers and claims would almost certainly be
challenged. For a new concept to pass this phase, it would
necessarily represent an obvious and overwhelming improvement
over existing plants. In reality, most of ^he radically new
concepts don't offer such overwhelming improvements. The safety
concepts ("inherent safety") appear attractive but in dealing
with already very small risk probabilities, it is difficult to
prove major improvements. Presently unidentified risk paths
could be revealed under further study — or perhaps after a
prototype is built. Radical economic improvements aren't offered
by this class of advanced reactors. On first viewing, a number
of them appear likely to be more expensive. In this climate, it
appears unlikely that prototypes of any of these "passive" safety
designs will be built in the immediate future.

The situation for advanced reactors based on today's commercially
successful plants is quite different. There is demand building
for new electrical generation now. It is a given that new
nuclear power stations must continue to lower health risks to
workers and the public. The regulatory agencies have continued
to emphasize this direction. But equally important to any
utility contemplating new generation is a need to control
economic risks. Taking a design with known costs and modifying
it by using proven advances and simplifications is a method of
achieving controllable future costs. This is very much the
approach that AECL has taken with its advanced design — The
CANDU 3. This is a plant that can meet power demands of the
1990's at predictable costs.

REQUIREMENTS FOR FUTURE PLANS

In undertaking the CANDU 3 design, AECL established key
requirements which have been discussed in other CNA and CNS
papers this year and in previous years. In parallel, other
groups in other countries have been establishing their own
requirements for next-generation reactors. It is instructive to
examine these requirements and to note the striking similarities
in the conclusions of these separate groups.

In the United States, the Department of Energy has funded a study
of advanced reactor designs led by the Electric Power Research
Institute (EPRI). EPRI has used a committee of utility
representatives and contracts to supplier companies to establish
sets of requirements — a first phase for evolutionary light
water reactors and currently for more revolutionary concepts.
The results of the first phase have been published in 13 volumes.
The detailed requirements are closely tied to existing light
water reactor concepts and experience, but a broad overview could
summarize them under the following headings:

Safety
Simplicity
Conservative design margins
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Reliance on experience
Focus on utility needs
Elimination of regulatory uncertainty
Performance
Economy

In comparing this list with the requirements established for the
advanced CANDU, it can be shown that every one of them has been a
part of the CANDU 3 requirements set. In defining the
requirements some natural differences in emphasis have occurred
because of existing differences between CANDUs and LWRs. For
example, the desire for improved safety in LWRs has concentrated
on items such as reducing the core melt probability and
introducing more passive features to the safety systems. Both
these objectives are reflected in the CANDU 3 design but have not
featured as prominently because CANDU reactors already have more
passive safety features and an order of magnitude lower core melt
probability than existing LWRs.

Advanced reactor programs have also pursued related aims in other
countries. Japan worked throughout much of the 1980s on designs
for the Advanced BWR and the Advanced PWR. The first of the
ABWRs are now being built in a 1350 MWe unit size. The US
program for smaller advanced LWRs benefited from GE and
Westinghouse involvement in the Japanese programs and continuing
links exist. Some differences are also evident such as the
continuing Japanese preference for larger reactors while, at
least in some circles, the United States looks with more favour
on smaller ones.

THE CANDU FUTURE

The advantages of the CANDU concept are familiar to this
audience. Many of those advantages come from characteristics
that can only be described as advanced. The use of a moderator
separate from the coolant has given a number of advanced
characteristics — shut-off rods that can drop under gravity in a
low pressure environment and, hence, can't be accidentally
ejected, a back-up heat sink if emergency core cooling were ever
lost in combination with a loss of coolant accident. The CANDU,
in its natural uranium form, is a better conserver of uranium
than the LWR. But in addition, the CANDU is flexible in its
coolant and fuel cycles and has the potential to be even more
uranium efficient with other fuel cycles.

The CANDU 3 is being designed with evolutionary improvements to
give excellent economics and safety. In its initial versions, it
will still be fuelled with familiar 37 element fuel bundles and
natural uranium. In parallel, AECL has been developing the 43
element CANFLEX fuel bundles, and the CANDU 3 designers have
ensured that the CANDU 3 will be able to gain advantages from
future use of CANFLEX. The advantages come not just from
improved margins, but from direct use of other fuel cycles such
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as Slightly Enriched Uranium (SEU) or tandem cycles in the future
CANDU 3's.

The CANDU concept has sometimes been criticized by outsiders
because of the positive void coefficient in the natural uranium
versions. This characteristic has been incorrectly seen as
seriously increasing risk. The reality is that CANDU has a near
zero power coefficient which makes it behave rather benignly and
predictably in the presence of a wide range of disturbances, some
of which would cause significant reactivity excursions in other
reactor designs. The effects of the small positive void
coefficient in the most severe postulated accidents are fully
countered by the dual redundant shutdown systems, to the extent
that overall risk in CANDU designs is noticeably less than in
other commercial reactors today. Despite the fact that the
positive void coefficient does not significantly influence the
safety of today's CANDU reactors, some benefit in public
perception might accrue if future designs reduced the void
coefficient. This becomes achievable in combination with enriched
fuel cycles and is a future direction that we may see for CANDU.

Many of the improvements in the CANDU 3 design will show up in
future versions of larger CANDU reactors. In addition, some
safety related systems which today rely on active components may,
in future designs, incorporate more passive features. Yet the
basic CANDU concept of pressure tubes and a separate moderator is
still secure. W.B. Lewis, in some of his papers, foresaw a very
long future for CANDU in various incarnations. Those projections
are still on course.

CONCLUSIONS

It speaks well for the resilience of the nuclear power industry
and the inventiveness of its engineers and scientists that after
more than 50 years of fission we are still able to propose new
and interesting ways to design power reactors. Our challenge is
to integrate the best of the new ideas with the successes to date
in such a way that we move forward on all fronts. It would be
both impractical and a mistake to at this time abandon our
successes to pursue the chimera of inherent safety in radically
new designs. It is essential that we keep advancing our
technology. We will only regain the support necessary to
construct more advanced new designs when we have continued to
demonstrate competence in operating and enhancing today's
commercial technology.
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