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FOREWORD

This volume contains the Proceedings of the Technical Sessions from the
31st 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 are generally published as
submitted by the Authors. Responsibility for the content of each paper
rests solely with the Author.

These Proceedings are copyrighted by the Canadian Nuclear Association.
Requests 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
144 Front Street West, Suite 725
Toronto, Ontario, CANADA M5J 2L7

AVANT-PROPOS

Ce volume contient les actes des seances techniques de la 31* Conference de
1'Association nucleaire canadienne. Comme dans les annees passees, la
Conference annuelle de la Societe nucleaire canadienne s'est tenue en meme
temps que la Conference de 1'Association nucleaire canadienne.

Les communications ont ete redigees selon un format standard, sur des
feuilles fournies par 1'Association nuclcaire canadienne et sont
generalement publiees telles que soumises par les auteurs. Le contenu de
chaque communication n'engage que la responsabilite de son auteur.

Les actes de la Conference sont proteges par un droit d'auteur detenu par
1'Association nucleaire canadienne. Pour toute demande de renseignements
sur ces actes, pour obtenir l'autorisation d'en reproduire une quelconque
partie ou pour en commander un exemplaire, s'adresser a:

Association nucleaire canadienne
144, rue Front Ouest, suite 725

Toronto (Ontario) CANADA M5J 2L7
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OUR GLOBAL ENERGY FUTURE AND THE ROLE OF NUCLEAR ENERGY

Thank you for inviting me to the uranium capital of the world. Do
you know that Canada exports about 5 tiroes as much potential
energy in the form of uranium as it does in all the coal, oil, gas
and electricity it trades? That is when the uranium is used in
current reactors. It will eventually be used in much more
efficient reactors so the energy potential exported is, in fact,
about 200 times that in our other net energy exports. On this same
basis Canada has exported, or contracted to export, potential
energy as great as that probably available in all our coal, oil,
gas , and tarsands.

That's about all I am going to say about uranium. You invited me
to speak about global energy.

I propose to begin with a brief review of the present situation
and then to look ahead with a few particular remarks about the
role of nuclear power.

Man uses, in the sense that he controls, about 350 EJ of primary
energy annually. About two-thirds of this is used by the billion
people in the Industrialzed Countries; one-third by the 4 billion
in the Developing Countries.

WORLD ENERGY USE
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FIGURE 1
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The Use of Energy

About a third of the world's energy is used in keeping warm (or
cool) and in the production, preservation and preparation of food.
About a third is used in industry and most of the rest in
transportation.

FINAL ENERGY DEMAND
37 MARKET ECONOMY COUNTRIES
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FIGURE 2
Figure 2 shows the division of final energy demand in 37 of the
world's most important market economy countries for the years 1970
and 1987. Use of energy in industry grew by less than 10% over the
period, its share of the total actually falling from 39% to 34%,
as efficiency increased. The use of energy in transportation on
the other hand grew by about 50%, its share rising from 24% to
29%, as more people enjoyed more individual mobility and as the
speed and range of travel of people and goods increased.
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Where It Corpes From

Having mentioned how much we use, who uses it, and what we use it
for, let us now look at where we get it.

ENERGY SOURCES
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FIGURE 3
3 shows the various energy sources for the world as a

The traditional source, the main source until this century, and
still the most important source in terms of the number of persons
dependent upon it is Biomass. It provides about 12% of the world's
primary energy.

Today, however, most of the world's energy comes from the fossil
fuels - coal, oil and gas. Coal provides about 28% of world
energy; oil about 33% and gas about 18%. The use of oil has been
tempered by uncertainty arising from the nationalization of Middle
East supply in 1973, conflicts in that area and, to a lesser
extent, from accidents such as that to the Esso Valdez and the
explosion on a North Sea production platform a couple of years
ago. There has never been a shortage of oil; but panic buying and
speculation at each of these crises has caused oil prices to
fluctuate through a range of 3 to 1 and induced a kind of
ambivalent "off-oil" attitude among importers. The result is that
oil consumption, which increased so rapidly until the early
seventies, has been relatively flat since then. Coal and gas and
electricity from these and from hydro and nuclear power have
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provided the hulk of the
decades.

increase in energy supply in the last two

Hydro and nuclear power each now provide about one-sixth of the
world's electricity or 5% of world energy. As the newest source of
energy, nuclear power has increased dramatically to surpass hydro
in only 30 years. It will increase another 20% as plants now under
construction come on Jine in the next few years. Then, however,
its growth will stall for a decade or more because of the dearth
of orders for new plants since the late seventies and the time
required to overcome concerns about it.

For the world as a whole biomass lies between hydro and nuclear on
the one hand and the fossil fuels on the other in terms of the
amount of energy supplied. Its relative importance in the two
parts of the world - the Developing and Industrialized Countries -
is quite different, however.

ENER6V SOURCES - DEVELOPING COUNTRIES
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FIGURE 4
Figure 4 shows the energy sources in the Developing Countries "to
the same scale as that in Figure 3 for the world as a whole.
Biomass is the largest source, supplying about one-third of those
countries' energy.



ENERGY SOURCES - INDUSTRIAL COUNTRIES
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FIGURE 5
Figure 5 shows the same thing for the Industrialized Countries,
again to the same scale. Biomass, since the mid-seventies when it
was surpassed by nuclear power - the latest source of energy, is
the smallest source in these countries, providing only 2 or 3% of
their energy. It is not so much that the Industrialized Countries
have turned away from Biomass. In fact the United States and
Canada produce about the same amount of energy from Biomass as
does tropical Africa (that part of the continent between the
Sahara and the Union of South Africa) - a region with very nearly
the same population. The difference is that the Industrialized
Countries derive so much energy from other sources.
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PROSPECTS

With this brief review of the present situation we can now turn to
the future. In doing so I will draw on World Energy Council
publications for historical data and projections of energy use to
2020, and for estimates of energy reserves and ultimately
recoverable energy resources. I will use logistic extrapolations
to relate the resource data to the current use data to produce
long term projections of energy use. Although the long term
projections extend to 2160 they are not to forecast that far ahead
but to provide a plausible quantitative base for conjecture about
the next few decades.

PROSPECTIVE MEED

First what does such an approach suggest as the possible energy
requirement?

Population

A basic f&ctor determining how much energy the world will use is,
of course, how many people will be using it.

WORLD POPULATION
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FIGURE 6
Figure 6 shows six things. Historic data for the population of the
Industrialized and Developing Countries for the past three
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decades; World Bank (or U.N.) projections for the next three
decades and logistic projections of those data out to 2160.
Population growth in the Industrialized Countries has been slowing
for many years. Now at 1.3 billion it appears that it will level
off near 2 billion. The logistic extension of population for the
Developing Countries, with a very good fit to recent statistics
and World Bank forecasts to 2020, suggests this population will
level off at between 9 and 10 billion.

Specific Energy Consumption

The other component of energy demand is, of course, the amount of
energy which each of these people will use.

SPECIFIC ENERGY CONSUMPTION
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FIGURE 7
Figure 7 presents historical data from I960, projections for two
scenarios for 20&0 and 2020 from "World Energy Horizons" published
by the World Energy Council in 1989, and logistic extensions for
the Industrialized and Developing Countries. (To put these data in
perspective the specific consumption in both the USA and Canada is
above 300 GJ/person). For both the Industrialized and Developing
Countries it was only possible to fit the upper projections for
2000 and 2020 with a logistic curve that fitted the historical
data. Nevertheless the extensions are very moderate.
For the Industrialized Countries specific energy use saturates at

210 GJ/person, about 15% above the present level. When it is
remembered that the region includes energy-poor areas such as the
Mediterranean countries and that, even within the richer areas,
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there are energy-poor people, such a projection does not seem out
of the way.
The projection for the Developing Countries saturates at 45

GJ/person, about 50% above the present level. This is not quite as
depressing as it seems because this is primary energy. There is
considerable scope for improving the efficiency of use of biomass
in these countries, better stoves and anaerobic biogas generators
being two examples. Neverthsless 45 GJ/ person is not very much by
our standards. The acceptance of this figure does not mean that I
think the Developing Countries are condemned to a mean existence
so long as their numbers are high. On the contrary, we almost have
the technology today to provide ampl« energy for a large
population for countless years with nuclear energy through
electricity and synthetic hydrocarbons. Technology, however, is
only one piece in the puzzle. It requires broad and deep
dissemination of extensive knowledge of all kinds and the
accumulation of large amounts of capital wealth to effect the
change; and these things have to be achieved and applied in a
real-world, real-time economic, social and cultural environment,
sometimes making progress, sometimes slipping back. Nevertheless,
unless we do something very stupid, I believe that in two or three
centuries most of the world can be living as "well off", in a
material sense, as the more fortunate parts of the Industrialized
World are .today.
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Total Energy Consumption

What do these projections of population and specific energy use
imply in the way of total energy use?

PRIMARY ENERGY CONSUMPTION
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FIGURE 8
Figure 8 shows the result. Energy use in the Developing Countries
would overhaul energy use in the Industrialized Countries in about
70 years. Over the same period total energy use world-wide would
double - an average increase over the period of about 1% per year.

ENERGY SUPPLY

Where might this energy come from? Evident sources are those that
we are already using: biomass, fossil fuels, hydro and nuclear
power. Remembering that it has taken 40 years for nuclear power to
reach 5% of world primary energy supply and natural gas 70 years
to reach 15%, it seems safe to say that there is nothing new on
the horizon with sufficient promise to make much of a contribution
for, at least, several decades. Let us then see what existing
sources might do.

- 13 -



Biomas

WORLD 8ICMASS ENERGY

1960 2010 2080
* HISTORY — LOGISTIC
O "WEH" M a "WEH" L

2110 2160

FIGURE 9
Figure 9 shows this. Again it was only possible to hit the upper
projection for 2020 with a logistic curve that fitted the
historical data fairly well. Even then the curve bends over quite
sharply saturating at about 50% above the present level of supply.
This is consistent with the increased agricultural wastes
associated with a doubled population and accords with any sense
of "sustainable development". It appears that to attempt to use,
say, twice as much biomass as we are using today would be to
invite very serious problems.
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Fossil Fuels;

The greatest source of energy today is the fossil hydrocarbons.
Let's see what they can do.

Oil

Let's begin with oil, the largest source today.

WORLD OIL CONSUMPTION
300 Gtoe ULTIMATE RECOVERY
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FIGURE 10
Figure 10 shows the recent historic data and projections for
conventional oil. The logistic projection is based on ultimate
recovery totalling 300 Gigatonnes oil equivalent (about 85 Gtoe
Have been used to date and proved recoverable reserves are about
120 Gtoe). 300 Gt is slightly above the average estimate from a
Delphi poll of 28 experts conducted 15 years ago for the
Conservation Commission of the World Energy Council. ( A recent
discussion with
Pierre Des Prairies, author of the report on oil, confirmed my
opinion that nothing has happened in the intervening years to
suggest altering this.)

The logistic curve indicates conventional oil consumption peaking
in 20 years, although the "World Energy Horizons" projections
suggest something later. The estimate of 300 Gt ultimate recovery
could be wrong or the pattern of use may not be logistic or both.
There are large reserves in the Middle East that are inexpensive
to extract so the peak may well be sharper than shown. However,
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there is going to be such a peak and probably within a very few
decades.

Tar Sands and Oil Shales

There are about 300 Gtoe of oil shales "proved in place" and about
400 Gtoe more estimated in place, two-thirds of each in the United
States. There are also nearly 300 Gtoe of natural bitumen "proved
in place" , mostly in Canada, and 50 Gtoe more "estimated
additional reserves". There are important deposits in Venezuela
and elsewhere that are not properly accounted for in the above
figures. It is impossible to guess how much of these resources
there really are and how much might ultimately be recovered. They
are a very significant resource, however, and have to be taken
into account in a long range projection. Accuracy, though, is net
critical for an energy source that will not be important in world
terms for several decades. For convenience and because I think it
is in the sandlot (an ill-defined ballpark) I have used the same
logistic curve for these resources as the one for conventional
oil, displaced 100 years.

Gas.

WORLD GAS CONSUMPTION
320,000 CUJ<M ULTIMATE RECOVERABLE
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FIGURE 11
Figure 11 shows the recent history and projections for natural gas
use. Gas resources are apparently about 90 % those of conventional
oil in terms of energy content. Proved recoverable reserves at the
end of 1987 were 109*1012 m3. Somewhat less than 50 have been used
to date. The estimate of 320*1012 m3 "ultimately recoverable" used
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for the logistic projection in Figure 11 is derived from the
energy estimate for this resource in the WEC Conservation
Commission report "World Energy - Looking Ahead to 2020".

Coal

WORLD COAL CONSUMPTION
3.4 TToe ULTIMATE RECOVERABLE
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FIGURE 12
Coal is the largest fossil hydrocarbon resource. Total estimated
resources are about 10,000 Gtce; proven recoverable reserves, 1300
Gtce. Less than 200 Gtce have been used to date. Production in
1987 was 4 Gtce. The estimate of 3400 Gtce ultimately recoverable
resources for coal, on which the logistic curve in Figure 12 is
based, is about 3 times as great, in energy terms, as the
estimates for ultimately recoverable conventional oil, natural
gas, tar sands and oil shales combined. The important implication
of Figure 12 is the quadrupling of coal production over the next
century, from the 4 Gtce rained in 1987 to 16 Gtce per year, a
growth rate of about 1.5% per year. It implies thousands of new
mines and trains, hundreds of ships and tens of thousands of
trucks - big stuff, but quite credible over that period.
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Hy_dro_
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FIGURE 13
Figure 13 shows the recent history and projections for hydro-
electricity in terras of equivalent primary energy (taken as 2.6
times the electrical energy). The authors of "World Energy
Horizons" anticipate hydro-electric generation doubling over the
next 30 years. The logistic curve suggests a further doubling over
the next 50 years. This is based on ultimate generation being
equal to the estimated generation from all "Exploitable
Capability" as given in the "1989 Survey of Energy Resources"
published by the World Energy Council. As an example the data for
Canada are: Gross Theoretical Capability - 1240 TWh per year;
Exploitable Capability - 593 TWh/yr (48%); Generation in 1987 -
313 TWh.
The logistic projection implies nearly doubling hydro capacity in
Canada over the next century and Canada, the world's largest
producer of hydro-electricity, is highly developed in this
respect. It implies massive developments in the USSR, China and
other parts of Asia, and Africa.

- 18 -



Nuclear Energy
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FIGURE 14a
I am using the term "Nuclear Energy" to include both fission and
fusion. However, since any contribution from fusion is still
conjectural and quits distant (although I believe it will come)
the logistic projection in Figure 14a depends only on a feasible
contributon from fission. There is no foreseeable limit to the
amount of energy available from nuclear fission<1>. I have taken
as a temporary plateau for nuclear energy (nuclear fission) 1000
EJ/yr, sufficient to meet the projected total "requirement" of
Figure 8. The logistic extension from current data given in Figure
14 indicates this level might be attainable in a couple of
centuries. However, since these projections have not been produced
to make long-range forecasts but to help us see where we may be
headed in the next few decades, Figure 14b shows the recent
historical data, the projections in "World Energy Horizons" and
the logistic curve just described out to 2060.
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WORLD NUCLEAR ENERGY
PLATEAU : 1OOO EJ per TEAR
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FIGURE 14b

The expansion coefficient is less than those for oil and gas but
more than that for coal. It is nearer to the former. It implies an
installation rate of nuclear-generating capacity in 2060 of about
60 GW a year. That is only about twice what has already been
achieved. It also would imply, with the types of fuel cycles now
beint? used in current reactors, the consumption of about 10
million tonnes of uranium out to 2060 and an annual consumption at
that time of about 300,000 tonnes . It is feasible, but it is
certain, with such growth, that interest in development of the
more advanced reactors and fuel cycles would have revived well
before then. That wouldn't ease the fuel demand to that time but
it would be necessary to ensure a continuing high level of
nuclear-electric generation..
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P u t t i n g It. All

If we now put the possible supplies which we have just reviewed
with the prospective requirement developed earlier the result is
Figure 15.

700

600

5
V.

O.
in

y
83
>c
Ui

500

400

300

200

100

o

FOSSIL FUELS

1960 2010
— COAL

GAS

2060
— CONV. OIL
— TSOS

2110 2160

FIGURE 15a
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POSSIBLE WORLD ENERGY SUPPLY
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FIGURE 15b
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FIGURE 15c
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The projections out to 2160 are shown. It is only fortuitous that
the Supply and "Need" match so well out to 2050. The divergence at
that point suggests that in 60 or 70 years there may be greater
scope for trade-offs among the rates of development of coal, the
tar sands and oil shales and
advanced nuclear fuel cycles, and more energy available for the
Developing Countries. However, we are focussing on the next few
decades. The purpose of the longer projections was only to ensure
that what we might envisage for the near term was consistent with
longer term possibilities.

Energy demand and supply have doubled in the last 30 years. The
requirement developed earlier, which is labelled "NEED" on the
diagram, suggests a further doubling in the next 70 years (an
increase of about 1% per year). The diagram also indicates that
all the projections of supplies are needed to approximate the
requirement. Some might argue that improvements in efficiency
could materially reduce the need. They will reduce the need from
what it might otherwise be but they are already incorporated in
the diagram. The projections are projections of experience and
this experience includes a continual trend of improvement in
efficiency.

The projections do not incorporate any possible effects of
"conservation", that is changes in lifestyle induced by other than
normal economic processes.

The point I wish to make from this exercise is that extension in
the use of energy, on even a fairly moderate basis, will, for
several decades at least, require the use of all our present
energy sources at rates that are a natural extension of historical
rates, trending toward maximum practicable exploitation for all
but nuclear energy.
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THE ENVIRONMENT

The increased use of energy will entail increased mesures to
protect the environments. In particular this will entail the
removal of acid gases from stationery plant flue gases and more
and more efficient transportation equipment with emission
controls.' In time it will lead to the use of simpler fuels, such
as methanol, and to the use of electricity for transportation in
urban areas. There will probably >e increased resistance to the
use of biomass and hydro as hinterland dwindles.

None of these things will materially alter the amount of C02
released.

ATMOSPHERIC CARBON DIOXIDE
FROM FOSSIL HVDROCARBONS (STACKED)
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FIGURE 16

Figure 16 shows the fossil fuel component in Figure 15 and the
consequent increase in carbon dioxide in the atmosphere. Based on
current notions the CO2 would be increased by about 50% in 80
years and doubled in about 170. Incidentally this is approaching
i t s peak value.
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FIGURE 17

The longer range projections in Figure 17 show that even if
fosssil fuel use is held at present levels the rate of buildup of
C02 would only be halved.

Billions of people depend on fossil fuels. Hundreds of millions
are employed in connection with their use. The world is not going
to forego fossil fuels on anywhere near the scale necessary to
have any substantial effect on C02 buildup.

CONCLUDING REMARKS ON NUCLEAR POWER

Regardless of what happens with the fossil hydrocarbons nuclear
energy will play a major role in the supply of energy. When the
fossil hydrocarbons have run their course nuclear and possibly
some solar energy, through the media of electricity, hydrogen and
synthetic hydrocarbons, will provide the bulk of the world's
controlled energy and in sufficient quantity to provide ample
energy for all.

The burning question, however, is what will happen in the next few
decades. There is a wonderful opportunity for nuclear energy , as
the world requirement for energy, and particularly electrical
energy, grows.
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WORLD ELECTRICITY
38 NATIONS INCL'G ALL MAJOR PRODUCERS
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FIGURE 18
From 1970 to 1987, as illustrated in Figure 18, the primary energy
used to produce electricity increased from 30% to 40% of total
primary energy consumption. (In this graph hydro-electric energy
has been multiplied by 2.6 to produce an equivalent primary
energy). This trend is expected to continue as electricity brings
greater efficiency and more congenial conditions to more and more
processes. The use of electricity in transportation will expand,
eventually extending to private vehicles. In the first instance
this will probably be to improve urban atmospheres. In the longer
run nuclear energy will provide thermal energy and hydrogen as
well as electricity. When that time comes the balance in cost
between electricity and alternative energy forms for
transportation will be different and electricity will probably
have an important share on economic grounds.
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SOURCES OF ELECTRICITY
38 NATIONS INCfG ALL MAJOR PRODUCERS
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FIGURE 19
Figure 19 shows the sources of electricity in 38 countries,
including all major producers, for 1970 andl987 (USSR 1985).
Electricity supply doubled in that period. The contribution from
oil remained unchanged in absolute terms, its share declining from
20% to 10%. The contributions from coal, gas and hydro all
increased substantially and, in that relatively short period,
nuclear power grew from virtually nothing to equal hydro. These
trends are likely to continue.

Nevertheless there is going to be a pause in the expansion of
nuclear power because of the dearth of net orders from 1975 to the
present. This is brought out draraaticalliy in Figure 20 which
shows the number of units in operation and under construction.
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WORLD NUCLEAR POWER UNITS (OVER 150MW)
1954-1990
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The reason for the halt in ordering was, contrary to the common
belief, because the market was satisfied. The same thing happened
with other types of generation. The requirement for large
increments of electrical generating capacity will return. I don't
need to tell you that to assist nuclear to take early advantage of
the turnaround a few things need to be improved.

Interest rates today are twice what they were when nuclear power
programs began and are likely to remain there for some time. That
works against capital-intensive systems like nuclear power. There
isn't much the industry csn do about that but there are related
things that can and must be addressed. Nuclear power plants are
now taking 12 years or so to build. This needs to be brought back
to 7 or less. This will require advance engineering and regulatory
approval and, probably, modular construction. Wolsung 2 should
help show the world what can be done. Operating costs, other than
for fuel and other consumables, are much higher than originally
anticipated. Design and operating and regulatory arrangements need
to be altered to improve this.

The other problems, as I see them, are perception problems: Three
Mile Island, Chernobyl and waste management. These are all self-
inflicted wounds.

No-one was injured at Three Mile Island but a unit was effectively
written off. Public concern is probably ofless consequence now
than memory of the event in boardrooms. On the favourable side is
the fact that more than twice as much nuclear-eleectric energy has
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been produced by water reactors since TMI than before without
another accident approaching it in terras of damage.

Chernobyl is different. 31 people fighting fires and staying at
their posts in the control room were killed and hundreds, perhaps
thousands will suffer serious delayed effects, in some cases
leading to premature death. The recent report of the international
panel of experts convened under IAEA auspices confirmed the
impression that I gathered on a visit to Chernobyl, the Pripyat
organization and the Radiological Research Center in Kiev last
November that Russian reports of effects are as correct as the
situation allows. This was an inexcusable accident in a reactor
susceptible to causing widespread damage. Nevertheles the accident
is now part of the statistics. Even taking the total likely
casualties for that accident into account, however, nuclear power
has proven to be as safe as the safer industries such as
manufacturing and air travel on an equivalent value basis.

Continued safe operation can eventually erase TMI and Chernobyl as
deterrents to the resurgence of nuclear power.

Waste disposal is a different matter. Nuclear wastes, unlike other
wastes; are not dispersed; there are decades of experience in
safely managing thousands of tons of them during their most
dangerous stage; and the long term toxic materials are not much
more dangerous than lead, arsenic and other common toxic elements
and compounds. Despite this, decades and billions of dollars are
being spent on research into the safest storage devisable, much
more than for any other toxic material, no matter how dangerous.
This can only convey that the materials are the most dangerous
known and we do not know how to handle them.

It is not clear just how this will evolve. It's a classic example
of a tiger by the tail.

Could Canada dare to be the first to take the position that we are
not the last intelligent generation? Could we dare to say that we
owe nothing more to posterity than to leave the wastes in a very
safe and manageable state? After all, the risk posed to all
posterity is orders of magnitude less than the risk to the
generation that enjoyed the energy and very small in relation to
the many other risks that one generation bequeaths to those that
follow.

Although I don't see how this problem will be resolved I have
absolute faith that it will be. There is a kind of law of chaos
that guides human affairs. Somehow out of a welter of nonsense
common sense prevails. If it were not so we would long ago have
vanished.

I remain very optimistic that the common sense that is needed to
render nuclear power economic and attractive again
will very soon put nuclear power back on course to provide an
ever-increasing share of world energy.
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(1) "Proved Reserves" of uranium (Conventional resources
recoverable at less than $US130/kg at the end of 1987 in market
economy countries only) are 2.4 milion tonnes U. "Estimated
Additional Amounts Recoverable" (on the same basis) are 1.3
million tonnes. In 1977 the Nuclear Energy agency of the OECD and
the International Atomic Energy Agency, in an attempt to estimate
potential discoverable economic resources, conducted the
International Uranium Resource Evaluation Project and updated it
in 1983. The 1983 figures for the world excluding the USSR,
Eastern Europe and China are 9.6 to 12.1 million tonnes and for
those three regions, 5.2 to 6.5 million tonnes 0 in all categories
from proved reserves to discoverable. The total is 18.5 to 22.3,
say 20 million, tonnes. This is for uranium not expected to cost
more than $US 260/kg. In fuel-breeding reactors, versions of which
have already been developed to large commercial size in Europe
although they are not yet truly commercial, this is sufficient
uranium to provide 1000 EJ/yr (somewhat above the total
requirement indicated in Figure 8) for several centuries. However,
the cost of the uranium is almost immaterial in such fuel cycles
so that very much bigger uranium resources are available, not to
mention thorium.
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Thank you Mr. Chairman, and good morning ladies and gentlemen.

< 1 > This morning I want to talk about the major issues that confront the
nuclear industry in Canada and indeed in the world at large. Unless we face
these issues squarely and deal with them, there will be little prospect for
nuclear to become a significant source of energy for the world.

More specifically, I want to discuss what I believe the nuclear industry must do
in order to earn from all sectors of society, acceptance of nuclear power as a
preferred method of supplying electrical energy.

< 2 > During the 1980's the international nuclear industry experienced a
variety of issues which prevented wide-spread acceptance of nuclear. While
Sustainable Development and the Environment became rallying cries, particularly
late in the decade, concerns about nuclear prevented it from significantly
increasing its contribution to an environmentally sustainable global energy
supply. Those concerns, including economics, safety, and waste management,
now threaten to prevent future expansion of the use of nuclear energy. And
this time when it is becoming more and more obvious that nuclear energy will
be desperately needed, despite increased focus on efficiency, conservation, and
development of renewable energy sources.

< 3 > Much attention has been paid to the public and political communities'
concerns about the need for, and economics of, more nuclear electric
generation capacity; about safety and health implications of nuclear; and about
management of the nuclear wastes. These issues have been recognized by the
industry and excellent work has been started to provide factual information.

Many in the business and financial communities also have concerns about
nuclear energy. While continuing to address the concerns of the public, the
industry has also begun to direct more attention to the concerns of the
business and financial world, much of which remains to be convinced that
nuclear power can be regarded as an economic and dependable source of
energy.

< 4 > Many businessmen and financiers have not been satisfied that the
financial risks associated with the construction and operation of nuclear plants
can be identified, quantified, and managed in a manner that ensures that the
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benefits justify the risks. Nor has it been demonstrated to their satisfaction
that the performance of the plants will live up to the claims of the proponents.

<5> In fact, right here at home, the deteriorating performance of Ontario
Hydro's older nuclear plants is a major concern to all of us in Canada's
nuclear industry. Unless that trend is reversed, we shall not continue to have
the argument of economic lifetime performance. Consequently, Ontario Hydro
and AECL have already taken steps to work together on restoring Ontario
Hydro's CANDU performance to its former position of world leadership.

<6> In his Keynote Address earlier this morning, John Foster described for
us his vision of the future role that nuclear can play in providing much-needed
energy to the developed and developing nations of the world. I endorse his
views fully, and I am sure that everyone present in this room today shares my
interest in determining how we can overcome the obstacles and make
Dr. Foster's vision a reality.

< 7 > It is the concerns I have mentioned that create the obstacles to
widespread acceptance and support of nuclear power. Some people simply lack
information and have a feeling of uncertainty about our technology. There are
also others who have genuine concerns that we have not yet addressed
effectively. Clearly there has been no universal agreement or consensus on the
performance of the industry as it relates to any of the issues, and this
increases the difficulty in addressing them.

At the other end of the scale, our most vociferous critics have a fundamental,
almost theological, opposition to nuclear. Those critics make up a very small
minority of the population, but they do have a large impact because they are
skilled at sowing seeds of fear and distrust among the decision makers and the
general public. However, I see little prospect that any solution short of
abandoning nuclear power would win their acceptance. So instead of
consuming our valuable resources on this small minority of committed critics,
we must concentrate on a dialogue with the rest of society.

Others who will be speaking later this morning and during the next few days
will be discussing the facts associated with many of the issues and the progress
that has been made in dealing with them in a technical sense.
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<8> There is however another dimension to this question of nuclear issues,
and it is that of perception. By this I mean how other elements of society
view the nuclear industry. Having the facts on our side, and being able to
answer the technical issues are all necessary, but not sufficient. I believe that
credibility is the single most critical issue facing the nuclear industry, and the
one which must be resolved before the industry can go forward. We must
deal with the credibility issue as a priority if the industry is to fulfill its
potential.

Let me describe for you what I think the nuclear industry must do to respond
to that credibility gap, and how I came to that conclusion.

<9> Many of you will know that the Canadian Nucfcar Association and the
Canadian Nuclear Society plan to sponsor a major International Nuclear
Conference in Toronto in October 1993. The objective of the conference,
stated in its most simple terms, is to contribute in a significant way to a better
understanding of the nuclear issues. We believe that with a better
understanding between the nuclear industry and other elements of society, a
way can be found to revitalize the industry so that it can play an important
part in supplying the energy needs of the next century.

As the Chairman of the Organizing Committee of INC '93, as the conference
has become known, I and the other members of the committee have been
working during the past year to develop support for the conference. We have
been talking and listening to a great many people around the world, and I will
share with you what we have learned.

<10> The embryo of the INC '93 concept originated in Montreal in 1989,
during the World Energy Congress. Many of those attending WEC '89 realized
that significant support for nuclear as a source of Energy for Tomorrow's world
could only be achieved when the risks and benefits of all forms of energy were
fairly assessed. Those of us who were looking for a way to improve the
international support for nuclear thought that if we could organize an event
similar to WEC '89, devoted entirely to nuclear energy and nuclear issues, and
involve other opinion-leaders and decision makers in a meaningful role, that we
could convince them that nuclear will be a preferred source of future large-
scale energy supply.
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INC '93 was conceived as an opportunity for the international nuclear industry
to meet and dialogue with business, financial, political, regulatory, and utility
leaders and leaders of groups representing sectors of society such as churches,
labour unions, environmentalists and public interest groups. The objective was
to understand their concerns, which were preventing wide-spread acceptance of
nuclear, and to address those concerns in a way that would earn their
acceptance and support for nuclear as the preferred option. It was expected
that INC '93 could make a substantial contribution to that acceptance.

< 11 > During 1990 we talked with many in the international nuclear
community, and obtained broad support for our objectives and the INC '93
concept. In fact, many nuclear societies and associations around the world,
both national and international, have agreed to co-sponsor or co-operate in the
development of the program and participate in the conference. We also have
substantial support from many of the members of the CNA and other
associated Canadian organizations that have pledged nearly $1.5 million to
underwrite pre-conference expenses. This kind of support certainly
demonstrated that the nuclear industry was prepared to support an initiative
such as INC '93.

Throughout the initial feasibility study for INC '93, we had recognized the
necessity to involve leaders from outside the nuclear industry in the planning of
the conference, and to find a way to ensure their substantial and active
participation. This led us to talk to others who had conducted meetings in
which the proponents and opponents of nuclear energy shared their views, and
to examine the results of those meetings.

<12> What quickly became clear from those discussions is that no single
meeting or conference, no matter how well organized and attended, could
achieve the objectives we had established. Many had tried, and some had
achieved limited progress, but none had achieved consensus on what the
nuclear industry must do to gain wide-spread support.

< 13 > We were told, time and time again, that the obstacle that had made it
impossible to achieve consensus on nuclear was distrust. We were told that
the nuclear industry was almost universally distrusted, and without first
establishing the trust of the communities from which we wanted to gain
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support, it would not be possible to develop a meaningful dialogue on nuclear
issues and build support for nuclear power.

The priority then became to find a way to earn that trust.

As a result of the discussions we have held with others who have participated
in dialogues on nuclear issues we now recognize that in order for the
international nuclear industry to earn the trust of society it must be prepared
to engage in an extended, honest, and open dialogue with all communities that
have views on nuclear energy. We also recognize, much more clearly now than
when INC '93 was originally proposed, that the industry must be prepared to
change when it hears legitimate concerns.

<14> I believe that the fundamental question that we must ask of the rest
of society is:

"What must we do to make nuclear power acceptable to you?"

and when we ask that question we must listen very carefully to the response
and be prepared to act upon it.

<15> That is not to say that we must not debate. Indeed a dialogue
requires debate; but we must acknowledge, understand, and accept that there
may be value in the other views, and we must be willing to change where
criticism is valid and change is necessary.

Indeed, one of the people with whom we have consulted, John Ahearn, the
President of Sigma Xi, and a former Commissioner of the United States
Nuclear Regulatory Commission, expressed it somewhat more strongly. He said
that in entering into a dialogue such as this in which we expect the other
participants to be prepared to accept our views we must also be prepared to
accept their views.

<16> He means that we must accept the possibility that it may be necessary
to radically modify the nuclear option in the event that appropriate and
reasonable arguments show nuclear cannot be made acceptable in its present
form. In his view, if we would not be prepared to modify the nuclear option
under those circumstances, then we should not expect anyone to engage in a
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sincere dialogue with us. If we are going to preach, certain that we are right
and the opponents are wrong, oblivious to their views, then we should save
ourselves the trouble because there will be no dialogue and no consensus.

<17> Consensus will only be achieved through an open and honest dialogue;
without that dialogue, acceptance of nuclear will come only as a last resort and
I don't think that is sufficient. If we only have reluctant acceptance, rather
that active support, we will continue the confrontation and opposition that has
been the pattern of the past decade.

I believe that it is possible for the nuclear industry to achieve consensus on the
conditions that it must satisfy in order to gain wide-spread support. However,
that support will not be easily achieved; it must be earned with hard work, and
it will take many years.

We now expect that INC '93 will become a milestone in an ever-increasing
international dialogue that will precede and follow it. INC '93 can play a
valuable part in achieving that consensus, if we in the industry are prepared to
listen, respond, and where necessary, change to accommodate legitimate
concerns. That dialogue must start now, and be led by those in the nuclear
industry who are committed to its future success. We must seek out the
leaders of groups representing the silent, and sometimes not-so-silent majority,
and initiate a dialogue in which we listen to their concerns, develop an
understanding of their positions, and earn their trust.

<18> Now, the program said that I would talk about "Facing the Issues". I
hope that I have not disappointed you. I believe that the underlying issue in
all nuclear debates is one of trust. Unless we earn the trust of all sectors of
society, we will not earn their support. Without that support we cannot be
successful. Only when we have the trust, will the acceptance, support, and
consensus that is necessary for a revitalization of the nuclear industry be
possible. We must recognize that fact, face the issue of trust, and deal with it
head on, through a continuing dialogue that represents our only opportunity to
build trust and consensus.

Thank you.
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Across many parts of rural Ontario, as in Saskatchewan and every other province there are
long, unbroken lines of high-voltage electricity transmission lines and their supporting towers.
They run straight as a string, one tower every 900 feet

Because they are there, the farms along the power lines are efficient and productive. The
milking machines, poultry barn heaters, automated feeders and irrigation pumps run smoothly.
They are fed by a supply of electricity that is steady, reliable and costs a fraction of what it
does elsewhere in the developed world.

Ontario farmers understand this, and they appreciate the electricity. But some retired farmers
don't like Ontario Hydro. Why? Why is this, when they not only received all those
benefits, but received compensation payments for granting easements across their land many
years ago?

You all know the answer. Because in those days, Hydro didn't ask them. The thinking then
was that arriving with a survey crew and a chequebook was sufficient consultation. The logic
of Hydro's plan, the shortest distance between two points, would supposedly be apparent.
The efficiency would justify the plan.

Hydro representatives later came to understand that farmers also liked straight lines and that
Hydro's lines wouldn't always coincide with theirs. Hydro came to see that farmers also had
plans for their operations that didn't include a transmission tower where their future
equipment shed was going to be.

It was later still that Hydro began to consider a couple of hundred farms along a proposed
route to be a community with common interests. In other words, Hydro has learned a lot
since those early days of deciding what was in the public's interest and then telling them.

It has been an evolving process and not an easy one. That is because it involves trying to
find some common ground between conflicting interests.

On one hand are the utility planners, whose responsibility it is to plan, develop and
implement the most efficient means of generating and distributing electricity. On the other
hand are the communities bearing the impact of developments that are for the good of the
public as a whole.

In simpler times the public was satisfied with an explanation of the plans through information
meetings or mailers. And we used those methods.
Most people were content to accept the experts' explanation of complicated projects, if they
were given the facts ahead of time.

Today's better educated, more sophisticated public does not consider that to be consultation.
People today want involvement. They want independent experts to evaluate the plans. They
want in this way to be heard and reassured about the process.

Utility planners, and engineers in general, prefer to start by getting their proposals on paper,
with critical paths to in-service dates. Affected communities prefer to be consulted before
any plan is committed to paper.
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Our challenge in corporate and community relations is to manage the conflict between the
public's right to be consulted and the planners' responsibility to plan. Accepting the
challenge means understanding the good old days will never come back.

That does not mean compromising the principles of sound engineering design and project
planning. Those standards, and the talented, hard-working people who apply them, have
given us some of the best-designed, best-run electrical utilities in the world. I refer to
utilities across Canada, not just Ontario Hydro.

Planners at Ontario Hydro are being encouraged to make changes to their planning
parameters. One is to build into their flow-charts the time needed for attitude research,
communication and consultation before the time allotted for the formal environmental
assessment process. Often, the temptation is to reduce the time for adequate consultation to
meet an in-service date.

Without adequate consultation, such dates will turn out to be illusory. It is our responsibility
as utility planners to design projects that will earn approval. That means developing a
planning concept that has at least some element the public or a local community can see as
beneficial.

To make a concept acceptable to people, they must be made to feel part of the planning
process from the beginning. Otherwise, the relationship will be adversarial, not consultative.

Members of the public won't ask "How are we going to solve this electricity problem
together?" They will already have an answer: "Not in my backyard."

Building bridges at the local level will help smooth the way to local acceptance of specific
projects. However, it will not address the 1990s outgrowth of the NIMBY syndrome ~ the
NIABY syndrome — "Not in anybody's backyard." For province-wide acceptance of general
planning principles that satisfy environmental and social concerns, we need a much broader
approach.

That approach was adopted by Ontario Hydro in the development of our 25-year plan. Our
objective is to get public agreement on the need for new electricity to the year 2015, and to
offset as much of this need as possible by efficiency and conservation.

When we get approval on the principle of the plan as a package, then we can proceed to
individual site assessments later in the decade. As background input to the plan, we took the
largest customer opinion survey in the history of the corporation. We wanted to determine
the priorities of our customers relative to their electricity future.

We took the proposed plan to the Ontario public to explain the plan and obtain feedback.
Five sets of information centres went out to more than 70 communities across Ontario in the
first three months of 1990. More than 10,000 people visited our centres and 3,000 filled out
questionnaires.
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In addition, we gave presentations to more than 20,000 people and enclosed 300,000
documents describing the plan with the bills of most of our customers.

The plan is in the second month of the most extensive Environmental Assessment hearings in
Canadian history. Public representation is strengthened through Ontario's Intervenor Funding
process. The funding panel awarded 22 million dollars, which Hydro pays, to nearly 30
groups and individuals. They were then able to hire lawyers and technical experts to
represent their interests in the decision-making process.

A third of the intervenor funds will go to Aboriginal groups and coalitions. When we
outlined the plan to the Chiefs of Ontario at the time of the public announcement, they chided
us for not consulting in advance.

They also noted that we had taken the trouble to translate the plan from English into French
but not into their mother tongue. Accordingly, we have translated summaries of the plan into
Cree, Ojibway and Oji-Cree.

We deal with the aboriginal leadership now as a government, not an interest group. We are
doing a joint study with the Whitesand First Nation as background to one of our proposed
northern hydraulic developments. The study is using the services of a consultant chosen by
the First Nation, but paid for by Hydro.

We don't have one set model for working with communities, whether aboriginal or others, at
our development sites. We try to tailor our approach to the scope of the project and the
needs of the particular community. With its input, we do an assessment of the impact the
development can have on the community.

We assess impacts on employment, the school system, roads, social services, economic
improvement and so on. We review the results with the local elected leadership and
volunteer community groups. We get their feedback and try to minimize the negative effects
and maximize the positives. This can involve trade-offs for both parties.

We negotiate an impact management program, spelling out the ways in which Hydro will
assist the community during the development, construction and completion of the project.

The key to the whole process is community involvement from beginning to end. We need the
community's participation in the assessment of the Hydro project's impact and its leadership
in managing the changes the project brings.

This co-operative approach worked particularly well during the construction and expansion of
our Bruce nuclear complex. Hydro's Community Relations advisers and other professional
staff helped what was a mainly rural community gear up for the employment boom of the
biggest construction project in Canada.

They helped it manage the transition to a large, permanent complex that has transformed the
economy and the lifestyle of an entire county. More importantly, they helped Bruce adjust to
the let-down after construction.
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On the Niagara River, where we are proposing to build a new generating station, we have
responded to community concerns about the environment and tourism. Our engineers now
propose to put the entire plant underground to minimize community disruption.

We have also agreed in principle to make our construction service shafts available to the city
of Niagara Falls for a planned upgrade of its sewer system. Those project modifications are
examples of what I referred to earlier as making projects more acceptable to the local
community.

Provincially, we are gearing up for a customer involvement program in energy efficiency and
conservation. It will be even bigger than public participation in the 25-year plan because it
will involve over two million households in Ontario. Details will be announced later this
month.

Ontario Hydro believes that it is not enough to invite all of our customers to join us in a
campaign that has a particular time frame. Nor is it sufficient to encourage community
participation in the planning of a specific local project before we build.

We have learned that consensus-building has to be a continuous process. Good relations with
the community must be in place before we approach it for approval, and must continue during
the program and after its completion. We must try to demonstrate that we are in every
project and every community for the long term.

We have learned that communities that may become host to a Hydro development in the
future will judge us on our partnership efforts now. Therefore, community relations is an
everyday responsibility for all Hydro regional, district and station operations.

Good community relations does not guarantee community acceptance. The expectations
within the community may be contradictory. Some factions may be for development, others
against. Or, we may simply be unable to satisfy the expectations of the community.

Ontario is going to need an additional supply of electricity, no matter how successful energy
and conservation measures prove to be. Some of those new generating stations or
transmission lines will have to go past somebody's backyard.

So even our best effort can't make every plan acceptable to everyone. It merely improves
our chances. But if we fail to make the maximum effort to achieve a healthy, open
relationship with communities, the consequences are far more certain. Without a healthy,
open company-community relationship, the chance of success nowadays is almost nil.
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The process of public consultation in the electric ut i l i ty

forum must begin when options are reasonably well defined but are

s t i l l open. As an example, in demand/supply decisions when i t is

early enough for stakeholders to become usefully conversant with

energy and demand forecasts, conservation strategies and possi-

b i l i t i e s , interfuel competition considerations, alternative

technologies and supply options.

In conclusion, I would like to come back to several points

imbedded in my presentation. Public participation should provide a

vehicle for input to the decision making process by the stake-

holders, i .e . the public and those industries and organizations

affected by the product under consideration. The views of special

interest groups are important but they have to be recognized as

that and not assumed to be representative of the general public.

The public participation process is an important component in policy

decision making but i t should not become a growth industry that

strangles our ability to be a strong yet caring society. Public

participation should be a responsible and responsive process that

clearly provides evidence of our will to improve the quality of

life in Canada and to be a responsible and caring member of the

global community.
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The critics claim that this advantage is enjoyed not only

by privately owned corporations but also publicly owned corpora-

tions such as

Ontario Hydro

AECL

and SaskPower, to name a few.

These groups can hire experts, consultants and legal

counsel while public interest groups lack the financial means to

effectively present their case. The "private" or perceived

"narrow" interests of groups such as

Ontario Hydro

AECL

and SaskPower are therefore seen to have an

undue influence.

In order to "level the playing field" the Ontario Govern-

ment instituted the IFPA - Intervenor Funding Project Act - in

1988. This is a three year trial project scheduled to end on

March 31, 1992.

This has provided funding to special interest groups.

It has been established that funding may be awarded only in rela-

tion to issues that affect public interest and that certain public

interests may coincide with or overlap private interests.

It has also been proposed that in order to be effective,

the special interest groups need advance funding.
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In the case of the Ontario Hydro Demand/Supply Plan

hearings, the advance funding is in the order of $21 M. The

original requests were in excess of $60 M. The number of

interrogatories filed i s approximately 4,000.

I think, incidentally, i t i s appropriate to reflect for

a moment on who pays for this activity — not the universally per-

ceived Canadian benefactor, i . e . the government — but the elec-

t r i c i t y consumer. We have to realize that no act ivi ty , despite

how worthwhile i t i s , comes without a price. In addition there-

fore, to our many other taxes, we also have a PPT, i . e . a public

part icipation tax.

In the case of the IFP Act, the intervenors can also

apply for supplemental funding.

There has also been some evidence of intervenors taking

the money, asking for more, not getting i t and then not par t ic i -

pating further.

There has been evidence of intervenors in a common area

being asked to cooperate with each other and coalesce their con-

cerns into a single submission and participation — and objecting

to th i s . This re la tes to ray proposition of special rather than

public interest groups.

I t was suggested by Mr. Justice Saunders, the Chairman

of the Ontario Hydro Demand/Supply Plan hearing that a basic flaw

in the IFP Act i s that the process i s open ended and is not self

- 55 -



limiting.

He noted that you could literally spend the rest of your

life hearing relevant evidence on the issues, and that you have to

cut your cloth to what is available.

The two basic functions are cost and time but a more

important factor in my view is "emotional energy".

A major Canadian attribute, which could also turn out to

be a major weakness, is an overriding desire to be, and be seen to

be, fair, open, reasonable and concerned and therefore we tend to

dissipate our emotional, creative and economic energies in open

ended processes which will not in the long run enable us to be

what we desire to be and to be seen as.

I think it is very obvious that the IFP Act will help to

provide "a more level playing field".

It also has been suggested that it provides a procedure

which has the potential of providing a guaranteed annual income

for funded intervenors. This seems to be happening and we are

creating a new growth industry in the form of organizations esta-

blished to intervene. It has been suggested that in some cases,

the advocacy groups are in effect stTaw men created to provide work

for lawyers and their stable of experts.

We also have an interesting provincial and federal

growth industry related to public participation.

— all of which is paid for by the consumer and taxpayer.
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These comments may sound somewhat negative. They were

not intended to be — but simply to make the point that these

activities, however worthwhile, are not without cost and not with-

out their own problems.

I personally believe that public participation/consulta-

tion is extremely important and can be very cost effective.

BUT

"True public participation to be meaningful has to be seen as

having some meaning".

I realize that this sounds both t r i te and circular —

but I believe i t is very important. We have to ask ourselves the

following questions.

1. Can public participation have some impact on the outcome.

2. Will public participation have some impact on the outcome.

3. Did public participation have some impact on the outcome.

Public participation does not mean that all expressed con-

cerns will be satisfied but i t has to imply that all expressed con-

cerns will be considered.

If these three questions are not obviously satisfied in

the eyes of the general public then we will proceed down the road

of legalistic wrangling which will dissipate our economic, intellec-

tual and emotional resources and not permit us to enjoy the tremen-

dous benefits of being Canadians and living in Canada.



"Aboriginal Affairs, Hydro Quebec"

by

Robert Brunette
Vice President, Aboriginal Affairs, Hydro Quebec

CNA/CNS ANNUAL CONFERENCE
Saskatoon, Saskatchewan

June 10, 1991
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Canadian Nuclear Association - Annual MeetingSaskatoon,
Saskatchewan, June 11, 1991

Mr. Chairman
Members of the Board
Ladies and Gentlemen

My presentation today will be related to Hydro-

development and the transmission lines required to transport

energy from remote generating complex to load centers and the

consultation with different publics and the reasons why native

peoples should be involved in the process.

Everything has changed a lot since a century. In the

old time, new hydro-developments were close to cities and large

users would build mills and factories close to new power-houses

or sites with a good potential. There was no consultation with

the public and peoples were happy to get jobs either on

construction or on operation of the generating station and in the

industries located nearby which ment important economic

development for the population.

Fourty years ago, most of the hydro-potential sites

close to cities were developped and utilities had to construct

power-houses further and further from these large cities, but no

consultation and impact studies were required in that time.
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At the end of this century, it is quite different. The

utilities have to assess the impacts of their new projects, even

if they are in remote area, including social and cultural

impacts, define all the mitigating measures that are required and

to do so they have to consult the public wheter impacted or non-

impacted by those projects.

Consultation with the public has to take place early in

the area where the project will be constructed. In Quebec, all

the future hydro-electric complexes will be located far away from

major centers, mainly in the James Bay - Hudson Bay region and

on the North Shore of St. Lawrence where Native peoples live and

where there are unsettled land claims.

In the province of Quebec, there are approximately

55 000 Native peoples, forming 11 Nations and living in 55

Communities. They have different cultures and languages.

In the James Bay and Hudson Bay areas, most of the

peoples directly concerned by the projects are Crees Indians and

Inuit. The native population in those areas is approximatively

16 000; most of them depend on traditional activities for a good

part of their living. One of the projects is in the southern

part of the James Bay area (N.B.R.) and will have some impacts on

non-Cree Communities with population of less than 5 000 peoples.

Among the Cree and the Inuit Communities, less than 50% of the

population will have impacts due to the Great Whale and the NBR
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projects. Nevertheless, all the Communities feel that they should

be consulted while we carry on the studies on those projects and

before we table our impact evaluation report.

The Hydro-generation being far from the load centers,

several 735 Kv transmission lines will have to be built through

out the Province and will cross territories where Native peoples

still carry on traditional activities.

A few decades ago, hydroelectric developments were

considered to have only positive impacts, because they assured

economical development. It is not quite true. The construction

of power-houses and their reservoirs have reduced the flow in

certain parts of rivers and increased it in other parts which

consequently generated impacts on the peoples living in areas

where they find their means of subsistance. Today, with impact

studies for new projects, proper mitigating measures to protect

the environment and control of the activities on a limited

territory, and as we are aware of the changes we create in those

areas, thus we have the capability to better manage these changes

and impacts.

When we create a reservoir, the areas flooded can vary

from a hundred square kilometers to may thousands of them. Those

flooded lands are, in general, the ones that were the easiest to

use by the Native peoples: traveling by canoes on the rivers has

been for them an important way to reach their trapping areas. On
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the other hand, creating reservoirs can have positive impacts

such as facilitating access to the trapping, fishing and hunting

areas which were uneasy to reach before, either by construction

roads, air or on the reservoirs.

Water acidity caused by the flooding of peaty soils and

the rotting of vegetation creates the methylation of mercury

which enters the food chain and increases the mercury levels in

various fish species. This phenomenon is temporary but can last

over a period of 20 to 30 years, that is to say, more than a

generation. After 5 to 7 years, mercury levels, found in fishes,

peaks and then gradually declines until it falls back to the same

level as before flooding. During that period of time, those

eating fish must be careful about the quantity and the species

eaten. Certain fishes, like predators, have a higher level of

mercury than the non-predators. Since the Indians are great fish

eaters, they must be well informed of the results of the

environmental studies, they must receive proper advice on fish

consumption and must be consulted abouth corrective measures that

can be carried out, such as access roads to fishing sites where

mercury level in fish is low.

Everybody wants adequate electricity supply but no one

wants to see a transmission line, not even near its property. We

must avoid agricultural lands and reduce river crossings:

consequently we must erect them in the wooden areas, where they

also have impacts. According to Cree trappers, the construction
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of a transmission line affects the trappers and can reduce their

fur catches and food supply over a period of 5 years. On the

other hand, once the construction is completed and the re-

vegetation is in progress, the rights-of—way are favourable for

the development and expansion of small game and moose. The

negative impacts in the short-term can be compensated by the

positive ones on the long run.

All of these projects, during and after the

construction, have other impacts on the native activities:

indeed, to construct those projects we must open access roads in

virgin territories or restore old ones that were unusable. These

construction roads also open the way to new fishing and sport-

hunting territories and in some cases to new camping areas. This

growing presence of fishermen, hunters, vacationners in

territories that were once exclusively used by the Native

peoples, creates competition with particular problems for the

trappers. Those impacts are important for the Native peoples

whose ancesters have lived in those areas for many thousands of

years.

In order to carry out impact studies as complete as

possible, the developper has to set up a good consultation

program with the Native peoples. He shall accept their

participation in all the different phases of the studies he has

to carry on, including the different scenarios for building dam

and diversion of rivers and the localization of the transmission
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lines. He shall be ready to modify the components of the

proposed project if necessary. The consultation process shall

not include only the leaders but the whole population of the

different Communities and special consultation should be carried

on with the trappers either in small groups or individually. The

consultation process is a long one, may seem to be cosf.y but it

is worth the expense so the projects will be acceptable by the

peoples; fighting opposition to project in Court and the risk of

injonction can be much more costly to public utilities than a

good efficient consultation program.

In the communication process, the promoter should be

ready to face critics toward the different projects he has

realized in the past and be able to prove that by its past

record, he will take the proper measures to protect the

environment and that the Communities impacted by the projects and

even the surrounding Communities will have some economic benefits

during the construction and long term benefits during the

operation period, though jobs, training, contracts to native

companies, help for the protection of their culture, etc...

I believe that, as the population grows and as new

industries are coming in the different provinces of Canada, the

electricity load will increase and new generating facilities will

be required with their transmission lines; old equipments will

have to be upgraded or replaced but the rules of the game have

changed during the past three decades and utilities have to be
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ready for this new challenge they will have to face in the coming

century. Without successfull consultation programs, th< y wont be

able to fulfil their obligations toward their customers and their

public.

Robert Brunette
Vice-president
Affaires amerindiennes et inuit
Hydro-Quebec
91.06.07



Is a CANDU in Saskatchewan
Energy Future?

Chairman:

Paul Martin
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EXAMINING THE CASE FOR A CANE'U-300 IN SASKATCHEWAN

Presented to the Canadian Nuclear Association,
Saskatoon, Saskatchewan; June 10-12, 1991

by Jim Harding, Ph.D.
Professor,

University of Regina

Thank you for inviting me to speak at your meeting.
Initially I was listed as an "anti-nuclear advocate". I
thought, to be fair, that those with a clear interest in the
survival of the nuclear industry should therefore be listed
as "pro nuclear advocates". I see that we are now all
designated by our instituional titles.

This may provide some semblance of balance on this panel,
though I expect the other four up here, including the Chair,
are nuclear proponents. And I suspect that what I have to
say would be far more welcome at a meeting of the Solar or
Wind Energy Societies. But as an educator I see little point
in speaking to the convinced. I trust some of you are able
to separate what professional and institutional stakes you
presently have iri the continuation of the nuclear industry
from some critical re-examination of its ideology, apparent
strategy, and alternatives.

This panel is to address whether a Candu should be in
Saskatchewan's future. The answer to this depends upon many
things, some having little to do with energy technologies or
policies p&r se. The question is a little rhetorical at a
C.N.A. meeting. The fact that the C.N.A. is meeting in
Saskatoon, that costly C.N.A. tv ads are shown at such
frequency within Saskatchewan, that networks of pro-nuclear
people have been consolidated within the government,
universities and media, and that one-sided promotions of
nuclear energy (and uranium mining) pervade our public
schools - all this is clearly part of an expensive plan to
try to ensure that the answer to this question is "yes".

If the answer to this question was to be based on public
and private dollars expended on promotions of the Candu,
versus on positive alternatives, it would be a resounding
"yes". Clearly this is what the C.N.A. is hoping will
happen,

No matter how much the expenditure, such imagery will
only have a superficial effect. Though the C.N.A. tv ads are
attempting to associate nuclear reactors with mothers who
care about, health, children who c&ra about the environment,
and parents and grandparents who care about children - the
complex controversy about nuclear energy here and abroad is
bound to return again and again to the public policy debate.
It is to this complex history, which won't, be grasped in
promotions, that I wish to turn to explain why rny answer to
your question is not going to be "yes".
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CANDU EXPORT HISTORY
Right off the top I want to say that the Csndu export

history is not something about- which informed Canadians can
or ever will be proud. Nor has the Candu export history been
economically responsible.

Small research reactors were initially sold to India and
South Korea; and, as we all know, the Indian plant produced
the Plutonium used to explode India's first bomb in 1974- 1
Even though India's motives were already questionable, a
commercial Candu was built there in 1972. One was also built
in Pakistan in that year.

Canada completely financed the Indian reactor. Both
reactors operated well below their avowed capacity for
several years. Concern that Pakistan was interested in using
its Candu to build the first Islamic bomb grew after a BBC
investigative report on this in the late 1970s. Canada now
refuses to sell Pakistan fuel or parts for fear of this
happening. Pakistan is now suspected of being a nuclear
weapons power.

Business dealings over a sale to Argentina in 1973, when
it was still a repressive military dictatorship, add to this
sorry story. The President of the AECL at the time admitted
to the Public Accounts Committee that he had been paid for
consulting by a subsiduary of the AECL's Italian partner. 2
Total losses to the Canadian taxpayer on this deal were
reported to be 130 million dollars in the AECL's 1977 annual
report.

In November 19S1 an assistant to the Argentirtan President
commented that Argentina's energy problems could be solved
much more cheaply without- nuclear power, and that the main
rationale for the country's nuclear program was not
economic, but- military and strategic. 3

The next country to target for a Candu sale was South
Korea, yet- another authoritarian country. Apparently
desperate to sell, the government prom ised 300 million
dollars credit - 3/4's of the total cost. A 17 million
dollar agents fee was also paid. The Auditor General said
there was insufficient documentation on over half of this,
which led some to speculate about the use of bribes.

UNCOVERING THE ROMANIAN DEAL
Rather than learning from this questionable export

history, things have worsened. The next country to make a
deal - and the biggest ever for the Candu - was Romania
under Ceausescu's notorious Communist regime. In 1980 a one
billion dollar line of credit was provided to finance the
sale of five Candus.

Revelations since the overthrow of Ceausescu have added
to the discredit, of the Candu industry. After inspecting the
shoddy construction and falsified records, in 1990 the IAEA
recommended no further work without, major corrections.
Repairs were estimated to cost 40 million. Meanwhile the
AECL had requested an additional 250 to 350 million dollars
from the federal government to complete the five Candus. The
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outcry was immediate. Everi the FINANuIAL POST carried
columns and stories opposing further loans to Romania for
the Candus. 4

Romania is not only one of the most authoritarian but one
of the most economically backward countries in Eastern
Europe. The grandiose scheme was to build 19 reactors by the
next century. Food was withheld from domestic consumption to
raise cash from exports for financing this megalomania.
Nuclear debts were repaid at the expense of the wellbeing as
well as the human rights of the Romanian people.

Electricity was to be generated by 1985. In supporting
the additional multi-mi 11 ion dollar loan the President of
Candu Operations stated the plants would be completed by
1994, At this rate it would have taken an incredible 14
years from the start. Little wonder that other countries are
not scrambling to make a deal.

DEALING WITH IRAQ
An even more discrediting and potentially frightening

story might have come to be told if the Candu salesmen had
had their way with some of their other dealings. The AECL
was among various nuclear companies trying to make a reactor-
deal with Iraq in 1974. Yves Qirard, Advisor on nuclear
affairs for the French Department of Energy, is quoted at
length in the book THE ISLAMIC BOMB about these dealings.
He noted that:
"The nuclear merchants wanted to get a piece of the nuclear

actions. It was within the realm of salesmanship to point
out the virtues of the product, including its ability to
produce Plutonium."

The authors conti nu ed:
He (Girard) was especially critical of the surprisingly

competitive Canadians for doing so. They made a number of
trips to Bagdad where they sat around their hotel puffing
the virtues of the Candu natural uranium reactor to their
potential clients, hinting broadly at its excellence in
producing the deadly substance and even more broadly at the
Possibility of keeping safeguards to a minimum."

But there is more:
What bothered Girard most about them was not that they had

tried to sell the Candu that way. It was their later
hypocrisy in pointing to the French sale as a danger for
nuclear proliferation when actually they had desperately
wanted the sale for themselves and had indicated no concern
whatsoever whether Iraq got the bomb or not-" 5

How different the Mulroney government's self-righteous
support for the United States'-led war against Suadarn
Hussein would have looked, had the AECL landed the Candu
sale it wanted to Iraq.

I n a n i n creasi n g 1 y c o rn p e t i t i v e w o r Id market-, C a n d u
officials know better than any of us how disasterous their
export dealings have been. In its World Status Report on
nuclear power the ENERGY ECONOMIST noted:
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" ...the Canadian nuclear industry has made two basic
mistakes; to be born in a country with almost unlimited
reserves of cheap hydropower; and to make some fairly
unfortunate choices, namely India and Romania, in its search
for export customers. At present, Canada needs few, if any,
new power stations, and the export market no longer
exists."6

All these Candu sales were made by 1980. By 1981 Prime
Minister Trudeau was asking:
"Should we get out of the business...One can't hide that it
is a very costly program to maintain. Unless we are
successful in selling many more Candus's, then it will be a
more difficult decision to take."7

Through the last decade no export sales could be made, at
a time when one reactor a year was considered by some to be
essential for the industry to pay its own way. It took a
full decade to make just- one sale, the recent deal with
South Korea.

NO LEVEL PLAYING FIELD
The Standing Committee on Energy, Mines and Resources was

quite candid in 1988 about, the predicament of the AECL and
its Candu salesmen. It stated:
"It is clear that reactor sales alone will not carry AECL

through the coming low period without financial assistance.
To minimize the need the (sic) federal funding, AECL must
look to other business opportunities."
"One such opportunity is the Canadian Submarine Acquisition
Program A task force of senior AECL Research and Candu
Operations staff has recently been acting in an advisory
capacity for the submarine program...It has been suggested
that AECL may be named the prime contractor for all nuclear
elements of the submarine program." 8

This certainly helps to "unmask the mystery" of the
Canadian nuclear industry, confirming that the need for new
markets to survive, and not the public's need for the
nuclear industry, was its driving force. This is the context
within which the push to build a Candu-3 in Saskatchewan
must be placed. Thankfully, from my and most Canadians
perspective, the nuclear subs did not get built. Without
this contract, however, the AECL has had to increase its
dependency upon the taxpayer through federal grants.

FEDERAL SUBSIDIZATION
In its 40 ye*rs of operation the AECL was only able to

sell eight reactors to four other countries, most of these
in its unethical Romanian deal. During this period,
according to the Economic Council of Canada, the Canadian
nuclear industry received 12 billion dollars (in- 1981
dollars) in government subsidies. 9

These .--ubsidies have always been preferential in
comparison \o those for alternative, non-nuclear energy
technologies. After the OPEC oil price increases in the rnid-
1970s there was growing Pressure for energy conservation and
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energy alternatives. However, from its inside track, the
AECL was able to continue to "'-omBi- the market" on
government subsidies. Even with the growing ecology movement
and pressure for renewable, sustainable energy throughout
the 1970s, by 1979 64% of federal R and I> grants went for
conventional nuclear power. This compared to only 21% which
went for all renewable energy sources and conservation
combined. 10

The Tories came to power promising a fundamental review
of federal support for nuclear energy. However, once in
power., following the same path as neo-conservative
governments in Britain and the United States, they made
cuts to ultimately phase out grants for conservation and
renewable^. In sharp contrast, federal support for the AECL
doubled from 100 to 200 million dollars a year by the end of
the 1930s.

It was not until the federal dre&n Plan was finally
introduced in December 1990 that grants for renewable energy
technologies were finally reintroduced, but these were no
where near the amounts going to the nuclear industry.

Due to the industry's sorry showing during that decade,
and the Tories policy of fiscal restaint and privatization,
the decision was finally made in 19S5 that grants were to be
reduced from 200 to 100 mi 11 ion a year over five years. This
was a lead UP to selling off the Candu industry. Major jot-
cuts and layoffs began to occur within the subsidy-dependent
AECL. An estimated 200 of a remaining 1,000 jobs were to
have been cut by 1989.

Then, in early 19S9, the new Minister Jake Epp carne to
the rescue. He announced restructuring of the AECL so that
it could enter into joint, ventures with private firms. It is
likely that, in view of the British failure to privatize the
nuclear industry, the Canadian government was looking for
another way to cut its losses. Food irradiation, shrunken
Candus (the proposed Candu-3), and enlarged Slowpokes were
all in the works .

Rather than continuing to reduce federal grants to the
AECL, the Minister announced that support would rise to over
200 million dollars annually for seven years. At the time
the AECL was still receiving 140 million dollars in federal
grants, but officials pleaded that further cuts would
seriously jeopardize hundreds of jobs at the Manitoba and
Ontario plants. (Were the destitute who pleaded for an end
to cuts to federal grants to health, education and social
programs only to have been heeded so well.) The fact that
the AECL jobs at the Whiteshell Nuclear Research Station in
Manitoba were within Jake EPP's federal riding of Provencher
has always made this rescue seem more political than
economic.

ENTER THE CANDU-30 0
Well before the proposal to build a private Candu in

Saskatchewan was announced by Colin Hindle and his company,
the AECL was trying to develop a new strategy to market its
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hardware. The thinking that led to the 450 MW Candu-J is
summarized in a paper from the AECL. This design was an
attempt to overcome past failures in the export policy: to
reduce the long period of construction through a new,
modular system; and to have a less costly, smaller reactor
which could be marketed in more varied circumstances and
could compete with small-scale coal-fired plants.

As the AECL's authors said:
"The Candu-300 is an economical small nuclear power

station, ideally suited to countries and utilities with
uncertain load growth, small grid size and/or limited
financial resources. It makes the nuclear power option
available to a very broad spectrum of countries and
utilities that have previously been effectively excluded."11

There is nothing in this AECL paper about the Candu-3
being "environmentally friendly." Rather it contained a
straightforward engineering and marketing arguement. All the
hype about nuclear power being the panacea for acid rain and
global warming carne later, as part of a clever promotions
campaign led by the C.N.A. But the AECL's technical paper
did address the matter of speeding up licensing to meet
regulations. It refers to "a close dialogue" (p. 4) with the
AECB ovsr what it called "up front" licensing of the Candu-
3.

AECB - BEHIND THE SCENES
The close relationship between the AECL which markets the

Candu, and the AECB which regulates it, has long created a
credibility gap for the government-run and regulated
industry. The fact that both organizations exist within the
same Ministry (Energy, Mines and Resources), and that
appointees always seern to be pro-nuclear, compounds this
problem. 12 And we know now, from leaked AECB requests to
the Treasury Board, that the regulatory agency is part and
parcel of the AECL's new marketing strategy for the proposed
Candu-3.

In an application to the Treasury Board in 1989, the AECB
sounded more like the nuclear proponent than its
regulator.13 The AECB made a pitch for extra staff to
"correct recognized deficiencies in the effectiveness and
openess of the nuclear regulatory process" (p. A D . This
amounted to an admission of the kind of shortcomings
earmarked by environmentalists, but predictably denied by
the AECB in the media. One deficiency that it highlighted
was " to remedy the most urgent safety and openess issues".
In view of all the public assurances since the Chernobyl
accident of the greater safety of the Candu, it is vital to
note that the AECB submission stated that "...Candu plants
cannot be said to be either more or less safe than other
types" (p. A3) .

The other urgent issue mentioned was "the licensing of
Candu-3 and new uranium mines in Saskatchewan". It is
astonishing to see requests for AECB staff to license a
nuclear reactor that hadn't even been formally proposed or
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entered any enviroraoental review process. Here we are
perhaps seeing the cynical., premeditated way the nuclear
industry works behind the scenes to control government-
processes and decisions. The same fait accompli attitude was
expressed when the submission said: "Between 1988 and 1993
four new underground mines are expected to come intc full
operation" (p. A5> . At the time no public hearings nor
public EIS's existed for all these mines.

For the licensing of a Candu-3 and new uranium mines in
northern Saskatchewan, the AECB was granted 14 new person
years of staff and an additional 1.3 million dollars of
ongoing funding. It is clear from the leaked document that
the AECB saw itself as an integral part of the AECL's new
marketing strategy. One of its arguements for additional
resources was:
"...the market-ability of the Candu-3 may be prejudiced as

it relies on 'up front1 licensing to reduce its capital
costs to make it competitive" I'P. A3)

It is also clear from this submission that the AECB saw
itself as part of the process of managing the crisis of
legitimacy which continues to face the nuclear industry. As
it stated:
"Gaining public acceptance and confidence that governments

can safely deal with radioactive wastes appears to be of
equal or greater difficulty than solving the technical
problem" (p. A6) .

ENTER THE CNA BUSINESS PLAN

While the AECB was arranging to be a private,
"regulatory" part of the AECL's Candu-3 marketing strategy,
the C.N.A. was mounting the major public, "educational"
thrust. In the C.N.A.'s Business Plan for 1987-88, 7 million
dollars were budgeted for a new public relations campaign to
promote nuclear power across Canada.15 Four and one-half
million of this was budgetted for advertising, to pay for
all the prime-time tv ads, and glossy newspaper and magazine
inserts that have flooded the country in recent- years. 14
One million dollars was budget-ted for information packages,
which have now moved through most- Canadian institutions.
Creating support groups to helF- front the C.N.A. campaign
was to get *200,000 and getting programs going in the school
was to get another $100,000.

Special emphasis was placed on penetrating the media, for
which *32,000 was budgetted. The strategy for the C.N.A.
media' relations program was described as follows:
"Develop a media briefing book to be used as a reference

document by media and which can be provided to the media
through editorial board meetings, and media briefings and
visits."
Program initiatives included: "Maximize opportunities for
positive third party op-ed articles." The desired results
included: "Have industry viewpoints considered in coverage
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of material related to the industry...(and) Have four
positive op-ed articles published annually." 16

Based on the pro-nuclear coverage occurring in the
Saskatchewan print and electronic media since this Business
Plan was initiated in 1987-88, it seerns clear that the
C.N.A.'s results in this regards have been obtained. 17 The
implications of this systematic influence for the "freedom
of the press", and for the freedom of information in
dernocractic societies in general, requires some serious
attention and reflection.

The C M . A. is clearly engaged in big league advertising.
The only thing public about it is the fact that the AECL is
one of the major, fee-paying members of the C.N.A.; and, as
we have seen, it receives millions of dollars of support
from the government and taxpayers. It would be most
revealing to know how much AECL money has gone into the
C. N. A. carnpa i gn.

There is very little real difference between the way the
nuclear industry controlled information and processes in the
recently overthrown Communist countries, and the way this is
done here. The biggest difference is that here the industry
is learning to include working in the public participation
and review process as part of its strategy. With its
coordinated approach encompassing the regulatory system and
mass media this is not an impossible task.

THE ENVIRONMENTAL TICKET
In itr. World Status Report on nuclear power the ENERGY

ECONOMIST stated that it was "precisely the environmental
ticket, unpredictable as it is, which nuclear power needs to
play" (p. 12). Since the Chernobyl reactor explosion and
fire the AECL, like other nuclear companies, has strenuously
tried to make environrnental isrn part of its new image.

The "greening" of the nuclear industry is not that
different from the greening of the corporate sector in
general. It amounts to a new package within which to try to
better sell its product. But the attempt of the nuclear
industry to present itself as the environmental answer to
acid rain and global warming is particularly erroneous and
therefore offensive. On the surface the imagery looks good,
because nuclear energy doesn't directly spew greenhouse
gases into the atmosphere. Upon reflection and critical
examination, however, the pretense in the assertion is
quickly dispelled.

Several recent studies have poured cold water on this
assertion. For example, Komanoff Energy Consultants have
compared the reliance on nuclear power versus on energy
efficiency to lower global C02 emissions by 50'/. by 2020,
with a 3X growth in GNP per year. The nuclear strategy would
mean building reactors 48 times faster than they were built
from 1975-85. This would require 16 reactors being built
every week from 1995-2010. In contrast, energy efficiency
would only have to increase by 4.6 V. a year to cut these
ern i s s i on s b y 5 0"/.. 18
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In making its claim to be a solution to global warming,
the nuclear industry refer"s to preventing greenhouse gases
from coal-fired plants. This is actually very misleading,
since only one-sixth of greenhouse gases come from fossel
fuels used to generate electricity, and coal is only one of
these fossel fuels. Transportation is a growing cause of C02
from fossel fuels, and the destruction of the rain forests
also contributes to global warming by reducing their
absorption of carbon out of the atmosphere.

Sometimes the environmental isrn of proponents of the
nuclear industry gets down right absurd. The attempt to use
Gaian theorist Lovelock against those opposing the Candu-3
for Saskatchewan is one: recent example. 19 In making this
case, Kupsch seemed to forget that Lovelock is less
interested in humanity than in Saia per se; and that he
doesn't have that good a track record when it comes to
understanding specific environmental catastrophes such as
the thinning of the ozone or Chernobyl.

There has also been the attempt to get the nuclear
industry on the bandwagon of "sustainable development" in
the wake of the Brundtland Commission. Since this United
Nations' Report was released in 1989 the nuclear industry
has increasingly referred to itself as the sustainable
energy source- A AECL speech in Regina (Mar. 15, 1990) was
actually billed as follows: NUCLEAR POWER - THE CLEAN AIR
ALTERNATIVE TO SUSTAINABLE ENERGY. Please note the confusion
about the concept of sustainabi1ity, i.e. it mistakenly
means nuclear energy is unsustainable ("the alternative to
sustainable energy).

A careful reading of this Report from the World
Commission on Environment and Development shows that
renewable energy, not nuclear energy, is seen as fundamental
to sustainable development. The Bruntland Report directly
raises several questions about the viability of the nuclear
industry: including its rising costs, the continued danger
of weapons proliferation in spite of the NPT, the greater
than expected chance of reactor accidents, and the unsolved
problem of nuclear wastes. 20 Its main recommendation on
energy p-olicy was:
"That- vigorous promotion of energy efficiency practices in
all energy sectors and large-scale programs of research,
development and demonstration for the safe and benign use of
all promising energy sources, especially renewables, be
given the highest priority." 21

THE SWEDISH PHASE-OUT
The nuclear industry does not want the public to

understand the potential of conservation and renewables. The
contest between nuclear power and these non-nuclear
alternatives is corning to a head in Sweden.

Sweden's 12 reactors presently generate 68 Terawatt hours
(Twh) of electricity. (A Twh equals 1 billion Kilowatt
hours). This is almost half of the country's electricity.
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and it constitutes the largest per capita consumption of
nuclear power in the world.

On the surface, the contraints on the planned nuclear
phase-out are immense. In 1988 Sweden was the first nation
to agree to hold C02 greenhouse gases at 1988 levels.
Furthermore, 70% of the potential hydro-electricity has
already been developed, and the four remaining remote rivers
would "only" be able to generate 15-20 Terawatt hours.

With all these contraint-s, the international nuclear
industry would look with trepidation on Sweden successfully
phasing out its nuclear reactors. If Sweden can do it
probably any country can. The industry will obviously do
what it can to organize against and frustrate the
transition.

Skepticism about making the transition from nuclear power
is reflected in the World Status Report on nuclear power,
wh..ch states:
" ... neither the public nor anyone else has been able to
explain how a country deriving half its electricity •from
nuclear power; a country which is the highest per capita
user in Europe; a country which wants to build no new hydro
plants and has banned any increase in carbon dioxide
emissions, let alone sulphurous gases; how such a country
can take the lead in the great escape from nuclear." 22

A recent paper on the prospects for Sweden is most
revealing. It discusses rseearch undertaken on three
alternative, non-nuclear and non-hydro sources of
electricity and reports they all look very promising. 23
The three alternatives are conservation through energy
efficiency, the use of biornass and the use of wind power.

A Lund University study has shown that by shifting to
energy efficient lighting, whereby the same lighting is
created with only 2.0*/. of the electricity.. electrical
consumption could be reduced from the current 140 Twh to 96
Twh by 2010.Another study has shown that with no net
increase in greenhouse gases., biomass could produce between
20-35 Twh after ten years. Finally, a government study
suggested that 4,000 wind generators - only 1/3 on land -
could replace UP to half of the electricity presently
produced by the 12 nuclear plants.

These studies suggest that with just these three
strategies the need for about 44 Twh could be reduced, and
another 54-69 Twh produced. With a shift of capital., labour
and policy towards these technologies it apparently would
not be too difficult to replace the 68 Twh presently
produced by reactors.

THE RENEWABLE ENERGY SECTOR
Largely due to their own vested interests, those who wish

to sell a Candu will continue to ridicule such energy
alternatives. But many sources besides the Bruntland
Commission continue to see the emergence of the renewable
energy sector. There's some simply logic to the issue. If
lighting accounts for 1/4 of U.S. electricity, and if - as
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the Roc key Mountain Institute suggests - as much as SzV. of
these electrical costs can be saved by cost-effective
lighting and daylight-saving strategies, then total
production and consumption costs could be reduced to 77%. 24

A recent study by the Union of Concerned Scientists
c o n c 1 u d e d t h a t:
" ...as much as 50X of U.S. energy supply could be provided
by renewable energy sources by 2020, assuming no overall
growth in energy consumption." 25

Almost daily there are press reports showing progress in
the renewable energy sector. Just recently the GLOBE AND
MAIL carried a report on how a way had been found to use
inexpensive, low-purity silicon to convert sunlight into
electricity. 26 WorldWatch Institute's publication WORLD
RESOURCES 1990-91 carried a chapter (Chapter 10) which is
quite positive about the prospects of renewable energy. It
points out that in some countries the renewables are already
supplying more primary energy than that which comes from
nuclear power. It says Canada is one of these countries. 25a

THE SASKATCHEWAN CAPER
This brings me to the proposal by Western Project

Development Associates (WPDA) to build a private Candu-3
here. This proposal came along when the Devine government-
was implementing its adventurous plan to privatize the
province's utilities- Opposition to this path has been
widespread; and, according to the trend line in political
polls, Divine and his colleagues may pass into political
history by the early fall. In all liklihood they will be
replaced by the NDP, which is not only against a Candu-3 in
the province (27), but has a large majority of the
membership and party policy supporting the phase-out of
u r an i urn m i n i ng.

The Devine government has been taking some of its
direction from advisors to past British P.M. Thatcher. Under
her government the Central Electricity Generating Board
<CEQB) tried to privatize its 11 nuclear reactors in England
and Wales. The taxpayers were going to "sweeten the deal" by
providing 2.5 bill lion dollars or more towards
decommissioning, fuel processing and fuel disposal costs.

All the standard arguernents that we hear in Canada - that
nuclear power diversifies energy supply, and doesn't cause
acid rain or global warming, were advanced to try to sell
the utility; but to no avail. The CEGB had all along been
strenuously predicting the need for another 15 GW of
capacity by the year 2000, to add to the country's 55 G'W
capacity.

Meanwhile, according to a new report reviewed in THE
ECONOMIST, 6.5 - 12.5 GW capacity could actually be saved by
the year 2000 simply by using energy saving technology
already available. Combined heat-and-power schemes could
save the need for up to another 10 SW's capacity. The report
pointed out that the cost of going this conservation and
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efficiency route would be 1/6 to 1/12th of that of building
extra capacity through nuclear reactors. 28

While the governments who have helped create our present
fiscal crisis may believe their own self-interested cost
calculations about nuclear power, the business world is
rightly more skeptical. Were the taxpayers to be more fully
informed of the hidden costs of nuclear power their
opposition would inevitably increase. The World Status
Report on nuclear power, already referred to, sees the
rising costs of decommissioning as the Achilles heel of
nuclear power economics.

With the help of both the government's AECL. and
industry's CNA, and the blessing of the SPC management, WPDA
continues to promote a private reactor. Reactor salesmen
have been corning in and out of the province like we were a
lucrative Third World sale. When the costs of nuclear power
to the public are discussed (such things as the one million
dollars for each km of transmission lines) "the
environmental ticket" is quickly forgotten. WPE'A President,
Hindle, justified a Candu-3 to meet the electrical demand at
the new heavey oil upgrader. 29 This is nuclear energy
producing global warming, even if indirectly.

Were SPC really sincere in wanting to reduce global
warming it would have far more impact perfecting clean-
burning coal technology, which could be transfered to
countries like China that will continue to burn massive
amounts of coal for some time. Unfortunately, global warming
is a political football for those attempting to land a sale
of a Candu in this province.

Prior to the last provincial election, it was jobs at the
Regina upgrader that Devine hoped would win his government
support. Perhaps a fast-track Candu-3 was to have played a
similar role in the build up to the 1991 election. It seems
that the timing iz a bit off.

Each day we he<£r a lot about the immense costs of
servicing the national and provincial debts, and we are told
we have to tighten our belts. Yet we hear very little about
how much of this debt is from utilities bent on expansion;
trapped in a cycle of energy growth to increase sales to pay
the debt on the past costly megaprojects. Ontario Hydro,
AECL' s largest, consumer of reactors, apparently has a debt
about the same size as federal government subsidies to the
nuclear industry (12 billion dollars). Saskatchewan's SPC
debt is over two billion dollars. And even though 19SS was
considered a successful year, with a 122 million dollar
operating profit, the debt cost the utility 222 million
dollars to finance. 30
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The attempt- to sell a Uandu-J in Saskatchewan smacks of
the same kind of bribery and misinformation typical of
sales abroad. WPE'A promises jobs in northern Saskatchewan,
where many people suffer from incredibly high unemployment.
Upon analysis these jobs turn out to cost 600.000 dollars of
investment per 20 year job. Though posing as a private
interest, it seerns clear that WPDA wants the same federal
financial guarantees given to first reactors in other places
like iMew Brunswick.

The attempt is made, by marshalling all the forces of the
AECL and CNA, to get powerful and influencial groups on side
who will glean short-term benefit, including status, from
the Candu project. These promotions, as in export sales, are
for the most part done behind the scenes:, as with WPE'A' s
negotiations with Economic Development Boards in the north;
or in settings where only one side of the debate is allowed,
as when the Saskatchewan Chamber of Commerce endorsed the
Candu-3 after hearing an AECL after dinner speaker.

The desperation of the government-created and funded
Canadian nuclear industry has come full circle. What started
as an attempt to cash in on the oil crisis in the 1970's,
and then the arms race in the 1980's, is now being tried
with the environmental movement of the 1990's. The attempt
to save the industry through an export market has now taken
a back seat to the attempt to penetrate new provinces with
the promise of environmental and economic benefits.

But environmental groups unanimously favor a non-nuclear
path in Canada and elsewhere. They know too much to be
fooled by glamorous promotions and grandiose predictions.

From the stance of someone who has observed and studied
the industry for several decades, the economic push for
nuclear power has reached a new low. In the late 1970's
Saskatchewan was touted as destined to become a have
province due to the impending uranium boom. Some of us were
not swept along by the boom town mentality fueled at the
time by political parties, multi-nationals and the media
alike. As it turned out, recent uranium revenues to this
province have only been about 6X of the high and 15X of the
low estimates given at that time. 31

Once again this gold rush mentality is being perpetuated,
this time by a government-dependent reactor industry in deep
trouble. The Chair of the AECL Board was reported in the
press as saying Saskatchewan people shouldn't. sell
themselves short:
"Rather than sell uranium for $10 a pound, why not lease it-
out and bring it back after its been used in a reactor? Why
not put the uranium back where it came from, he asks." 32

Ferchat apparently promised "#100 a pound, 10 times
today's uranium' market value" for doing this. He didn't
mention that according to previous "gold rush" predictions
we were to be receiving 40-50 dollars a pound by the late
1980's - without even having to take AECL's nuclear wastes.

We're really not as gullible here as Ferchat apparently
thinks. We know that people are rightly uneasy about spent
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ruel storage in their areas, and the industry would like to
have a "far away" place to ship it. We know that the FEARO
panel on nuclear wastes came to Saskatchewan as a
prospective customer of a Candu. And we know the spent fuel
from the Candu is not uranium. We also know about the
history of Candu exports. And we know about the
a1ternati yes.

I suggest that the nuclear merchants start looking for
another "third world" region to peddle their ware. Time is
runniri-3 out.

<KO<*'I I «.£/e t*.p&»> reachesf,
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"Is a CANDU in Saskatchewan's Energy Future?"
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June 10, 1991
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Notes for CNA Panel Discussion - June 10

"Is a CANDU in Saskatchewan's Energy Future?"

The short answer is "maybe". The ultimate answer will depend on

how the Province of Saskatchewan decides to balance the many

environmental, social and financial considerations of its various

electricity options.

Obviously SaskPower will play a key role in determining that balance.

Much to its credit, SaskPower has already launched a very

successful, open and necessary dialogue with the people of this

province to seek their input on what kind of energy future they want.

One requirement demanded by everyone in the province is clear,

however, given that electricity is the life-blood of our modern society:

the crucial requirement for an adequate, reliable, sustainable and

economical supply of electricity.

From AECL's perspective, nuclear energy is a viable way to meet a

share of Saskatchewan's future energy needs; facilitate the

diversification of the provincial economy; and, create high-

technology, high-quality jobs in the province.

What we're really taking about is building more than a reactor. We're

talking about building a stronger, more diversified nuclear industry on

a very strong existing foundation.

Clearly, with its large, low-cost uranium, resources, Saskatchewan is

already a major player in the world uranium mining industry.
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It would seem to me that the key to maximizing Saskatchewan's

benefits from uranium mining is willingness to leverage a natural

competitive advantage into a world-leadership role in all facets of the

nuclear fuel cycle.

For example, beyond uranium mining and milling, Saskatchewan

could develop an industrial infrastructure to undertake commercial

activities including:

reactor design and construction

nuclear R&D

electricity production for domestic and export needs

nuclear fuel production and leasing

In this manner, the people in Saskatchewan could profitably maximize

value-added content to the rich uranium mined in the province.

However, the catalyst, the crucial cornerstone for a diversified nuclear

industry is a CANDU reactor. And we have one to suggest to you as

you might imagine. The brand new CANDU 3, developed by AECL

CANDU.

The design, construction and operation in Saskatchewan of the first

nuclear power station in the world based on the new, small and

technologically advanced CANDU 3 design would lay the cornerstone

for an entirely new industry, offering a complete portfolio of nuclear

fuel cycle products and services - worldwide.
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Specifically, Saskatchewan industries and enterprises would, in the

process of acquiring the first CANDU 3, develop the high level of

expertise that would be applied to future CANDU 3 stations in

Canada and elsewhere, especially the U.S. In this manner,

Saskatchewan could become the world "centre of excellence" for the

CANDU 3.

At the same time, the acquisition of the CANDU 3 by Saskatchewan

would bring about a much needed structure change to the provincial

economy that would make it more immune to changes beyond its

control on the world scene.

Saskatchewan's CANDU 3 project would result in about 5000 person-

years of direct employment and approximately 10,000 person-years of

indirect employment, for a total of up to 15,000 person-years by the

end of 2001. Between 800 and 1500 direct permanent jobs would be

created.

In due course, the normal electricity demand growth in the province

and the need to replace old plants would require that further CANDU

units be built here. Electricity export to neighbouring provinces and

U.S. states could accelerate the need for new CANDU units. In a l l ,

substantial additional employment would be created in the province

as a result of these activities.

Breaking it down, CANDU 3 employment created in Saskatchewan

would be related to:

World wide CANDU 3 design and program management

marketing and sales

engineering and service work

administration and human resources

project and construction management
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manufacturing

construction and installation

commissioning and operator training

station operations and maintenance

R&D

And like many Canadian manufacturers, Saskatchewan companies in

the nuclear industry will benefit from their CANDU expertise to supply

components to Light Water Reactor plants, the aerospace industry,

the chemical industry and many other industries. As a result of

developing a manufacturing role in the CANDU 3 program,

Saskatchewan suppliers would be in a good position to do the same

in other fields.

In conclusion, a billion-dollar CANDU 3 reactor program in

Saskatchewan is, in AECL's opinion, as much common-sense

industrial development as it is a needed new source of sustainable,

clean-air electricity.
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NEW TECHNOLOGIES FOR THE NEW AGE - CRISLA

Presented to the Canadian Nuclear Association

by John R. Longenecker

June 11, 1991

Ladies and gentlemen, good morning. Its a pleasure for me to
address this distinguished forum today on a topic that is so
important to our energy future.

Its also a particular pleasure for me to be able to address this
group in the beautiful surroundings of the city of Saskatoon.
Those of you who are first time visitors are probably quite
pleasantly surprised by the warmth and charm of the city. As a
frequent visitor, let me assure you that it gets more enjoyable
with each visit.

As you have heard, and will hear from other speakers on this panel,
a range of new technologies may play a key role in securing our
energy future, particularly with respect to nuclear power. Our
topic today is so exciting because it relates to our future.
Society changes constantly, and one of the major factors driving
those changes is technology.

One technology that I believe can affect the future of nuclear
power in a very positive way is CRISLA. CRISLA stands for Chemical
Reaction by Isotope Selective Laser Activation. Simply put, it is
one of the more promising, low-cost, modular technologies for
separating isotopes.

From a commercial perspective, one might first ask why we want to
separate isotopes in the first place. As the marketplace
increasingly demands purer materials and materials with unique
properties for nuclear, electronic, medical, metallurgical and
other uses, there is a trend toward finding low-cost reliable ways
to produce these materials.

The largest commercial demand today is for the separation of
uranium isotopes for use in water cooled nuclear reactor fuel. In
this market area with revenues of approximately $3 billion per
year, price competition is growing.
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HISTORY OF URANIUM ISOTOPE SEPARATION

The first large scale uranium isotope separation was performed over
forty years ago. The technologies that evolved from the 1940's and
1950 's are the technologies used to separate uranium and other
isotopes today.

The technologies that were developed in the 1940 *s were then
considered to be quite exotic, much like the first aircraft that
eventually revolutionized the transportation industry. However,
just as in transportation where there are several means of getting
from point A to point B, there are multiple ways that have been
developed since the 1940's for separating isotopes. The isotope
separation business in the 1990's and beyond will be much like
transportation, where the ultimate choice frequently reduces to
price.

Price of the final product and capital cost of the project were not
dominant factors 40 years ago. Those days, however, are gone. In
the future, economic factors will overwhelm all others.
Technologies that are environmentally benign and that are able to
separate isotopes at low, predictable costs should dominate the
marketplace of the future.

The value added in the process of isotope separation is very high.
Today, in preparing fuel for a water cooled nuclear reactor, the
cost of enriching uranium is roughly equal to the cost of the
natural uranium that is enriched. Thus, if Canada could export
enriched uranium rather than uranium concentrates, the value of the
export would double.

From the buyer's perspective, there is a significant incentive to
reduce the cost of nuclear fuel. Once the capital is sunk for a
nuclear plant, the annual fuel costs are a significant portion of
an electric utility's operating outlays. Enriching services for a
large water cooled reactor now cost in the range of $10 - 15
million per year. New technologies can dominate the market of the
future if they can show significant cost savings as compared to
existing means of enriching uranium.

OPERATING COST COMPARISON

Gaseous Diffusion

First, I will review the cost drivers for the various isotope
separation technologies. Currently, about 90% of the production of
uranium isotope separation services are performed by plants
utilizing 1940's vintage gaseous diffusion technology.
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The gaseous diffusion process separates uranium isotopes by pumping
a uranium hexafluoride gas through millions of feet of porous
barrier. The slightly faster U235 molecules diffuse through the
barrier at a higher rate than the slower U238, gradually resulting
in a product stream that is "enriched" in the U235 isotope.
Pumping large volumes of gas over long distances using electric
motors consumes huge quantities of electricity, however.

To be more specific, the gaseous diffusion process for enriching
uranium requires 2500 kilowatt hours of electricity to produce one
separative work unit (SWU), the standard unit of measure for
isotope separation. At an electricity cost of 5 cents per kilowatt
hour, this results in a cost for power of $125 per SWU. Once
capital recovery, manpower and other costs are included, the
gaseous diffusion process is a rather costly means of enriching
uranium.

Centrifuge

In the 1950's and 1960's, the centrifuge technique of separating
isotopes was developed. Today, centrifuge technology is used to
separate uranium and other isotopes in several locations including
Europe, Japan, and the Soviet Union.

The centrifuge process separates uranium isotopes by rotating a
uranium hexafluoride gas at high speeds. The lighter U235 is drawn
off the inside of the rotating cylinder by one scoop, while the
heavier U238 is evacuated in a separate stream from the outer wall
of the rotor. Each centrifuge provides a very slight enrichment
in the U235 isotope, so that thousands of centrifuges must be
interconnected to produce uranium with a high enough U235 content
(3 to 5%) for use in water cooled reactor fuel.

The major advantage of the centrifuge process, as compared to
gaseous diffusion, is its low energy consumption. An advanced
centrifuge requires only about 50 kilowatt hours of electricity to
produce one SWU, or just 2% of the electrical requirement of
gaseous diffusion. Again assuming an electricity cost of 5 cents
per kilowatt hour, the energy cost for centrifugal separation of
uranium is about $2.50 per SWU, a very small amount of the total
cost of a SWU.

Laser Separation

In the 1970's, intensive work was begun on several laser driven
processes for isotope separation. These are quantum processes (as
compared to the mass action processes like centrifuge and gaseous
diffusion). The quantum processes offer the promise of higher
separation efficiency combined with low energy consumption. This
means that natural uranium can be enriched for use as water cooled
nuclear plant fuel in several stages (as compared to hundreds or
thousands of stages for mass action processes).
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CRISLA and other quantum processes including the Atomic Vapor Laser
Isotope Separation (AVLIS) process require even less electricity
than centrifuge (about 2 0 - 3 0 kilowatt hours) to produce one SWU.
Using our assumption of 5 cents per kilowatt hour, these processes
have power costs of only $1.00 to $1.50 per swu.

As can be seen from the estimates made above, both centrifuge and
the quantum isotope separation processes like CRISLA can decouple
isotope separation from the high energy consumption and related
high operating costs of gaseous diffusion. However, capital costs
must also be considered.

CAPITAL COST COMPARISON

In comparing the various isotope separation processes, there are
significant differences in their capital costs. Because of the
miles of porous barrier required in a gaseous diffusion plant, the
unit capital cost for one swu per year of production capacity is
approximately $500.

For modern centrifuge technology, the unit capital cost for a
production capacity of one swu per year is in the range of $500 -
$700. This high capital cost derives from the low separation
factor, and thus the large number of stages required to generate
the required enrichments for nuclear fuel.

Quantum enrichment processes like CRISLA and AVLIS, by comparison,
have lower capital costs. Because of their high separation
factors, quantum processes are estimated to have unit capital costs
of about $100 - 200 per SWU of installed capacity.

In today's environment, where capital is both difficult and
expensive to raise, the quantum enrichment processes have a
distinct advantage. Combined with their low energy consumption,
they offer significant promise for the future.

CRISLA TECHNOLOGY

Today, CRISLA technology is being aggressively developed in Canada
by CRISLA Technologies, Inc. Cameco's expertise in fluorine
chemistry and uranium hexafluoride processing add a critical
dimension to these efforts.

CRISLA is different from other quantum enrichment processes in that
most of the separation results from chemical reactions. A laser is
utilized primarily to accelerate the chemical process.
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As shown in Figure l, in the separation of uranium isotopes using
CRISLA, a chemical reagent and UF6 are introduced into an
intracavity cell (IC) where they are mixed and illuminated by a
carbon monoxide laser the light of which is tuned to preferentially
excite the U235 compound. This accelerates the chemical reaction
for U235 so that when the UF6-reagent mixture exits the IC and
enters the separator, enriched U235 compounds are recovered. The
unreacted UF6 (U238) passes through the separator into a cold trap
from which it can be separated from the byproducts of the
coreactant.

Enriched UF6 is generated by refluorination.

ADVANTAGES OF CRISLA

The major advantages of CRISLA technology for enriching uranium
are:

* Low Capital Cost

* Low Operating Cost

* Simple, Industrial Technology

* UF6 As Feed and Product Forms

* Modular Technology

Of course CRISLA may have much wider application in the separation
of isotopes, but today development efforts are being focused on
uranium.

In the nuclear area, for reactors that use enriched uranium,
commercial deployment of CRISLA should lead to lower nuclear fuel
costs, thus improving the overall economics of nuclear power.

CONCLUSION

In closing, let me say that I have found my experiences in doing
business in Canada with our partner Cameco, and other key players
in the nuclear business to be very positive. We are pleased to be
involved in this project, we are excited about the potential for
CRISLA technology, and we are impressed by the strength of the
technical team and their commitment to making CRISLA succeed.

I would like to again thank the CNA for affording me the
opportunity to discuss this exciting topic. I foresee a bright
future for CRISLa technology and for nuclear power throughout the
world.
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Industrial Uses of Radiation

Andrew J. Stirling
AECL: Accelerators

436B Hazeldean Road
Kanata, Ontario K2L 1T9

While reactor designers must be vigilant to the deleterious effects of radiation on materials, there
are several thriving industries based on the beneficial effects. The consumers of the products are likely quite
unaware that radiation is used. These radiation processed products are generally preferred for their superior
quality and properties, and include:

• high gloss printed packages
• shrink packaging
• shrink tube for electrical and gas connectors

radial tires
• fire resistant wire and cable
• computer discs
• sterile medical items.

For all of the curing processes, the principle radiation source is the electron accelerator, while
cobalt-60 dominates the sterilization application. About 700 accelerators are in industrial service and there
are about 150 cobalt-60 plants. The growth of these industries followed the development of the source
technology, i.e. were examples of technology push rather than market pull.

During 1990, AECL demonstrated a new source of electron radiation which could catalyse another
group of new industrial applications. The IMPELA™ electron irradiator creates 2-3 times more power than
currently available accelerators. Furthermore, the 50kW demonstration accelerator shows that higher powers
would be possible by installing larger power supplies. Such accelerators offer electron radiation in virtually
limitless quantity at prices which will diminish with the number of units manufactured and the size of the
unit installed. By comparison, increased demand for cobalt-60 puts upward pressure on a limited supply,
unless reactor sales dramatically increase.

The new applications of greatest promise are those where there is a strong economic drive and
where products have unique properties. One promising opportunity is the production of advanced
composites, cured by electron beams rather than heat. Aerospatiale is increasing production rates for one
component by a factor of ten. Other, economically driven opportunities arise in the treatment of cellulose, a
long natural polymer sensitive to modification under electron bombardment.

Other new applications should arise from the public emphasis on the environment. Recycling
invariably requires biological decontamination of the material to be reused. Even if not reused,
decontamination of hospital, airport and industrial wastes by incineration is meeting resistance. Electron
radiation can also be used to directly destroy chemical wastes, (PCB's, teflon, haloforms), though costs of
treatment are generally still greater than society would happily pay. Other environmental benefits of electron
beams are demonstrable when energy or chemical use is reduced, (in cellulose processing or in composites
manufacturing).
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For many years food irradiation has been seen as a major new potential industry. Fundamental
social forces are at work which should be leading to its adoption. The industrialized countries are
experiencing increased public health problems due to contamination in centralized food plants. The non-
industrialized countries lose much of their production to insects and cannot export cash crops due to
quarantine restrictions. However, while scientific opinion favors food irradiation, both public and official
opposition is growing.

In Europe, the number of irradiated foods that will be able to be traded within the
community will likely be smaller than have been cleared for use in the individual countries. In the USA,
organized critic groups are reported to have pressured large food corporations to foreswear food irradiation.

Considerable debate in North America can be expected in 1992 as the first commercial food
irradiator starts up. The irradiation of food will benefit CNA members little and a major promotional role
by the CNA would be counterproductive. However industry experts should be encouraged to publicly
challenge misinformation. If the public affairs battle is lost by allowing unsupportable criticism to go
unchallenged, the power industry will find it even harder to retain public support in future.
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DEALING WITH GLOBAL WARMING

Erik K Haites
Principal

Barakat & Chamberlin

You have heard speakers describe the science underlying the greenhouse effect.
And you have heard about the potential consequences of global warming for the
natural environment and for mankind. I assume they have convinced you that we
should act to minimize future temperature increases.

Assuming that we wish to limit further global warming,

• what is the magnitude of the challenge?

• what are the most promising mitigation and control options?

• what are the most cost-effective policies for implementing those
options?

I will try to respond to these three questions in the limited time available.

WHAT IS THE MAGNITUDE OF THE CHALLENGE?

Global warming is a function of the atmospheric concentratrons of greenhouse
gases — carbon dioxide, CFCs, methane, nitrous oxide and a number of other
gases. Human activities discharge greenhouse gases into the atmosphere faster
than natural processes remove them. As a result, atmospheric concentrations of
these gases rise and enhance the greenhouse effect.

Scientists estimate that to stabilize atmospheric concentrations at current levels
will require that human-made emissions of greenhouse gases be cut from current
levels by the following amounts:1

1 J.T. Houghton, CJ. Jenkins and JJ. Ephraums (eds.), Climate Change: The IPCC Scientific
Assessment. Cambridge, U.K., Cambridge University ?ress, 1990, Table 2, p. xviii.
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Greenhouse Gas

Carbon Dioxide
Methane
Nitrous Oxide
CFC-11
CFC-12
HCFC-22

Reduction K<

>60%
15-20%
70-80%
70-75%
75-85%
40-50%

These are very substantial reductions from current emission rates.

The Toronto Climate Conference in 1988 proposed reducing carbon dioxide
emissions by 20 percent from 1988 levels by 2005 as an interim target.2 At least a
dozen countries, including Canada, have announced plans to limit unilaterally
their emissions of carbon dioxide.3 In most cases the limit is stabilization of CO2

emissions at current levels by 2000. These limits are interim commitments
pending negotiation of an international agreement on climate change.

Negotiation of an international agreement to address climate change has begun,
but reaching an agreement will not be easy because of the wealth transfer
implications. Developing countries argue that developed countries have grown
wealthy through the use of fossil fuels which created the current problem and so
should bear the burden of mitigating global warming. Any agreement is expected
to involve assistance to developing countries to help cover the costs of reducing
emissions. The negotiations, obviously, will be complex and success is not
guaranteed.

Clearly, stabilizing atmospheric emissions of greenhouse gases at current
concentrations will be an enormous undertaking. Although international
commitment to this task is not guaranteed negotiations have started with the
objective of signing a treaty in mid-1992. A number of developed countries,
including Canada, have unilaterally begun the process.

2 The Changing Atmosphere: Implications for Global Security", Toronto, Canada, June 27-30,
1988, Conference Statement, page 5.

3 Austria, Australia, Canada, Denmark, France, Germany, Italy, Japan, The Netherlands, New
Zealand, Norway, Sweden and the United Kingdom.
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WHAT ARE THE MOST PROMISING MITIGATION AND CONTROL
OPTIONS?

Increases in atmospheric concentrations of greenhouse gases can be reduced by:

• reducing emissions.

• capturing the emissions at source so they do not escape to the
atmosphere;

• removing the gases from the atmosphere;

In principle, each of these broad options applies to each of the greenhouse gases.
However, the studies undertaken to date suggest that reducing emissions is almost
always the most cost-effective option.

I will quickly summarize what we know about the most promising mitigation and
control options for each of the greenhouse gases. An international agreement
designed to protect the stratospheric ozone layer — the Montreal Protocol — will
phase out all production and consumption of CFCs and, ultimately HCFCs. This
will help mitigate global warming. The only strategy being pursued is to reduce
emissions.

Strategies for reducing methane emissions focus on controlling leaks and releases
of natural gas and capture of fugitive methane emissions from the other sources.
Combustion of the recovered methane produces carbon dioxide, but reduces the
contribution to global warming because methane is much more potent than
carbon dioxide in terms of its climate impact.

Proposed strategies for reducing atmospheric concentrations of nitrous oxide focus
almost exclusively on reducing emissions through changing agricultural practices.
Lower discharges will also result from reducing carbon dioxide emissions due to
combustion of fossil fuels.

Carbon dioxide is the single largest contributor to the greenhouse effect.
Mitigation and control options for carbon dioxide have been analysed in greater
depth than those for the other greenhouse gases. Analyses of mitigation and
control options have tended to focus on interim targets such as that proposed by
the Toronto Climate Conference — a 20 percent reduction from 1988 levels by
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2005. Reaching that interim target has been found to be very challenging for
most countries where studies have been undertaken.4

The principal man-made source of carbon dioxide emissions is the combustion of
fossil fuels. It accounts for over 80 percent of CO2 emissions in Canada. The
next largest source is deforestation. Various industrial processes and combustion
of wastes account for the balance.

Studies of options for reducing carbon dioxide emissions consistently show that
improved energy efficiency is the most cost-effective strategy available over the
next decade or two. Substitution of fossil fuels with lower emissions per unit of
energy (e.g., natural gas) for fossil fuels with higher emissions per unit of energy
(e.g., coal) and substitution of non-fossil energy sources (e.g., hydroelectric,
nuclear, solar) for fossil fuels also help reduce carbon dioxide emissions.

Analyses completed to date find that fuel switching alone could not reduce
forecast carbon dioxide emissions enough to meet the proposed interim targets.
Using available natural gas supplies to displace coal does not yield sufficiently
large reductions after allowing for growth in demand and not enough nuclear and
other non-fossil sources can be built by 2005 to displace significant quantities of
fossil fuels. Improved energy efficiency to reduce carbon dioxide emissions must
form the backbone of Canada's mitigation strategy over the next 15 years.

Capturing carbon dioxide from emissions streams is technically feasible but costly.
Storing the large volume of carbon dioxide captured, so that it does not escape to
the environment has not yet been solved satisfactorily. In short, the second
strategy does not appear to be feasible. Carbon dioxide is removed from the
atmosphere and stored in natural "sinks" including oceans, soils and vegetation.
Analyses of the potential to increase the absorption of carbon by natural sinks
focus on forestry because of the relatively long life of trees and the ability of
humans to manage forests. Increased absorption of carbon dioxide by forests is
limited by the amount of land available. While reforestation can make a contri-

4 W.U. Chandler, ed., Carbon Emissions Control Strategies. World Wildlife Fund and The
Conservation Foundation, Washington, D.C., 1990, reports case studies for the Soviet Union,
Poland, Hungary, Canada, Japan, the United Kingdom, France and the United States. U.S.
Agency for International Development, Greenhouse Gas Emissions and the Developing
Countries: Strategic Options and the V.S. A.I.D. Response. Washington, D.C., July, 1990,
examines emission reduction options for a number of developing countries.
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bution, it is not capable of offsetting the projected growth in carbon dioxide
emissions, let alone reducing atmospheric concentrations below current levels.1

To meet the Toronto Climate Conference interim target for carbon dioxide
emission reductions in Canada will require heavy reliance on energy-efficiency
improvements (65 to 80 percent) with lesser contributions from fuel switching and
reforestation.

If the ultimate target is to stabilize atmospheric concentrations of carbon dioxide,
emissions will need to be reduced by at least 60 percent from current levels.
Estimates of the potential for energy efficiency improvement are well below 60
percent for most energy uses. Substituting one fossil fuel for another also will not
lower carbon dioxide emissions to the extent needed. Hence, to go beyond the
interim targets will require greater reliance on non-fossil energy sources. Thus, the
potential contribution of nuclear electricity to mitigation of global warming will be
greatest after 2005.

WHAT ARE THE MOST COST-EFFECTIVE POLICIES?

The scale of the reduction in greenhouse gas emissions required to stabilize
atmospheric concentrations at current levels is very large. The costs are also
estimated to be large relative to other environmental controls.' Traditionally
atmospheric emissions are controlled by passing regulations that specify maximum
allowable emission rates, permissible production technologies or required control
technologies. The requirements may vary by type of source and small sources are
often left unregulated. The compliance costs of this traditional "command-and-
control" approach vary significantly from source to source, and are usually much
higher than required to achieve the desired reductions.

Given the scale of the challenge, policies should be designed to minimize the
costs of reducing emissions of greenhouse gases. The policy instruments best able

5 Florentin Krause, Wilfrid Bach and Jon Koomey, Energy Policy in the Greenhouse. Volume
One, International Project for Sustainable Energy Paths, El Cerrito, California, September,
1989, Chapter 1.3, Section E, pp. 1-3-39 to 1-3-51.

6 John Whalley and Randall Wigle, "The International Incidence of Carbon Taxes", mimeo,
October,1990, estimate that a tax of approximately U.S. $450 per ton of carbon would be
needed to reduce global carbon use by 50 percent relative to their base case. The present
value of the tax revenue over the period 1990-2030 is estimated at $43 trillion dollars which is
about 10 percent of the gross world product for the period.
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to achieve cost-effective control are emission fees and tradeable emission
allowances. An emission fee or tax is a charge per unit of pollutant emitted into
the atmosphere. In this case a carbon tax would be applied to the carbon content
of fossil fuels. Alternatively, carbon dioxide permits or allowances equal to the
national emissions target can be created and allocated or sold to individual
sources. Each regulated source must have enough allowances to cover its actual
emissions. Sources that control their emissions can sell their surplus allowances to
others.

The relatively high cost is a compelling argument in favour of emission fees
and/or transferable emissions permits. The costs of achieving greenhouse gas
emissions reductions targets will be unnecessarily high unless economic incentive
approaches are adopted. Their ability to separate the cost of compliance from the
reduction of emissions is another important advantage. It enables the cost of
compliance to be apportioned equitably over all sources while enabling actual
reductions to be made where they can be obtained at the lowest cost.

Each country that signs the international agreement to reduce greenhouse gas
emissions must limit its emissions to its authorized target plus the net amount of
emissions credits purchased from and sold to other countries. It is my belief that
cost-effective policies for reaching the national emissions limits should combine
emissions fees (a carbon tax) and tradeable permits rather than rely exclusively on
either policy.7

Emissions permit trading is best suited to large commercial, industrial and utility
sources. Existing sources of carbon dioxide emissions are treated as having a right
to continue such emissions at a reduced level for the remaining life of the facility.
They are awarded permits to emit specified quantities of carbon dioxide each
year. The total quantity of permits issued each year will decline in order to meet
the national emissions reduction target. The permits available in each year are
allocated in proportion to actual emissions during a designated historic base year.

7 Throughout it is assumed that revenues raised from emissions fees and the sale of emissions
permits by government are used exclusively to reduce revenues collected using other taxes. In
addition, affordability concerns and wealth impacts are assumed to be addressed in a manner
deemed to be equitable by the national government through redistribution of emissions fee
revenue and conditions on the distribution of emissions permits.
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New sources will have to purchase their emissions permits from the government
or other sources.8 As existing facilities go out of service, a larger proportion of
the permits to be issued each year will be owned (and sold) by the government.
Government gradually becomes the principal source of permits and it can limit
the supply to meet future reductions in the target for carbon dioxide emissions
with a minimum of disruption.

A carbon tax, alone or in conjunction with energy performance standards, is the
best means of reducing carbon dioxide emissions from the numerous small sources
in the residential, small commercial and transportation sectors. Emissions fees
are notoriously difficult to implement and, once implemented, to change. I
suggest that the carbon tax be linked to the market price for emission permits in
the industrial, utility and large commercial sectors.

Internationally emissions permits have the edge. Since they are quantity-based,
emissions permits are completely and immediately compatible with the national
targets likely to be incorporated into an international agreement. Emissions
trading can also facilitate international cost-sharing in a manner which encourages
the full participation of developing nations. If the carbon dioxide reduction
targets for developing countries are less stringent than those for developed
countries, emissions trading creates an economic incentive for them to become
signatories to the international agreement. It also creates an economic incentive
for countries that wish to sell permits to adhere to their targets.

SUMMARY

The problem of global warming is so serious that action to reduce emissions of
greenhouse gases is likely. The costs of achieving large reductions in emissions
are estimated to be high so this becomes an important consideration in policy
design. The advantages of economic incentive approaches in helping to achieve
environmental goals at the lowest overall cost are well known. They reduce
compliance costs, encourage the development of more environmentally benign
technologies, and facilitate cost-sharing. Greenhouse gases are the type of
pollution problem where economic incentive approaches can work best.

To facilitate planning on the part of firms that need carbon dioxide emissions permits, a
market for carbon dioxide futures will probably arise.

- I l l -



National policies to achieve the internationally-agreed emissions target could
target emissions fees and emissions permits at those sectors where they are most
appropriate. Emissions fees are better suited to sources with relatively small
emissions; vehicles, households and small commercial establishments. Tradeable
emissions permits are better suited to large sources such as large commercial and
industrial establishments and fossil-fired electricity generating stations with diverse
compliance options.

International trade of emissions permits would help countries meet their
greenhouse gas emissions reduction targets. Allowing permits to be traded would
lower compliance costs and the burden more equally. It would also provide
economic incentives for countries to become signatories to the agreements and to
adhere to their commitments.

While economic incentive approaches to environmental control offer no panacea,
they frequently do offer a practical way to achieve environmental goals more
flexibly and at lower cost than more traditional regulatory approaches. They
merit serious consideration as policies to address emissions of greenhouse gases
are developed.
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THE FRENCH PROGRAM

You are probably well , ire of the French nuclear program, but allow me to
recap briefly:

34 x 900-MWe units in operation
20 x 1300-MWe units in operation (including two under

construction)
2 1400-MWe units under construction.

The status of each plant is summarized in Figures 1 and 2.

The installed base of 900 and 1300-MWe PWR units, currently accounting for
53,000 MW of electricity, represents the bulk of the French electricity
generating system. For several years, the nuclear industry has produced
three-quarters of total electricity consumed in France and we expect to
maintain these levels in the future. EDF therefore is committed to ensur-
ing optimum operation of its installations, which includes irreproachable
safety standards, increased professionalism and more rational operating and
fuel costs, in line with performance levels achieved.

SELECTED RESULTS

The baseline availability factor for a mature nuclear unit in France is
75£. Since 1984, the availability factor for 900-MWe PWR units has aver-
aged between 15% and 802. For the more recent 1300-MWe units, availability
is now approaching similar levels, following lower performance due to the
generic "teething problems" encountered in the past. It is expected that
these plants will post an availability factor on the order of 75Z for 1991,
and levels for both types of units should become very similar in the coming
years.

The impact of experience feedback is of particular interest if we examine
for each installed base of units the changes in unplanned unavailability
during each fuel cycle. Virtually all cases of unavailability were caused
by problems with the secondary coolant system, and levels have, on the
whole, stabilized at less than 3Z in annual terms for the 900-MWe PWR
units.

I would now like to describe the underlying reasons behind the French stan-
dardization policy, its potential limitations and our main conclusions
after more than 400 reactor-years of operating experience.

Indeed, we truly believe that the success of the French nuclear program
lies primarily in the standardization policy we have pursed for several
decades. This does not mean that standardization alone is a necessary - or
sufficient - factor for the success of a nuclear program. However, the
strategic implications of this policy are significant and in some way
oblige us to strive for new paths of progress and build on our success
factors, working towards what our Anglo-Saxon counterparts call
"excellence".
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Before examining the benefits obtained from standardizing the French
nuclear industry, I would like to emphasize two points that have broadly
contributed to the success of French energy policy.

First, there is and always has been a strong and virtually unanimous polit-
ical determination to ensure the success of the French program. This has
been particularly explicit in the rapid and efficient implementation of
policies by all industrial players involved. Furthermore, representatives
of the main political parties have recognized, despite occasional diver-
gences in opinion, the interest in developing a solid nuclear program in
France; this key factor persists today.

Second, there is widespread acceptance of nuclear power by the public.
Electricit de France, the only nuclear operator, enjoys extensive confi-
dence on the part of its customers. Since the outset, EDF has always
endeavored to fully explain all the elements involved in the French
program, together with its benefits. It is true that this task was facili-
tated by the fact that France has contributed some great names in science
and politics, from Curie and Becquerel to De Gaulle. This was backed by
efficient actions pursued by EDF among the public (for example, visits to
nuclear sites), emphasizing the impact on the regional economy of a new
nuclear plant, and in terms of re-establishing a balance in the country's
national economy. Furthermore, the French are very sensitive when it comes
to independence.

THE UNDERLYING REASONS AND BENEFITS OF STANDARDIZATION

Only fifteen years ago, the concept of standardization was not very widely
accepted. There were a dozen or so NSSS suppliers, as many industrial
architects, and virtually every possible combination of the two. However,
to EDF, the policy of standardization was not new; the advantages of repli-
cation of components had already been proven during the construction of
conventional thermal (coal and oil) power plants, and successive series of
fossil-fuel plants (125, 250, 600 and 700-MWe) had been built. For these
reasons, the PVR option taken in 1973 paved the way for a standardization
policy, based on coherent industrial organization:

A single plant owner and operator: Electricit de Prance builds and
owns France's nuclear power plants and, as its own industrial
architect, carries out the detailed engineering of the plants.

A single manufacturer: Framatome supplies NSSSs, including the
first reactor core, and also designs engineering features and
manufacturers NSSS components.

A single contractor: Alsthom-Atlantique manufactures, builds and
commissions the turbine-generators and key components in the
turbine hall, as well as the plant's electrical instrumentation
and control systems, except for the NSSS.
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A single industrial firm: Cogema, a subsidiary of the French
Atomic Energy Commission, handles all nuclear fuel cycle activi-
ties and associated services, in cooperation with Fragema, a sub-
sidiary of Framatome and Cogema, which designs, develops and
markets PVR fuel assemblies.

Standardization is pursued in order to:

Save money at every stage of engineering, fabrication, construc-
tion, operation and maintenance.

Save time during construction and start-up.

Improve reliability and safety.

Improve and/or accelerate licensing procedures, technical dialogue
with the Safety Authorities and, of course, make it possible for a
medium-sized industrial nation like France to have such an impres-
sive number of plants on line within such a short space of time
(15 years).

Honey savings

The economic impact of an extensive standardized program can be referred to
as the "series effect". This term expresses the fact that the average
specific investment cost of a standardized series of units is lower than
the corresponding cost of one unit, which would have the same character-
istics, but would be designed and built on an individual basis.

The gains made in the average specific construction and industrial archi-
tecture costs of a series are obtained through two distinctive factors:

First, the "one-time" need for all the research, development,
qualifications and testing relating to the standardized equipment.
This is what we call the "program effect". The related costs are
independent of the number of units involved. This amount of fixed
costs, which are required for the implementation of new series,
does not depend on the unit size, but rather on the degree of
innovation introduced in the new series compared to the existing
one.

Second, global improvement of productivity on the part of contrac-
tors. An order for an identical series of equipment enables the
supplier to reduce direct costs, thanks to both the experience
gained through repetition and the optimization of the development,
planning and utilization of manufacturing equipment.

In addition, the associated experience feedback enables shorter con-
struction time and thus a reduction in the interest payments on capital
spending.

- 118 -



Significant gains are also made during the operation stage. For the same
reasons as detailed above, these gains affect every aspect of operation:
definition of instructions and procedures, personnel training, operating
regulations and methods, as veil as maintenance programs and tooling.

Allow me to give a more precise example. The standardization strategy
pursued by EDF has led to the replacement of three-batch refuelling by
four-batch refuelling. Within the particular context of the French elec-
tricity network, the gains calculated through the implementation of this
strategy were significant enough to encourage us to pursue it rapidly,
i.e., on the order of 10Z compared to the standard strategy.

Particularly significant benefits have also been achieved in the area of
maintenance. Take, for example, our RCM program, vhich in itself was
highly costly, but was amortized over a large number of units, and enables
to move another step closer to the notion of "optimum" safety, while
retaining reasonable direct maintenance costs, of approximately 0.4 cents
per kWh.

I would also like to emphasize the benefit of CETIC, a automated center
where tools are qualified and teams trained to use them, and SOMANU, a
hotshop for heavy maintenance of contaminated equipment.

Improved reliability, availability and safety

The availability and safety of a plant depend on a large number of factors,
such as good design and construction, efficient operation, etc. All of
these factors benefit from standardization, insofar as this strategy allows
for a better allocation of often scarce resources (both money and
personnel). Perhaps even more important is the major role played by expe-
rience feedback. Whenever an anomaly occurs, it is analyzed and lessons
are drawn from this analysis. The French reliability data base now in
practice is unique in the world, and the recently completed PRAs are based
upon statistical evidence and not abstract, theoretical hypotheses, thus
making results far more credit-worthy.

As regards operating experience feedback, EDF places a great deal of impor-
tance on information received from other countries. We have excellent
information exchanges with certain operators around the world and we play
an active role in the work carried out by international organizations, such
as WANO (World Association of Nuclear Operators), UNIPEDE, IAEA and ZNPO in
the United States, whose task is to promote international experience feed-
back.

Improved licensing procedures

In theory, safety procedures should run smoothly in parallel to the devel-
opment of a nuclear program, ensuring at all stages the satisfactory out-
come of work and organization. However, in practice, safety procedures nay
introduce delays of their own, along with new requirements, which interfere
with program management. In our case, we have observed an evolution of the
safety procedures parallel to that of the program itself, with an equiva-
lent "learning curve" and a progressive stabilization of delays and
requirements.
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Nevertheless, we have had to face some difficulties, especially when new
safety criteria had to be taken into account. This was the case after
1979, with the lessons learned from the Three Mile Island accident. It
occurred only a few months before commissioning the series of plants
ordered after the oil crisis in 1973. Concerted efforts by all parties
concerned, including the safety authorities constructor and EDF, were nec-
essary to define and implement the safety modifications resulting from the
TMI assessment before the final operating licenses were issued.

At the same time, an agreement had to be reached on the corresponding
retrofits to existing units and on repercussions for future plants. The
standardization policy did not eliminate these problems, but concentrating
on a single design was a tremendous help in rapidly finding satisfactory
solutions.

POTENTIAL DRAWBACKS AND LIMITATIONS OF STANDARDIZATION

A high degree of standardization nevertheless has potential drawbacks.

Generic defects

Generic defects may lead to simultaneous shutdown of several units within a
series. For example, two events significantly affected the availability of
French nuclear capacity in 1982 and two more in 1989:

in 1982, the failure of control rod guide tube pins, and mechan-
ical problems with the superheaters of the second PWR 900-MWe
series,

in 1989, stress corrosion problems on pressurizer instrumentation
penetrations and steam generators in 1300-MWe units resulted in
major extensions of planned shutdowns.

These events decreased the average capability factor of the 900-MWe units
by more than 5% in 1982/83, and that of the 1300-MWe units by a similar
amount in 1989/90. Even then, however, the likelihood of simultaneous
problems occurring on many units is very small, and once the remedial
action has been developed and tested, standardization means that it can be
implemented rapidly and effectively on all units in the series involved.
However, we must endeavor to remain alert since any minor event may poten-
tially indicate a generic problem, and we must remain vigilant to rapidly
acquire a clear view of the situation and thus implement the appropriate
solution.

Site limitations

For a nuclear program being developed on several sites over a period of
more than ten years, standardization comes up against two main limitations.

Each site is characterized by geological and seismic data - cold
source, geographical, industrial, human and climatic environment,
etc. - and it would not be cost-effective to define a standard
project suitable for each different site. On the other hand, it
is inconceivable that we should choose only those sites which
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comply with a given standard. Therefore, the standard must be
designed so that it can be adapted to each site as satisfactorily
as possible. Conversely, the foundations, water structures,
access and connections to the grid are specific to each site, and
there may be additional site-related adaptations, due, for
instance, to cooling water temperatures or particular external
risks.

As techniques evolve, standardization must find the middle road between two
conflicting goals: stabilize techniques for a sufficient period of time in
order to enjoy the benefits of series construction, and leave the way open
to improvements through technical progress, experience feedback and regula-
tory requirements.

The scale of the French program was such that a staged evolution could be
considered, as already shown.

More generally, one has to look at standardization in perspective. From
the beginning of design of the first unit through to decommissioning of the
last unit of a series, some 60 to 70 years will lapse. This very long life
expectancy of a series has two immediate consequences:

Modifications have to be made on all units, throughout their life-
time, to take into account operating experience feedback, the
evolution in regulatory requirements and technological obsoles-
cence. Thus, all units -- whether still under construction or
already in operation -- maintain a high level of safety throughout
their life.

A given series may continue to be under construction for a rela-
tively long time (20 years or more), without any particular
problems (either safety-related or obsolescence), as this is a
short time compared to 70 years. Therefore, the standardization
policy can be adapted to the overall industrial strategy of the
country on the basis of criteria other than technical.

CONCLUSIONS ON STANDARDIZATION POLICY

Given our experience in standardized PWR's, EDF's global assessment is
overwhelmingly positive. Several main lessons have been learned:

Money has been saved: the French-designed nuclear plants are the
least expensive, at least among those which respect the fundamen-
tal safety criteria.

Time has been saved: not only were we able to reduce construction
time but we could also manage a very large program when it was
most needed, connecting, for example, 15 units to the French grid
in just 15 months (1980/81).

Safety and reliability have been achieved and maintained: recently
completed PRAs show that the French units compare favorably to the
best plants in their category, and the recently completed 10-year
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assessment at Fessenheim and Bugey show that the units are as good
as new and probably better, thanks to the numerous retrofits.

The main lessons learned are:

a) Standardization, in order to attain all its goals and fully reap
the expected rewards, has to be a strong policy, backed by an iron
will to pursue it come what may.

b) Standardization must not inhibit progress: this implies a solid
retrofit policy to maintain the units at the highest safety levels
throughout their entire life, and a policy of successive series of
standard units.

c) It is a sound policy to have some overlapping (e.g., 5 years)
between successive series and to have two to three years delay
between the first and second unit of a new series. This enables
satisfying the quantitative needs of the electricity generation
program with proven units, construction methods and teams, as well
as limiting the risks inherent to any new series; to the first
unit, with no impact on the second.

Within the electricity generating sector, this policy has been concretized
by the recovery of France's energy independence levels. Today, our level
of independence (all types of energies) stands at 50Z, compared to only 25£
in 1973. This recovery has been achieved thanks to the success of nuclear
energy, driven by the excellent performance of its producer. We oust now
strive to pursue this success, while remaining receptive to customer needs,
i.e., the electricity consumer, who sometimes voices certain fears and even
rejection of nuclear power. Another key feature of our success strategy is
the transparency policy concerning accidents and incidents in plants now
being implemented vis--vis the public, the press and media.

Of all the multifaceted factors which constitute this success, it is above
all the extensive commitment of every man and woman at each link in the
chain of nuclear energy production which has ensured such excellent
results.
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PRIMARY ENERGY CONSUMPTION FOR '90
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POWER GROWTH IN THE LAST 30 YEARS

Generating Facilities (MW)

Gross Generation (1,000 MWH)

Thermal Efficiency (%)

Energy Sales (1.000 MWH)

Peak Demand (MW)

Transmission & Distribution Loss (%)

No. of Customers (1.000 Households)

Per Capita Consumption (kwh)
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POWER CAPACITY PLANNING
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GROWTH IN POWER GENERATING FACILITIES
MW
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POWER DEVELOPMENT PROGRAM
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POWER GENERATION FORECAST
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GENERATION COST COMPARISON ( '90)
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GENERATION COST COMPARISON ON CAPACITY FACTOR
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FUTURE POWER DEVELOPMENT PROGRAM
('91 — 2006)

Energy Source
Nuclear
Bituminous
Coal
LNG
Hydro
Anthracite
Coal
Internal
Combustion

Total

Capacity, MW
16,200

15,040

9,730
3,460

200

20

44,650

No. of Unit
18
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14
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1

2
80
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NUCLEAR EXPERIENCE
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STATUS OF NUGLE

Site

Kori

Wolsung

Yonggwang

Ulchin

Reactor Type

PWR

CANDUPHWR

PWR

PWR

:AR POWER PLANTS

Total Capacity (MW)

4 Units (3,137)

2 Units (1,379)
* 1 Unit: Under Construction

4 Units (3,900)

* 2 Units: Under Construction

4 Units (3,900)

* 2 Units:Under Plan
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TREND OF KEPCO POWER GENERATION COST
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LOW/MEDIUM LEVEL RADWASTES (ROK)
Drum/MW. Year
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As of December 31,1990

Kori Yonggwang Ulchin Wolsung
*Drum Volume:2004
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UNSCHEDULED SHUTDOWN RECORD
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KOREA ELECTRIC POWER GROUP

* KOPEC: Korea Power Engineering Co., INC.
KAERI : Korea Atomic Energy Research Institute
KHIC : Korea Heavy Industries and Construction Co., LTD.
KNFC : Korea Nuclear Fuel Co., LTD.
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PUBLIC OPINION FOR ADDITIONAL NPP CONSTRUCTION
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PUBLIC OPINION FOR NUCLEAR SAFETY
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REGIONAL COOPERATION PROGRAM

Project

Development of income source

Improvement of public facilities

Educational support

Other (Publicity activities, etc)

Total
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CURRENT ISSUES FOR EXPANDED NUCLEAR USE

Improvement of Nuclear Safety

• Public Acceptance

• Radioactive Waste Management Including HLW
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1 . S f f l l S OF ENERGY
With the economy growing faster than many other nations, primary energy

resources used in Korea has expanded by the factor of 4.7 over the last three

decades.

Import dependence of the energy also almost doubled during the same period

since indigenous resources are extrcmly limited, quality being very poor.

Total quantity of primary energy used in Korea last year is estimated at 92.8

MTOE out of which 87.8% relied upon import sources.

However, if we count nuclear as technology based national product since import

share of nuclear power in Korea has become marginal, the import share could be

brought down to 73% level.

This 15% difference in supply can mean a very strategic importance if we are

to experience another unexpected turbulance in any energy market.

2 . P O M GROWTB i i 1 1 1 PLAN
Power growth over the same period has experienced much higher growth than

total energy consumption.

Generating facilities has grown by 57 times to become 21,021 HW in 1990, some-

what smaller size to Ontario Hydro yet.

Growth of power generation, energy sales, peak demand, and per capita

consumption recorded 61 times, 79 times, 5G times.and 48 times respectively over

the duration.
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Per capita consumption of power for 1990 recorded 2,206 KWh which is only one

tenth of Canadian level.

Within the next ten years, per capita consumption is expected to be doubled.

Currently the government is revising its long-range power development program

with the help from various institutes including different functions within the

government, research organization, industries, and KEPCO.

New program covers 15 years duration from 1991 until 2008. By the end of the

program, total installed power capacity is to reach 58,500 HW, about 2.8 times

oi .-urrent capacity.

Korea being a independent system island, not connected to any other neighbour-

ing network, it is very essential to plan to have appropriate reserve capacity

to meet growing peak demand.

Current capacity margin is slightly above 10 percents and it is worried that

the margin is too low to provide reliable power supply to the customers.

The situation will be improved to 22—-24 percents level after '96 with vigor-

ous efforts poured for the development of new capacities with varying mixes of

sources; coal, LNG, nuclear, and hydro.

Current capacity mix rate among nuclear, thermal (coal,oil & LNG), and hydro

sources is 36:53:11 and this mix will change to become 40:50:10 by the end of

the program.

However the share of nuclear power production will increase to 54.4% level in

2006 from the level of 49.1% in the last year since a nuclear plant will be
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operated as base load plant with its relatively cheaper power production cost

among ali different fuel sources.

In 1990.average power production cost was 29.99 Won/KWh and nuclear production

cost recorded 23.75 Won/Kfh which is approximately 23% cheaper than the average.

Wolsung-I production cost recorded 26.16 Won/KWh which is higher than other

PWRs.

Production costs for new nuclear power are estimated to be 30.43 Won/KWh and

34.11 Won/KWh, at 70% capacity factor, for PWR and CANDU respectively.

Our estimate shows that 700 MW CANDU will not become cheaper than 1,000 MW PWR

at any capacity factor level but it will be cheaper than coal beyond 78% C.F..

Even though 700 MW CANDU cannot beat the 1,000 MW PWR economy at one to one

competition, our system planning study shows that the total cost of system with

PWR and CANDU together, when properly mixed, becomes cheaper than having simple

introduction of PWRs only for all future nuclear expansion needs.

Over the next 15 years, 80 new generation units with 44,650 MW are being

reviewed for addition by the government as a part of long term plan.

Among them 18 nuclear units with 16,200 MW are included, however reactor types

for the projects to be initiated after '93 are subject to further review.
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3.
In Korea, nine nuclear units are under commercial service and five additional

units are under construction.

Out of them two units are CANDU ; one in operation and one under construction.

Average power generation cost has come down in '90 to two third of '82 level

and it has played one of the key roles in bringing down the power sales cost to

the customer.

Approximately one quarter of sales cost has been cut down during the same

period. Wo 1sung-1 generation cost has always been below average power cost

since its commercial operation started in '83.

KEPCO's operating record of nuclear plants for the last eight years seem to be

fairly good comparing to world average performance.

KEPCO's capacity factor for the last year stood at 79.3 % whereas world

average recorded 64.8%. A 14.5% gap exist between Korea and world records.

Except '84 when it was the first year of commercial service, Wolsung has been

always leading other nuclear units in Korea.

Occupational radiation dose for Wolsung-1 has been substantially lower than

PffR average exposure.

Wolsung-1 has also outperformed the other PWRs in the quantity of drums used

for each HW-Year power production for low and medium level radwastes treatment.
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Number of unscheduled shutdown also has been steadily improving for the last

decade.

Success of nuclear program fairly depends on the cooperation provided by diff-

erent functions involved in the design, operation and maintenance of the plant

as well as the fuel.

For the effective coordination, KEPCO has been playing the leader's role among

various institutes related to the nuclear-chain businesses.

Currently local institutes such as KHIC, KOPEC, KEPOS, KNFC, KAERI and general

contractors are sharing responsibilities needed to support a successful program

in Korea.

Foreign institutes like AECL is also taking its own responsibility in colabo-

ration with these organizations.

Success of nuclear program also greatly depends on the success of getting

public acceptance. In parallel to the democratization of the country, public

concern on nuclear program has been roaring up.

We are now facing on unprecedented challenge froii public opposing all form of

development, perhaps nuclear project being on top of them.

Public opinion towards the continued nuclear program has been always in

supporting side. According to the gallup poll carried out since '88, the

supporting rate had been steadily coming down until '89, then showed upturn

in '90.
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ffe believe this upturn has been only possible with enormous efforts exercised

both by nuclear industry and the government. To support local economy surround-

ing nuclear sites, " a bill for regional cooperation progran surrounding power

facility sites " has been passed through the national assembly in '89.

Every year substantial amount of funds are being spent in various forms.

However the public is yet taking different views on the nuclear safety issues.

Public feeling that nuclear plant is somewhat unsafe has passed alarming level

in recent years.

This is an area where we are facing most critical problem for continuing our

peaceful nuclear harness. It will surely take time and genious hard efforts

from all of us working for nuclear promotion.

Once again, success of future nuclear program will largely depend on how we

improve nuclear safety and public acceptance within near future.
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It is a pleasure for me to be with you today and to share with you my vision of the future
of nuclear energy in Canada and the world.

As prairie people reckon distance, I live not too far from here, just next door in
Manitoba. I can tell you that in this region of the country, people are all too familiar with the
fortitude that is required to tough it out through a dry spell.

In recent years, the nuclear industry has endured lean times. But I think we are all now
seeing hopeful signs that those days are passing. For our industry here in Canada, the drought
broke this past winter, with the sale of a Candu 6 to South Korea. And right now, we are
conducting talks with some other potential buyers.

Certainly, nuclear energy is gaining respectability, for a lot of good reasons. It is an
energy option that is attractive and, I would say, indispensable. All of this points to a
Renaissance for the nuclear industry. But making that Renaissance happen will require hard
work and dedication.

Before I go on, I would like to make an observation about life in Saskatchewan. At
certain times of the year, if you are out in the countryside at sunset, you are sure to see distant,
slowly moving pinpoints of light appear away out in the fields. Those are farm vehicles that are
still out working the fields despite the onset of nightfall. The men and women driving those
tractors or combines probably rose about the same time as the sun, but their work day won't end
until well after the sun has gone down.

If you live on a prairie farm, you know that when the time is right, when conditions are
favourable, you have to work very hard. When it seems things will go well, you don't relax
— you work harder than ever.

For the Canadian nuclear industry, I think conditions today look good and the time is
right. As any son or daughter of Saskatchewan will tell you, that means you have to tug the
brim of your hat a little tighter over your brow and really get to work.

THE OUTLOOK FOR THE INDUSTRY

Why do things look good for the industry? Well, first of all, energy demand is growing.
We will make every possible effort at energy conservation and efficiency. Nonetheless, our
energy requirements will increase. The forecasters in my department have looked at
requirements two decades from now, in the year 2010, energy demand will be almost 40 per
cent greater than today. But the rise in demand for electricity will be more dramatic. It will
be 60 per cent higher. In other words, electricity will be the energy form of choice.
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These forecasts for Canada mirror the world situation. In its recently released National
Energy Strategy, the United States government surveys all the most reliable forecasts of world
energy demand. It concludes that by the year 2025, the world will need about two and a half
times more energy than is consumed today. And demand for electricity is expected to grow
even faster than demand for other types of energy.

Right now, people living in the industrial countries that comprise the OECD, the
Organization for Economic Cooperation and Development, use five times as much energy per
capita as the rest of the world. While I believe there is scope for us to become more energy
efficient, it is clear that having access to energy resources is the key to our quality of life. It
becomes obvious that we will have to create more energy per capita for a growing world
population.

In planning to meet our needs for that most fundamental and vital commodity — energy
— we want to retain all possible options. We want to face the uncertainties and challenges with
the strength and resilience that comes from having a range of sensible choices.

H I E FEDERAL GOVERNMENT'S COMMITMENT

When I was first appointed energy minister almost two and one half years ago the nuclear
industry was in the doldrums. Since that time I have consistently told my cabinet colleagues,
my provincial counterparts, the media, and the public that we in Canada need a vigorous,
healthy nuclear program.

My argument was straightforward. Our nuclear program generates a host of benefits.
It supplies Canadians with electricity at prices that are the envy of the world. Those economical
energy supplies are the cornerstones for Canada's industrial power in an increasingly competitive
world. Nuclear-generated electricity is a secure, home-grown source of energy, removed from
the vagaries of international events. The importance of that is underlined nightly by the pictures
we see of oil wells burning in the Middle East. As well, nuclear research and development is
an advanced, high-technology field, creating good, quality jobs for Canadians, and not only in
the electrical power field.

For example, I am pleased to share with you an announcement that AECL made earlier
today. AECL has been chosen to supply equipment to E-Beam Services, Inc. of New Jersey for
the startup in 1992 of the first commercial IMPELA electron beam accelerator. I am told that
this accelerator, with its high processing capacity and penetrating beam, will be able to meet the
most exacting quality standards of a wide range of clients in the medical and plastics markets.

Returning to nuclear power generation let me note that it offers a number of
environmental premiums. It does not choke the air with smog nor does it contribute greenhouse
gases to the atmosphere. It does not entail rearranging the landscape on a large scale, by
diverting or damming rivers. Of course, the nuclear industry does have its own environmental
issues to address. I will discuss those in a moment.
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My support for the nuclear industry is based upon all of these things: energy security;
high quality industry; economics; and environmental advantages. And these are only going to
become more crucial as we confront the challenges ahead of us in the coming years.

Last year the federal government completed a re-evaluation of Canada's commitment to
nuclear energy. It took about three years and involved extensive consultations. In the end, the
federal and relevant provincial governments, and the utilities that use nuclear power, chose to
sustain a healthy, dynamic nuclear industry and continue funding the national nuclear research
and development effort at adequate levels.

That was not an easy decision. Remember, we made that announcement well before the
sale of the Candu 6 late last year. At that time, the Canadian industry had not sold a reactor
in more than a decade. And government spending was extremely tight.

But our commitment to nuclear energy stood the test.

At this time, the nuclear energy option is again under review — in Ontario. As you all
know, Ontario enjoys extensive use of nuclear energy. Nearly half its electricity comes from
nuclear generating stations. Ontario Hydro's plans call for the construction of as many as 10
new Candu reactors to supply base load over the next quarter of a century.

When a new government was elected in Ontario last year, a public review and
environmental assessment of Ontario Hydro's 25-year plan was already under way. The new
government imposed a moratorium on the construction of new reactors pending the outcome of
that review.

However, the province is completing construction of the Darlington station, and it is
continuing to make its contributions to the national nuclear research and development program.

I would not presume to pre-judge the outcome of the public review in Ontario. But it
seems to me that Ontario is in much the same situation as the rest of the industrialized world.
It may well come to the same conclusion that we in the federal government reached after our
review last year. When the benefits and costs of nuclear power are assessed dispassionately and
compared with those of alternative ways of providing electricity services, I think Ontario will
be hard put to find a cleaner, safer and more competitive source of electricity than nuclear
power.

Looking elsewhere, when Korea purchased a Candu 6, it was a satisfied customer coming
back to do more business. And there is talk of Korea considering further purchases. We are
trying to help the new government in Romania meet that country's desperate requirements for
electricity through its Candu programme. I am confident that other export sales will materialize
as confidence in nuclear power is restored. Moreover, Saskatchewan is studying the possibility
of buying a reactor, as is New Brunswick.

Saskatchewan would seem to be a fitting place for a nuclear generating station. This
province is the world's premier supplier of nuclear fuel, accounting for about a fifth of the
world's uranium production, and turning uranium into electricity is a good way of upgrading it.

- 172 -



URANIUM

As you are all too aware, uranium prices on international markets have been very
depressed. These low prices have taken a painful toll within Canada. The announcement that
Denison Mines will cease production at Elliot Lake next year comes as a severe blow to a
community already suffering from two other recent mine closures. Elliot Lake was a pioneer
of this industry. For more than three decades, it has fuelled the peaceful use of nuclear energy
in this country and throughout the world. But, unfortunately, the current realities of the
marketplace have made it impossible for the mines there to compete for sales.

Uranium prices have slumped because of a build-up of inventories and because new
suppliers have entered the market. Who can predict when prices will recover? But I would point
out that there is a considerable number of nuclear reactors in the final stages of construction
today. At the end of 1990, a total of 423 nuclear power reactors were in operation worldwide.
Another 83 were being built, which, when they come onstream, will boost the total by a fifth.
It is forecast that demand for uranium will increase by more than 25 per cent between now and
the year 2005. New markets in the United States and around the Pacific Rim look particularly
promising.

Those statistics don't take into account a renewal of interest in the nuclear option. If the
world once again turns to nuclear energy, for all the good reasons I've described to you, we'll
see a surge in the number of reactors under construction, expanding the market for uranium.

I am fully aware that the industry in Saskatchewan has been affected by the slump in
prices. But still, the uranium mining sector in this province is showing resilience and vigour.
Exploration continues and Saskatchewan will maintain its position as the heartland of uranium
mining. Producers here are among the lowest-cost and most competitive in the world. Look
at Key Lake. It is the biggest producer in the world and has some of the most modern facilities.
Saskatchewan producers can compete with the best.

Exploration continues here because we have the prospects for discovering more high-
grade uranium deposits.

There will be technological challenges in exploiting some of the rich deposits that are
being discovered. Up to now, our experience with such high-grade deposits has been in open
pit mines. The recent discoveries will have to be extracted with underground mining techniques.
High radiation levels and, in some cases, unstable ground conditions, will make that challenging.
But the industry is exploring innovative mining methods that will ensure the health and safety
of workers and maintain Saskatchewan's competitive edge in uranium supply. I have no doubt
that you will be successful.

My department has taken some actions to aid your industry. Last May I announced the
results of a review of Canada's uranium export policies. The review was undertaken to ensure
our policies were consistent with the Canada/United States Free Trade Agreement. The result
is that we have made some adjustments we expect will simplify the process for exporting
uranium and assist Canadian firms in marketing, and help them maintain their competitive
advantage in the international marketplace.
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As well, the Government of Canada and the Saskatchewan government have agreed to
conduct joint environmental reviews of five proposed new mining operations in the northern part
of this province. That agreement was reached in April between my colleague, Robert de Cotret,
who then was the federal environment minister, and his counterpart here in Saskatchewan, Grant
Hodgins.

This is an excellent example of federal/provincial co-operation. We are trying to make
the process as efficient as possible, while ensuring that it will be enjoy public confidence.

DESERVING PUBLIC CONFIDENCE

You know about the other major environmental assessment that has been launched within
the nuclear field. We have begun subjecting our proposed concept for the disposal of high-level
radioactive wastes to the federal environmental review process. A pane! is examining the
concept of burying the wastes in the preCambrian Shield, which is some of the oldest and most
stable rock on the face of the Earth. The panel's review will be very thorough and lengthy,
entailing extensive scientific critiques and full public hearings. We estimate it could take up to
five years.

And that review, as you are aware, only examines the concept for disposing of
radioactive wastes. We haven't begun to choose a site yet. We have separated the issues
surrounding our method of disposal from those that arise in the selection of a site. We don't
want to confuse those two sets of questions. Long-term storage of the small volume of wastes
is not a problem, and there is no technical urgency to move to disposal. We think this two-stage
approach is the best way to thoroughly test our idea for waste disposal and to answer public
unease about the safety of the concept.

All of these years of hearings and reviews may seem unduly onerous. You may feel:
we've got solutions. They are good solutions. We know what we are doing. Why don't you
just let us get on with it?

There is a saying: It is not enough for justice to be done. It must be seen to be done.
In a similar vein, I would say that these days, if you are trying to launch a major project, it is
not enough to have a good idea; it must withstand a public testing that shows it is a good idea.
These environmental reviews are one way we can all work together to meet the
energy/environment challenge.

THE TASK AT HAND

I have outlined the reasons why I have confidence in the future of the Canadian nuclear
industry. I also said that everyone in the industry has to work harder than ever to turn potential
into reality.
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I fully appreciate the efforts this industry has made for years to inform and persuade the
public. The Canadian Nuclear Association has shown leadership. This spring, the association's
television messages provoked a lot of Canadians to think a bit about energy alternatives.

Others have done commendable work. When Ontario Hydro launched its 25-year plan,
it placed five groups of staff on the road with information booths, travelling the province to
explain the plan and talk with people. I know that several of your organizations send resource
people out to schools, distribute media briefing materials, and conduct tours of your facilities.

Yes, you have done a lot. But my advice to you is: don't stop now! I can't tell you how
to conduct your public relations, but I believe the place to start in trying to influence public
perception is always with your own staff. If they are informed and enthusiastic, they will
telegraph a sense of confidence to others.

If you make the effort, I think you will find that the public will be interested. Concern
about the environment is growing deeper and stronger. Inevitably, energy issues must be at the
centre of that debate.

The only other advice I would offer is: remain diligent in everything you do. Actions
speak louder than words. You must show the public that our nuclear program is operated by
people whose integrity and competence are above reproach — people for whom safety is an
absolute priority.

Recently there has been a lot of rhetoric in business circles about excellence. In your
industry you have been quietly practising it for decades. In international comparisons of reactor
lifetime efficiency, Candus fill more than their fair share of the top spots. Our safely record is
untarnished.

Our industry also has an air of leading-edge excitement about it. We in Canada have
created a design for a new generation of reactor that we believe has great potential. The
Candu 3 is sized to meet emerging utility requirements and capital cost constraints. It is based
upon solid, proven Candu attributes, but is designed for fast, efficient construction. In short,
it's competitive, and that is a government priority. To cite last month's Speech from the Throne
"the importance to Canadians of being able to compete effectively in internaiional trade can
scarcely be overstated. We guarantee our future, not by running from global competition, but
by meeting it head-on, by equipping ourselves to compete with the best".

To remain competitive, we must also maintain high standards of quality, and that means
co-operation within the industry. Organizations like the CNA and the Canadian Nuclear Society
are invaluable forums for the exchange of information. On the international front, such bodies
as INPO, the Institute of Nuclear Power Operations, and WANO, the World Association of
Nuclear Operators, keep information and constructive criticism flowing across political and
cultural boundaries. This is vital. The nuclear industry truly is international.
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The government of Canada is making a contribution towards international co-operation
in nuclear safety. The federal government is providing additional resources to our regulatory
agency, the Atomic Energy Control Board, to increase its activities in Canada in pace with the
industry's expansion. But the Board has also received funding so that it can respond to requests
from other countries by supplying training for their regulators.

CONCLUSION

To summarize, I believe that nuclear energy can help to supply clean, safe and
competitive electricity for a world where the number of people and their expectations of a better
life continue to grow.

And nuclear energy can help us meet the challenge of reconciling greater global energy
use with a clean and sustainable environment. Nuclear energy can contribute to the strength and
diversity of energy supplies here in Canada. We have the resources and the technology.

All this won't happen by itself. The industry has to maintain high standards of
performance, develop competitive new designs that respond to concerns about safety, and
convince the public to support the nuclear option.

That is a tall order. But Canada's nuclear industry has accomplished great things in the
past, and I believe you are equal to the challenge.

For you, ladies and gentlemen, it is the planting season. Conditions are good and the
forecast says the sun is going to shine. So let's get to work.

1 wish you every success for the remainder of your conference. Thank you.
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Nuclear Power, an Energy Oplion for the Future

Mr.Chairman, Ladles and Gentlemen,

It is my great honor to have this opportunity of presenting this

address within the capacity of the Chairman of Korea Atomic

Industrial Forum (KAIF) and President of Korea Electric Power

Corporation (KEPCO) at this 31st Annual Conference of the Canadian

Nuclear Association, with which KEPCO and KAIF have maintained
very close relationship since 1974.

In order to promote the welfare of individuals and contribute to the

development of the ecomony, each country strives to provide suitable

forms of energy to its people in the most reliable and economical

fashion. A stable supply of energy Is, therefore, vital to the economy

and the quality of life.

The methods used to produce electricity have changed over the years
from primitive method to a scientific technology. Whatever kind of
energy conversion system may be devised or developed, electricity is
certain to remain the most scientific and ultimate energy form. In this
regard, consumption of electric energy will continue to increase at a
higher rate compared with other forms of energy.

Viewing from domestic and international perspective, the scientific
energy together with its production process must be environmentally
acceptable.and economically competitive with other energy forms. This
Is a common challenge to be achieved by all of us gathered here
today under the conference theme "Building Our Energy Future".
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Let me overview the international climate of energy.

The energy climate over the last two decades can be characterized as

an interaction of influences by a series of oil shocks and nuclear

accidents. Before the oil crisis of 1973, utilization of nuclear energy

was limited to several leading industrial countries. The oil crisis

influenced worldwide energy strategies, whereby even developing

countries were tending to introduce nuclear power plants in spite of

many constraints involved. However, this change in international

energy climate characterized as the post-oil crisis was suppressed by

the TMI accident in 1979 and the Chernobyl accident in 1986.

How about today's international climate of energy and environment ?

Increased demand for electricity continues, and I believe that this

tendency will continue in the foreseeable future. Furthermore, demand

for safer, cleaner and yet less expensive energy is also Increasing.

Currently, international efforts concerning environmental protection on

a global basis is on the rise. The leaders of seven industrialized

nations symbolically concluded and endorsed concepts that nuclear

energy can play a significant role in stabilizing greenhouse gas

emissions, particularly carbon dioxide (CO2) concentration. They also

agreed to initiate positive measures to prevent this planet from being

polluted.

In the area of international cooperation for nuclear safety and

safeguards, the effectiveness of international agreements for nuclear

safety and the IAEA safeguards has been proven beneficial,
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The periodical assessment of operating plants by INPO and IAEA

OSART program, information and technical exchange visits among

members of INPO and WANO are also valuable resources to the

nuclear industry.

Research and development programs for safer and advanced version of

nuclear technology are being actively promoted based on international
or regional cooperation. Included are the research and development
programs for advanced passive system, advanced version of CANDU,
fast breeder reactor and fusion technology. This can be a good
strategy for building our energy future.

One may see some positive indications in the area of public
perception of nuclear policy in an international arena. For example, a
public opinion survey conducted last year in the USA summarized that
more than 80% of the people surveyed supported the importance and
necessity of nuclear power ;o meet the future electricity demand.

In addition, the recently prepared U.S. National Energy Strategy will

promote nuclear power by reforming and streamlining the nuclear

power plant licensing process and by accelerating research and

development for the next generation of reactors. Most of the

recommendations made by the energy strategy have been introduced

into the Clean Energy Bill which is now under the legislation process.

Looking at the Swedish nuclear policy movement, a recent report

revealed that the plan to begin phasing out nuclear power in 1995 was

revoked by the ruling Social Democrats at their party congress.

Now, I would like to overview the Korean experience and current
status.
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Korea began to recognize the potential for peaceful uses of nuclear

energy from the very early siage of the world nuclear energy

development, and joined the IAEA in 1957. Basic research began in

1962 with a TRIGA Mark II reactor of 100 KW.

Another research reactor, TRIGA Mark III of 2 MW, was added in

1972 for further research and utilization. A multipurpose research

reactor (MRR) of 30 MW is now being constructed by the Korea

Atomic Energy Research Institute (KAERI) to facilitate the continued

development of nuclear technology.

As for commercial application of nuclear power, Korea, not blessed

with energy resources, started the construction of the first nuclear

power plant in the early 1970s to meet the increased electricity

demand. This plant, named Kori unit 1 .started commercial operation

in 1978.

Numerous difficulties were experienced during Its construction, due to

lack of experienced manpower and technology as well as economical

aftermath of the oil crisis in the 1570's. During the construction of

Kori unit 1, the international climate helped reinforce our commitment

to add two units; one PWR, Kori unit 2, and one CANDU, Wolsong

unit 1.

The diversification of primary energy sources for power generation

was adopted as an underlining energy policy since the first oil crisis

in 1973, and new projects continued relatively smoothly. Today, we

have 9 operating units. The current nuclear share is 36.2. % of the

nation's total installed capacity and contributed to approximately 50 %

of the total power generation over the last four years.
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Korea has a unique feature of operating both CANDU and PWRs, and

how to harmonize these two types of reactors in the power

development plan is an important consideration viewing from overall

optimization of the plan.

In addition to the Yonggwang units 3 & A of 1.000 MWe PWRs being

under construction, we are about to break earth for Wolsong unit 2 of

700 MWe CANDU very shortly and contracts for Ulchin units 3 & 4

are underway.

Korea has been experiencing an extraordinarily high load growth rate

of about 15 % a year over the last three years. This situation has

caused us to implement two major initiatives. The first initiative was

to revise our Long-Term Power Development Plan. According to the

newly prepared plan, 18 additional nuclear units should be

commissioned by the year 2006. The second is restructuring the

electricity rate schedule to Include an upward adjustment of rate levels

to discourage a rapid increase in peak load .

The Korean capability for nuclear technology has steadily accumulated

through the construction and operation of the 9 existing nuclear units.

In order to enhance the level of technology self-reliance, the

associated industries and research organizations were restructured

several years ago. The relevant domestic companies and organisations

are participating in nuclear construction projects with the objective of

achieving nuclear technology self-reliance.

As we alt know, we have yet to fulfill nuclear safety for everyone's
satisfaction. As a matter of fact, nuclear safety is still a major
concern of the public even though we have been successful in
alleviating certain issues by taking advantage of close joint
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international efforts. Even with our utmost efforts for upgrading

nuclear safety and reliability following the accidents of TMI and

Chernobyl, it is hard to say the public confidence on nuclear safety

has been fully restored.

For the nuclear industry, I would say that no news is good news. In

these days, accidents at fossil power plants, chemical plants and other

industrial facilities may not draw much attention from news media nor

create opposition attitudes. Contrarily, incidents, not accidents, at

nuclear plants that are not even related to release of radioactivity nor

safety of the public gets front page coverage.

In addition to the above mentioned, we have additional problems that

are getting more and more public attention. They are disposition of

radwastes and decommissioning of the old nuclear plants. We have to

develop a more efficient and reliable technology to cope with these

typical downstream problems in consideration of both economics and

public safety.

For successful nuclear power programs it is Inevitable to achieve the

public acceptance concerning operating nuclear generating facilities.

This issue will remain an important factor of public acceptance in the

foreseeable future. It is hard to prove the nuclear safety in an

absolute terms. However, we are faced with a task to prove the

nuclear safety sufficiently enough to persuade the public by all means.

These may include a scientific and logical approach such as

probabilistic risk assessment as well as proper ways and means for

putting the emotional perception on the right track.
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This is simply because we may not exclude the possibility of

additional countries turning out anti-nuclear movements and this would

create problems to face in the course of nuclear program promotion

unless we are able to eliminate the potential demerit of nuclear

energy.

It would probably be the fact that we have not on a global basis been

completely successful in eliminating certain barriers, visible or

invisible, that hinder the smooth transition of technology and materials

which is indispensable to widening peaceful uses of nuclear energy.

Nuclear energy is one of the best choices for supporting and/or

Improving the quality of life. International resources are necessary for

accomplishing a maximum utilization of nuclear energy, and a higher

state of art in this field is achievable.

However, it is important to recognize that there are still some

countries who have not yet taken part, or have yet to decide on

international cooperational agreements. To enhance the cooperation

activities in various aspects, it is vitally important to urge these

countries to accept the full scope of IAEA safeguard agreement.

Korea is a typical country using and planning to use nuclear energy

solely for peaceful purpose. Korea has committed itself to remain

faithful to the IAEA safeguards and physical protection requirements.

An official statement made by President Rho last month at a meeting

of the Science Reporters Club of Korea reaffirmed this position. The

nucleus of the statement is quoted as saying "The nation's atomic

energy policy places top priority on peaceful use of nuclear power

and such a policy would never change in the future. What we have to

do from now on is to expand the use of atomic energy and to insure

its safe use".
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Korea is ready for taking its share in international nuclear

cooperation. With its increased capability in the area of nuclear

technology, Korea is willing to share its experiences with those

countries planning to introduce their first nuclear power plants. On

the other hand, we expect to see good advice and cooperation for our

nuclear program as mentioned in the early part of my speech.

I believe that a new dawn is emerging for nuclear energy, and it is

time for the world nuclear industry to be prepared to meet this

challenge. Now, let's face the challenge together.

Thank you i
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