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OPENING REMARKS

O.J.C. Runnalls
Conference Chairman

As the Sponsoring Director of the CNA's Board of Directors it is
my great pleasure to welcome you to the 26th Annual Conference
of the Canadian Nuclear Association and the 7th Annual
Conference of the Canadian Nuclear Society.

Our conference is being held near an imposing array of some of
the world's finest nuclear reactors but in a climate for nuclear
energy that poses considerable challenge for the future. Recent
events at Chernobyl have deflected public attention from the
reality that nuclear energy from CANDU reactors is the safest,
cleanest and most economic energy option available in several
parts of our country.

One might well ask "Will the Chernobyl accident result in a
serious long term set-back to global recognition of the need for
nuclear power?"

Technically it shouldn't do so but politically it may unless the
industry takes an innovative and aggressive stand towards
providing the necessary assurances to the public of the
excellence and safety of well designed reactors such as CANDU.

The theme of this conference is "Innovation Leads the Way".

During the next two days we will hear about and discuss
innovations in our activities ranging all the way from
scientific, technological and market development to the
concluding session on what we must now do to dissipate the cloud
of Chernobyl.

"Innovation Leads the Way" is a provocative title.

We all know what innovation means — changing for the better —
finding new and better ways of doing things.

But where are we going? Are we innovative enough to find our
way?

Exploring the answers to these questions is what this conference
is all about. We are seeking the way not only to maintain but to
improve the world class performance of our many-facetted
industry and the contribution which it can make to meeting the
world's energy needs. The process should be assisted through the
meaningful communication we will all engage in with friends and
colleagues during these next few days.



If there is one lesson the nuclear industry world-wide has
learned from the events of the past few weeks it is the need for
international cooperation and exchange of knowledge and
information.

It is particularly fitting, therefore, that, before handing over
the floor to Mr. Ian Wilson, Vice-President of the CNA, who will
chair the first session, we should welcome a delegation from the
Korea Atomic Industrial Forum which has travelled here today to
sign an agreement of cooperation with the Canadian Nuclear
Association.

Finally, on your behalf I would like to thank the hard-working
Conference Planning Committee and the Program Committee and
their respective Chairmen, Larry Woodhead and Gord Brooks, on
their behalf 1 wish for you all a rewarding conference.



STRATEGIES FOR SUCCESS

B. A. Beneteau

Thank you for that kind introduction.

I recall a few years ago I was at a conference like this an-3
the keynote speaker walked to the podium as I have done here
today, and from the back of an envelope, read these words:
"The world will little note nor long remember what I say
here..."

I can open my comments this morning with those same words.
After all, it's precious little that a man who has started
his retirement, and bereft of staff, can bring to a high-
powered audience like I'm facing.

There's a fine line between courage and stupidity, and I have
a rather good idea on which side of the line I'm standing. I
can only conclude that my role is to stress the importance of
lethargy and confusion in helping us through troubled times.

Let me start by saying how much I regret the fact these are
troubled times for your industry.

The burning of the Chernobyl reactor in Russia which has
fueled nuclear anxieties around the world. It reminds me of
one of the oldest good news/bad news stories.

A motorist takes his car into a service station for a tuneup.
When he comes back that afternoon, the mechanic explains that he
has some good news and some bad news.

The bad news comes first. "While we were tuning your car,"
says the mechanic, "we discovered your carburetor had to be
replaced. Then we checked your clutch and brakes — they're
not in good shape either. The total bill comes to $1,200."

Floored by this announcement, the driver feebly a. KS what the
good news is.

"The good news," says the mechanic, "is that there is no more
bad news. "

So of late, the good news for the nuclear industry comes on
those days when pictures of burning reactors do not appear
on the covers of newsmagazines, and when the nuclear generation
of power is not a headline stcry.

However, no newspaper uses banner headlines to announce "Hundreds
of reactors worldwide provide safe, economical, pollution-
free power." But in many respects that is_ the real story.



For what should be apparent to most unbiased observers is
that the nuclear industry is here to stay. Bringing matters
closer to home, the Canadian nuclear industry has a crucial
role to play in our country's future. An investment in plant and
facilities, which soon will have a worth of over $25 billion in
Ontario alone, is testimony to that fact.

So what I'd like to focus on this morning is not survival, but
growth, and the strategies for success that the industry should
adopt.

My background has not been with the nuclear industry, but with
a Canadian high-technology corporation, Northern Telecom, where
I served as deputy chairman and head of Northern Telecom
International until my retirement last year.

I'd like to suggest that the nuclear industry shares certain
common challenges with other Canadian high tech enterprises
which demand a particular set of solutions. The producers of
nuclear power have their own unique problems, of course, and
I'll touch on those in closing.

But let's begin with the ground that "high-tech" firms occupy
together.

" First, these enterprises are shaped and reshaped by the new
and rapidly changing technologies of silicon, software, and
atomic physics.

* Second, Canada's high-tech industries are forced to swim or
sink in a fiercely competitive international market. In addition
to the powerful firms in the United States and Europe, new
players have come onto the stage, particularly from the countries
of the Pacific Rim. At the same time, Canada's home market is too
small to support the world-scale enterprises needed to produce
and sell in today's global economy.

* Third, no Canadian business can take the home market for granted,
for security at home only comes from success outside our borders.

Three major rivers of change are converging on the Canadian busi-
ness environment. They are forcing it to react and to accept the
fact that the process of change will have to be sustained
indefinitely. These changes are:

. First, tougher competition in domestic and international
markets;

. Second, sweeping technology and economic change;

. Third, increasing complexity in managing change and planning
business development.



These changes have transformed the global economy around us.
Vigorous new companies from outside Canada directly challenge our
own largest and most successful firms offering high-quality
products at attractive prices.

For a growing number of industries, the nature of international
competition is changing. The pace of technical innovation has
quickened; development costs are rising; differences in national
tastes have eroded.

Taken together, these developments mean that, in most key
industries, companies have to compete, not just on a national or
continental level, but across the globe.

In industries subject to global competition the only guarantee
of corporate survival is to be a world leader in one's industry-
Honing Canada's competitive edge will be a formidable task.
The calls for action are many, yet each is aimed at one over-
riding objective: increased competitiveness of Canadian industry
at home and abroad.

Only through a competitive industrial sector can we sustain
economic growth, maintain our position as a trading nation, and
provide greater opportunities for future generations of Canadians.

If these are the challenges that high-tech firms face in common
— the accelerating pace of change, stiff international competition,
and a domestic market that ultimately is unprotected — what
must our response be?

I'll begin my answer with an example from my own experience.

Some five or six years ago, we at Northern Telecom realized that
our telephone set manufacturing division was in deep trouble.
We were being pushed out of foreign markets by cheap imports from
the Far East, and we were losing sales even within Canada.

We had a good product, but it was a $26 telephone in an $18 market.
Our component cost was high and each phone required 46 minutes
of unionized labor.

At that time we had three plants manufacturing telephones: one
at London, Ontario, with labor costs of $12 a hour, one at
Nashville, Tennessee, where we were paying $6 U.S. an hour, and
one at Penang, Malaysia, where the prevailing rate was around a
dollar an hour.

The simple answer would have been to close our London plant,
discontinue production at Nashville, and expand our facilities
at Penang. This solution was not acceptable.



We were not prepared to ignore our obligations to our North
American plants and communities. And we felt that a decision to
rely on cheaper labor would be only a stopgap measure.

Instead of relocating, we took the high-tech approach. We formed
a team to design a competitive telephone and a process to
manufacture it. We instructed this task force not to sacrifice
quality or service and to be certain that the market would
accept the new product.

After 12 months and $6million our researchers came up with a
much less expensive phone that with further refinement and
investment could become our $8 set. Labor content had been reduced
from 46 minutes to six. We could continue to pay Canadian wages
and still produce a better, less expensive product.

Three custom chips were part of the solution, as were several
new design concepts. For example, an inexpensive loudspeaker
replaced the traditional bell.

We launched our new phone with great fanfare in 1983. We
anticipated a sale of 125,000 sets the first year. But we
misestimated.

We actually sold a million and a quax*ter telephones during the
first 12 months.

We had a winner. We saved both the London and Nashville plants.
And today the same telephone, with further improvements in
product and process, is being manufactured in plants in Ireland
and Malaysia. It competes vigorously in markets that we certainly
would have lost to our competition.

But let me move from the specific to the more general in
discussing what I see as a necessary strategy for Canada's
high-technology enterprises, including the nuclear industry.

To begin with and most important, success for a high technology
firm demands a continuing high level of investment in market-
driven innovation. Indeed, one of the Canadian economy's most
serious problems is the low level of outlays for research and
development.

At 1.24 percent of Gross National Product in 1984, Canadian
investment in R&D lags behind most of our leading competitors.
The U.S., Japan, West Germany, and Sweden devote at least 2,5
percent of the GNP to research and development.

This spending on R&D must not only be increased but it should
also be properly focused on the market. An excellent brief
prepared by the Electrical and Electronic Manufacturers
Association of Canada makes this point emphatically.



This document, "Creating the Science Environment", states:

" "An effective R&D strategy must be comprehensive and must
complement the entire manufacturing and marketing process.
Industrial R&D must be market-driven, constantly evolving
to satisfy ever-changing international and domestic re-
quirements . "

In today's environment the essential national resource is
the country's capacity for innovation, and that's the ability
to continuously discover, refine, and produce frontier
technologies and, most importantly, to apply those technologies
throughout the economy.

Let me emphasize that: we must apply technology throughout
the entire economy.

You can't have a policy that promotes "high tech" and high tech
alone.

For the entire economy to gain, "high tech" must be applied
to middle tech, low tech, and no tech.

It must be applied to all industry because there cannot be a
viable high-tech sector by itself any more than there can be
a healthy brain in a dead body.

Technology is highly mobile. Our new competitors are applying
it aggressively, along with their financial and human resources.

Technology is the vital core of our economy.

Companies and industries that can't keep up with technological
change are withering and dying.

Technical innovation is the price -- first of survival and then
of success.

There needs to be no distinction between high-technology and
mature industries — only between industries that have taken
advantage of technological advances and those that have not.

Continuing, substantial expenditures on R&D are critical for
the Canadian nuclear industry. They are crucial even during
these years,which are shaping up as a temporary lull in a
broad pattern of industry growth.

To date, the CANDU reactor has compiled an enviable record
of safety and efficiency. One criterion has been ti"»e "Gross
capacity factor," which judges how close to full capacity a
reactor operates during its lifetime. Using this measure,
and looking at lifetime records, CANDU reactors occupy six
of the top 10 spots in the world.



But no high-tech industry can rest on its laurels. Aiming at
the competition always means sighting on a moving target.
Continuing efforts to reduce the initial capital costs of heavy-
water reactors are important, as are the steps that move CANDU
closer to a modular design. Some individuals, I understand,
are exploring the idea of a perpetual CANDU, where new components
can be substituted for those that are used.

All these improvements are important both for foreign sales
and for keeping the domestic market secure.

A second aspect of the solution is the need for flexible,
aggressive marketing. Selling in a world nominally committed
to freer trade but in reality hedged with a variety of commercial
barriers requires great creativity and at times extraordinary
patience and I can tell you that from personal experience.

In its global operations. Northern Telecom has faced demands
that many individuals connected to Atomic Energy of Canada
Limited would find familiar. In some instances we have
responded, by developing significant local content, and in
other cases by establishing joint ventures or by licensing
technology.

No hard-and-fast rules prevail. Rather each situation must be
carefully assessed.

The third ingredient for success in a high-tech world is know-
ledgeable workers. Canada's high-tech industries must work
closely with post-secondary institutions and universities
and help increase the supply and quality of knowledgeable
workers. Universities play a pivotal role in our society,
both because they produce the graduates industry needs and
because these institutions remain the focus of basic research.

By offering matching funds, the recent federal budget provides
an important incentive for increasing such cooperation. However,
provincial spending on universities has slumped badly throughout
Canada during the past decade, and federal support of the
Natural Sciences and Engineering Research Council has not kept
pace with the need for funds.

Firms that rely heavily on innovation must press for improvements
in our system of higher education.

I began this talk by stating that the nuclear industry shares
many common challenges and solutions with other high-tech
industries. But there also are important problems unique to
the production of electricity from the atom.

Most significant in this regard is the strong public suspicion
of atomic energy as a source of power. A poll conducted by a
U.S. newsmagazine after Chernobyl found 4 9 percent of Americans



opposed to nuclear generation of electricity and only 34 percent
in favor of it. A year earlier the figures had been 44 percent
opposed and 40 percent in favor.

Samples of Canadian public opinion have shown more sympathy
though a remarkable level of mistrust prevails considering the
safety, efficiency, and lack of pollution from Canada's plants.

What the nuclear industry has not realized, and perhaps what
few could have guessed, is the strength of public mistrust and
the need for effective and sustained public-relations and public-
education programs.

The industry must become more expert at putting nuclear power
into a frame of reference that the public can deal with and
accept.

Our critics have outgunned us. Too often, the industry has been
reactive and defensive.

Critics of the industry come from all different directions and
are motivated by a broad range of concerns and objectives —
some of which actually have to do with nuclear energy. Some
critics are certainly sincere, but others have made careers
out of opposing nuclear energy.

You've got to give them credit. They've learned to play the
media to their advantage. In the past they leaned more toward the
dramatic. And when they staged demonstrations and other events
ready-made for television, the media ate it up.

Today the critics are more sophisticated. Rather than demonstrating,
they seek and enlist "whistleblowers". They take their message to
their elected representatives and public agencies.

In short, they play the political process as well as the media.

So what do we do to deal with these critics and their allegations?

What do we do to deal with trouble in general?

Just ignore it?

But if we take that approach, we risk further alienating the
public and making them even more distrustful and skeptical of
us than they already are. Also, we risk un-doing any progress
we have made in recent years.

Without "protesting too much," we must work even harder to
make ourselves understood, so that the public will be as com-
fortable with us as they are with other high-tech industries.

Let me give you two specific examples.



(1) In a recent public opinion poll on nuclear issues, it was
pointed out that roughly 17 percent of women were absolutely in
favor of nuclear energy, as compared to 35 percent of men,
29 percent of women were absolutely opposed, as compared to 30
percent of men.Why this spread? Are there any chauvinists among
us that would hazard an opinion that women don't understand
technology - I certainly won't.

Or is there unspoken fear for the future health of generations
of born and unborn children?

An argument that is much more likely to be listened to by mothers.

Is our communications strategy directed to this reality?

The news media strategy certainly was when they interviewed
selected neighbors of the Pickering installations after the
Chernobyl disaster.

(2) You hear lots of talk about nuclear energy. Who has started
a high profile campaign about the beneficial spin-offs of
nuclear technology in the health sciences, in food irradiation,
in the disposal of dangerous waste from hospitals etc ?

The industry certainly has a large number of available brownie
points in this area - let's capture and communicate theml
And besides, under the present cloud over nuclear energy, these
are probably the commercial applications that will afford the
greatest potential for growth in the near future - and at consi-
derable benefit to mankind I might add!

Nuclear energy still seems to be exotic, arcane, and mysterious,
to the press and to the public. And we are not forgiven readily
for our mistakes. Even when no one has been hurt, let alone
killed, we are considered a threat, because that which is not
understood is threatening.

We need to stress the long-term economics of nuclear energy.
We need to make our technology seem familiar and commonplace.
We've got to take a lesson from the computer industry and learn
to be "user friendly".

The critics have made our lives difficult. Burdensome regulations
have made our lives worse. And our own past mistakes have not helped
matters. But if public fears are not overcome, then our critics
will have won. And not only the industry, but the Canadian
public and the world at large — especially the developing
world — will have lost.

As the highly respected British magazine The Economist put it
last month, "The issue is not technology. The questions that
matter for energy's future are cost, safety and environmental
acceptability. A non-nuclear answer is a poor one...it would
mean dearer energy; more pollution; and slower economic growth.
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To be effective in getting your message out, and accepted,
you must do a far better job of communicating with the public
and the media. The industry has tried for years to discuss its
safety record, but it is a lengthy and arduous task to change
long-standing misperceptions and beliefs. You are up against a
major public perception problem. Where nuclear energy is
concerned, the public's fears are large and their understanding
of the benefits and risks is small.

Furthermore, the public's fears will not be solved by more
government regulation and involvement. They will be resolved
by programs that further improve safety and greatly enhance
communications with the public and the media, helping them
know a great deal more about what you are doing, why you are
doing it, and what you're contributing to society.

I believe the nuclear power industry must understand the
greatest asset of any corporation is its public franchise
-- that an industry or company exists only so long as the public
is satisfied with its performance.

The reason that your public image and your public relations
are critical to your success is because all business in
democratic societies begins with public permission and exists
by public approval. In other words you must be as expert at ma-
naging the social dimension of your industry as you are in
understanding the technology.

For you, the public or social dimension is a survival
dimension. The enterprise exists in society. Within
a business one always tends to assume that the firm exists by
itself in a vacuum. And managers inevitably look at their
business from the inside. But the business enterprise is
a creature of society. Society can put any business out of
existence overnight. The enterprise exists on sufferance and
exists only as long as society believes that it does a job,
and a necessary, useful, and productive one.

I hope I have served to help put this social issue in pers-
pective at a time when the image of the nuclear power
industry seems to be going down for the third time and there's
plenty of reason for concern and for action on your part.
Just look at the headlines. Or consider the impact of the
daily news stories related to Chernobyl on your future which
has reawakened all the latent fears of the doomsday crowd.

Wherever there is fear, there is also dissatisfaction and
potential hatred for those seen to be the cause.

What can you do at this time to improve the reputation of
nnnlpar nnwpr?nuclear power?

11



Well, it's mete tnan a job for public relations, although
that's part of it. It's even more a job for the leaders of
the industry, who are responsible for whatever happens to
its future. And the principles that other industries and
companies follow are applicable in your business:

°Tell the truth;

"Prove it with actions;

"Manage for tomorrow;

°Conduct public relations as if the whole industry
depends on it;

"Remain calm, patient, and good humored.

Most of all you're going to need expert help in developing
solid, persuasive communications on the issues that affect
the industry -- and a strategy to win and maintain public
support. It's the aspect of public relations that I feel
deserves highest priority in your own thinking and surely
offers your industry the greatest opportunity to avoid "a
non-nuclear answer" which, as the Economist said, is a
poor one.

In a world of difficult choices, nuclear energy must be seen
for what it is -- one of the safest and most cost-effective
ways of generating electricity. Getting that message accepted
is your greatest challenge in the post-Chernobyl era.

Thank you.

12



PRIVATE SECTOR FINANCING OF
"PUBLIC SECTOR" MAJOR PROJECTS

A. J. Merrett
Acres International Limited

Historically, Canada has followed the UK and European model of
primary if not total reliance on public sector funding for a whole
range of projects which in the United States and other countries
have been left of the private sector. One simple statistic will
highlight this: in the United States 80% of all power generation
for sale is by private sector corporations; and in Canada it is
around 7% and in Europe zero. The Canadian nuclear power industry
is of course a case in point. The Federal Government has provided
a substantial part of the funding for nuclear power stations in
New Brunswick and Quebec despite the fact that these were
primarily largely commercial rather than research projects.

There are good reasons for believing that the era of government
funding of essentially commercial projects is drawing to a close.
In part this era has been an historically accident. Canada, like
a number of other countries involved in World War II, emerged from
that war with huge tax revenues which had formerly been used to
support the war and could now be used for an enormous range of
government funded welfare programs and investment projects. The
doubling of real incomes between the end of the war and the middle
70s added correspondingly to these enormous government revenues.
By the later 70s, however, the growth of the welfare programs and
the additional expenditures created by the competition in public
spending characteristic of post-war democratic politics had
exhausted both the tax revenues and the political acceptability of
greater taxes. Federal funding of major projects then found
itself in losing competition with welfare programs and other
politically more vital expenditures.

By then other major problems in the government funding of major
projects had become apparent. It is worthwhile stopping to
consider what these problems were since they are the justification
for trying to privatize what has been public sector funding of
major projects almost irrespective of the political orientation of
the government.

We need to start by making a distinction between what I will call
"recoverable" and "nonrecoverable" investments in the public
sector. Recoverable investment is an investment which direct or
indirectly will generate future taxable revenues commensurate with
its costs. Nonrecoverable investment which spans a wide range of
investment in education, health care facilities, defence etc.—
does not have this characteristic of generating commensurate
future taxable revenues.

13



The two categories, of course, are not clear cut and a large
amount of government investment lie somewhere between these two
categories. It is this very difficulty of categorizing government
investment between the recoverable and nonrecoverable and the many
gradations in between which gives rise to the fundamental problem
of accounting for recoverable investment in government accounts
and most importantly of all in the public sector deficit., If it
were possible to define objectively the government expenditure
which is in the "recoverable" category, increasing the public
sector deficit to borrow more to pay for such recoverable invest-
ment would be no more objectionable than say TransCanada Pipelines
borrowing more to finance its recoverable investment. But no
objective methods exist for defining the extent to which govern-
ment investment is recoverable since it involves subjective
judgments about future productivity of the investment. Ultimately
the only criteria as to whether an investment is recoverable is
that applied by the private sector itself: the need to stand or
fall by the commercial viability of the investment. If a private
sector company were to engage in investment that was not on
average 100% recoverable it would ultimately go out of business.
Hence the first fundamental objection to the government engaging
in the funding of recoverable investment is that it is impossible
to isolate this in the government accounts from the nonrecoverable
investment so that the recoverable investment becomes constrained
by all the understandable public concerns as to the extent of
government deficit spending.

The second major objection to government funding applies to major
projects generally whether recoverable or nonrecoverable. It is
that governments—at least those following the traditional civil
service and democratic procedures of the English speaking world—
cannot meet the basic precondition of successful major projects.
This is the condition of an individual or small group of
individuals being obliged to accept total personal accountability
for success or failure.

Such accountability is of course important in any commercial
endeavor, but in major projects ,,ith all their huge costs,
complexity, risk and stretching of management skills to the limit,
the absence of personal accountability is almost a guarantee of
failure. Yet it is in the very nature of the traditions of English
speaking democracies and their civil services that personal
accountability is almost totally absent with decisions reached by
"committees and compromise" and ultimately political intervention.
This is in no way to decry our established institutions. There is
the fact, however, that there are certain functions which such
institutions simply cannot perform efficiently.

There are then three major reasons for making the maximum possible
effort to privatize government investment in major projects: the
problems of present day inadequacy of government resources, the
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problem of correctly accounting for recoverable investment and the
inability of our style of government to meet the preconditions of
personal accountability. If the privatization of such investment
is to be successful, it must directly or indirectly resolve these
problems.
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THE PRIVATE RISK RETURN MODEL
AND MANAGEMENT (PRSM) MODEL

Let me now turn to outlining how a first step could be made
towards such privatization in the context of our own industry. An
outline of the model is depicted in the diagram that you can now
see. The problem it addresses is that of securing the maximum
amount of private funding for a nuclear power station where the
power is to be utilized either by a crown corporation or possibly
for export to the United States. This should be a typical
"commercial" or what I have called a "recoverable" investment
project and one which, for the reasons I have just elaborated, it
makes no sense for the Federal Government to finance as part of
the budget deficit.

The critical part of this financing structure is the contract by
the utilities to buy the power from the private entities which is
to construct and own the station. This contract will effectively
define the crucial issue of the sharing of risks between the
utilities and the owners of the station and in its turn will
determine how the project can be financed. A good first principle
of risk sharing is that the separate parties should take on the
risks which they can best control. On this principle it makes it
good practice for the utility to assume the utilization risk, that
is for the utility to buy the power on a take if delivered basis
and for the utility then to market the power and fit it into their
day-to-day power generation planning.

The entity constructing the station is obviously that most capable
of controlling the cost over run risks. Hence this entity should
absorb at least a given proportion of this risk and the terms of
the power contract should reflect this.

In this example the power contract is assumed to be "take if
delivered" but with half of it on a cost plus profit basis with
the overrun risk shared between the owners and the utilities.

The other half of the power is assumed to be sold on a "take if
delivered" basis but at a price equal to the cost of power from
contemporaneously constructed coal plants. This leaves the
utility and the owners therefore sharing the market risk (competi-
tiveness with other fuels) which neither can control.

The risks that the owners of the nuclear power station are bearing
then determines how much equity they need to put in in order to
cut the risk to the bond holders and bank supplying the debt to
the very minimal levels of risk which they are normally prepared
to accept. In this example, I have taken it as about 30%. In the
context of a 630-MW station, this is close to $1 bn in service—a
huge sum to raise from a Canadian capital markets for a totally
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new venture. The methods of raising this equity capital, I'll
come back to in a moment.

Assuming, however, that this amount of equity could be raised the
remaining 70% would be capable of being raised as project finance
debt independently of any supplementary government guarantees—
with one exception. This relates to the risk of noncompletion of
the station. On all historical evidence, this risk is nonexistent
since it has never happened to a CANDU reactor. Nevertheless if
it were to occur late in construction, it could involve a write
off of up to $3 bn. This is not a risk that could be taken by any
Canadian corporation. In my assessment therefore, the Federal
Government would need to assume the residual risk of holding the
banks and bond holders harmless in the event of noncompletion.
This, I would point out, would still leave shareholders with 30%
of the write off constituting their equity. Hence they would
still have every conceivable incentive to ensure the station were
constructed economically and avoid this catastrophic outcome.

Two other important measures would be required by government to
make the structure I have outlined viable. The first is probably
a willingness on part of the Federal Government to join as a
junior partner and invest in the consortium that would build and
own the stations. It could do so by investing little more than
the stocks of heavy water which it already owns.

The second requirement is somewhat more complicated but funda-
mental. In general the Canadian tax code is inadvertently
strongly biased against new ventures of the types that we are now
considering. For example the Canadian tax code does not permit
(as does that of the United States and most other English speaking
countries) the consolidation of the taxable losses and profits of
separate companies even if they are wholly within the same group.
This means that if a major corporation were to become a sub-
stantial investor in the nuclear corporation I have just been
describing, it could only access the investment tax credits and
the tax allowable depreciation 6 or 7 years from the commencement
of construction when the corporation began to make profit.

In contrast, if it is invested in its own existing operation, it
could immediately access the investment credits and tax allowable
depreciation against its existing profits. This may appear merely
technical but in practical terms if the activity can be written
off against existing profits, it amounts to Revenue Canada
contributing a substantial proportion of the investment. In
contrast if the project is a total writeoff as an independent
operation in a separate company with no profits because there is a
writeoff, the maximum that the parent company can normally expect
to obtain is a writeoff of the investment as a capital loss where
it would have most get 25% of the losses written off against its
other profits. Revenue Canada taking only 25% compared with 60%
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of the downside risk needless to say strongly biases corporation
against new investment in separate corporations. The position as
regards private investors is equally unfavorable. In addition,
few private investors are interested in new investments which will
not yield dividends at all until construction is completed—some 6
or 7 years from the commencement of their investment.

All this it might be pointed out has nothing to do with the
underlying quality of the investment quality itself but just the
vagaries of the corporate system and tax structure as it applies
to new independent ventures.

There is, however, an already established route through these
problems. This is the device of the "flow through" share.
Essentially this is a device where an investor be he personal or
corporate investing $100 in explorational development through any
existing resource corporation becomes automatically and
immediately entitled to the investment tax credits and the tax
allowable depreciation on his $100 investment. In this way.
Revenue Canada automatically underwrite 60% or more of the losses
that would occur if the investment were to write off in these
industries. As part of the privatization of new investment in
major projects the Federal Government should extend the flow
through shares to these projects. This would be extremely simple
requiring only a one line alteration to the tax code. Moreover,
on the experience of the Canadian resource industry this should
enable these projects to access a huge pool of tax directed
investment monies from both individuals and corporations.

One further concession might be required from the Federal
Government. As you know investment tax credits are being phased
out for most regions. In order to obtain the magnitude of
investment required, it may be necessary for the credits to be
retained for PRSM investments, possibly in the form of credits on
the PRSM equity. All this would be highly tax effective from the
standpoint of the Federal Government since for relative little
investment and tax concessions major investments would come into
being.

In summary then a very straightforward basis exists along the
lines PRSM for the privatization of what has been government
investment in new major projects. This is not say that it will
not require a great deal of patient and constructive effort to
turn the potential into a reality. But it would well may be that
this option is rapidly becoming a necessity as, for the reasons
which I indicated earlier, it becomes increasingly apparent that
governments whatever their political color do not have the
resources, accounting technology or structure of accountability
enable them to be the main source of financing for new cost
recoverable projects.

Thank you.
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25% Tax Credit for
PRSM Equity

FEDERAL GOVERNMENT

PROVINCIAL/U.S. UTILITY Guarantee to Hold
Bank Harmless if
No Completion

Power Contract
50% Target Cost Based
50% Cost of Alternative

Generation

P R S M Nuclear Corporation

25% Equity

• Held initially by private sector corporation in form of
"flow thru" shares.

• 50% to be offered to public within 3 years of operation.

• Major corporate investor as general partner and project
manager.

75% Project Finance Debt



INNOVATION IN IRRADIATION

F.M. Fraser, L. Armstrong
Atomic Energy of Canada Limited, Radiocheroical Company

413 March Road, P.O. Box 13500
Kanata, Ontario, Canada. K?K 1X8

INTRODUCTION

In the 1950's Atomic Energy of Canada Limited (AECL1 recognized
the potential of industrial gamma irradiation processing and
began major efforts to ensure the adequate and efficient
production of Cobalt 60.

The main thrust was the decision to standardize on the C-IP8
source pencil (see figure 1). This pencil contains two source
elements each containing eight slugs of initially inert, nickel
plated Cobalt 59. Irradiation of the zircalloy encapsulated
source elements in the AECL designed Candu reactors proved that
not only is this reactor an efficient producer of electricity
but also of gamma ray emitting Cobalt 60. After activation in
the reactor and encapsulation in a stainless steel jacket, the
two source elements form a C-188 source pencil with an activitv
of up to 10,000 curies. Figure 2 shows AECL cobalt 60 shipments
for the years 1956 to 1985 and Figure 3 shows the projected
supply and demand for the period ending in 1996.

Concurrent with its ongoing efforts to ensure an adeauate supply
of Cobalt 60, AECL developed a range of commercial irradiators
with evolving specifications. Each design innovation vas
introduced to meet the growing and specific requirements of the
users, whether they were medical products manufacturers,
contract irradiation companies or research centres.

SOURCE AND IRRADIATOR DESIGN CONCEPTS

In order to understand the significance of the design
innovations that will be discussed later in this paper, let us
take a few moments to review the fundamental concepts of
industrial gamma irradiators.

The principal is easy to understand. Cobalt 60 emits gamma
radiation in all directions. The gamma rays deposit energy as
they travel. To use this energy efficiently, it is necessary to
surround the source as tightly and with as much product as
practical.

The fundamental concepts of irradiator and source design are
shown in figure 4.

The simplest but least efficient is the two pass system which
has only one product layer on each side of the source as shown
in figure 4(A).
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In this simplest of concepts the source extends above and below
the product. We refer to this as "source overlap". Source
overlapping is necessary in order to obtain as uniform a dose as
possible within the product volume. As the product and source
heights increase, so does the relative efficiency of use of the
source output, or, as we call it, the "Cobalt 60 utilization
efficiency".

Figure 4(B) shows a more efficient concept which has a greater
product and source height. For example, the efficiency of an
irradiator with a product height of 3 metres is approximately
50% greater than one with a 1 metre product height.

A still more efficient concept is one in which the source rack
is more fully surrounded by product, or "buried", as shown in
Figure 4(C). A uniform dose is obtained through the use of two
vertical product levels and a vertical transfer mechanism. The
efficiency of this product overlap geometry is almost double
that for the source overlap geometry shown in figure 4(A"), but
equipment costs increase due to the more complex hardware
involved.

To further increase the cobalt utilization efficiency,
additional passes can be added, as shown in figure 4(D).
Increasing the box thickness would also increase the efficiency,
but at the expense of dose uniformity within the product.
Increasing the number of product boxes in each pass as shown in
figure 4(E) will also result in an increase in the efficiency.
At some point, however, the incremental increase in efficiency
is not justified by increased equipment complexity and cost.

The source in each of these fundamental concepts consists of a
rectangular source rack containing source modules. Each module
contains up to 42 C-188 pencils (see figure 5 ) . The overall
strength of the source in an industrial irradiator is determined
bv the size of the source rack, and the number and curie content
of the C-188 pencils.

Now that we have reviewed the principle and concepts, let's
examine how AECL incorporates these concepts in a practical
irradiator. The innovation comes in matching the correct
concept or hybrid of concepts with a specific customer
application and then designing the irradiator.

Designs are continuously evolving but fall broadly speaking into
three main types, each with their own micro-structure. The
three types are:

1) Tote box, irradiators.
2) Carrier Irradiators.
3) Pallet Irradiators.
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Let us briefly discuss each of these in the order in which they
were developed. Each type was, in fact, a significant industry
innovation.

In this design the product is loaded into aluminum boxes or
totes. These totes are then moved around the cobalt source.
The smallest and simplest irradiator of this type is the batch
tote box irradiator (Figure 6 ) . It has two product levels and
one pass on each side of the source. Product is manually loaded
onto the irradiator mechanism within the cell. The operator
then leaves the cell, raises the source rack from its safe
storage position in the water filled pool, and starts the
mechanism which indexes the totes through all positions
surrounding the source. Upon completion of irradiation, the
source is lowered into the pool and the batch of product is
removed. This is an excellent irradiator when there is
insufficient product to justify a larger plant. However, a
significant amount of gamma ray energy can be wasted during
batch interchanges.

Both product throughput speed and cobalt utilization efficiency
of the batch tote box irradiator can be increased significantly
by: adding a second pass on each side of the source; increasing
the length of each pass; enlarging the source rack, and
installing input and output conveyors. This upgraded version is
shown in Figure 7.

Thus by starting with a batch tote box irradiator, the owner can
begin Irradiating product for a relatively low capital cost, and
upgrade later when business and throughput requirements warrant.
The primary limitations of this design are the mechanical speed
of the tote box movement mechanism - 90 boxes/hour - and the
relatively small size of the tote boxes which does not permit
great flexibility in product handling or mix.

2) Carrier_Irradiators

Following the success of various tote box irradiator designs,
the need for larger throughput, multi-product irradiators became
apparent. The carrier irradiator innovation, where the product
is loaded into aluminum carriers suspended from an overhead
monorail system, was developed to meet this need. Its evolution
arose from discussions with customers, where the need to provide
high throughput and good product packing efficiency was
identified as a limitation in the tote box irrfldiator. This
situation is typified in service irradiation companies and large
medical product manufacturing operations. A representative
carrier irradiator (Figure 8 ) , utilizes a 4 metre high source
rack and aluminum carriers approximately 60 cm x 40 cm x 300 cm
high. To improve cobalt utilization efficiency versions have
been built with 2, 3 or 4 passes on each side of the source.

22



The vertical stacking of product permits efficient use of floor
space. The carriers can be tilted to the horizontal position
for loading and unloading of products.

The carriers circulate through the irradiation cell on a closed
loop. However, an external recirculating or transfer loop can
be provided, which takes a carrier from the exit line and puts
it back onto the inlet line, so that the dose can be delivered
incrementally enabling products with different dcse requirements
to be mixed and treated continuously.

A further variation of this design, is the batch carrier
irradiator, shown in Figure 9. It has 1 pass on each side of
the source to minimize the batch size for fast turnaround. The
carriers are only 2 metres tall allowing them to be quickly
loaded and unloaded in the vertical position to reduce the batch
changeover time. This batch irradiator can also be upgraded to
a fully automatic design.

3 ) P a 1 jLg.£

The modernization of packing and material handling methods and
the evolution of the standard industrial pallet presented a
further design challenge - the need for an irradiator that would
process product in pallet sized loads. This need was filled by
the pallet irradiator. In its simplest Batch Pallet form it
involves manually transporting four non-processed pallets of
product into the radiation cell through the shield maze and
removing the four processed pallets on a forklift truck. The
pallets sit on indexing turntables in the radiation cell. The
turntables rotate the pallets in quarter revolution increments
to ensure each side of the pallet is exposed equally to the
source (see figure 10).

Again, based on practical experience, provision is made in the
shield and source design to upgrade the facility to fully
automatic operation.

The upgrade involves the removal of the turntables and the
installation of an overhead conveyor system, utilizing carriers
which allow eight pallets of product to surround the Cobalt 60
source as shown in Figure 11.

This mechanism automatically transports pallets into and out of
the radiation cell, eliminating the batch inter-change time. The
elimination of batch interchange time and having more product
surrounding the source increases product throughput by a factor
of at least 3 over the batch unit for the same product.
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Attenuators may be placed on the carriers and in fixed locations
around the source rack to improve dose uniformity in the large
palletized volumes. The source, for this design is an
innovative annular source rack which yields more efficient
cobalt utilization. The complete source mechanism consists of
two annular source racks capable of independent movement (see
figure 12).

The outer source rack contains 20 source modules stacked ten
high, each module containing up to a maximum of 35 C-188 source
pencils. The inner source rack also contains 20 source modules
stacked 10 high but only 12 C-188 pencils are accommodated per
module.

The capacity of the complete source rack when fully loaded is
three megacuries but use of the inner rack only permits low
doses down to 5 kilorads.

The excellent commercial acceptance of this design gave the
impetus to a further development utilizing two standard
rectangular source racks with eight dwell positions to allow
increased source capacity up to four megacuries (see figure 13")
while retaining high cobalt utilization efficiency.

Encouraged by this new design a further iteration was made to
significantly improve the dose uniformity and increase product
throughput. This optimized plant design, based on production
irradiation experience, looks like a standard pallet irradiator
but incorporates an innovative arrangement of attenuators and
two flat source racks. Only one set of heavy steel attenuators
is used and their positions change for each dwell. Their
relationship to the product is shown in figure 14. The source
pass conveyor motions have been altered to allow for the
attenuator movements. The carriers do not now require
attenuators resulting in lighter, simpler and more efficient
construction. This irradiator provides a high degree of product
flexibility combined with excellent dose uniformity.

However, technology does not stand still. Customer demands for
increased efficiency, more flexibility and lower operating costs
have resulted in several recent innovations.

COMPUTER MONITORING

The successful commercial operation of ma^or radiation
processing facilities has indicated a need for more flexibility
and greater ease in the treatment of products with diverse
densities and doses.
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Pallet irradiators with extended product handling facilities at
the input and output meet most, if not all, of the necessarv
hardware requirements. However to further increase efficiency
and throughput AECL designed a multi-function microprocessor
system specifically for radiation processing applications. Use
of this system reduces administration costs, time lost due to
manual logging of data, and permits increased confidence and
security in product processing where highly diverse products,
product densities and doses are treated in a continuous manner.

The major tasks performed by this system are:

1. Irradiator Timing Functions.
2. Incremental Dose Control.
3. Identification and Display of Carriers in the Irradiator as

well as providing information to give complete irradiation
processing reports on all product output from the
irradiator.

4. Machine Function History and Processing Data Logging
giving a printed report every 24 hours of machine
function and performance. Fault or alarm conditions are
printed and displayed as they occur.
Long term data logging may be performed on another computer
system by obtaining information over the computer
communications link provided.

5. Monitoring of all Machine Fault and Operational Conditions
providing a complete display of machine status and fault
conditions as well as giving another level of redundancy to
machine safety in operation and control.

A typical system configuration (figure 15) and screen display
are shown (figure 16).

A PORTABLE LOW COST IRRADIATOP

This innovative design was specifically developed for food
applications, to address the demand for a simple, low cost
automatic irradiator that is readily portable between 2 or 3
producing regions. This is of particular interest in areas where
crops are harvested at different times in widely separated
regions.

This irradiator, shown in Figure 17, features mechanical and
electrical systems designed for rapid assembly, disassembly and
removal from the irradiation building. The trailer, which
houses the irradiator controls and services, has adequate space
to accommodate the dismantled components and the cobalt 60
source.

This arrangement allows the irradiation unit to change from one
location to another within a week excluding transportation time.

25



Increasing utilization of the irradiator concept can be achieved
in two ways. The first way is to construct another radiation
shield in an area where processing is required. This will
enable the user to increase utilization of the irradiator. When
processing requirements in one location justify the full
utilization of the first irradiator, a second machine can be
placed in the other shield and further additional shields built
as the need arises.

Simplicity in the design of the radiation shield is very
important in this concept due to the requirement for at least
two shields to utilize the portability of the irradiator.

Today AECL with an assured supply of Cobalt 60 and a wide range
of proven irradiators has over 75 plants installed worldwide
with a total Cobalt 60 loading in service of over 80 MCi. These
plants irradiate a wide range of products some of which are
listed in figure 18.

FOOD IRRADIATION

AECL experience in food irradiation dates back to 1956 wher Dr.
Ken MacQueen began investigating the effects of gamma radiation
on vegetables. He found that radiation doses in the region of 8
krads was very effective in controlling sprouting in the main
commercial varieties of Canadian grown potatoes. As a result of
this work Canadian clearance for human consumption of potatoes
irradiated to inhibit sprouting was obtained - a first in the
Western World.

This was followed by Canadian approvals for sprout inhibition of
onions in March of 1965, and insect disinfestation of wheat,
flour and whole wheat flour in 1969. Other countries including
the United States, Holland, Belgium, South Africa and Japan also
approved various foods for irradiation during this period.

Despite these early regulatory successes there has not been, to
date, a wide spread use of food irradiation.

The reasons for this slow progress are complex and
inter-related. However, the primary obstacle has been
regulations at both the national and international levels.
Despite the fact that by 1979 over 40 individual foods had been
cleared in some countries, there was not enough consistency or
scope in the diverse national regulations to enable industry to
effectively implement the technology.

In October 1983 the Codes Alimentarius Commission, a body of the
United Nations, published a recommended international standard
for food irradiation. This standard had been put throueh a
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lengthy review process, and had won the "Agreement in Principle"
of 125 participating nations.

The Codex standard provides the guideline needed by all
countries to develop or modify their national regulations to
achieve international consistency. Subsequently, most nations
began preparation of new food irradiation regulations.

On 18 April 1986, the U.S. Food and Drug Administration
promulated its new food irradiation rule. This rule permits the
irradiation of all foods for disinfestation purposes, and to
inhibit growth and maturation of fresh foods. In addition, it
increases the permissible dose for spice irradiation up to 3
Megarads (30 kGy). These two events combined with imminent new
regulations in Canada, Australia, Great Britain and other major
countries will provide the regulatory environment necessary for
significant commercial use of food irradiation.

The way is now clear for a rapid increase in large scale
application of food irradiation technology and AECL with its
commitment to the irradiation process, the equipment and its
gamma sources confidently looks forward to its continuing major
role in another decade of innovation in irradiation.
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DAIL.Y REPORT O3/21

NUMBER OF CARRIERS THOUGHPUT : 656
SOURCE UP ACCUMULATED TIME : 05:15:26
SOURCE MOVEMENT COUNT : 006
COBALT SOURCE STRENGTH(cur»es>: 76*839

MACHINE FAULTS I-1ST

FAULTS TIME DOWN
SOURCE PASS TIME OUT 08:03:23
LOW AIR PRESSURE 09:22:00
SOURCE TRAVEL TIME OUT 12:00:00
INPUT/OUTPUT BARRIER DOORS 13:33:45
EMERGENCY STOP ACTIVATED 15:22:33
HISH TEMPERATURE 17:22:45

TIME UP
08:25:23
09:25:46
12:02:45
13:36:22
15:24:43
17:23:59

^^

MAINTENANCE REMINDERS

LUBRICATE CARRIER TROLLEY WHEELS<LPS-3>
0ACKWASH DEIONIZER FILTER

:K̂ ^

IRRADIATION REPORT

MACHINE CYCLE: 26427 TIME IN : 03/21/84
TIME OUT: 03/21/34

08:21:47
11:05:49

CARRIER IDENTIFICATION CODE
PROOUCT LOT NUMBER
PRODUCT CODE
STERILIZATION LOT NUMBER
NUMBER OF PRODUCT BOXES
MINIMUM DOSE REQUIRED CMRAO)
TOTAL EXPOSURE TIME REQUIRED
TOTAL EXPOSURE TIME RECEIVED
INCREMENTAL DOSE LAPS
CYCLE TIME SETTING
DOSIMETER INCLUDED
DOSIMETER READING
UNLOAD CONFIRMATION
COMMENTS

023
30251
268453
3613

10
2.5

02:30:00
02:30:26

1
00:02:00

YES
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Products Processed by Gamma irradiation
This list is not all inclusive, but it does provide current
examples of some of the applications and an indication of
the range of possibilities.

Cfl

MEDICAL SUPPLIES

• Syringes, needles
• cloves, non-woven sets
• Gowns, drapes
• Sponges, dressings
• Tubing, catheters
• sutures
• Electrodes
• Dlalysers
• sets, kits
• Lubricating jelly

LABORATORY SUPPLIES

• containers
• Bio-assay dishes
• culture flasks
• Pipettes

PHARMACEUTICAL SUPPLIES

• Droppers
• Dispensers
• Tubing
• Packaging materials
• Containers
• Talcums

PHARMACEUTICALS COSMETICS AND SANITARY PRODUCTS

Eye ointments
Burn ointments
Tetracyclines
Cortlzones
Vitamins
water

FOODS

• grains
• tubers
• spices
• fruits
• vegetables
• fish
• poultry
• meat
• processed foods
• Juices
• pet foods
• animal feed
• enzymes
• hospital meals

• Facial cosmetics
• Artificial eye lashes
• Mascara
• Baby bottle nipples
• Baby powder
• Sanitary napkins, tampons
• Packaging materials

WASTES

• Human and animal wastes
• Concentrated preparations of pathogens
• infected tissue wastes
• Genetic engineering wastes

OTHER APPLICATIONS

• Radiation hardening of electronic
components

• Sterilization of wine corks
• Wood/polymer flooring
• Food packaging materials
• Flowers

Figure 18



INNOVATIONS IN REACTOR MARKETING

D.S. Lawson
President

Atomic Energy of Canada Limited - CANDU Operations

I had thought of opening with the rhetorical question "If CANDU
is so good, why is it not selling?" - and then giving the
detailed facts on the worldwide market to show that the basic
problem has been the lack of a market. In the interest of time I
have left the details out of this presentation, but the
information is attached to the text as an Appendix

In the broadest sense, I have some difficulty in talking about
'Innovations in Marketing'. Those of us who have had the
opportunity to travel will have been at the receiving end of
selling in countries like those in the Middle East. Traders
there have sat on sand since biblical times with nothing more
than their wits to build trade on. I'm sure they have already
invented all the marketing and selling techniques. Most of us
associated with Wolsung have visited the market at Itaewon while
in Korea. How many have found ourselves buying something we had
not intended to buy; then leaving with a smile on our face? The
real test is whether we agreed afterwards that it was a good buy
and return on our next visit to Korea. I think most of us have!
Maybe we should learn from these experiences and sharpen our
marketing skills.

We have a strategy
SLIDE 1

to position CANDU and its suppliers in a prominent position in
the world market; to get it in the front of the shop window.

We have to focus on identifying marketing opportunities and
creating markets. The potential customer is not always in a
position to know precisely what he wants; the sales team has to
help him.

We should distinguish between being marketing driven and market
driven; we should try and lead rather than follow others.

Ultimately the customer
SLIDE 2

will decide on our position in the market, he will decide whether
he considers that we have a high quality product and whether he
perceives us to be credible and reliable.

In fact credibility
SLIDE 3

is the key to success in the marketing process.
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How do you get credibility in a market with so many players?
SLIDE 4

So many people are involved in the process, and all have their
legitimate role. I could have added more to this picture.

Out of all these players we have three key players

SLIDE 5

to concentrate on: the customer, the competitor and ourselves.

The competition in our case is not only other nuclear supplier*
but also alternative fuels such as coal. The capability of the
competitor will not be static; he will be trying to improve his
products and his competitive position.

One might think that the customer would always be the same for
one project. However we have found that sometimes during
negotiations the customer changes from the Utility to government
agencies such as the Energy Ministry. It is obvious that each
customer is different and has different needs and should be
treated in a different way to match his needs. So it takes quite
an effort to assess the needs and changes in the needs, to be
able to predict them and move faster than the competition.

Success comes when we can tip the balance

SLIDE 6

with the competitor and go off in the same direction, fully
aligned with the customer.

Success is usually based on the sum

SLIDE 7

of having a good product and good business arrangements. Some of
the key characteristics of the product and business arrangements
are shown on this slide. The customer is basically looking for
safe, economic electricity. In some cases he wants technology to
enable him to operate and maintain his unit or to have strategic
independence over his program.

President Reagan has been concerned at America's competitiveness
and set up a Commission which reported last year. It assessed
the US competitive profile

SLIDE 8

and their leverage points. I have produced a similar profile for
CANDU.
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SLIDE 9

First of all our current position in comparison with
international competitors and coal.

Our CANDU product is good; and we have to keep it good in
comparison with the competition by continually improving it.

The delivery system covers all aspects of getting the product to
the customer, particularly our management of the project. This
is an area we can improve upon.

Delivery time for nuclear is long in comparison with coal and the
overnight capital costs are much higher than coal. Both of these
are worthy of close study to improve them, and we are doing so.

Operating costs of nuclear and particularly CANDU are good and
the overall life cycle costs, very good.

Our labour costs are high in comparison with some other
countries, but off-setting this to some extent, our quality is
also high.

Our financing ability has been average; in general we can
compete, or at least match other countries1 offers. Currently
our exchange rate is a benefit.

We need a Trade Policy and Political support that recognizes the
importance of our projects to Canada and recognizes the level of
support given to our competitors by their politicians and trading
policies.

The CANDU program is small and is only 5 or 6S of the total world
nuclear market. We need a larger market share.

In the export market there are clear advantages in choosing
partners who can share the financing load or who can provide less
expensive equipment due to their lower labour rates. Similarly
we have to examine how partnership with other companies in Canada
can help market CANDU.

The balaLce of risks and benefits between the supplier and
customer 'ri.ll affect the customer's perception of the deal.

For example, the Prime Minister of Turkey, Turgut Ozal, has the
following argument:

Developing countries need projects that can be supplied by
developed countries. Usually the knowledge and capability
within the developing country is limited. They can use a
consultant but they still need to interpret, understand and
judge the consultant's advise. The developed country
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eventually sells the project. Then country to country loans
are put in place where repayment is due regardless of the
performance on the project, and regardless of whether the
projects are economic.

Turgut QzaL'a proposal is for the developed countries to
come and invest in the developing countries. Jointly assess
and build the project. Then when the project performs
satisfactorily the developing country will pay. He does not
expect to pay for poor performance or uneconomic projects.

Well that is certainly a clear point of view and puts pressure on
us and other suppliers to stand behind the performance of our
products and to ensure they are economic.

We have had a very consistent program for CANDU right from the
beginning.

In total we have to assess our credibility for this whole
profile. Not bad but could be better. Weakness or temporary
poor performance in any area can severely reduce our credibility,
considering the small size of our program.

I have indicated
SLIDE 10

where I think we can improve our profile. To be competitive we
have to address all potential areas for improvement. I believe
we can make important improvements to the product, the means of
delivering the product, its capital cost and delivery schedule
and to our business arrangements. This should result in an
increase in the size of the program, in our market share and in
our credibility.

The population of the world is Increasing

SLIDE 11

and more people are moving to an urban environment. This results
in good prospects for electricity to have a higher growth than
other energy sources. The competition will then be between coal
and nuclear. The two have different characteristics. The coal
plant is cheaper and quicker to build but costs more to run.

SLIDE 12

The cash required in each year is higher during the construction
period for the nuclear unit but soon crosses over with the higher
fuel price of coal. This of course assumes that both units are
base load.

The unit energy cost,
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SLIDE 13

using traditional utility financing practice, Is almost flat for
nuclear. Coal In some cases may be cheaper In the early years.
We have to be Innovative with financing to try and redistribute
the charges over the years.

At present the coal market is down as well as the nuclear market.
Over the 5 years, 1985 to 1989, the world market for new power
stations Is approximately 40% coal, 40% nuclear and 20% for the
other sources, oil, hydro and gas when measured on a MW capacity
basis. The utility market appears to have decided on a 50:50
market share when the first cost of the nuclear station is in the
order of two times that of the coal station,

SLIDE 14

and the life cycle costs of the nuclear plant are of the order of
two-thirds that of the coal plant. If nuclear capital costs were
equal to coal station costs then most of the orders would be
nuclear - say 15Z still with coal due to local geographic
benefits of demand being near bountiful cheap coal supply.

Taking these two points and assuming a straight line

SLIDE 15

between them then you can deduce that with a 10X reduction in
nuclear capital cost - either by reducing plant costs per MW or
by reducing schedule time and hence IDC - there would be a 14%
Increase In market.

We have a good product, we have more bids in at present than we
have had before; the longer term future looks better and we have
identified several innovative ideas to improve our
competitiveness. We just need stamina, tenacity and the support
of all other members of the industry to stay the course and
Increase the market for CANDU.



APPENDIX

CANDU - Recent Market Share

Since there Is always a debate about when an order Is an order
and orders are sometimes cancelled, I have considered new reactor
construction starts as a more solid Indicator. On chart 1 you
can see the construction starts In reactor vendor countries* In
the 5 year period ending December 31, 1985. Three countries, the
USSR, France and Japan had nearly 85% of the new starts In terms
of capacity. the FRG had 6.9% of the total, Canada 6.4% and the
UK 2.2$. US and Swedish vendors had no construction starts In
the period. In 1985, only Japan and France had new domestic
construction starts.

Chart 4 deals with the new reactor construction starts In non-
vendor countries over the same period. The Soviet Union Is the
top International vendor with 65% of the total. Canada Is second
with 12.4% and France Is third with 11.9% of the total. The
FRG's and US' last construction starts overseas were one each In
1981. Sweden and the UK had no new construction starts overseas
In the period. Only Canada and the USSR had construction starts
both in 1984 and in 1985.

* for present purposes, I will exclude one 350 MWe LWR In China, a
35 MWe L/HWR In Italy, and 2 x 220 MWe CANDU's in India.
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CHART 1:
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SLIDE 1

Marketing strategy — to position CANDU
and its suppliers.

Focus — on identifying marketing opportunities
and creating market.

Distinguish — between marketing driven
and market driven
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SLIDE 4

THE PLAYERS

I Customer j

© '
Foreign

V Affairs J
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SLIDE 6

SLIDE 7

TECHNICAL
PRODUCT

BUSINESS
ARRANGEMENTS

SATISFACTION
OF CUSTOMER

NEEDS

• Product performance

• Improvement

• Delivery system*

• Technology
transfer

• Financing
availability

• Ownership/Equity

• Contractual
structures

• Political
support

• Reliable source
of economic
energy

• Technology
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SLIDE 8

COMPETITIVE PROFILE. U.S. LEVERAGE POINTS
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SLIDE 9

COMPETITIVE PROFILE FOR CANDU
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SLIDE 10

COMPETITIVE PROFILE FOR CANDU
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SLIDE 11

WORLD POPULATION TRENDS
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SLIDE 12

CUMULATIVE CASH FLOW
TYPICAL NUCLEAR/COAL COMPARISON
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SLIDE 14
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SLIDE 15
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AN INNOVATIVE APPROACH TO CHARACTERIZING SITES FOR
NUCLEAR FUEL WASTE DISPOSAL

W.T. Hancox and S.H. Whitaker
Atomic Energy of Canada Limited

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba

ABSTRACT

AECL's methodology is described for characterizing plutonic rock
masses as potential sites for nuclear fuel waste disposal. The
methodology is derived from a structured process which uses a
hydrogeological perspective to integrate various geoscience
disciplines. First, the geological features of the rock mass
that control the groundwater flow, and the associated physical,
chemical and hydrogeological characteristics, are determined
from field investigations. These features and their characteri-
stics are then interpreted to establish a conceptual model of
the groundwater flow system. Next, based on this conceptual
model, a detailed three-dimensional mathematical description of
the flow system is used to predict changes in measurable para-
meters caused by natural and artificial perturbations to the
rock mass and flow system. Finally, comparisons are made
between predicted and measured responses to allow the conceptual
and mathematical models to be refined to the point that,
together, they provide a realistic representation of the actual
groundwater flow system. The methodology is illustrated by
applying it to the Whiteshell Research Area.

INTRODUCTION

The Canadian concept for disposal of nuclear fuel wastes is to
isolate them deep in plutonic rock masses in the Canadian Shield
[1]. In this concept, the environment and people are protected
by a combination of engineered and natural barriers, acting
together. The engineered barriers comprise the waste form,
either used-fuel bundles or immobilized used-fuel recycling
wastes, a corrosion resistant metallic container, the buffer
material surrounding the container, and the materials used to
backfill and seal the disposal vault. The natural barriers
comprise the rock mass and its groundwater flow system, and the
near surface environment, including the soil, water and air with
which people and animals interact. The assessment of this
concept is now well advanced.

A unique requirement of the concept is the need to evaluate the
ability of a candidate rock mass to isolate for thousands of
years any radioactive materials that could be released from a
deep disposal vault. The evaluation must be based on an assess-
ment of the potential for migration, in groundwater, of radio-
active materials through the rock mass to the surface environ-
ment. Because this migration will take place gradually over
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thousands of years, special demands are made of the evaluation
methodology. First it must be based on a detailed understanding
of the actual groundwater flow system, and second, it must be
capable of accounting for uncertainty and variability in the
future characteristics of the flow system.

In this paper, we describe an innovative approach to attaining
the required understanding of the groundwater flow system and to
developing and validating the hydrogeological components of the
site evaluation methodology. A hydrogeologic perspective is
used to integrate various geoscience disciplines into a
structured process. To illustrate the approach, we describe
results obtained by applying the methodology to the Whiteshell
Research Area, which contains the Whiteshell Nuclear Research
Establishment (WNRE) and the Underground Research Laboratory
(URL).

Briefly, the characterization involves the following steps.
First, the geological features of the rock mass that control the
groundwafer flow, and the associated physical, chemical and
hydrogeological characteristics, are determined from field
investigations. These features and their characteristics are
then interpreted to establish a conceptual model of the ground-
water flow system. Next, based on this conceptual model, a
detailed three-dimensional mathematical model of the flow system
is used to predict changes in measurable parameters caused by
natural and artificial perturbations to the rock mass and flow
system. Finally, comparisons are made between predicted and
measured responses to allow the conceptual and mathematical
models to be refined to the point that, together, they provide a
realistic representation of the actual groundwater flow system.
These steps are described in more detail below.

WHITESHELL RESEARCH AREA

The Whiteshell Research Area, shown in Figure 1, is a 750 km2

region in southeastern Manitoba which contains the Lac du Bonnet
Batholith, a large granite pluton representative of those found
in the Canadian Shield. There is a moderate topographic slope
across the region, from an elevation of 300 m in the southeast
to 250 • in the northwest. The Winnipeg River provides stable
hydrological boundaries on all sides of the region because of
the dams that control its water levels. Along the east side of
the region, the river elevation is controlled at about 275 m,
along the south at about 273 • and along the west at about
254 m. These differences in elevation, i.e, gravitational head,
drive the groundwater flow.

The site for the URL was selected, in part, because at that
location there is surface exposure of the batholith, thereby
facilitating geological mapping, and because the rock had not
been previously disturbed [2]. Location of the URL shaft and
underground test areas required a detailed knowledge of the
underlying geological structure and groundwater flow system.
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This in turn required subsurface investigations to characterize
the site similar in scope to those required for a disposal site,
although covering a smaller area. Conducting these investi-
gations provided an opportunity to develop and validate the
methodology. The evaluation program began during 1979.

CONCEPTUAL MODEL

The questions that we seek to answer are: what are the geologi-
cal features deep in the rock underlying the region that control
the groundwater flow system, and what is the three-dimensional
pattern of groundwater flow within the system? The first step
towards answering these questions is to formulate a conceptual
model of the hydrogeological regime. The model is conceptual
because it must be interpreted from indirect measurements of the
features of the real system. The interpretation is based on
field data provided by surface and borehole geophysical surveys,
geologic mapping and examination of rock cores from boreholes,
hydrologic measurements made in boreholes and at the surface,
laboratory determinations of rock properties and geochemistry
from surface and borehole samples, and analyses of water samples
from boreholes and surface water bodies.

In a 4 km2 area surrounding the URL shaft, over 100 boreholes
were drilled into the shallow overburden deposits and into the
underlying granite batholith to depths of up to 1100 metres.
Fractures were characterized in the boreholes using detailed
core-logging methods, in-hole television camera equipment, bore-
hole acoustic techniques, and a variety of geophysical logging
techniques,. Hydraulic conductivity measurements were made in
individual boreholes, using packers, at selected intervals with-
in many of the holes. In addition, a number of interference
tests were conducted in which water was either injected or with-
drawn from one borehole, while responses were observed in an
array of isolated intervals in other boreholes. Interference
tests provide an understanding of the hydraulic conductivity of
the portion of the rock mass between boreholes, that cannot be
obtained from measurements in individual boreholes. Hydraulic
conductivities ranged from 10"14 m/s for unfractured rock (this
suggests that transport within the unfractured rock may be
dominated by diffusion processes rather than convection) to
10"* m/s for intensely fractured rock (this suggests that for
hydraulic gradients expected on the Canadian Shield, flow
velocities in high permeability fracture zones may approach
1 m/year) 131.

Analysis of the information obtained from the entire network of
boreholes identified three major fracture zones dipping slightly
to the southeast in the rock mass. These zones, shown in
Figure 2, define the main aquifers and control the movement of
groundwater. Fracture zone 2 generally dips toward the east at
an angle of about 22 degrees. Its geometry is relatively com-
plex, involving a number of off-branching, interconnected zones.
In contrast, zone 3 is relatively uniform (a few metres thick),
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dipping at an angle of about 15 to 20 degrees to the southeast
and intersecting the ground surface towards the northern edge of
the site [3].

Outside these distinctive fracture zones, the rock is relatively
unfractured except for two sets of near-vertical fractures which
run from the surface to a depth of 100 to 300 metres. There are
two dominant fracture sets. The major set is well developed
with a northeast-southwest orientation, roughly parallel to the
direction of the maximum principal stress. The minor set is
less well developed and oriented roughly perpendicular to the
maximum principal stress.

The hydraulic conductivity within the fracture zones was found
to vary widely. Regions of high and low permeability were
determined by continuous monitoring of the hydraulic head in
packer-isolated intervals within the array of boreholes during
interference tests. The monitoring also revealed a strong
northeast-southwest anisotropy in the hydraulic conductivity in
the plane of the fracture zones. This anisotropy is assumed to
be caused by the preferential development of northeast-southwest
oriented vertical fracture sets. The interference tests did not
produce evidence of a permeable hydraulic connection between the
fracture zones. However, variations in the groundwater chem-
istry within the zones suggest that such connections exist. The
connections are assumed to be near-vertical fracture zones which
coincide with linear topographic depressions at the surface.

The interpreted flow system is shown schematically in Figure 3,
as well as the groundwater chemical composition at selected
locations. Generally, water moves up fracture zone 2, from a
region of recharge located south and east of the site, toward a
discharge region situated to the north and west of the URL site.
Isolated groundwater recharge also appears to enter zone 2 from
the surface by a network of near-vertical fractures. Water
enters fracture zone 3 from above and moves both upward toward
the subcrop region and downward along the dip of the zone. This
interpretation is supported by the chemical composition of the
groundwater at selected locations. Deep in the rock mass, the
groundwater is saline and has a high calcium and chlorine con-
tent. Near-surface groundwaters typically are less saline and
contain either bicarbonate or sulphate. The presence of dilute
bicarbonate groundwater at depth in fracture zone 2 is consis-
tent with the interpreted role of the vertical fractures and
recharge areas. Figure 4 shows the distribution of hydraulic
head in a north-south cross-section through the shaft prior to
excation.

MATHEMATICAL MODEL

The conceptual model of the rock mass described above consists
of a background of relatively unfractured rock in which the
degree of fracturing decreases with depth and that contains a
few discrete zones of intense fracturing. . To describe this
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conceptual model mathematically, Guvanasen [4] developed a
finite element computer code (MOTIF) which represents the back-
ground rock by an equivalent porous medium, composed of three-
dimensional continuum elements. The high permeability zones are
treated separately, and are represented by special planar
elements which are embedded in the background porous medium.
The flow within these planes is dominant along their axes.

Figure 5 shows the mathematical idealization, in two dimensions,
of the conceptual model. The rock mass is represented by con-
tiguous equivalent porous-medium blocks, with embedded, con-
nected planes representing the major fracture zones. Each block
can be represented by an appropriate anisotropic permeability.
The unfractured grey granite commonly present below a depth of
300 metres is assigned very low values of permeability and
porosity. The pink granite with well developed vertical frac-
ture sets is commonly present to a depth of about 150 metres and
is assigned moderate values of permeability. All blocks are
assigned higher permeabilities in the direction of the maximum
principal stress than in other directions. The size and shape
of the blocks and the location of planar elements is chosen to
correspond to the conceptual model. The three-dimensional flow
field within this assembly of blocks and planar elements is
described by a system of linear algebraic equations, solved
using MOTIF.

TESTING THE MODELS

The mathematical model illustrated in Figure 5 for the URL site
has, within the mesh, elements representing each of 174 packer-
isolated monitoring intervals in the network of boreholes used
to characterize the rock mass. To tett the model, the response
to the excavation of the URL shaft was predicted for each of the
monitoring intervals and then compared to the measured responses
as the excavation proceeded [5,6].

Since the excavation of the URL shaft began 1984 May, hydraulic
heads have been continuously measured at about 275 locations in
the previously established network of boreholes, and all ground-
water flowing into the shaft has been collected and measured.
Water samples have also been collected and analyzed to determine
changes in water chemistry.

The measured groundwatcr flow into the shaft at various stages
in the excavation is shown in Figure 6. The first inflow
occurred at a depth of 62 metres when several short boreholes
were drilled into the shaft walls. Subsequent excavation
produced inflows from a near-vertical fracture that intersected
the shaft between 65 metres and 65 metres depth, from fracture
zone 3 which was encountered between 110 metres and 113 metres
depth, from a near-vertical fracture between 115 metres and
120 metres depth, from a series of near-vertical fracture zones
at 130 metres depth, and from a few individual fractures between
180 metres and 200 metres depth.
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The corresponding prediction is also shown in the figure.
Generally, the inflows are overpredicted by a factor of about
four. The predicted maximum inflow occurs as fracture zone 3 is
penetrated. Subsequently, the predicted inflow gradually
declines to a constant value. This overall predicted trend is
in good agreement with that measured.

The effect of the inflow to the shaft and ventilation raise is
shown in Figure 7. The figure shows a snapshot, in 1985
September, of the drawdown of hydraulic head in a vertical
section through the rock mass. Comparison with the pre-
excavation values shown in Figure 4, shows the readjustments
caused by the excavation of the shaft and ventilation raise. As
might be expected, the shaft and ventilation raise are a sink
for the groundwater in the surrounding rock mass. Drawdowns in
fracture zone 3 range froa about 80 metres close to the shaft to
less than 10 metres at a distance of about 400 metres from the
shaft. The drawdown in the plane of fracture zone 3 extends
farthest in the northeasterly direction, consistent with the
enhanced permeability in that direction.

Histories of hydraulic head at two locations in fracture zone 3
are shown in Figures 8 and 9. The sharp drop in head at both
locations corresponds to the first inflow into the shaft that
occurred as the first vertical fractures were encountered at
62 metres depth. The predicted changes, although occurring
somewhat later, are seen to be in good agreement with those
measured. This agreement is typical of that attained at 171
monitoring locations used in the comparisons, and gives us
confidence that the methodology can be extended to the regional
scale.

HOVING TO THE REGIONAL SCALE

The results of the investigation of the 4 km2 area around the
URL shaft give us confidence in the overall approach. However,
a much larger region will have to be investigated to evaluate a
candidate disposal site. The full 750 km2 region available in
the Whiteshell Research Area provides a unique opportunity to
demonstrate the approach at the appropriate scale. Field work
has begun to develop a conceptual model for the entire region to
a depth of at least 1000 metres.

The scope of the field investigations in the region includes:
additional detailed geological and geophysical surveys in the
region; expansion of the surface-water hydrology monitoring and
meteorological monitoring in the region; drilling, logging and
instrumenting a network of deep boreholes; and monitoring the
groundwater chemistry and hydraulic head fluctuations in the
network of boreholes. Areas of particular interest are shown in
Figure 10. These areas have been selected to investigate: the
boundary of the batholith; major structural features (shown by
the bold black lines on the figure) which are inferred to be
structural discontinuities such as faults or fracture zones; and
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the subsurface geological structure and groundwater head distri-
bution with a view to preparing vertical profiles across the
region.

Figure 11 shows a cross section view of an initial working
hypothesis for the distribution and orientation of near-vertical
and low-dipping fracture zones within the Whiteshell Research
Area. The distribution of areas shown in plan view in Figure 10
will provide access for drilling and instrumenting deep bore-
holes to determine if these features are present and, if
present, to characterize them hydrogeologically. Predictions of
the groundwater flow system in the region, based on this con-
ceptual model, are underway using the MOTIF computer code.

CONCLUSION

An innovative methodology for characterizing the hydrogeology of
a plutonic rock mass has been successfully applied and validated
at the scale of the URL site. This methodology is now being
applied to the larger region contained within the Whiteshell
Research Area to demonstrate its validity at a scale comparable
to that required to characterize and evaluate a candidate
disposal site. Based on our experience to date, we are con-
fident that the process by which detailed in situ measurements
are used to develop a conceptual model of the hydrogeology of a
site and then idealized into a three-dimensional mathematical
description is generally valid. This is a major step towards
providing a convincing assessment of public and environmental
protection afforded by the nuclear fuel waste disposal concept.
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Figure 1: Location of the Whiteshell Research Area
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Figure 10: Areas of Interest in Regional Hydrogeological
Studies at the Whitesheil Research Area
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INNOVATIVE IMPROVEMENTS FOR FUTURE REACTORS

G.L. Brooks
Atomic Energy of Canada Limited

CANDU Operations

1. INTRODUCTION

While the performance of CANDU reactors has proven to be excellent in all
aspects and, indeed, world leading in most, we cannot afford to rest on our
laurels. The world continues to change and, therefore, the CANDU system, must
evolve in step with this change. This ongoing challenge will call for
successful innovation, a hallmark of CANDU development to date.

In response to this need, Atomic Energy of Canada Limited is continuing its
program of innovative improvements to the CANDU system. A number of these
are described in this paper, specifically those major innovations directed
primarily to applications outside of the Ontario Hydro system. In the
companion paper being presented to this conference by Mr. S.G. Horton, a
number of innovative improvements being applied to Ontario Hydro's CANDU
reactors are discussed.

The specific improvements described in this paper are being developed in
response to the following objectives:

reduction in plant capital cost
reduction in plant construction schedule
increase in net electrical output for the same basic reactor size
improvements in operator interfacing.

The first three are directed to improving plant economics, specifically the
component related to capital investment. I need hardly dwell on the
importance of these objectives given the current problems faced by many
countries in financing large capital projects. Tn particular, the lower
capital investment and shorter construction time required for coal-fired
plants provides formidable competition.

The fourth objective concerns an area in which CANDU has traditionally
enjoyed world leadership, viz., the application of human factors engineering
principles and the use of computers to optimize the presentation of
information to plant operators. Since the TMI-2 accident, a great deal of
attention has been devoted to this area by other reactor designers. While
existing CANDU reactors do not suffer from the control room deficiencies
highlighted by the TMI-2 accident, we must continue to implement innovative
improvements in order to maintain our leadership.

While this paper describes the specific improvements intended to meet these
particular objectives, I should note that we are not losing sight of the need
to make ongoing, progressive improvements in the many other areas where CANDU
has already established an excellent track record. These areas include, for
example, capacity factor, fuelling costs, radiation exposure of operating
staff, and safety.
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2. IMPROVEMENT CRITERIA

Before describing specific improvements, it is appropriate that I briefly
discuss the basic criteria and approach adopted in selecting candidate
improvements. As a fundamental principle we have determined that the
improvements should be evolutionary rather than revolutionary, i.e., they
should be solidly based on appropriate past proven CANDU technology with new
technology introduced only as essential to achieve the desired improvement.
Each potential application of new technology is assessed in terms of its
"proveness", either in other relevant industrial applications or in
laboratory development programs. A cost of implementation vs projected
benefit analysis is then performed. As a final step before acceptance of any
improvement for project application, the foregoing assessments are reviewed
and approved by a senior level Configuration Control Board.

3. SCHEDULE REDUCTION IMPROVEMENTS

3.1 Open Top Construction

The construction sequence for the current CANDU-600 reactor design requires
that much of the reactor plant equipment be transported into the reactor
containment building via a construction opening and/or a large equipment air
lock. These limited access paths create bottlenecks in the construction
sequence and reduce flexibility in accommodating equipment delivery delays.

We are investigating a basic change in sequence which has already been
successfully demonstrated by other reactor constructors, for example, in
Japan. This involves delaying the completion of the dome of the reactor
building until all major equipment is installed. Through the use of a large,
heavy lift crane, all of the major equipment, except the reactor assembly,
would be installed through the open top. This provides for greater
flexibility in equipment installation sequence and permits work to be
completed early in areas which must currently be left open to provide
equipment access.

Our assessment of the potential construction time saving is approximately 6
months. This is supported through our discussions with other constructors
who have already adopted the approach. While the lease or purchase of the
large crane adds to construction plant cost, this is far more than offset by
savings achieved through the shorter construction schedule.

3.2 Modularization

By adopting the modularization approach widely used in the shipbuilding
industry, a significant reduction in construction schedule can be achieved.
Before discussing the reasons for this reduction, I should firstly describe
what is meant by modularization as it would be applied to a CANDU plant.
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Using the reactor building as an example, the contained equipment would be
arranged in a series of modules/ each consisting of a structural frame
containing components, piping, wiring, instruments, etc. Commonly, each
module would contain a complete system or subsystem, e.g., the moderator
purification system. A typical module is shown in Figure 1. Boundaries
between interconnected modules would be chosen to minimize the number of
necessary boundary connections while retaining a reasonable geometrical
configuration.

The potential for schedule reduction arises from the parallel fabrication of
complete modules in a shop or shipyard. They would subsequently be moved to
site and installed by the heavy lift crane discussed in 3.1 above. Site work
would thereby be reduced substantially, consisting only of the final
positioning and interconnection of the modules.

The design of the new CAMXJ-300 is based on this approach. Our studies
suggest that a saving in overall site construction schedule of at least 6
months is achievable. In the case of the existing CANDU-600 design, the
possible use of modules is more restricted; nevertheless, a schedule saving
of about 3 months is achievable.

3.3 Plant Layout

The layout of the current CANDU-600, while economical of space, leads to
congestion and bottleneck problems in the construction sequence since many
construction steps cannot be stacted until other steps are completed. Crane
access is also limited in many areas, leading to complex equipment handling
and routings.

To overcome these problems and as shown in Figure 2, the CANDU-300 design
separates the plant into five basic structural modules, four of which are
located at 90 degree points surrounding the Reactor Building. These four are
the Turbine Hall, the Group-1 Service Building, the Group-2 Service Building,
and the Maintenance Building. The five buildings are interconnected by
service tunnels arranged as four "spokes" connected to an annular "hub" which
surrounds the Reactor Building, with this arrangement, construction work can
proceed in parallel with minimum interference since full access is available
to each of the five separate buildings.

It is difficult to quantitatively estimate the schedule savings which can be
achieved relative to the current CANDU-600 design but it certainly would be
of the order of a few months. A layout akin to that of the CANDU-300
provides improved flexibility in contractual options and a much cleaner
interface definition between the main structural modules. The former may be
very important in terms of possible local participation and financial
arrangements, particularly in foreign markets; the latter can reduce
administrative and cost burdens in managing work by all participants.
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3.4 Data Highways and Programmable Controllers

In the current CANDU-600 design, most of the control and instrumentation
devices are connected to a central "Control Distribution Frame" (CDF) by
multi-conductor trunk cables. The support of this cabling requires large
quantities of cable trays. A major cable-pulling operation is, of course,
needed, often in very congested areas. The cables are interconnected at the
CDF by cross connection wiring involving approximately 160,000 wire
terminations.

Most of the trunk cables (except for those associated with the Special Safety
Systems) and the CDF can be replaced by Uiree channelized data-highways,
using three dual-redundant co-axial cables, resulting in major savings in
construction labour and schedule. The arrangement is shown schematically in
Figure 3. The data-highways are time-shared among the large number of
signals by microprocessor based "Programmable Multiplexer Controllers"
(PMCs). The PMCs are distributed around the plant near concentrations of
signal sources and sinks.

The major control functions are implemented by a computer system, as in the
current design. However computer control signals are communicated via the
PMCs and the data-highways. Obsolescent devices such as logic relays, timers
and analog controllers are replaced by programmed logic in the PMCs. This
technology is already well-proven in a number of industrial plant
applications and is now moving into nuclear plant application.

For the first stage of conversion to this new approach, the data highway will
not be extended into the reactor building. As a result, the local
multiplexing units will be located just outside the reactor building
containment wall where they could be serviced even in the event of a major
accident within the reactor building. With further development we believe it
will be possible to move most of the multiplexing units inside containment,
thereby greatly reducing the number of individual containment penetrations.
Eventually, we would forcast being able to convert even the Special Safety
Systems to such an approach although, of course, totally separate data
highways would be used for this application.

4. CAPITAL COST REDUCTION

4*1 Simplification

During the detailed design of the first-generation CANDU-600 units, a number
of significant basic design changes were introduced. The sources of these
changes included evolving regulatorv requirements, the results of ongoing and
progressively more sophisticated safety analyses, and experience feedback
from the operation of earlier CANDU units. In many cases, the design changes
had to take the form of "add-ons" since more fundamental redesign was not
possible because of plant construction status. The end result was a design
of greater complexity than would otherwise be necessary.
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In the next generation of CANDU-600 units, some simplifications will be
possible without necessitating a major plant redesign. Examples include a
substantial downsizing of the heat transport purification system,
simplification and downsizing of the containment dousing system,
simplification of the reactor building ventilation and heavy water vapour
recovery system, and replacement of the laroe and complex equipment airlock
by a simple bolt-on hatch cover.

In the case of CANDU-300, which started as a "cl<»a-. piece of paper" design,
major simplifications are being made. Examples include:

halving the number of major heat transport system components
use of a single refuelling machine
simplified fuel channels with single-ended refuelling connections
simplification of safety support electrical systems

- simplification of safety support cooling water systems.

These simplifications were evolved in order to achieve a design which could
meet a specific "overnight" capital cost ($/kWe) target of not greater than
20% above that of the current CANDU-600 and a total specific capital cost
($/kHe) target, including escalation and interest during construction, of not
greater than that of the current CANDU-600. Obviously, future application of
these simplifications to a new generation CANDU-600 will result in major
capital cost reductions for this larger-sized unit.

4.2 Increased Power Output

Increasing the power output from an existing design is obviously an
attractive means of reducing specific capital cost provided, of course, that
the total capital cost does not increase significantly. In the case of the
existing CANDU-600 design, we are now able to increase the thermal power
output by 17% with only minor detail design changes. Combined with the
higher efficiencies available from new-generation turbogenerators, a net
plant output of "775 MHe will be achievable. These power increases are
possible through taking advantage of conservatisms in the basic design which
have now been demonstrated in actual operation and through new
thermalhydraulic and fission product behavior data and in-core
instrumentation designs. Hhile modest increases in sizing of some
components, for example steam generators, will be needed, the increase in
total plant capital cost will be minimal.

4.3 Construction Schedule Reduction

It will be obvious from a review of Section 3 that many of the innovative
means of achieving substantial construction schedule reductions will also
directly lead to capital cost reductions through reduced labour costs,

4.4 Engineering Cost Reduction

Engineering costs are a significant component of the total capital cost of a
CANDU station. We are therefore addressing means of reducing this component.
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Central to our innovative approach will be an integrated, comprehensive
computer-driven data base which will store all project technical information
and documentation. This data base will provide on-line availability of the
information and documentation to all users through local terminals connected
to the large central computer(s). CAD-type terminals will be utilized for
the production of all drawings and bills of materials. Engineering and word
processing terminals will complete the system. Figure 4 illustrates the
simplification provided by the CANDID approach, CANDID being an acronym for
the new system.

In addition to time savings achieved through CAD techniques, this approach
will allow on-line communication of common data to all users, thereby
avoiding errois and recycling through the use of obsolete or non-consistent
data. Input of standard data will, of course, be restricted to designated
individuals who have authorized access.

The CANDU-300 engineering program is being utilized as the pilot project for
this new approach. While in a relatively early stage of implementation, the
advantages of this new approach are already obvious. In addition to
significant engineering cost savings, we also are confident of achieving
significant engineering schedule savings, once again through fast data
transfer and a major reduction in rework needed for error correction and
updating of documents.

5. IMPROVED OPERATOR INTERFACING

Since pioneering applications in Pickering-A and Gentilly-1, Canada has led
the world in the use of on-line closed-loop computer control for nuclear
power plants. In turn, this computer application had facilitated the
extensive use of CRT's for the display of plant parameter information to the
control room operators. Operators are thereby able to quickly call up a wide
variety of "user friendly** displays of plant information, including both
current values and past trends.

World interest in the subject of operator interfacing has grown rapidly
following the WI-2 accident. As is well known, the inability of the TO 1-2
operators to correctly assess the actual plant condition during the first
stages of the event was a Major contributor to the unfortunate end result.
This conclusion has led regulatory agencies in a number of countries to
require substantial improvements in the presentation of plant information to
the operators. Our past lead in this area is therefore being diminished.

Looking to the future, we will be directing our efforts to providing the
plant operators with further help in handling plant transients and
emergencies. As a first major step, this will likely take the form of both
diagnostic and predictive computer programs, run on high spaed machines,
which will take as input current parameter values, recent trends in these
values and operator intended responses. The machine(s) will then quickly
provide a prediction of the consequences of the intended operator responses,
providing verification of the appropriateness of these responses.
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A further envisaged development would call for the system itself to test a
number of alternative responses and to recommend to the operator the most
appropriate. Developing such a system will present a number of challenges to
the designer including:

methodology for the treatment of potential faulty or unavailable
parameter information;

- methods to facilitate operator inputting and information display
such that this interface will be effective even when the operator
is subject to high stress;

development of programs which will run at very high speed to
minimize response delays.

Our work on these advanced concepts is currently at a very early stage.
Fortunately/ however, a number of groups are already active in the field in
various countries so joint collaborative programs should be possible.

6. CONCLUSIONS

While the foregoing describes only a sampling of the innovative improvements
being developed for the CANDU system, they are indicative of our intent to
maintain the CANDU system as a leader in power reactor technology. There are
obvious challenges to be met in successfully exploiting these improvements;
we welcome these challenges.
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INNOVATION IN THE DESIGN, CONSTRUCTION AND
OPERATION OF ONTARIO HYDRO NUCLEAR STATIONS

S. 6. Horton
Ontario Hydro

Toronto, Ontario

I. INTRODUCTION

The CANDU nuclear power system has many features not found
in any other nuclear systea. Horizontal pressure tubes,
heavy water cooling and moderation, on-power fuelling, and
short fuel bundles with very thin sheaths are examples.
These features were first developed by a Canadian team -
Atomic Energy of Canada Limited (AECL), Ontario Hydro, and
private sector industry and consultants - for the very
first CANDU, NPD. They are still the basic characteristics
of all CANDU reactors. And these reactors provide reliable
and low cost electricity in Ontario, and in other provinces
and countries around the world.

While these basic characteristics are the distinguishing
features of all CANDU power stations, a number of other
features have been developed and first applied in the
Ontario Hydro nuclear program. Many of these features
remain unique to the Ontario Hydro stations. This paper
describes these innovations, outlines the reasons for their
introduction and the effect on performance and cost.

II. FOUR UNIT ARRANGEMENT

Probably the most noticeable feature of the large Ontario
nuclear stations is that at each site four identical units
have been incorporated in an integrated power station with
a common containment system and a common four unit control
room. While others have built a number of identical
nuclear units on one site, they have not taken full
advantage of a well integrated multi-unit arrangement.
Pickering A and B, Bruce A and B, and Darlington are all
four unit arrangements1 (Figures 1 to 3). Many cost and
performance advantages derive from this feature.

1 Nuclear power station sites in Ontario are designated by
a name (e.g. Pickering)t when more than one "station" is
located on the site they are designated by letters;
however the generating units, and hence the reactors,
are numbered sequentially across the site. Thus
Pickering A units are numbered 1 to 4, and Pickering B
units are numbered 5 to 8.
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When compared to single unit commitments, the plan to build
four identical units on an optimum schedule on a common
site provides distinct advantages in all phases of the
project life cycle - design, licensing, manufacturing,
construction, commissioning, operation and maintenance,
rehabilitation and (presumably) decommissioning.

The main facilities common to the four units are:
- the containment system,
- the control room,
- the used fuel bay (in some arrangements, the

entire refuelling system),
- the cooling water intake and discharge system,
- the standby power system,
- th« high pressure emergency coolant injection

system,
- the heavy water management and upgrading

facilities, and
- the ordinary water treatment plant.

Cost savings in each of these features result from size or
scale - of having to design and build only one larger
facility compared to four of a single unit size. It is an
important aspect of design that these common features do
not detract from the safety and reliability requirements of
separate nuclear unit design in which each individual unit
operates as a separate unit with its own power supplies,
and protective and control systems.

By committing four identical units to be built at the same
site in an optimum sequence the designer, manufacturer, and
constructor can all take advantage of three additional
applications of sit* investigations and environmental
approvals, unit planning and development and scheduling,
plant and manufacturing designs, jigs and forms and
fixtures, licensing documentation and process,
manufacturing and construction training and expertise, and
a continuous flow of materials and components, to reduce
costs and avoid delays. In addition to the savings in
capital cost due to repetition of duplicate units, delays
during construction and commissioning have often been
avoided by using components or materials ordered for a
subsequent unit.

It is estimated that the unit capital cost (i.e. dollars
per installed kilowatt), of a well planned four unit
station is about 25 percent below that of four single units
of the same unit size.

There are also efficiencies and cost savings in
commissioning and operation of a multi-unit station, for
example, in utilization of the same procedures and trained
commissioning staff and in common spars parts, and in
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having a central pool of specialists which can be
economically supported by four units at one location. The
four unit control room offers some advantages at a time of
emergency. Although each unit is operated separately and
has its own licensed operator in the common control room,
if an emergency arises in one unit, immediate support and
assistance is available from the other experienced
operators who are supervising identical units. This was
demonstrated in the two pressure tube failure events - one
at Pickering in 1983 and more recently at Bruce - in which
the other control room operators were of considerable
assistance.

There are also some disadvantages in building and operating
an integrated multi-unit station. The first units begin
operating in a sea of construction activity and special
security and separation facilities are required. If a
significant problem arises with the equipment after the
plant is completed it is likely that it will be repeated in
all four units. However, this also means that considerable
effort is justified to solve the problem; in effect one
obtains four solutions.

If building four identical units in a integrated station is
such a good idea, why are aajor changes introduced between
stations? Technological change is part of the answer. It
takes a long tiae to put a four unit nuclear station in
place and by the time it is built there are better methods
and improved equipment available that must be worked into
the next station to maintain a highly competitive system.
There are other factors as well - regulatory requirements
change, it is not possible to concentrate all the new
capacity on one site and site conditions differ requiring
design changes. Also as the power systea develops there is
an econoaic advantage to build larger units.

III. CONTAINMENT

Ontario's multi-unit CANDO power stations are provided with
a unique central negative pressure containment systea. The
reactors are contained in individual reactor buildings
connected to a large coaaon vacuua building via pressure
relief ducts and self-actuating pressure relief valves
(Figure A). The valves, which themselves are of unique
design with rolling diaphragm seals, are normally closed,
isolating the reactor buildings froa the vacuua building.
In the event of an accident involving a rise in the
pressure in a reactor building, the atmosphere in the
reactor building is vented into the vacuum building where
the vacuua reserve plus an internal dousing systea quickly
terminates the over pressure excursion, all automatically.
The activity which could be released during the short over
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pressure period would constitute only a small fraction of
the regulatory siting guide limit, even for the largest
hypothetical accident.

We have also pioneered a plant arrangement in which only
the reactor and the high pressure heavy water coolant
system are within containment (Figure 5). Equipment such
as the reactor top deck and all its drive mechanisms, the
moderator pumps and heat exchangers, the heat transport
pump motors and the light water connections to the boilers
are outside the containment structure and are accessible
during full power operation. This arrangement has allowed
for recovery of heat transport heavy water leakage within
the reactor building at high isotopic purity, has allowed
equipment maintenance and replacement during reactor
operation (e.g. heat transport pump motors), and has
minimized the radiation exposure of the station workers.
The radiation exposure to the workers at the Bruce
stations, which have this arrangement, is about a half of
that at stations which have the usual range of equipment
inside containment.

IV. REACTOR

We use two basic sizes of CANDU reactors in Ontario Hydro.
The Pickering A reactors with 390 pressure tubes, served as
the basic model for the subsequent 600 HWe concept which
has 380 pressure tubes, and which was adopted for Pickering
B. The other basic reactor size in Ontario is the 480
pressure tube unit installed at Bruce A, Bruce B and
Darlington. Ontario Hydro developed this large CANDU unit
at its own cost, to match its own needs, and currently is
the only utility with the 480 pressure tube CANDU reactor.

The integral reactor and ordinary water filled shield tank
concept (Figure 6) was first installed at Bruce A and has
subsequently been used at Bruce B and Darlington with minor
changes.

End shields on the Bruce A reactor were the first units to
be filled with steel balls after the reactor had been
installed in the reactor vault, in place of the previous
practice of building the necessary shielding with large
steel plates bored out for each channel and installed in
the factory. Ball filled end shields are now standard
practice on all CANDU units. This innovation reduces
machining and fabrication effort, cuts shipping weight, and
has proven to save both time and cost.
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V. STATION PROCESS AND PROTECTIVE SYSTEMS

Two, fully capable and independent shut down systems were
first used in CANDU reactors at Bruce A to permit
compliance with Canadian regulatory requirements. While
one shut down system involving triplicated detection, dual
parameters, and multiple shut down mechanisms is highly
reliable and probably adequate for any conceivable
situation, the introduction of the two fully capable shut
down systems has eliminated the need to consider events
involving loss of control and failure to shutdown as a
possibility in the CANDU reactor, and has improved the
public acceptance of the safety design of the CANDU. This
is now a common feature of all CANDU nuclear stations.

The Bruce and Darlington stations have a shared fuelling
system in which fuelling machine trolleys run on tracks
below the reactor buildings to serve any of the four
units. This arrangement saves some hardware compared to
dedicated fuelling machines for each reactor and allows
flexible fuelling arrangements between units or with more
than one fuelling machine serving one reactor if required.
This system (Figure 7) has performed well at Bruce for over
ten years. Incapability to produce electricity due either
to lack of fuel handling capability or to fuel handling
equipment failures has been less than one percent, about
the same as for dedicated fuel handling systems.

Nuclear stations need large amounts of cooling water,
mostly to condense the exhaust steam from the turbine. All
of Ontario Hydro's nuclear stations use the Great Lakes
water for cooling. Problems occasionally arise due to fish
being attracted to the water intake system. Over the years
surface intakes, subsurface velocity cap intakes and
tunnels have been used. At Darlington a low velocity lake
bottom intake (Figure 8) is being installed to eliminate or
at least minimize problems with fish intake with the
cooling water. It was developed and tested in Ontario
Hydro's hydraulic laboratory. Prefabricated concrete
tables, 6 meters square with narrow slits in their tops are
being assembled into an array some 85 meters in diameter.
Assembly on the lake bed is in a prepared excavation. From
this porous bottom, cooling water will flow to the station
through a 10 meter diameter intake tunnel. Also at
Darlington the warm cooling water is returned to the lake
through a large tunnel and diffuser system to minimize the
temperature effects in the lake in the vicinity of the
plant.
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The use of programmable controllers in place of relays for
process system control was also first introduced on
Darlington. In fact, Ontario Hydro developed its own
programmable controller, called the OH 180 Programmable
Controller for this purpose. Incidentally, this
programmable comptroller is being made available
commercially through the manufacturer as it has many
potential applications in industry. Programmable
controllers eliminate many of the mechanical relays and
devices otherwise requiring field connection. They will
also eliminate a large number of the last minute detailed
design and field changes in wiring that have been
experienced in previous nuclear plants.

VI. DESIGN PROCESSES AND PRACTICES

The use of computers to assist in material control and
production of bills of materials, and for keeping track of
the enormous amount of wiring information in nuclear plants
first began with Pickering. These processes have been
improved and expanded over the years and are standard
practice in design of all CANDU stations.

The use of Computer Aided Drafting Systems (CADS) was first
introduced on the CANDU to any large degree on Darlington.
Ontario Hydro has 32 computer aided drafting terminals
working two shifts on the Darlington project. Fifty
percent of these terminals are high resolution terminals.
While not all drawings for Darlington are being made on
CADS, the process has proven to be economic and time
saving, particularly in making revisions and subsequent
modifications. CADS will be more fully utilized and
integrated into the design process for future projects.

The regulatory requirement to assume that the largest pipe
in a nuclear plant can fail completely and dramatically and
that reactions (pipe whip) to this complete failure must be
controlled, introduced a potential requirement for many
very large anchor blocks, and other undesirable fixtures to
transfer loads to the structures. Access for maintenance
and inspection of the processes and piping would be
substantially reduced and the time and cost of installing
these large anchors and fixtures would also be a problem.
On Darlington we first introduced elastic-plastic analysis
of all large nuclear piping and demonstrated that these
pipes and headers would leak to an easily detectable degree
long before they would fail completely. While the analysis
is complex and time consuming it has substantially reduced
pipe whip protection requirements in the reactor building.
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VII. RADIATION PROTECTION

Innovative measures in both design and operation have also
been taken to protect the nuclear station workers and the
public from radiation. A design guideline was adopted that
each station was to be comfortably operated and maintained
with a collective radiation dose proportional to its
labour-dictated staff complement. Evaluation of dose
reduction measures was made an integral part of the design
process and had a major influence in layouts and plant
arrangements, selection of heat transport materials with
low cobalt content and good access for maintenance.

With regard to public radiation dose, Ontario Hydro was the
first to adopt a policy to design and operate our stations
to one percent or less, on an annual basis, of the
radioactivity release limits set by the national regulatory
authority. Any possible chronic release of radioactivity
from the station received extensive consideration in the
design of the process and containment systems. In the over
one hundred reactor-years of operation of large nuclear
units the target of less than one percent of the regulatory
level has not been exceeded.

A tritium removal capability is being incorporated in the
heavy water management systems at Darlington. This
facility will be used to reduce the level of tritium in the
heavy water from other stations as well. This will
minimize the exposure of the station workers to tritium
during maintenance of. the heavy water systems. It will also
reduce the potential for tritium release to the environment,
which would be associated with any heavy water escape.

In 1985, the total radiation dose for Ontario Hydro's
nuclear program was the lowest since 1968. This
performance was achieved with 12 generating units in
operation compared to two in 1968. Radiation doses in
Ontario Hydro per unit of electricity produced are among

2 A design target was set to limit radiation exposure to
less than 30 mSv per annum per person.

3 The total annual radiation dose in 1985 amounted to only
2.1 man.Sv per Gigawatt.year of electrical energy produced,
a 70-fold improvement since 1970. See Figure 9.(A Canadian
Nuclear Power Producer's Approach to the Optimization of
Radiation Protection Design. Vivian. 6.A. and Donnelly, K.J.,
Ontario Hydro, 1986.)
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the lowest in the world. In addition to the features
described above, major contributions to this excellent
record include:

- extensive training of all workers in radiation
protection,

- individual involvement in radiation protection
planning,

- radiation protection requirements in detailed
procedures,

- radiation protection training, advice and assistance
by station health physics personnel,

- specific chemistry control of water coolant systems
to minimize corrosion and radioactivity levels,

- dilute chemical decontamination of systems before
maintenance, and

- realistic rehearsals in mock-up facilities prior to
maintenance in high radiation fields

Station managers and supervisors are held accountable for
performance in radiation control. Annual dose target are
set and performance is compared to the targets. At the
station level, exposure received by different shift crews
are compared and performance in minimizing exposures is
considered in performance evaluations.

Senior Corporate management also closely monitor station
performance in controlling radiation exposure and Ontario
Hydro performance is compared annually to that in other
nuclear power facilities located in other countries,
(United States, France, Sweden and Japan).

VIII. CONSTRUCTION METHODS

Shop prefabrication of large assemblies has been used on
many projects to reduce site construction time and cost.
All the Bruce and Darlington reactor/shield-tank assemblies
were prefabricated in the manufacturers1 shops in Montreal
and shipped by barge through the St.Lawrence Seaway to
sites in Ontario (Figure 10). These assemblies, weighing
about 1000 tons are move into place as a single unit before
the end shields are filled with steel balls. The side
circumferential shield is subsequently filled with ordinary
water.

Some of the equipment in a nuclear station is very large
and has to be installed after a substantial portion of the
civil and structural work has been completed. This
presents a problem of providing access for this heavy
equipment while the work continues on a variety of systems
and structures in the same vicinity. The installation of
the four large boilers in each of the Darlington units are
an example of this type of problem.
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Each boiler weighs 360 tons (dry). They are required to be
located on each side and above the reactor, in pairs, after
the reactor building and the large boiler support beams are
constructed. To place these boilers in their final
location, a large mobile crane was purchased (shown at work
in Figure 11). This is one of the largest mobile crane in
existence today. It can lift these 360 ton boilers over
the reactor building over a lateral distance of 60 meters
and lower them into place in a matter of hours.

IX. INSPECTION AND REPAIR OF NUCLEAR COMPONENTS

Periodic inspection of many components of the nuclear steam
supply system is required to ensure that no unacceptable
deterioration is occurring in the capability of these
components to withstand the operating conditions.
Inspection is also required to locate and characterize and
monitor acceptable defects in components and on occasion to
locate unacceptable defects or leaks in tubes or piping,
and to repair or remove these defects. There are many
applications, but two stand out as examples of innovation
in inspection and repair techniques.

The boilers of all pressurized water reactors are large
tube-in-shell heat exchangers which operate with the
primary fluid (heavy water in the case of CANDU) within the
tubes and the ordinary water which boils and produces the
steam for the turbine, on the shell side.

While the CANDU reactors have by far the best record in the
world with regard to boiler tube troubles and failures4

it is necessary to periodically inspect the tubes from the
inside to determine their condition. A tube inspection
device, which was developed by AECL and others, can be
installed within the channel cover of a boiler and then can
be remotely controlled to send inspection probes up and
around the U-bend in the boiler tubes to determine the
condition of each tube in turn. This capability has been
developed by suppliers of the PWR reactors as well but
their tubes are substantially larger in diameter than those
in the CANDU stations which are as small as ten millimetres
inside diameter. (The tube inspection device is shown in
Figure 12.)

4 Each Pickering unit has about 31,000 Monel tubes in 12
boilers, and each Bruce unit has some 34,000 Inconel-600
tubes in 8 boilers. Twelve defects have occurred in over
85 unit-years of service. This is equivalent to an average
defect rate of 0.0005% per annum, compared to the world
experience defect rates of 0.3% per annum based on a sample
of 40 stations operating over a 12 year period.
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The capability to isolate damaged boiler tubes in CANDU
units has also been developed. This development was
undertaken by the boiler supplier, Babcock & Wilcox Canada
Limited, and involves inserting an explosive plug in both
ends of a damaged tube at the tube sheet. Using this
technique, several tubes have been successfully plugged in
nuclear boilers in Ontario Hydro stations .

The second example is the reactor channel inspection device
called CIGAR, for Channel Inspection, Gauging Apparatus for
Reactors. This device was developed by Ontario Hydro,
Canadian General Electric and AECL. With the reactor shut
down and depressurized, and with the channel defuelled but
with the heavy water still in place, the CIGAR is connected
to one end fitting of the channel to be inspected. CIGAR
sends an inspection probe down the pressure tube and
provides information to a remote monitoring station on the
dimensions and condition (surface and volume) of the tube
over its entire length. This device was in the final
stages of development when the pressure tube failed at
Pickering in August 1983. While the entire device was not
used for inspection at that time because it was not fully
developed, important parts of this inspection device were
utilized in what was called CIGARETTE. CIGAR has now been
used several times to inspect and gauge channels in Ontario
Hydro reactors and has proven to be very proficient and
reliable. (CIGAR is shown in a mock-up demonstration in
Figure 13.)

X. ORGANIZING FOR OPERATION AND MAINTENANCE

Innovation in organizing for operating and maintenance is
most evident in the depth of knowledge and skill assigned
to each station, and its deployment on an around-the-clock
basis. The ability to achieve this derives from the
decisions to build large multi-unit plants and to manage
them as integrated facilities.

The Manager of each Ontario Hydro multi-unit station has a
permanent self-sufficient staff capable of commissioning,
operating, maintaining and fuelling the station around the
clock. The execution of all field activities in the
station is integrated into a section under the Production
Manager. Shift supervisors, (who are normally graduates in
engineering or honors science but with a few exceptional
non-graduates), are directly responsible for all operation
and maintenance activities.
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First line technical support is provided on-site to the
production section by a Technical Manager and a sizeable
Technical Section. In this technical section the work is
sub-divided by system and allocated to dedicated engineers
who interpret operating data and events, define operating
problems, and prepare plans, procedures and training
documents for undertaking any maintenance or repair work on
that system. These dedicated engineers also interface with
technical support resources outside the station.

A station Planning Section prepares plans for long range (5
to 7 years), monthly, weekly and daily maintenance, and for
planned and unplanned outages.

A Quality Assurance Section ensures conformance with
standards and established management control mechanisms.

A Training Section maintains a training program for all
station staff.

To support the station staff and provide integration
between stations for common problems and services, there
are substantial central services in the Production Branch
as well as technical and administrative services througout
the remainder of the corporation.

Although almost all of the direct maintenance and repair
work is done by regular station staff, support is provided
by construction forces on occasion, and contracts are let
for such highly specialized services as:

- boiler tube plugging using explosive welding,
- sealing live steam leaks, and
- forming large diameter ice plugs.

XI. MANAGEMENT BY OBJECTIVES IN NUCLEAR PLANT OPERATION

The Nuclear Generation Division of Ontario Hydro has
established a Management by Objectives Program to monitor
and assess performance in five key areas:

- Worker Safety
- Public Safety
- Environmental Protection
- Product Quality (Reliability)
- Product Cost

In each of these areas, quantified objectives have been
defined which are considered to represent good practice in
the nuclear industry. For each objective, indices are
selected which provide an indication of performance
against a numerical standard. Standards are based on
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experience in Ontario Hydro, achievements by other
utilities, limits set by regulatory bodies or international
institutions, and subjective judgements of current and
anticipated social values. Yearly targets are then set,
based on these standards and short term operating
constraints.

This program is used by senior management to monitor
performance relative to target and highlight where cost
effective improvements can be made. It is also used in
discussions with regulatory bodies, in demonstrating
performance, and in feedback to designers and
manufacturers.

This quantified Management by Objectives approach was
created over a period of time beginning in the mid 1960's
and has been implemented on a uniform basis across all of
the Ontario Hydro operating nuclear-electric stations,
heavy water production plants and service facilities. It
has contributed to a continual improvement in results
obtained over the past two decades.

XII. TRAINING SIMULATORS

Ontario Hydro recognized the need for a full-scope training
simulator in 1972. At that time no single Canadian company
had the required technology to build CANDU simulators.
Using an innovative project organization, CAE Electronics
Limited's experience with flight simulation and power plant
control systems was combined with Ontario Hydro's design,
operating and training expertise to build CANDU
simulators. The first such simulator, for Pickering A, was
placed into service in 1976.

Early in 1979 Ontario Hydro decide to have a dedicated
simulator for each plant where the control room man-machine
interface was significantly different from previous
plants. Four simulators are currently in use, one for each
of Pickering A and B, and Bruce A and B. The simulators
are installed at two training centres:

- The Eastern Nuclear Training Centre near the
Pickering station has the two Pickering simulators
(Figure 14} and will have the Darlington simulator
in 1987.

- The Western Nuclear training centre at the Bruce
Nuclear Power Development houses the two Bruce
simulators (Figure 15).

The simulators are used to train new unit first operators
and shift supervisors in the full range of standard,
non-standard and abnormal incident operations prior to
their being authorized to fill these positions. Twice a
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year each operating crew is brought back to the simulator
for refresher training. All the training exercises are
conducted using the approved operating procedures of the
generating station.

XIII. REHABILITATIONS AND REPAIR

A. Pressure Tube Growth Allowance

The pressure tubes in the CANDU reactors increase in length
with time and irradiation. In Pickering A and three of the
Bruce A reactors insufficient allowance was made in the
design of the channel bearings and supports to accommodate
the change in length over the life of the reactor. In
Pickering A, channel shifting was required after about ten
years of operation. This involved shifting all the
channels axially, with a device called a Channel Shifter,
to the full allowance of the axial bearings and fixing one
end of each channel at the extreme end of the bearing
allowance. This is a relatively easy operation because
bellows were provided at each end of the channels to allow
such movement. While this adjustment extends the pressure
tube life five to ten years, it is insufficient to
accommodate the axial expansion over the full life of the
reactor. A further axial movement is planned in Pickering
3 and 4 by shifting one end of each channel off its bearing
and supporting and fixing this end. This process, called
REFAB, for Readjusted gn<j fitting And Searing, requires
special support studs to be installed at the reactor face
for each channel and further shifting of the channel on
these supports. (This support arrangement is shown in
Figure 16.)

In Bruce A one end of the channel annulus is sealed by a
weld rather than by a bellows. To shift these channels on
their bearings it is necessary to cut the seal weld, shift
the channel and then re-weld. This is a difficult
operation because of the very limited access between the
reactor channels. Two different arrangements with
different devices and processes have been developed and
tested to undertake this operation. Both are considered
workable and both require semi-remote manual operation from
a shielding cabinet installed on the fuelling bridge at the
reactor face (shown in full scale mock up in Figure 17).
The first channel shifting operation at Bruce A is
scheduled for later this year.

The design of all the NBH reactors at Pickering and Bruce,
the Darlington reactors, and the 600 MWe units followed
discovery of the large axial expansion of the pressure
tubes and their design includes sufficient axial bearing
allowance for the expected life of the channels.
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B. Fuel Channel Spacer Relocation

All the CANDU reactors built after NPD, up to and including
Bruce 7, were designed with loose fitting spacers (garter
springs) between the pressure tube and the calandria tube.
It was discovered following the pressure tube failure in
Pickering 2 on August 1, 1983, that some of these spacers
were out of their intended location, allowing the pressure
tube outer surface to contact the cooler calandria tube.

For the reactors with fuel channels installed but still
under construction at the time of the Pickering tube
failure,5 intensive investigation and development led to
several techniques for moving spacers into their intended
location before the reactors were allowed to go critical.
The problem in finding and moving the spacers was that they
were sealed in the annulus between the pressure tube and
the calandria tube. To locate and move these zircalloy
spacers it was necessary to work from within the inner
pressure tube. Many innovative devices were tried and
several were shown to be successful to varying degrees.
The most successful technique, developed at the Hydro
Research laboratory, involved passing a high current
discharged from a large capacitor bank through a carefully
located coil in the pressure tube. This induced a current
in the girdle wire of the spacer and the resulting
electro-magnetic force caused the spacer to jump slightly
in the axial direction. Thousands of hours of relocation
work were required on these five reactors before they were
released for operation. (A spacer relocation team is shown
at work at the face of a reactor in Figure 18.)

For reactors not tubed at the time of the failure,6 and
for the rehabilitation of Pickering 1 and 2, new tight
fitting spacers are being installed. Based on experience
with the 24 year old NPD reactor, which also had tight
fitting spacers, these are expected to remain in place.

For the remaining reactors with four spacers per channel7
a program has been launched to develop the capability to
locate the spacers in each channel and to relocate them
with the reactor shut down but with the coolant (heavy
water) and fuel in place.

This program, which is called SLAR, for Spacer location And
Relocation, is a joint undertaking of AECL, Hydro Quebec,

5 Pickering 7 and 8, and Bruce 5, 6 and 7.

6 Bruce 8, and all Darlington units.
7 Pickering 5 and 6, Bruce 3 and 4, and the 600 MWe units
owned by other utilities.
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New Brunswick Power and Ontario Hydro. The first
demonstration of the SLAR capability to locate and move
spacers in one channel of a reactor that has been in
service was completed successfully this past April at
Pickering. Full scale use in a reactor is scheduled for
1987. (A mock up of the SLAR equipment is shown in
Figure 19.)

C. Replacement of Pressure Tubes

Several innovations have been involved in investigating the
Pickering 2 tube failure, and in the retubing of two
Pickering reactors.8 However this is the subject of
another paper at this conference.

8 Pickering 1 and 2 were the only large CANDU reactors with
Zircalloy 2 pressure tubes, since this material was
considered to be a factor contributing to the failure, both
are undergoing complete replacement of pressure tubes with
tubes of Zirconium-2.5% Niobium, the alloy used in all
later CANDU reactors.

9 The ŷ arge Scale Fuel Channel Replacement Program,
W.G-Morison, Ontario Hydro, 1986.
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FIGURE 1
AERIAL VIEW OF PICKERING NGS A & B
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FIGURE 2
AERIAL VIEW OF BRUCE NGS A & B
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FIGURE 3
AERIAL VIEW OF DARLINGTON NGS
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FIGURE 8
DARLINGTON'S LOW-VELOCITY
LAKE BOTTOM INTAKE SYSTEM
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FIGURE 10
PREFABRICATED REACTOR SHIELD TANK ASSEMBLY

BEING SHIPPED BY BARGE
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FIGURE 11
MOBILE CRANE INSTALLING BOILERS AT DARLINGTON NGS



FIGURE 12
BOILER TUBE INSPECTION DEVICE
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FIGURE 14
TRAINING SIMULATOR CENTRE AT PICKERING NGS
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FIGURE 15
TRAINING SIMULATOR CENTRE AT BRUCE NGS
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FIGURE 17
FULL-SCALE MOCK-UP OF EQUIPMENT TO BE USED

IN CHANNEL SHIFTING OPERATION AT BRUCE NGS A



FIGURE 18
SPACER RELOCATION TEAM WORKING AT FACE OF A REACTOR
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PANEL PRESENTATION

"INNOVATIONS IN NUCLEAR INDUSTRY STRUCTURING"

D.S. Lawson
President

AECL CANDU Operations

I would like to start by summarizing my impression of the
characteristics of other countries' nuclear programs and comparing them
with ours.

In the SLIDE I USA there has been and still is a large potential
market. There are many utilities infact hundreds, with 56 having
reactors and few vendors; 2 key vendors and 2 smaller ones. The early
program started with turnkey projects based on commercializing the
nuclear submarine power plant. The big vendors then decided, for
commercial reasons, to limit their supply and hence the contracts for
Nuclear Power Stations were broken into many pieces. The Architect
Engineer and Engineer Constructor had a role of putting the pieces

together, usually on a cost plus basis for the utility. Hence the
utilities found themselves taking the major risks. The US program is
characterised by having public participation; some would call it public
disruption at various stages. This has resulted in severe delays at
times when a lot of money has been spent and in heavy carrying costs to
the utilities. The US nuclear industry has had significant exports and
benefited by license fees from abroad.

In the SLIDE 2 UK the program started with the gas cooled reactor
developed and first built by the Government organization UKAEA. There
is one major utility in England and Wales and a smaller utility in
Scotland with nuclear plants. The commercial program started with up
to 5 private sector consortia which lead to a multiplicity of designs.
At various times over the years the Government has decided reactor
design choice and moved from Hagnox to AGR to SGHWR to AGR and is now,
after many years of agonizing deciding on whether to buy US PWR
technology or not. In the meantime the consortia has reduced to one,
and the largest utility, the CEGB, has built up its own competing
design team. In parallel to this a fast breeder program is proceeding
at a slow pace with UKAEA.

The French SLIME 3 program started with the government conducting the
R&D and design and construction of graphite reactors. The single
utility, EdF, contracted for the early units using a variety of
manufacturers. Their program was reviewed around 1970 and the decision
taken to change to US PWR technology and adopt a monopoly supplier, the
French American Atomic company, Framatome. While Framatome has gone
through ownership changes, it together with EdF has had a single focus
for their immediate PWR program. In parallel France has promoted a
high profile fast breeder program in collaboration with other
countries.

In Germany SLIDC 4 the early program studied many reactor designs and
built a few. The nuclear industry can be characterized by a broad
coalition of industrial interests agreeing on the strategy. This is
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lead by KWU which was initially owned jointly by Siemens and AEG and is
now wholly owned by Siemens. Based originally on US licenses for both
PWR and BWR, KWU markets both. They have a single integrated design
and supply team for the whole nuclear station including conventional
equipment. They make the TG but purchase most of the other equipment.

There are 18 utilities in Germany with nuclear reactors.

I will summarize the Canadian SLIDE 5 program for comparison with these
other programs. We have federal government R&D and design with AECL.
Ontario Hydro has the largest CANDU program and a large infrastructure
and there are smaller teams in Quebec and New Brunswick. We have a
small program compared with other suppliers but it has been a
consistent program right from its start in the 1950*s. The program has
been characterised by a close working relationship between all the
players. This has primarily been a result of individuals' commitment
rather than business structure. We have used different structures for
the domestic projects where utilities have acted as their own project
management as opposed to the turnkey or firm price arrangements used in
the export market.

Clearly when reviewing what is happening in different countries there
is no one consistent pattern of how to structure the nuclear industry.
There are a few general observations. Developing competing designs can
be expensive. Changing from one course to another is disruptive but
may pay off if it provides an effective structure to implement a large
program, as in France. It is also obvious that many countries have
given up their own design programs to buy US technology

What are the various functions required for a nuclear program and who
are the players?

SLEDB 6

The Research and Development is largely undertaken by AECL, with some
by Ontario Hydro. In the design area we have two separate nuclear
teams, one in AECL and one in Ontario Hydro, with support from the

consultants. Supply of material and manufacture of equipment is
largely by domestic manufacturers with heavy water supply by both AECL
and Ontario Hydro. Construction is largely by Ontario Hydro here in
Ontario and by private sector consultants and contractors in other
provinces and for export. Project Management has been by the
provincial utilities for domestic projects and by the partners in NPM
either separately or together in the export field. Commissioning and
operations is mainly by the utilities. Financing is either by the
Utilities or Federal Government through AECL for domestic projects and
through the Banks and EDC for export projects. Regulation is by the
various Federal and Provincial Environment Agencies, AECB, and in the
case of Export Policy by External Affairs. Both Federal and Provincial
politics can influence nuclear projects through policy, approval
processes and review committees. Of course they are themselves
influenced by their perception of the publics1 views and by the media.
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Marketing is led by AECL with support from most other sectors of the
industry. The Universities and Colleges supply us with our basic human
resources to accomplish the program.

When you look at the split of costs of a nuclear generating station you
can see that no one supplier has more than 10% of the total cost at in
service.

In the export market the pressure is still on to provide comprehensive
or turnkey projects. Hence there is a requirement for a structure
which pulls together the contribution of all the players.

The structure has to recognise the distribution of benefits and risks
between those supplying the project and the customer; and also the
distribution of benefits and risks between the players supplying the
project. Customers normally do not want to deal with many suppliers
but want to negotiate with one person. A real competitive edge will

appear when the leader has achieved a fine balance between the risks in
implementation if he undersells and the risk of going out of business
if he overprices.

Who should take the responsibility for this balance and how should the
support be organized for all the players? (The following section will
be presented at a later time during the panel discussion)

In my view the structure of the CANDU industry should be based on
having a clear focus and leadership which can draw on and effectively
use the best resources available.

The lead organization should have clear objectives:

OVERHEAD

To lead the marketing while obtaining the full support and commitment
of the CANDU industry.

The customers are unlikely to buy from an organization that just
markets. They want to buy from someone who can deliver. So there
needs to be a clear objective to take the overall responsibility and
risk of executing the project. This can be achieved by integrating the
Canadian capability by using the best resources and skills available.

Clearly we have to keep a superior competitive product and technology.
Despite peoples stated concerns on the risk of changes - everyone still
wants something better, and our customers are developing their
products. The suppliers are improving the performance of coal fired
competition.

This company has to be financially sound and generate sufficient funds
to continue the development of the technology, to find business growth
and to provide a return to its shareholders.
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There needs to be created a clear understanding of, and support for
CANDU in the eyes of the public and the decision makers.

And finally this company has to be seen as an asset to the community.
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SLIDE 1

USA

• Large potential market
• Many utilities
• Few nuclear vendors
• Started with turnkey then broke into many pieces
• Role of AE/EC
• Utility taking major risk
• Public participation PUC's/regulatory process
• Significant exports and licensing

SLIDE 2

UK

• Government R&D
• One large, one small utility
• Multiple private sector consortia initially
• Many designs
• Government policy affecting reactor choice
• Awaiting decision on whether to buy US

PWR technology
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SLIDE 3

FRANCE

• Started own program with government R&D
• Government R&D and design
• Single utility
• Reappraisal and change to US PWR technology
• Single focus for immediate nuclear program

SLIDE 4

GERMANY

• Early program on many designs

• License for US PWR and BWR technology
• Single total nuclear power station design

and supply company

• Many utilities

SLIDE 5

CANADA

Federal government R&D
Federal government design agency
Ontario Hydro and other provincial utilities
Consistent program, but small
Close working between AECL, utilities, consultants
and manufacturers
Different structure for domestic and export projects

L26



SLIDE 6

R & D
Design
Supply/Manufacture
Construction
Project Management
Commissioning
Operation
Finance
Regulation
Politics
Marketing
Universities/Colleges

OVERHEAD

OBJECTIVES

Customers
Marketing
Execute Contract
Technology
Financial Performance
External Environment
Corporate Citizenship
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PANEL PRESENTATION

"INNOVATIONS IN NUCLEAR INDUSTRY STRUCTURING"

Formation of the CANDU Owners Group

H.S. Irvine
Ontario Hydro

Toronto, Ontario

Introduction.

As utilities other than Ontario Hydro began operating large
scale commercial CANDU reactors in late 1983 and 1984, it was re-
cognized that co-operation and mutual assistance among owners of
CANDU reactors would help to maintain the good operating record
established by Ontario Hydro. Also recognized was the fact that
operating problems at one CANDU reactor are a concern of all CANDU
owners and that utilities having new nuclear programs require ac-
cess to background knowledge of operating experience.

A major step towards realization of this close co-operation
and mutual assistance was taken in August of 1984, with the founding
of a CANDU Owners Group through an agreement signed by the Canadian
CANDU owning utilities and Atomic Energy of Canada Ltd. The idea
behind the CANDU Owners Group, often referred to as COG, is to pro-
mote closer co-operation among the utilities owning and operating
CANDU power reactors, in matters relating to plant operation and
maintenance and to foster co-operative development programs leading
to better plant performance. The specific objectives of COG are:

.to establish a forum for the planning and funding of generic
programs,

.to provide a basis for mutual assistance, and

.to facilitate an exchange of information among CANDU station
owners and operators.

Organization

The organization established by the COG agreement, to meet these
objectives is illustrated in Figure 1. The agreement provides for
expansion of the organization to include all owners of CANDU reactors
worldwide.

The Directing Committee is comprised of a senior executive from
each of the founding members. The Directing Committee are responsi-
ble for overall direction of the CANDU Owners Group and for approval
of policies, programs and associated funding.

The Manager of COG Operations and staff are responsible to the
Directing Committee for administration and coordination of activities
authorized by the Directing Committee. The cost of COG Operations
is shared equally by the members.
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During the two years following its inception COG Operations
has evolved into the structure illustrated in Figure 2 with activ-
ities divided into four major areas: projects, operational ser-
vices, information exchange and R&D programs. Two Advisory Com-
mittees have been established to ensure exchange of information in
specific areas of common interest and to recommend share funding
of programs or projects as required.

As required. Technical Committees are established for each
major COG project. Each Technical Committee is responsible for
the technical direction of its project, pursuant to COG policies
and procedures. Each Technical committee consists of representa-
tives from each organization which is providing project funding.
In aodition, for each major COG project, a project management team
is provided; the project manager is a member of the project's Tech-
nical Committee.

The R&D program is directed by 11 working parties responsible
to the R&D Technical Committee. The working parties consist of up
to 2 members from each funding organization with chairmanship ro-
tated between the two major contributors. COG Operations supplies
the chairman for the R&D Technical Committee.

ACTIVITIES OF COG

Major Projects

The major project currently being share funded under the aus-
pice of COG is the Spacer Location and Repositioning project, SLAR.
The SLAR project was initiated under COG in late 1984 to develope
tests and procure tooling for the location of pressure tube/calan-
dria tube spacers in a reactor with up to 100,000 operating hours
and subsequent repositioning of the spacers, if required. The pro-
gram is share funded by all members on the basis of applicable re-
actors. Share funding is illustrated in figure 3.

Research & Development

The COG R&D program was established in 1985 as a replacement
for the Ontario Hydro/AECL CANDEV program agreement that expired
March 31, 1935. The fundamental objective of the COG R&D program
is:

"to maintain and, where practicable, improve the licenseabil-
ity, safety and reliability of CANDU PHWR units in operation
or under construction"

Specifically, the work is undertaken in the field of CANDU PHWR
system research and development involving experimental programs and
associated analytical investigations.

The COG R&D funding approved for 1986 is slightly over 20 M$
with the share distribution illustrated in figure 4. The major areas
of work supported by the COG R&D program are illustrated in figure 5.
The program is administered under COG with technical direction by 11
working parties reporting to a Technical Committee. Decisions are by
consensus at both the working party and Technical Committee. Unre-
solved issues are referred to the Directing Committee.
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Information Exchange

One of COG's fundamental objectives is to promote the exchange
of operating information to ensure that lessons learned at one CANDU
station are available to all CANDU stations. In this respect it per-
forms a service very similar to the Institute of Nuclear Power Oper-
ations (INPO) organized by the U.S. utilities following the Three
Mile Island accident. COG also monitors events in other types of nu-
clear stations and ensures relevant lessons are communicated to its
members, again similar to the INPO organization.

To facilitate 'information exchange and sharing of experiences
among the CANDU stations, an electronic messaging system known as
CANNET for CANDU network, was established. CANNET has two primary
functions: to provide a means for notifying members of information
available to them through COG and to provide for an informal means
of communication between stations. We are currently in the process
of establishing a CANNET terminal at the Souel and Buenos Aires of-
fices of AECL. When KEPCO and CNEA join the COG information exchange
program, expected later this year, terminals will be established at
Wolsung and Embalse. There are currently 40 registered CANNET users,
with the major users accessing the system an average of 2 to 3 times
per day to retrieve information, exchange information and request as-
sistance.

COG also maintains a number of information data banks and pub-
lishes routine newsletters and bulletins to further promote the shar-
ing of experience.

Provision of Services

COG provides a forum for the identification and discussion of
mutual assistance activities. Such mutual assistance may be in the
area of plant maintenance or operations or may be design or con-
struction related. Some of the activities identified and under dis-
cussion that involve mutual assistance are:

Assistance with SLAR & SFCR training and operations
I/S inspection. In this particular case Ontario Hydro have
offered via COG an I/S inspection service for a per channel
price
Emergency pooling of resources following a significant event
at a nuclear plant

Summary

COG has been in operation for about a year and a half. During
that time the share funding of programs among COG members has increased
to a level approaching $45 M annually.

Communication among the members at both the managaement and tech-
nical levels is occuring on virtually a day to day basis.
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Through their participation in and suppport of COG, the members
have benefited by having:

knowledge of operating events at all members' stations;
access to staff who can answer enquiries;
access to opportunities for jointly-funded programs;
access to documentation of "solved" problems; and
knowledge of licensing positions on outstanding issues.

All of these benefits lead ultimately to a continuing excellent
performance record. In addition, COG provides a means by which CANADA
can assure potential offshore CANDU owners that they will not be iso-
lated by pursuing the CANDU option.
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PANEL PRESENTATION

"INNOVATIONS IN NUCLEAR INDUSTRY STRUCTURING"

J.R. Howett
V.P. Government Affairs & Marketing

Versatile Corporation

Speaking now on behalf of the Canadian manufacturers involved
in the manufacture of equipment for the CANDU systems,
certain points have become very apparent which have, and
are causing a restructuring of the nuclear industry.

It has become very evident over the last few years that in
order to compete successfully on the world market for the
supply of nuclear power stations for the production of
electrical energy, a concerted or "Team Canada" approach
is essential. It is no longer satisfactory for AECL to
submit proposals alone, they must have the backing and one
hundred percent support of Canadian industry. Their
competitors are organized in this way and they must be able
to demonstrate that Canada is organized along the same lines.
This has brought forth a much closer liaison between AECL
and industry. The Organization of CANDU Industries is doing
all within its power to bring the two parties together, and
personally, I feel that they are succeeding.

Another facet which has arisen on world markets and which,
whether one likes it or not, is here to stay, is the sale
of equipment against straight barter where no money whatsoever
changes hands. This necessitates closer cooperation between
AECL and manufacturers, also manufacturers amongst themselves,
so that this kind of trading can be carried out under one
umbrella per project to avoid inter-company barter competi-
tion. By this I mean we do not want two companies both
trying to sell barter goods in competition.

In the case of Romania, where there is a possibility of
AECL and Canadian industry obtaining work on Cernavoda
Units 3, 4 and 5 under the right conditions, we are at present
in the process of putting together an overall proposal for
the manufacture in Canada, and for the partial manufacture
with Romanian heavy industry, of a large part of these
units. For this to succeed, it will be necessary for us
to obtain adequate countertrade and/or barter which will
be handled under a single umbrella. This will be a true
"Team Canada" unsolicited proposal which we would never
have contemplated just a short time ago.

AECL have been discussing with industry, for some time,
the possibility of vendors being pre-selected by them as
suppliers of certain specified equipment for the next five year
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period. We feel that this is a reasonable idea in principle
but, with the current general uncertainty in the nuclear market,
it will be difficult to carry this out with no orders in
sight in the immediate future. The OCI Board of Directors
have had meetings with AECL on this subject and ideas have
been put forward on both sides. This is another indication
that AECL and industry are working together with one objective
in mind, namely to promote the CANDU system as a Canadian
project. Rationalization has also been discussed and in some
cases this has already occurred. If two companies can work
together on the same project/ the chances of the combined
effort achieving success will be far superior to their
competing against each other and the overall chances of the
proposal being successful are increased. From experience/
it has also been found that negotiations proceed much more
smoothly, time is cut down and the project may well get going
more quickly, which is a strong selling point in today's very
keen market place.

Industry realizes that not only is it essential to speak with
one nuclear voice, but it is also necessary to utilize the
very latest manufacturing techniques to remain competitive.
In some cases we are transferring our manufacturing technology
to our customers overseas so that they may take advantage of
our know-how when building their own units, or possibly for
third markets. This again has been brought about because it
is being offered by our competitors and many of our overseas
customers now have extremely well equipped shops.

Both countertrade/barter and technology transfer were not
considered part of doing business a few years ago, but now,
unless a company is prepared to proceed along these lines,
success is unlikely.

The transfer of technology also brings into focus the
necessity of the transfer of quality assurance. This is
extremely important as reactor reliability and safety must
always be at the forefront. The CANDU system has a very
enviable safety and reliability record, we must make sure
we keep it that way.

The nuclear industry is going through a very difficult
period at present. In order that the CANDU system continue
to be an extremely good example of inexpensive and reliable
nuclear electricity, which in the long run will cause sales
on the world market to increase, it is imperative that
industry keeps abreast of the latest state-of-the-art
manufacturing techniques which will enable Canada to be
competitive worldwide and produce CANDU equipment in the
shortest possible time.
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PANEL PRESENTATION

11 INNOVATIONS IN NUCLEAR INDUSTRY STRUCTURING"

C.G. Lennox
V.P. Business Development

AECL Research Co.

TRANSPARENCY 1

Encouragement to Innovation

1. Restructuring
2. Involvement of all staff
3. Application of esources
4. Recoanition

TRANSPARENCY 2

IDEAS

INNOVATION

— to BUSINESS LAUNCH

many
'new ideasN

BUSINESS OPPORTUNITY
DEVELOPMENT - teams

BUSINESS UNITS
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TRANSPARENCY 3

EXAMPLES:

Wet-proofed catalyst

Corona scrubber

Heat transfer & fluid systems

Colony counter

Wear-meter

Steam density meter

Crystal seals

Radio-biological products

Neutron diffraction

Tomography

Silicon crystal irradiation

Local energy systems (Slowpoke)

Research reactors (Maple)

TRANSPARENCY 4

OPPORTUNITIES to work with CANADIAN INDUSTRY:

Commercial R and D

Licensing of AECL's technology

* New business ventures
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PANEL PRESENTATION

"INNOVATIONS IN NUCLEAR INDUSTRY STRUCTURING"

J.G. Russell & J. Smith
NPM Nuclear Project Managers Canada Inc.

Innovations in nuclear industry structuring is the theme
of this panel presentation and I would like to take a few
minutes to share with you one of the recent innovations in the
Canadian nuclear industry. Namely, the creation of NPM Nuclear
Project Managers Canada Inc.

The company mandate and charter is to specialize in providing
expert project management, construction management and
commissioning management services for CANDU nuclear power
projects world-wide.

Nuclear Project Managers was incorporated in 1982 by AECL
and four of Canada's largest engineering , construction, and
management companies, who have been participating in the
Canadian nuclear industry.

The owners of NPM are:

The Foundation Company of Canada Limited

Lavalin Incorporated

Monenco Ltd.

SNC Enterprises , and

Atomic Energy of Canada Limited

The company is more than eighty-five percent held by the
private sector.

NPM through its participating companies, which include its
owners as well as Canatom, represents a resource base of more
than 15,000 professional personnel, with skills and
experience in all disciplines required to successfully
manage large complex projects, such as CANDU power stations.

This large technical resource assures that NPM can provide
the qualified project team essential for successful project
implementation. In addition to staff, the participant
companies of NPM also provide proven operating policies and
control systems.
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The NPM company structure has another significant advantage,
provided by the business diversity of the parent companies.
This breadth of projects in which the parent companies are
involved, assures that meaningful positions are available
for NPM qualified CANDU-experienced project staff during
periods of low activity in the nuclear industry. This assures
the continuity essential for a specialized company like NPM
and gives it the ability to expand and contract to meet the
needs of the industry.

Because of these resources, skills and capabilities it has
been agreed that NPM will be the project manager in AECL's
project implementation model for all future international
CANDU projects.

This international implementation model consists of AECL
CANDU Operations providing the engineering and equipment
supply of the nuclear steam plant, in cooperation with
Canatom and the Canadian nuclear equipment suppliers, and
NPM providing the overall project, construction and
commissioning management, with specialized support provided
by AECL and the Canadian utilities.

This model is part of the "Team Canada" approach.

In order to establish the maximum credibility for this
Canadian international modal, the same concept should
obviously be used on domestic CANDU projects whenever it
would be applicable.

This is one of many good reasons why both AECL and NPM
promoted this approach for Lepreau-2.

Canada has for a long time had the capability to successfully
manage CANDU projects. This has been demonstrated in the
domestic CANDU program by Ontario Hydro and other Canadian
utilities, and internationally by a number of private
sector companies.

The involvement in CANDU projects, by the private sector
goes back to the time of the Taiwan research reactor and
the India and Pakistan CANDU programs, and has continued
through the more recent CANDU 600 MWE projects of
Gentilly-2, Lepreau-1, Cordoba in Argentina and Wolsung-1
in South Korea. At Wolsung-1 the NPM participant companies
carried out the entire project and construction mangement.
A high level of implementation efficiency was obtained on
the Wolsung project, resulting in an enviable completion
schedule, of first reactor building concrete to in-service
of sixty months.
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In the past, however, the project management for offshore
CANDU projects was assembled on an ad hoc approach
involving the private sector resources as available,
supported by the specialized capabilities of AECL and
utilities such as Ontario Hydro.

The ad hoc approach can be successful but does not guarantee
project management success. Guaranteed project success and
the general recognition of this capability, is a necessity
for Canada to successfully compete as a nuclear supplier in
the international marketplace.

Three years ago discussions were initiated on the concept
of an NPM. The concept was to bring the project management
skills of the major Canadian consulting and construction
companies, with nuclear experience, together to create
a CANDU project management capability which would assure on
time, within budget, implementation of futre CANDU projects.
This concept is now hoing realized through NPM.

NPM has established a small group of project management
expertise to serve as the focal point for bringing the
participant companies' skills and resources to bear on the
peculiarities of international CANDU project.

This group has been carrying out a pre-project implementation
planning program in preparation for the next CANDU 600
MWE project. The program consists of incorporating NPM
participant company project experience with past CANDU
600 MWE experience to determine the best way to manage
the next full scope CANDU project.

The program can be briefly summarized as having three basic
objectives:

The first to determine the optimum project organi-
zational structure which clearly defines the scope
of the parties, responsibilities, authorities
and accountability.

The second to define the project operational policies
and prepare priority procedures.

The third is the establishment of the computerized
project management information and control system.

In addition, NPM participated with Maritime Nuclear and
AECL in the pre-project planning work for Lepreau-2.

During the past year NPM has been developing a pre-project
implementation plan and providing marketing support to AECL
for the Turkish Akkuyu project, completing such things as
the construction estimate, project control philosophy,
project and construction management organizational structure
and the like.
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Most recently NPM in collaboration with AECL prepared the
architect/engineering services proposal for the next Korean
nuclear plants - Wolsung 2,3 4.

In addition to providing the quality project management for
CANDU projects, NPM serves as the vehicle to bring the inter-
national marketing skills, experience, and market intelligenc
of its parent companies to support the CANDU marKeting
program of AECL. As NPM parent companies have experience in
and operate in most countries that are potential CANDU
purchasers this marketing support can be of great benefit
to AECL's efforts.

In summary it is believed that the creation of NPM was a
logical innovative and important evolutionary step in the
structure of the Canadian nuclear industry.

AECL in collaboration with NPM present, for the prospective
international client, a simple credible picture which
brings together the wide-spread Canadian nuclear power
capabilities.

It is believed that the AECL NPM combination will improve
Canada's image as an international nuclear supplier, which
in turn will assist in competing successfully in the
international nuclear marketplace.
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WOLSUNG - INNOVATIONS IN PLANT OPERATIONS

Oh, Yong Shick
Deputy Plant Manager,Wolsung Nuclear Power Plant

Korea Electric Power Corporation
Republic of Korea

1. PLANT PERFORMANCE IN 198S

Wolsung Nuclear Power Plant is one o-f -four CANDU-600 units
in commercial operation in the world, and the unit is owned
and operated by Korea Electric Power Corporation ( KEPCO ).
The plant was placed in commercial operation in 1983 and
generated 5,610 6WH in 1985, achieving 94.36 7. o-f annual
capacity -factor and was ranked one o-f the world best ten
nuclear power units on the basis o-f annual gross capacity
•factors ( Fig. 1 ).

By the continuous efforts to improve nuclear -fuel economy,
as shown in Figure 2, the plant also achieved the lowest
annual -fuel exchange rate since commercial operation (16.40
Bundles/FPD). The achieved burn-up -for the period was
167.84 MWH/KgU.

As a result of higher capacity factor, improved fuel economy
and other elements, unit generation cost of the plant for
the year was 23.76 Won/KWH.

This excellent performance of the plant is rather remarkable
for the plant which sufferred from a r»rs and significant
incident in the previous year ( The heavy water spill
incident in Nov.1984 ). And this high capacity factor ( in
fact, the highest in KEPCO history ) is attributed to some
degree, innovations in plant operations. In an Attempt to
explain how the plant could achieve such a high capacity
factor, explanations on the plant administration and
management system together with certain elements and efforts
which contributed to the excellent performance *re
presented.

2. PLANT ADMINISTRATION AND MANAGEMENT IN GENERAL

As the Corporate'* policy on maintenance of its generation
and transmission facilities is to utilize the " Korea
Electric Power Operating Services Company " (KEPOS), one of
the Corporate's subsidiaries, field maintenance works for
mechanical and electrical facilities are performed by
KEPOS's sit* work forces, while rest of the plant activities
including overall and technical supervision on KEPOS's
maintenance works »re executed by the Corporate'» plant
organization. This kind of arrangement is common to all of
Corporate's power plant and is implemented under the annual
maintenance service contracts. Therefore, there Arm two

145



organizations at the plant, one under KEPCO organisation
( will be referred as the 'plant organisation' hereinafter )
and the other under KEPOS organization. And it is plant
organization who plays key role in plant administration and
management , and has overall responsiblity for the operation
and maintenance of the plant. Thus, operation of plant
facilities, engineering and technical supervision on all of
maintenance activities and plant maintenance scheduling and
planning activities are performed by plant organization.
Also maintenance works on very specialized area such as
control and instrumentation systems, plant control
computers, fuelling machines and communication facilities
are directly performed by the plant organization.

2.1 Plant Organization and Manpower Resource

As shown in Fig. 3, there are 12 departments including 2
non-technical departments under the plant manager, who is
assisted by 1 deputy manager. Each department is consisted
of a number of work group units called "section" and managed
by department manager. The activities of KEPOS site
organization is managed by their site manager, who, in turn,
reports to the plant manager. Therefore, the plant manager
has complete control over every aspects of plant
administration and management.

The status on plant technical manpower resources are
presented in Figures 4, 5 and Table 1. For sound comparison
, manpower for simple labor works, shift works which do not
require technical background and operation of a sub-station
are not counted. Also as indicated in the Table, the data
presented did not incorporate the numbers for the
communication dep't and 9 department managers. In general,
technical level and capability of the technical manpower,
in terms of their experiences, professional education and,
even, number of staff, reserve some improvements.

2.2 Function* And Role* Of Each Department

Brief description on each technical department's functions
and roles are explained hereunder.

2.2.1. Operation Department.

- Operation of the plant facilities excluding fuel handling
systems, heavy water upgrading plant, water treatment plant
and plant domestic water pumping and pre-treatment
facilities.

- Work control and coordination on plant maintenance and
test works.

- Execution of various routine tests including safety system
tests and turbine on-load valve tests.
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- Overall planning and coordination of plant staff training
and management and control o-f level up training program -for
shift operating crew.

- Monthly and annual power generation planning.

2.2.2. Technical Support* Dmrtmtnt.

- Technical -follow up activities on reactor physics area,
which includes routine verification of various nuclear
instrumentation, reactor thermal power verification, excess
reactivity control including preparation of daily fuelling
schedule, and generation of channel power peaking factor for
ROP trip instrument calibration and adjustments.

- Review and evaluation of abnormal incidents and
preparation of Significant Event Reports <SER>.

- Coordination and follow up of licensing related
activities, which includes preparation and revision of
licensing documents, overall coordination of licensing
inspection by the Authority and preparation of various
reports required by laws and regulations.

- Compilation and preparation of various periodic reports
including monthly and annual plant performance reports
required under the Corporate's internal arrangements.

- New fuel inventory control and management.

- Preparation of official reports and documents of English
version for information exchange with foreign institutes.

- Administration of Plant Nuclear Safety Committee (PNSC).

- Preparation of weekly safety system test schedule and
follow up of the tests including periodic assesment and
reporting of system unavailabilities.

- Engineering and maintenance of plant digial control
computers (DCC), programmable digital comparators (POO and
other control oriented computer systems such as heavy water
upgrading plant and water treatment plant controllers.

- Engineering and maintenance of plant control programs
(software) .

- Operation and administration of the plant business
computing facilities.

2.2.5 Mechanical Engineering Department.

- Engineering on plant mechanical systems and equipment.
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- Technical supervision o-f mechanical maintenance works by
KEPOS.

- Overall coordination, management and administration o-f
plant maintenance service contract.

- Overall planning and scheduling of plant maintenance
activities including daily, shutdown and annual scheduled
maintenance.

- Inventory control and management o-f plant spare parts and
consumables including warehouse administration.

2.2.4 Electrical Engineering Department.

- Engineering on plant electrical systems and equipment
which includes turbine EHG and AVR systems.

- Technical supervision o-f electrical maintenance works by
KEPOS.

- DICON information maintenance.

- Operation o-f one district distribution sub station.

2.2.5 Control And Instrumentation Department.

- Engineering and maintenance of plant control and
instrument systems and equipment excluding those -for
fuelling machines.

- Management of site standard test instruments and equipment
and routine calibration of test instruments and equipment.

2.2.6 Fuel Handling Department.

- Execution of daily fuelling operation.

- Engineering and maintenance works on fuel handling systems
including associated mechanical, electrical and control &
instrumentation systems.

- Control and management of spent fuels.

2.2.7 Chemistry Department.

- Operation of plant heavy water upgrading plant, water
treatment plant and domestic water pumping and pre-treatment
facilities.

- Operation of chloride injection system.

- Heavy water inventory control and management.
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- Plant chemistry control.

- Administration and management of chemistry laboratory.

2.2.S Radiation Management Department.

- Establishment of plant radiation protection policy.

- Development of plant radiation emergency program and
procedures.

- Administration of plant radiation emergency drill and
exercise.

- Review and control of major radiation works.

- Monitoring and control of radiation dose of plant staff
and visitors.

- Radioactive wastes treatment and controlled release.

- Environmental radiation monitoring and controls.

- Operation and administration of environmental radiation
laboratory.

- Management and control of radiation protection equipment
and consumables.

- Routine surveillance of plant radiation control areas
including plant radiation survey under the shift basis.

- Operation and administration of plant weather station.

2.2.9 Quality Assurance Department.

- Establishment of plant Q/A policy and associated program
and procedures.

- Routine Q/A surveillance.

- Vendor qualification and surveillance.

- Planning and execution of Q/A audit.

- Document control including management and administration
of Q/A vault and plant library.

2.2.10 Communication Department.

- Engineering and maintenance works -for plant communication
facilities including plant paging and PABX systems.

- Maintenance of electronic security systems.
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2.3 Recruitment and Training of Staff

By the Corporate policy, recruitments of staffs for various
corporate organizations including the plant are handled by
the Corporate head office, and new staffs recruited by head
office arm given a 10 weeks basic course at Corporate's
Training Center, where they can get orientation on
Corporate's general rules and regulations and other common
knowledges.

For staff recruitment, the Corporate runs one technical high
school where students get full scholarship and after
graduation, they have previlege to get higher priority to
get employed by the Corporate. To satisfy the needs for
intermediate level technical staffs, the Corporation also
contributes funds and scholarship to one of private junior
college. The corporation also offers scholarships to college
and university students to secure high quality manpower.
For equal employment, chances are given to everyone who
wants to get employed. Written test and interview are used
for candidates selection.

After the basic course, every staff to be assigned to the
nuclear power area should attend the nuclear basic training
course provided at Corporate' nuclear training center.
After 10 weeks nuclear basic training on basic nuclear
theory and other prerequisite subjects, plant specific
introductory course is offerred to the staff assigned to the
individual plant.

The rest of training after completion of the above courses
are given at the designated plant site. The first trainig
at the site is plant orientation where they can get
acquainted with plant specific rules, regulations and
procedures related to radiation protection, plant access
control, document control, quality assurance and plant
security measures. The orientation takes one week and
normally administered by training section, but in case the
number of staffs to be oriented is below the appropriate
level, then the orientation is done by each department and
section after they »rs assigned to specific department and
section.

The first job related training is done under the OJT basis
by managers of each department and section they are assigned
to, and to gain hands on experiences on production works,
work assignment is arranged in a such way that they work
with experienced working staff<s). Each staff's progress in
technical and working knowledge build-up is evaluated by
department and section managers and the results of such
performance evaluation is ultimately reflected in personnel
management program such as candidate selection for higher
positions.
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After the basic skill training, technical level up program
is arranged -for further development o-f technical capability
of each staf-f.

Level up training o-f plant operating crew is performed under
the shift basis and consisted of technical lectures and self
study. To implement shift basis training, the Corporate
runs 5 shift operating crews, who works 3 shift / day basis.
This arrangement makes one shift crew available for 2 weeks
training and each shift crew is assigned to training class,
four times per year. As the plant does not have dedicated
lecturers and trainers, some of plant technical staffs are
assigned as lecturers. As the training simulator is not
available at present, arrangement to utilize Ontario Hydro's
training facilities is made under the technical cooperation
agreement.

2.4 Human Resource And Personnel Management

As shown on the plant organization chart and explained
earlier, technical staffs assigned in certain area such as
control and instrumentation, fuelling machines and plant
control computers perform both engineering and maintenance
jobs, which is somewhat different approach from the practice
followed by North American electric utilities. Therefore,
importance of keeping competent and highly qualified staffs
inside the plant organization is more profound as they play
multiple functions and roles. Thus, basic policy on human
resource management is to maintain the experienced and well
trained plant technical staffs to the maximum extent
possible.

By maintaining this policy, the plant could keep many of
staffs trained in Canada and experienced staffs for the
plant key positions such as managers of technical
departments (8 out of 10) and sections ( 20 out of 39 >.

Assignment of the job is made by their wish and technical
level and educational background and their talent, to ensure
that they are> assigned to the best suited jobs in view of
their personal satisfaction and carrier development as well
as plant performance objectives.

One of personnel management practices followed by the plant
managements is to regard and treat their staffs as if they
»rs their own family members. Therefore, whenever a new
employs* is assigned to a department and section, he or she
is given a personal details record form and requested to
fill up the details such as place of birth, family status,
technical and educational background, previous professional
experiences, religion, hobby and any special skill he or she
might have. Also, an interview with the department manager
is arranged to acquire more personal details such as
personal characteristics, attitude and personality. After
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getting acquainted with the staffs, each manager keep their
continuous interests on their sta-f-fs and whenever they
observe unusual behavior or attitude or performance
declination from a staff, they try to find out the cause or
reason of such anomaly, and also help the staff with advice
on the resolution of the problem even if the situation is
related to personal, family or home affairs.

This kind of practice is common in Korea by the long
tradition since Confucianism overwhelmed the country several
centuries ago, and developes a general attitudes of the
staffs to such a way that they regard the plant and
component as their personal properties and belongings. By
this way of thinking, they devote themselves to the better
performance of the plant and they feel devotion and
proudness from the plant they are working for.

The virtue of this practice is not limited to this, rather
it goes further to other areas and aspects. While
recognizing and respecting the official division of roles
and responsibilities of each department, they pay their deep
interests to the plant systems and areas which do not fall
under their direct responsibility, thus whenever any
abnormal situation occurs to the plant, most staffs
including non—technical staffs and/or those who are not
officially called present themselves to the plant site, even
at midnight, and try to give any helps and assistance they
can provide.

These are the basic spirit of the plant staffs and the
essence of the plant administrational details.

2.5 Staff Meeting - Decision Making Process

Every morning, all the department managers attend the daily
meeting, chaired by the plant manager, to exchange and
report the information on plant status including any problem
identified and special activities scheduled on the day. In
the event that necessity of coordination among departments
arises and any special work assignment is required,
conclusions are made through full discussions between the
attendants under the plant manager's guidance and
instructions.

For review, discussions and decision making on the plant
safety related affairs, a committee called Plant Nuclear
Safety Committee (PNSC) is organized and administered. The
committee's meeting is held on "when the necessity arises"
basis by the chairman's call, and administration of the
committee is followed up by technical supports department.
The committee is consisted of one chairman (plant manager),
deputy chairman (deputy manager), ten committee members (all
of the technical department managers) and one executive
secretary (regulatory affair section manager). Any change

152



or revision o-f the system design, procedures, test program
of the safety / safety related systems is subjected to the
committee's review and approval be-fore implementation.
Other important decisions such as revision of plant Q/A
program and plant technical specification (OP&P equivalent)
must be also subjected to endorsement by the committee.

While these arrangements may look tedious and time consuming
in view of the efficiency of achieving a goal, most plant
staffs believe that it is the better way to do as they can
have personal satisfaction through the participation and
they can expand their experiences in other areas, thus
enhancing their insights . And yet, most important reason
of adopting these practices may be explained by the fact
that there is a proverb which says " Ten ordinary people are
better than one genius ! ". And -for the same reason, it is
rare to see someone who says " It's none of my business !".

3. GENERAL ELEMENTS CONTRIBUTED TO ENHANCED PERFORMANCE

5.1 Inherent Features of CANDU Reactor

One of CANDU's unique features, i.er, on-power refuelling
capability which allows flexibility in scheduling of the
plant annual maintenance as well as continuous operation of
the plant was, clearly, one of the elements.

Extensive utilization of plant instrumentation together with
associated alarming functions and adoption of instrument
malfunction/failure detection logic implemented in plant
digital control computers and programmable digital
comparators (rationality check and spread check) is another
example of good features, which provides advance warning on
deterioration of equipment and instrumentation, by which
preventive maintenance can be performed before malfunction
and deterioration developes furthermore.

3.2 Maturization of Plant Component* and Equipment

As the plant components and equipment have been matured and
stabilized, the occurrence of sudden component failures have
been reduced. The monthly statistics on number of
deficiency reports issued in each month showed gradually
declining tendency with some degree of seasonal variation,
from which evidence of equipment stabilization can be
confirmed ( Fig. 6 >• This rather beneficial situation
brought to the staffs more time to concentrate themselves to
the areas such as development of preventive maintenance
tactic and techniques. Otherwise, they had to spend most of
their time on follow up of deficiency reports only. Thus ,
by the combination of these effects, plant could be
maintained more reliably resulting in the enhanced plant
performance.
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3.3 Experiences Accumulated

As the knowledges and experiences of the staffs on plant
operation and maintenance areas expand, human induced plant
transients could be minimized. Better knowledges on plant
syterns and equipment also facilitated the preventive and
on-power maintenance. Consequently, plant upsets and
transients due to equipment malfunctions and failures could
be minimized.

4. SPECIFIC EFFORTS AND ELEMENTS INTRODUCED

4.1 Strong Will and Spirit Toward Higher Performance

Ironically, the heavy water spill incident in 1984
influenced the performance of 1985. It must have motivated
all of the plant staffs to establish a mutual common goal
,i.e., to achieve the highest plant capacity factor to the
maximum extent possible. As the incident, obviously, hurt
their prides, they had to have something done to recover
their prides and the way to do that was, simply, to run the
plant under stable condition for extended period at the
maximum power, which means to maximize the plant capacity
factor.

Also, there was skillful and very thoughtful manipulation of
the incident by the top management of Corporation . The
Corporate's President Park visited plant at the final stage
of incident recovery process, and handled the matter
thoughtfully to encourage the staffs' downgraded morale.
Following excerpts from the dialogue exchanged with staffs
show how nicely he boosted their spirits.

President: "Well, how much did you owe to the Corporate ?"
Staffs : "We owe 30 billion Won, sir!"
president: "Do you intend to pay back the debt ?"
Staffs : "Yes, we intend to !"
President: "Are you confident ?"
Staffs : "Yes, we are confident !"
President: "O.K.,then!"

That's all what he told to the staffs and then he offerred
his hand to all of the attendants. What he did through the
brief dialogue with the staffs was to motivate the staffs'
will to achieve good plant performance and enhance the
morale of the whole plant staffs which was deteriorated by
the incident.

On various occasions, the president also expressed his deep
endearment to the plant staffs by various communication
channels. One of such occasions was when the plant was
tripped due to the loss of off-site power, initiated from
outside grid system. As this event happened when the plant
was about to mark 100 days of continuous operation since its
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recovery -from the incident, this could bring frustrations to
the staffs who were about recover their confidence and
prides. Being reported by one o-f his sta-f-fs, he immediately
made sympathizing and encouraging statements to the plant
sta-f-fs.

4.2 Improvements in Plant Administration and Management

In addition to the intangible efforts described above,
various efforts and attempts were made in pursue of plant
administration and management system improvement, by the
plant management. Some of these efforts are described
below.

- Periodic interview with plant staffs by plant manager.

The plant manager launched a program, under which he
regularly ( monthly ) meets and discusses with
non-managerial posted plant staffs to get understanding on
what kinds of inconveniences, problems, observations they
might have in connection with plant administration and
management details. By this arrangement, the plant manager
could update his idea on what these staffs think of the
plant administration and management area, and what they want
their seniors to do. He tried to adopt the recommendations
and suggestions made by these staffs when applicable. And
many staffs could have satisfaction as they see the changes
and implementation they recommended.

- Plant Performance Update Board.

By the recommendation of a plant staff who had visited
Pt.Lepreau station and seen their "Energy Score Board", the
plant introduced a similar method by placing the plant
performance update board on building entrance walls at 2
locations where everyone could see how the plant performance
is compared with the world's best station in terms of plant
capacity factor and continuous operating time without plant
trip or shutdown. Introduction of the board, apparently,
induced all the staffs to have habits to compare the plant
performances against the world's bests, and developed and
maintained strong motivation of achieving higher plant
performance to compete with them.

- Emblem of Privilege.

In an attempt to promote morale of shift operating staffs
and induce volunteering for shift operator positions, the
plant acquired special badges of custom design for licensed
shift operators, and let them wear the badges on their
uniform jacket as emblems of honour and privilege. The
emblems were made of gold and silver for senior reactor
operator licensed staffs and reactor operator licensed
staffs, respectively.
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- On-Power Maintenance.

On-power maintenance was executed to the maximum extent
possible, thus plant shutdown for maintenance purpose could
be avoided. One example of the on-power maintenance
performed was inspection of moderator pump motor and removal
of excessive bearing grease oil to fix the bearing high
temperature problem.

- Weekly Call-up and Maintenance of Fusil ing Machines.

To enhance the reliability of fuelling machines, new
arrangement was made in such way that weekly call-ups and
associated maintenance works of fuelling machines to be
performed on every Wednesday without fuelling operations.
By this arrangement, the reliability of fuelling machines
could be maintained, thus no power derating nor plant
shutdown due to fuelling machine problems was encountered.

- System Improvements.

As the plant suffered from frequent terminal and wiring
connection faults, which had been caused by floor vibration
of control equipment room, wiring and terminal connections
whose faults or failure can cause plant trips were improved
by soldering the wiring and connectors. To reduce the
vibration levels of the control equipment room and turbine
operating floor, reinforcements and modifications of the
main steam piping supports and hangers have also been made.
Other system improvements including addition of room coolers
to inverter room and exciter cubicles, and installation of
fuel handling system cooler by-pass lines were implemented.

- Development of Computerized Instrument Data Base

Computerised information retrieval and management system for
plant instrumentation and control equipment and components
was developed and put into use. Technical information
including maintenance history of each component and module
as well as technical data such as specification and
calibration data can be retrieved by simple commands, thus
improving productivity of the staffs. Identification of
specific component or module which had frequent failure and
malfunctions could also be done with minimal efforts,
therefore management staffs were able to concentrate on the
solution of source problem and identify the area which his
staffs requires mere technical expertise. Currently, the
data base holds information for 15,000 items and it is
expected that the number of items to cover the whole plant
system will be about 20,000 items.

- Technical Papers.
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To motivate and promote the self development and level up of
technical expertise of the staffs, the plant manager
encouraged his staffs to prepare and submit as many
technical papers as they can, on any subjects and topics,
and 50 distinctive papers were selected and printed for
publication. The authors of selected papers were
compensated for their manuscripts.

5. TECHNICAL SUPPORTS FROM AECL

Behind the outstanding plant performance were the invaluable
and highly professional technical supports from AECL. The
technical assistance and supports they renderred during the
plant recovery process from the incident was especially
memorable one for the plant.

6. CONCLUSIONS AND FUTURE PROSPECTS

In conclusion, the plant could achieve the remarkable
performance owing to the thoughtful management of the plant
staffs by corporate and plant senior managements, devotion
of faithful and hard working plant staffs, AECL's supports,
and the inherent features of CANDU reactor.

Even though the plant achieved the excellent performance,
the plant still needs many improvements in system and
equipment designs, operation and maintenance techniques and
plant administration and management details.

The plant performance of this year ( 1986 >, in terms of
annual gross capacity factor, may not be comparable to the
performance achieved in 1985, as the plant is, currently,
shutdown to perform 50 days annual maintenance works..

Nevertheless, it is envisaged that plant will achieve better
cumulative life time capacity factor ot the end o-f this year
and within few years, the plant will demonstrate to the
world even better perfcrmances, because that is the fact of
CANDU reactors and there is a group of people who are
willing to and can do that !
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TABLE-1 MANPOWER STATUS 0F EACH DEPARTMENT

ON

DEPARTMENT

OPERATION

RADIATION

Q/A

CI 1

F/ll

CHEMISRY

ELECTRICAL

TECHNICAL

MECHANICAL

TOTAL

PERCRNTtt)

TOTAL

71

25

9

29

24

36

10

24

18

246

100

BY

HIGH SCHOOL

38

8

6

24

14

11

4

7

6

EDUCATION

COLLEGE

33

17

3

5

10

23

6

13

11

118

48

121
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0

0

0

0

0

2

0

4

1

7

3

BY EXPERIENCE (YEARS)

< 3

4

4

0

3

4

10

2

8

3

38

15

3 ~ 6
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12

2

22

13

18

5

6

2
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>6
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9

7

4

7

8

3

10

13

105

43

BY AGE

<25
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4

0
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14

8

2

5

1
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45
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9

6

9

24

7

17

14
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4

3

0

2

1

4
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2
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LEPREAU - INNOVATION BY A SMALL UTILITY

Frank MacLoon - Vice President, Engineering and Operations
and

John Sommerville - Technical Manager - Lepreau Generating Station
NB Power - Predericton, New Brunswick

INTRODUCTION

A 600 MW(e) CANDU unit was brought into commercial operation on
the NB Power system early in 1983. The integration, and
successful operation, of a large nuclear unit on a relatively
small utility system, with a current peak load, exclusive of
exports, of 2000 MW's, has required innovative approaches in
development and operation.

Advantage was taken of strong interconnections in developing unit
participation agreements with neighbouring United States
utilities which allowed output sharing, on an all-events cost
shared basis, for an initial period of years. This allowed
protection to the financial position of the utility in the event
of poor unit performance while offering an attractive energy
source to the purchasing utilities.

There is an inevitable lack, in a small utility, of the
infrastructure required to fully support a nuclear program.
Given a basically sound design - as exemplified here in the CANDU
system - and strong technical support - in our case from Atomic
Energy Canada Limited and Ontario Hydro - the New Brunswick
experience has demonstrated that a relatively small utility can
successfully support such a program.

This success has, however, required a high level of managerial
dedication, the development of a highly motivated and skilled
staff, and the development and implementation of approaches and
techniques, often unique in concept and application, without
which vital levels of performance could never have been achieved.

These innovative approaches have been of considerable interest to
utilities in a somewhat similar situation, with some attracting
attention from utilities much larger in system size and with many
more operating units.

The paper discusses innovative measures in staffing,
commissioning, operating and maintaining a 600 MW nuclear plant
in a relatively small utility. This is not to downplay the
measures employed in successfully meeting the difficultits,
frustrations and challenges of engineering and building the plant
itself which could be a presentation in itself.
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INNOVATIVE MEASURES

NB Power had the advantage of a strong background in developing a
technically advanced overall power system with hydro generation,
H.V.D.C. technology and conventional thermal plant in unit sizes
up to 300 MWs. It had developed an ability to design, construct
and support conventional thermal plant through a strong base of
Engineering, Technical and Operating skills. It was also in the
process of developing strong skills in the application of
computerized approaches to plant and system operation, and to
maintenance management.

The challenge was to build on these experiences and abilities
while drawing in the essential external support and staffing
vital to achieving an overall success in a very complex
undertaking. Those innovative measures which might be of most
interest are described in the following:

Ownership Entitlement

While somewhat outside the scope of this paper the approach of
"Ownership Entitlement", as developed with neighbouring New
England utilities, was vital to allow the utilisation of a large
unit on a system of our size. Some 230 MWs, of the total 640 MW
net output, is committed for the first five to seven years of
plant operation on an "all-events" cost paym&nt basis. During
this period the effective size of the unit, as an element of the
NB Power system, is reduced to 400 MWs both in terms of unit
output and exposure to costs of replacement power in the event of
poor performance.

This is the first and most important step in allowing the
development of major generation in a small system and offers the
further advantage of a full return of unit output as system
growth develops.

Figure 1 illustrates the interconnected system of NB Power as
related to its utility neighbours with Figure 2 illustrating the
sharing of unit output as contracted with the participating
utilities.

Staffing

The first step in developing a competent staff was th« hiring of
20 nuclear experienced people carried out coincidentally with th<
start of plant construction in 1975. These people, primarily
from Ontario Hydro, provided staff for most of tht senior plant
management positions. They were immediately given
responsibilities for:
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Developing the staffing concepts, plant operating complements
and the overall structure to meet technical support, licencing,
commissioning, operations, health physics, and related support
roles.

- Acquiring the next level of required staff with conventional
plant experience and with a demonstrated ability to achieve
nuclear qualifications.

Developing, and implementing, a staff training program to
meet the ultimate requirements of the total nuclear operation.

Figure 3 illustrates the staff buildup through to Commercial
Operation.

Training of Key Personnel

As the essential staff was acquired, they were put into long term
training assignments on specific areas of requirement.

This process included training attachments of key personnel to
Ontario Hydro and this process was invaluable, not only in the
"hands on" experience acquired, but in the personal contacts
developed which were to prove of great value as the plant moved
to an operating status.

The innovative features of our training program include:

- A small training group of some 10 people, closely integrated
with the rest of the plant, utilizing plant personnel in the
actual training roles, who are able to develop a great degree of
flexibility in arranging "personalized" programs as required to
meet plant, and licencing, requirements.

A major involvement by both the University of New Brunswick
and the St. John Community College in the areas of science
fundamentals and skills training.

A major emphasis on control room "walkthroughs", personalized
tutoring, and the development of innovative techniques in
teaching responses to abnormal plant transients all of which were
carefully structured to overcome the lack of an operations
simulator.

These processes also include regular plant systems and
equipment courses for plant technical, operations and
maintenance personnel with continuous upgrading as rtquired.
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Early Inputs to Design

With the early formation of a nuclear skilled and experienced
staff, it was vital that this capability be fully utilized in
reviewing, and inputting to, the overall design process. Some
200 man-years of staff time was actually input through this
process. Benefits included:

- The input of very considerable operations and maintenance
experience to system design and equipment selection.

- Operating staff becoming intimately familiar with actual
systems and equipment as developed and procured.

With the inevitable final loss to the Commission of many
staff involved in the design process much of this expertise and
experience was retained by the plant staff.

Clearly a system without previous nuclear experience must make
some such arrangements to minimize the hazards of first time
entry in a new and very complex field.

Pre-Commissioning and Commissioning

Considering that this was to be a single unit station, with no
confirmed follow-up additions, it was vital that the
commissioning processes rely heavily on the experienced staff who
would eventually be operating the station. They were accordingly
designated as fully responsible for commissioning and start-up.

A feature of this approach was the designation of a Pre-
Commissioning group, largely from construction and related
support staff, to ensure fully effective post construction check-
outs, the correction of any errors or omissions noted; and the
fully effective turn-over of systems and equipment from
construction to commissioning.

This process required a clearly defined organizational structure
that could readily be merged from one area of responsibility into
another as the process moved ahead to a licenced operating
facility.

Initially, the Commissioning role reported to the production
responsibility. During this period the commissioning effort
involved work on essentially unrelated systems on a virtual
"hands-on" basis.
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As fuel loading approached the plant became an operating entity
with system interactions becoming increasingly important. To
ensure that the commissioning program adequately checked out
assumptions made in the design and safety analysis, and that
feedback of commissioning experience to the safety analysts took
place, reporting was then through the Technical Manager.

As commissioning was achieved, and commercial operation
approached, the mature plant reporting structure was implemented.

Throughout this program a well staffed and competent planning
group was maintained culminating with t Program Management Group
being implemented at fuel loading which was given overall
scheduling and planning responsibility. An overall test co-
ordinator was designated for each integrated (plant wide) test
through whom the activities of the individual system engineers
were controlled.

Daily planning meetings were held with all group leaders plus
station management to ensure the relevance, safety and
correctness of all activities for the next 24 hours.

Figure 4 illustrates the evolution of the organization structure
as commissioning progressed.

Technical Staff Location at Plant Site

An early decision was made to retain all Technical Staff at site
reporting through one Manager. The Technical/Professional staff
are thus responsible for day-to-day troubleshooting, specifically
assigned systems, reactor physics, fuel, radiation waste and
heavy water management, safety and reliability analyses and
licencing.

This has allowed a concept to be developed whereby individual
"System Engineers" are assigned responsibilities for all work
related to specific plant-wide systems for daily monitoring and
troubleshooting, modifications, maintenance, spare parts and
testing.

Technical staff location at site has proven to be a very logical
approach in a one unit operation and has had a tremendously
beneficial impact on communications, response time and on the
vital requirement to ensure the logic and consistency of
priorities as related to all aspects of the nuclear operation.
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Interaction With Regulatory Authorities
«
It was recognized early in the licencing/commissioning process
that it was vital to establish an effective working relationship
with the regulatory authorities, the Atomic Energy Control Board
(A.E.C.B.) and the Provincial Department of Labour (D.O.L.).
This relationship had to be one that fully recognized the
responsibilities of the regulators and that allowed effectiveness
in achieving, and in ultimately maintaining, the various
approvals and licences as required.

While not without its difficulties for all involved, an effective
working arrangement was achieved which has continued into current
operations.

The working relationship between A.E.C.B. site officers and Plant
staff is structured to allow the best possible consultation and
dialogue between the two groups as exemplified by site officers
normally attending the daily planning meetings of Plant staff.
Site officers are thus assured of full knowledge of current plant
conditions and work being planned and carried out.

Figure 5 demonstrates the inter-relationships that are maintained
between Plant and Regulators.

Health Physics

The Health Physics approach to radiation protection is that of
the Canadian "Worker's Self Protection" concept. This, of
course, requires training to a level that allows independent
assessment of radiation hazards.

With its limited nuclear program NB Power set out to develop an
approach that would allow a relatively small, but highly
specialized and competent staff to meet, or exceed, all
requirements as set out by the A.E.C.B. This was achieved
through:

- Obtaining previously experienced, and well qualified, Health
Physics personnel.

- The development of an advanced radiation protection training
course with a specific supporting training manual that has
achieved National recognition.

- A carefully tuned early program of training plant staff,
carried out directly by Health Physics personnel, with continuous
requalification to ensure current competencies.

Extensive use of computerized approaches to minimize non-
productive clerical and administrative roles.
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Figure 6 outlines the organizational approach to our Health
Physics program.

Senior Management Dedication to Plant Operation

The complexity of the nuclear operation, and the very significant
financial implications of poor performance to a relatively small
utility, clearly requires the specific and priority attention of
senior utility management. The "single unit" involvement of
NB Power does allow it some advantage in this sense over the
multi-unit utility. A specific measure of this commitment is the
minimum once per week presence at site of the responsible
Operations Division Director and his alternate. These are
"working" visits and include plant "walk-arounds".

A further reflection of this is in the Executive priority that
inevitably follows for measures that will ensure, and where
possible improve, plant operations in all its aspects.

The small utility must recognize the need of such dedicated
attention if success is to be assured.

Plant "Walk-Arounds"

Lepreau management has, since early in the Commissioning program,
mandated and encouraged plant "Walk-Arounds" by all levels of
supervision including the Plant Manager.

The designated "duty manager", effectively the Plant Manager or
his alternate, conduct 45 minute "Walk-Arounds" each morning and
afternoon including, with few exceptions, weekends and holidays.

This level of commitment maintains in Plant personnel a daily
reminder of the urgency of an efficient, safe and consistent
operation and ensures that responsible management staff are
always aware of current plant status.

Again, we see this as a "must" for successful operation in a
small utility.

Computerized Maintenance Management

A comprehensive, and very effective, computerized maintenance
management system has been developed to manage the following:
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- Stores and Spares Inventories

- Work Orders

- Change Control

- Time Keeping

Preventative Maintenance

Job Scheduling and Resource Optimizing

The system allows a virtual hour by hour scheduling of activities
ensuring that the most productive use is made of resources and
manpower in meeting pre-detemined and logically achievable
schedules for all significant maintenance activities.

This system has been a major contributor to minimizing outages,
and outage durations, to improving productivity, and in assuring
the effective "tracking" of design changes from inception to
completion and their recognition in operating and licencing
processes.

Pigure 7 lists the major components of the overall computerized
maintenance function.

Maintenance of "Clean Base State"

An operating policy of always striving for a "clean base state"
is maintained so that developing situations neither build on one
another nor does the overall status become one in which important
events are over-looked in the rush to "catch up". Panel
indications of abnormal conditions are quickly responded to with
an objective of zero indicating alarms, heavy water and steam
leaks resolved without delay, abnormal radiation fields removed
or minimized and, above all, defective fuel promptly removed to
avoid build-up of contamination in the heat transport system.

These efforts are directly beneficial to performance and, of
equal importance, result in a very positive attitude on the part
of plant staff. A vital part in this is a high level of general
housekeeping that creates a pride in the work place on the part
of all involved.

Internally Initiated Design Changes and Modifications

Following again from the extreme need for superior performance,
and from the concentration of experienced and skilled staff at
the site, a working environment has been developed that
encourages the raising of technical problems as noted along with
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frank and open discussions of the problems and of the solutions
to be pursued.

It is not the practice at Lepreau to rely on the Regulator to
mandate improvements as may be seen necessary but rather to
emphasize internal development and initiation of logical
improvements with, of course, the review and approval of the
Regulator where licencing impacts are involved.

One example is the continuing modifications being made to the
plant digital control software which has been a major factor in
maintaining satisfactory forced outage rates.

Recognizing the continuing efforts required to achieve Commission
objectives, Management has not hesitated to make funds available
as necessary.

Daily Planning Meetings

We havt com* to the conclusion that there is no substitute for
effective and continuous Planning in the successful operation of
such a power plant.

The routine at the plant includes a well structured daily 1/2
hour early morning session to broadly scope the activities of the
day. This is attended by Managers and reporting Superintendents.

A companion late afternoon meeting of Foremen and Supervisors
reviews the specifics of the jobs to be undertaken on the
following day.

These planning sessions, when combined with detailed computerized
scheduling processes, have been major contributors to the success
achieved to date.

PLANT PERFORMANCE

The ultimate success of any operation can only, of course, be
measured by the results achieved. Measurements of nuclear plant
performance cover a wide scope the more significant of which are
as follows:

Station Performance

Since "In-Service" (Commercial Operation), the plant hat achieved
a 91.74% Capacity Factor and a 97.4% level in the year 1985. The
1985 performance placed it 2nd in Western World Nuclear units
above 500 MW's and 1st among CANDUS.

Figure 8 graphically presents operating performance to date.
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Trip Frequency

Performance in this area has been equally good with only one tri]
froa high power experienced through 1984 and 1985.

Figure 9 illustrates trip performance since the reactor went
"critical".

Fuel Usage

Fuel usage has been constantly improving as operations are "fine
tuned". The Plant bettered design predictions in 1984 and in
1985 was at a level of slightly over 16 bundles per full power
day.

Figure 10 illustrates annual averages achieved.

Fuel Performance

Fuel defect rates have been very low in fact, and as compared
with other CANDU 600'« in service, with a rate of .06% being
experienced.

Table 1 demonstrates relative fuel performances.

Heavy Water Management

Since "in-service" the total "upkeep rate", which includes both
actual losses and a theoretical "loss" to account for the cost o:
upgrading to maintain isotopic levels, has averaged .9 Kg. Heavy
ffater/hour as noted in Figure 11.

Conventional Safety

Mo injuries to pxant staff causing death or permanent diabilitie
have occured and Lost Time Accident rates have been consistently
lower than in our conventional plants.

Figure 12 illustrates results achieved.

Radiological Protection

Staff exposures have been exceptionally low with none exceeding
regulatory limits. Results compare very favourably with the ver
good levels achieved by Ontario Hydro and with those achieved in
other reactor systems.
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We believe that the policy of immediate removal of defective fuel
as detected, and the resultant very "clean" state of the heat
transport system, has been a major contributor to this
performance.

Figure 13 illustrates the very low level of exposures as
experienced at Lepreau.

Public Safety

The Canadian target for all radio-active releases is 1% of the
"Derived Emission Limits". Lepreau performance has ,
averaged 7.2 x 10~3% for gaseous effluents and 9.3 xlO % for
liquid effluents as noted in Table 2 which is very much below
target levels.

Every effort is made to minimize and/or eliminate identified
emissions whenever and wherever practicable with the objective of
achieving the very lowest levels reasonably possible.

Generation Costs

"Total Unit Energy Costs" are, of course, very dependent on the
capacity factor achieved. During 1985 the average cost of
Lepreau generated energy was 50.7 Mills/KWH ($Canadian).

Table 3 outlines the elements in this cost.

CONCLUSIONS

Point Lepreau operations have, to date, been extremely
satisfactory and have met the very stringent objectives set by
NB Power for the overall nuclear undertaking.

Pull crtdit is givtn to an excellent reactor concept, to the
technical support of both A.E.C.L. and Ontario Hydro, and to the
co-operative arrangements undertaken with both Ontario Hydro, and
with Hydro-Quebec who also operate a CANDU 600, as major
contributors to the success achieved.

The often innovative measures outlined in this paper, fully
supportive Senior Management, along with a capable and dedicated
plant staff, have allowed NB Power to achieve the operating
results, and the vtry real economic benefits to the customers it
serves, which were the clearly stated objectives of the nuclear
program when it was undertaken.
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MAINTENANCE MANAGEMENT PROGRAM

• EQUIPMENT RECORD SYS.
• MATERIAL INVENTORY
• WORK ORDERS
• JUMPER RECORDS
• TIMEKEEPING
• DESIGN CHANGE CONTROL
• WORK PERMITS
• PROJECT MANAGEMENT

FIG. 8

STATION PERFORMANCE

1983 GROSS CAPACITY FACTOR - 85.7%

1984 GROSS CAPACITY FACTOR*$9.7%

1985 GROSS CAPACITY FACTOR -97 .4%

180



FIG. 9
POINT LEPflEAU TRIP EXPERIENCE FROM CRITICALITY TO END I9S9

BY MAW CAUSE

DCOMPONENT FAILURE

j HUMAN EIIROR/PROCEOuRAt OEFICtENCV

j HUMAN ERROR » COMPONENT fAILURE

I TESTING • MAINTENANCE

OTHER

CIHTICAI TO
IN - stftvicc
IM/07/W U/M/M

WSEHVICE 10
[NO I N I

mil" '

TAWLg 1

CAWOO <0Q FQEL

Station

Ccntillv

( Lcorcau

| tebalsc

TOTAL

Mu«h«r o' bundles
i

Irradiated

1077S

1S19C

113S4

7577

45*35

Defective

13

10

20

t

*•

• Defective

0.12

0.06

0.18

0.00 ;

0.11

or

181



Tig 10

Q
Q.
U.

\

(0
111
J
a
2
D

22

20-

18-

16-

14-

12-

1.6-

14-

4-

2-

P T . LEPREAU G . S
FUELLING RATES - ANNUAL AVERAGES

1983 1984 1985

FIG II

HEAVY WATER MANAGEMENT

DESIGN

ACUTE LOSS

CHRONIC LOSS

DOWNGRADED EQUIVALENT LOSS

1983 1984 1985 SINCE
IN-SERVICE

182



Fig. 12

Point Lepreau Generating Station
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TABLE 2

EFFLUENT RELEASES AS A PERCENTAGE OF THE
DERIVED EMISSION LIMITS fO.E.L.)

Airborne Emissions

Liauid Emissions

1<»83

.0031%

.0015%

1984

.0043%

.0006%

1985*

.0072*

.00093%

TABLE 3

LEPREAtJ 1985 UNIT ENERGY COSTS (CDN$)

CAPACITY FACTOR

INTEREST AND DEPRECIATION

OPERATIONS AND MAINTENANCE

FUELLING

HEAVY WATER UPKEEP

TOTAL UNIT ENERGY COST

97.4%

37.6 mills/kw-h

8.3 mills/kw-h

4.5 mills/kw-h

0.3 mills/kw-h

50.7 mills/kw-h
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WEEKEND CYCLES PERFORMED IN THE EMBALSE NUCLEAR STATION DURING 1985
(ADAPTABILITY TO VARYING GRID DEMANDS)

J. C. Vinez
Embalse Nuclear Station

National Atomic Energy Commission (C.N.E.A.)
Republic of Argentina

1. INTRODUCTION

Since the Embalse Nuclear Station (CNE) start-d its commercial operation on
20 January 1984, its power has been varied in response to the demands of the
National Load Dispatch (DNC).

The need to operate in this way a Nuclear Station in Argentina, together with
the interesting perspective of offering to the international market a design
having load following capacity, were the bases on which AECL and CNEA signed
an agreement to study what problems could be caused to station components
and/or systems and especially to the fuel elements, by load following, in the
middle and long term.

Taking into account the characteristics of the electrical installation in
Argentina and the operating background of the Atucha I Nuclear Station (CNA
I) (in service since July 1974), CNEA requested AECL, in early 1977, to
guarantee the integrity of the fuel submitted to load cycles. Nevertheless,
the first discussions on a firm basis to establish this program took place
only in 1984 and the agreement itself was executed at the end of the same
year.

2. OPERATION MODE SINCE ENTRY INTO SERVICE

Figure 1 shows the power generated by the CNE during 1984. The difference
between the availability factor (FD) and the load factor (FC) may be
observed, which indicates the possible performance of the CNE without the
restrictions imposed by the DNC.

Based on the operating experience and the power needs projected for 1985 by
the Energy Secretariat of the Argentine Republic, after intense negotiations,
a load following program was agreed which takes into account only weekend
cycling, as indicated in figure 2. The same shows two (2) initial cycles, a
waiting period at constant power until the evaluation of the results is
known, and then cycles, until completing the first six (6) months, which was
the initial period agreed for the present study.

Once the load following program was defined with the DNC, the data collection
program and the frequency was agreed with AECL. In addition, the respective
responsibilities were defined in order to determine the joint CNEA-AECL work
scheme.

All matters related to the data collection program will be analyzed
subsequently.

185



The station restarted operation on 14 January 1985, after a programmed outage
of approximately 3 months. The cycles corresponding to February, March, May
and June may be seen in figures 3, 4, 5 and 6 respectively. During April no
cycling was performed due to restrictions imposed by the DNC.

Taking into account the difficulties already mentioned to collect data in
January and April, and the evident deviations from the load following
program, CNEA requested and agreed a new load following program with the DNC
for another three (3) months. In the first two (2) months it was proposed to
continue (in order to complete the study) with weekend cycles from 80 to 60%
and during the third month, perform more severe power cycles, from 100 to 60%
(see figure 7).

The new cycles mentioned above, corresponding to July, August, and October,
may be seen in figures 8, 9 and 10 respectively. In this case the consistency
between the program and the actual performance thereof is evident, and a
total of approximately 35 cycles was completed since th& initiation of this
new program.

The power ramps performed in all cases always were in the order of 10% FP/h.
Nevertheless, due to the confidence generated based on preliminary results,
AECL requested to perform power changes through quicker ramps.

3. OPERATING DATA COLLECTION

Data collection during routine operation and during the various load cycles
was the responsibility of CNEA. These tasks were performed at the Station by
a Coordinator and a 4-person team.

Three type of data were collected (figure 11): data related to core physics,
to process variables, and to fuel performance.

The first included the record of zone levels, control rod movements,
moderator and Primary Heat Transport System chemistry, etc.

The second set of data included the temperatures and pressures in reactor
headers, steam generator levels and pressures, feedwater temperatures,
pressurizer levels, etc.

The data corresponding to fuel peformance included the radioisotope activity
concentrations in the PHTS and various scans performed with the Failed Fuel
Location System (DN).

The qualification program for national fuel elements happened to be carried
out simultaneously with the load following program. As part of this
qualification program, approximately 10% of the CNE core was filled vith
national fuel elements (a maximum of 492 fuel bundles).

It is not the scope of this work to analyze the performance of the national
fuel during load following, but to evaluate the load following cycle based
only on the behaviour of the imported fuel. In this context, a considerable
effort was dedicated to improving the failed fuel detection (GFP) and
location (DN) systems.



The GFP is in the last stage of its recommissioning. The system was modified
in order to operate with an off-the-shelf MCA instead of the originally
provided custom-made one. This special MCA was of doubtful repairability due
to obsolescence.

The Failed Fuel Location System (DN) was optimized in order to automatically
implement the anticipated location of failures (figures 12 and 13). The
application of this anticipation method, which has allowed to follow up
failures from their very beginning, permits to minimize the radiation doses
received by the personnel and therefore the absorbed man-rem costs.

In order to correlate the various failures in the fuel elements, a teamwork
methodology was implemented jointly with the Post-Irradiation Group of the
Constituyentes Atomic Centre. The objective of such methodology was the
visual inspection of removed fuel having a probability of failure. In this
way, the fuel removed from failed channels are examined under water in the
storage pools. The telescope systems involved, which were designed and
operated by the above group allowed the visual verification of the bundles
declared suspect by the system.

Thus, most of the bundles from the failed channels were inspected, and
special attention was paid to the bundles that were declared as most probably
failed by the Location System, except when they were national fuel bundles,
in which case we performed an inspection of 100% of the removed bundles.

We are including the most representative photographs of imported fuel which
were removed from the reactor as probably failed. In particular, the
photographs of the COMBUSTION ENGINEERING bundles corresponding to channel
S-14 which was refuelled on 24 October 1985 with an average burnup of 96%,
may be observed. At the time of this refuelling, the DN system declared
suspect the bundles located in positions seven (7) and eight (8) downstream.
A subsequent visual inspection confirmed that the failure was located in
bundle seven (7).

In accordance with the indications of the Failed fuel Location System, it is
concluded that failures appeared in approximately 7 or 8 bundles out of a
total of approximately 10,000.

4. CONCLUSIONS

1. The 1985 load following consisted of weekend load cycles. Although
the preliminary report on fuel performance, prepared by AECL, shows
favourable results, CNEA is awaiting a final assessment on the
balance of plant components. The assessment will provide the basis
for implementing the next stage of the program.

2. Allowing for the current requirements of the Argentine Electrical
System, the next stage is to demonstrate the feasibility of weekend
load cycles from 100% to 60% at rates equal to or greater than
10%/hour.
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3. CNEA wish to stress the importance of the joint study with AECL as a
way tc qualify the plant design for load following operation. At
the same time this cooperation is viewed as a mechanism to overcome
the operating problems that may arise in nuclear stations.

188



FIGURAS

FIG.l : POTENCIA ELÉCTRICA GENERADA DURANTE 1984 (F.C.ANUAL)

Y POTENCIA ELÉCTRICA QUE SE PODRÍA HABER GENERADO (P.O.ANUAL)

FIG,2 : PROGRAMA DE FIN DE SEMANA ACORDADO ENTRE CNEA Y DNC
(PRIMERA PARTE).

FIG.3 : CICLOS REALIZADOS EN EL MES DE FEBRERO'85.

FK-A \ CICLOS REALIZADOS EN EL MES DE MARZO'85.

FIG.5 : CICLOS REALIZADOS EN EL MES DE MAYO'85.

FIG.6 : CICLOS REALIZADOS EN EL MES DE JUNIO'85.

FIG.7 : CICLOS DE FIN DE SEMANA ACORDADOS ENTRE CNEA Y DNC.
(SEGUNDA PARTE).

FIG.8 : CICLOS REALIZADOS EN EL MES DE JULIO'85.

FIG.9 : CICLOS REALIZADOS EN EL MES DE AGOSTO'85.

FIG,10: CICLOS REALIZADOS EN EL MES DE OCTUBRE'85.

FIG.11: RECOLECCIÓN DE DATOS OPERATIVOS.

FIG.12: COCIENTES DE DISCRIMINACIÓN CORRESPONDIENTES AL
RASTREO DEL 23.05.86 (626,8 DPP).

FIG.13: ANÁLISIS ANTICIPATIVO - EVOLUCIÓN DEL COCIENTE DE
DISCRIMINACIÓN DEL CANAL S-14 (ENTRE 333/0 Y 566,0 DPP).

FIG.14: FOTOGRAFÍAS CORRESPONDIENTES A LOS CANALES
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FIGURA 6: VARIACIÓN DE LA POTENCIA TÉRMICA, MES JüNI0'85
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FIGURA 10: VARIACIÓN ÜE LA POTENCIA TÉRMICA, MES OCTUBRE'85
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FIGURA 11: RECOLECCIÓN DE DATOS

1) FÍSICA DEL NÚCLEO

- POTENCIA DEL REACTOR.

- NIVELES ZONALES.

- MAPAS DE POTENCIA DE CANAL.

- LECTURAS DE LOS DETECTORES DE VANADIO.

- MAPAS DE TEMPERATURA DE CANAL.

- MOVIMIENTOS DE BARRA DE CONTROL.

- PUREZA DE D20 EN MODERADOR Y SPTC.

2) VARIABLES DE PROCESO

- NIVELES Y PRESIONES DE LOS GENERADORES DE VAPOR.

- TEMPERATURA, PRESIÓN Y NIVEL DEL PRESURIiADOR.

- TEMPERATURA DE AGUA DE ALIMENTACIÓN.

- TEMPERATURA Y PRESIÓN DEL DESGASIPICADOR - CONDENSADOR.

- TEMPERATURA DE LOS CABEZALES DEL REACTOR.

3) PERFORMANCE DEL COMBUSTIBLE

- RASTREOS CON EL SISTEMA DE LOCALIZACION (ON).

- CONCENTRACIÓN DE ACTIVIDAD DE RADIOISÓTOPOS
EN EL SPTC.

- DATOS DE LA ESTRATEGIA DE COMBUSTIBLES.
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LARGE SCALE FUEL CHANNEL REPLACEMENT PROGRAM

W.G. Morison
Ontario Hydro

Toronto, Ontario

The CANDU reactor has been designed so that any or all of
the componsnts which make up the reactor channels can be
removed and replaced. It has always been expected that at
least once during the lifetime of a CANDU nuclear power
station, the reactor channels would require replacement/
and that this feature of being able to replace the reactor
channels may allow extension of the life of a CANDU nuclear
station far beyond the normal amortization life.

Preliminary planning to develop capability to retube an
entire reactor began in 1975, when it was first realized
that the pressure tubes in Pickering were growing axially
at a greater rate than had been anticipated during the
design of the station. Up to that time, replacement of
individual pressure tubes in Pickering had been
successfully undertaken following leakage through tiny
cracks which developed in the tube walls at the rolled
joint in a number of channels due to improper rolling in
procedures.

On August 1, 1983, a pressure tube failed in Pickering A,
Unit 2, releasing coolant to the reactor vault, and leading
to an orderly shutdown and depressurization of the unit by
the station operators. . A team of operating staff, research
scientists, design engineers from Ontario Hydro and Atomic
Energy of Canada Limited (AECL), were quickly assembled to
identify the cause of the failure and to plan and recommend
remedial action. The subsequent investigation of units 1
and 2 revealed that hydrogen concentration had built up in
the wall at points along the bottom of a number of the
Zircaloy pressure tubes and that this concentration had
lead to the failure. You will recall that the failed tube
had a crack along the bottom stretching from the end
fitting to about two meters along the channel.

After eight months of intensive investigation involving
site inspections of a number of channels in both units 1
and 2, laboratory work in hot cells at Chalk River,
detailed analysis and tests and careful safety and
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would allow the East end-fitting to be reused and would
eliminate the need to disconnect and reconnect the feeder
pipe to each end fitting at the East end of the reactor.

The west end fitting was to be cut in two at its
positioning assembly. The non-irradiated outer half of the
West end fitting and the positioning hardware could then be
readily removed.

The pressure tube would be cut about a meter inboard of the
end fitting rolled joint. The bellows to end fitting weld
would then be cut away and the inboard radioactive end
fitting stub, with the short length of pressure tube
attached, would be removed.

To remove the calandria tube, the sandwich type joint
between each end of the calandria tube and the calandria
end shield would be released by the rapid induction heating
technique mentioned above and the calandria tube and
pressure tubs would be removed together, leaving the
reactor site empty except for the East end-fitting.
Installation of the new components could then begin by
retubing row by row from the bottom up.

The LSFCRP approach involved large shielding cabinets
mounted on the fuelling machine bridges to protect the
personnel who had to work occassionally at the reactor
face. Manual tasks were to be kept to a minimum. Remote
operated tooling mounted in turrets containing up to four
tool modules were to be stationed in the shielding cabinet
on the West side. A remotely controlled work station would
position and align the turrets to the fuel channels.
Radioactive components would be removed from the reactor
and transferred to a shielding flask on the vault floor by
means of a remotely controlled arm. The basic arrangement
is shown in Figure 2.

By late 1983 our studies indicated this complete remote
arrangement for large scale fuel channel replacement was
about 2 years from being ready to use. While some of the
facilities and tools were well advanced (shielding
cabinets, remote viewing, rapid induction heating,
individual tools for removal and re-installation of tubes,
etc.), the development of automatic tooling and the remote
work station were 2 years away from being ready for full
scale use.

Starting in late fall of 1983 we examined options under
what we called the Early Retube Study which was directed
toward getting on with the retubing as early as possible.
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materials studies within Ontario Hydro and AECL, it was
decided that both units should be retubed before they were
returned to power. Both units 1 and 2 had completed about
the same number of full power operating hours and both were
fitted with Zircaloy 2 pressure tubes. All other reactors
built after Pickering unit 2 were constructed using
Zirconium-Niobium alloy pressure tubes which we
subsequently found were not as susceptible to the build up
of hydrogen and zirconium-hydride under the same conditions
as existed in the Pickering unit 2 tube which failed.

It was a difficult decision. While we had done
preliminary planning and engineering and development work
on equipment and facilities for full scale retubing, we
were not well prepared to take on, for the first time, the
full scale retubing of a reactor on such short notice, and
we were faced with the task of taking on two units
immediately.

In the late fall of 1983 when it appeared that at least one
reactor may have to be retubed we began studies on the
options available to us.

THE ORIGINAL LARGE SCALE FUEL CHANNEL REPLACEMENT CONCEPT

The concept which had been partially developed in the
studies which began in the 1970's involved the replacement
of all 390 pressure tubes and calandria tubes in a
Pickering A unit using remote handling and viewing
techniques to minimize reactor down time, worker radiation
and cost. The development program had reached the
prototype tool testing stage in 1982 when it was decided to
delay further work on the Large Scale Fuel Channel
Replacement Program (LSFCRP) in favor of other more urgent
reactor rehabilitation work. A slow down in the development
of the LSFCRP facilities was instituted in 1982 since it
was expected that the requirement to retube was at least 5
years in the future. Little did we know at the time that
we would need to begin taking all the channels out of a
reactor and replacing them, less than a year later.

A reactor channel, including the two end fittings, pressure
tube and calandria tube is shown in Figure 1. The LSFCRP
was developed to replace both the pressure tube and the
calandria tube and one end fitting of each channel. The
plan was to release the rolled joint at the one end (East
end), by means ofa rapid induction heating technique
developed in the Ontario Hydro Research Laboratory. This
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EARLY RETDBE STUDY

The Early Retube Task Group set out to determine if it was
feasible to proceed with the first stages of the
disassembly manually, with the intention of phasing in the
remote retubing scheme at an appropriate time when it was
ready. The Task Group showed that an early start to
retubing was indeed feasible, — namely the removal of the
outer part of the west end fittings. They also showed that
the remainder of the end fitting and the stub of the
pressure tube could be handled if a remote operated
Retubing Tool Carrier (RTC), Figure 3, was installed in the
West shielding cabinet. This RTC, operated by remote
control from outside the vault, would convey radioactive
components from the shielding cabinet at the reactor face
to a shielding flask on the vault floor. With the RTC
concept under detailed engineering, the Task Group extended
their studies to develop a retubing scheme that did not
include removal and replacement of the calandria tube,
since it was felt at that time that retubing after only 12
years of reactor service without removing the calandria
tube was the most logical and attractive approach. Their
studies were undertaken so that work using the RTC could be
terminated in favor of the Remote Work Station and its
Articulated Arm at completion of any of the following
stages:

1. Removal of the West end fitting
2. Rapid induction heating and separation

of the East rolled joint
3. Removal of the pressure tube
4. Replacement of the pressure tubes

The results of this study, which was completed in the first
quarter of 1984, showed that an early start on the retubing
was indeed practical and in fact, by using the shielding
cabinets, remote viewing and manually operated tools,
developed for the Remote Work Station, that complete
retubing in this manner could be undertaken in stages on
one reactor as roughly indicated in Table 1. The second
reactor would follow the first by about six months.
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TABLE 1

EARLY RETDBING STUDIES USING REMOTE TOOL CARRIER

Stage No. Work to be Done Total Manpower Completion
Man-Rent Level Date

1. Remove West E/F 543 236 May 1985

1 & 2 Remove West E/F
Release East E/F 679 279 May 1985

1,2 & 3 Remove West E/F
Release East E/F
Remove Pres Tube 1165 296 Oct 1985

1,2,3 & 4 Remove West E/F
Release East E/F
Remove Fres Tubes
Replace Pres Tubes 2262 329 June 1986

It was concluded that it was practical to proceed with this
manual/semi-remote manual arrangement providing it was
backed up by a continuation of preparation of the Remote
Work Station Articulated Arm in case difficulty arose at
any stage of the process. The Board of Directors of
Ontario Hydro made a decision at their March 1984 meeting
to proceed immediately with the above plan to retube units
1 and 2 at Pickering.

EARLY RETUBE PROGRAM

As it developed, the Early Retube Program is a combination
of the ideas and tools and facilities developed for the
original LSFCRP previously developed — use of single
channel tooling and procedure which had been previously
proven, and new handling facilities and tools developed
specifically for this program. The steps taken in stages
in the Early Retube Program are essentially the same as
those worked out originally for the LSFCRP except that the
calandria tubes are not removed in Pickering 1 and 2, since
it was concluded from studies and inspection that the
calandria tubes did not require replacement after only 12
years of service.
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The Early Retube Program began shortly after the March 1984
decision by the Board of Directors of Ontario Hydro. This
followed the eight month period of intensive investigation
from August 1, 1983 to March 1984, during which unit 2 had
been down for the entire period and unit 1 had been down
for about the last half of this period. During this
investigation period 13 individual pressure tubes had been
isolated and de-fuelled and these tubes with their end
fittings had been removed from the two reactors for
detailed inspection. However, all the rest of the tubes in
the two reactors (767) remained full of fuel and coolant.

The main steps taken from this point onward in this Early
Retubing Program and the particular tools or equipment
employed are as follows:

1. De—fuelling

All CANDO stations are fuelled on-power using two
remotely operated fuelling machines. Each machine
attaches to an end fitting of the same channel, makes a
seal capable of withstanding full heat transport system
pressure, removes the sealing plug and shielding plug
which normally resides in the end of the channel, and
then replaces a given number of the 12 irradiated fuel
bundles in the channel with new bundles. The shielding
and sealing plugs are then re-installed and the machine
is removed. De-fuelling of Pickering Units 1 and 2 was
done by the operations staff using the on-power
fuelling machine, but with the heat transport system
full of cool and depressurized heavy water. To remove
the 12 fuel bundles from all the 390 channels in Unit 1
it took 60 days and 65 days to remove all the fuel from
Unit 2.

2. Decontamination

A major concern in extensive maintenance and repair of
any nuclear reactor is the radiation exposure to the
forces undertaking the work. Special tools, training
and rehearsal facilities, protective equipment, and
well developed procedures were all part of the planning
on this retube project to minimize the exposure to the
workers.

In addition it was recognized that if the radiation
fields could be reduced significantly at the reactor
face that the work could be done with lower exposure
and fewer costly and time consuming protective
measures. The heat transport systems of each of the
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reactors were decontaminated using the CAN-DECON
process developed jointly by AECL and Ontario Hydro to
reduce radiation fields in the reactor coolant systems
of CANOU reactors. Unit 2 was decontaminated twice,
once in January 1984 during the investigation phase and
a second time in April 1984. Overall decontamination
factors at the reactor face of up to ten were achieved,
lowering the radiation fields to 100 to 140 mR/hour.

Unit 1 was decontaminated in Hay of 1984, resulting in
even lower residual fields of from 40 to 110 mR/hour.
These reductions in the radiation fields at the reactor
face where a substantial number of man hours of work were
required in the manual/semi-manual process were very
important to the success of this process. With these
reductions in the fields at the face and the use of the
steel shielding cabinets it has been possible to have
workers undertake many operations manually while staying
below an acceptable total man-Rem exposure level.

3. Draining And Drying The Heat Transport System

The reactor coolant in CANDU reactors is heavy water
which when it is irradiated contains tritium, a
radioactive isotope of hydrogen. Any leakage or spill
of this coolant during the retubing operation would raise
the airborne tritium level in the area where work has to
be performed and could result in an increase in the
internal radiation dose to the workers involved in the
retubing. Removal of as much of this water as possible
was considered desirable. The reactor coolant system was
drained and then flushed with clean demineralized
ordinary water. After draining this ordinary water to
the maximum degree the piping within the feeder cabinets
was heated by electric heaters and the reactor coolant
system was vacuum dried. This provided a dry and
relatively contamination free reactor coolant system, and
has minimized the tritium exposure to workers during the
retubing.

4. Rapid Induction Heating Of Rolled Joints

The retubing plan was to retain the east end fitting in
place. This required the pressure tube rolled joint to
be separated in such a manner that the end fitting did
not suffer any damage. A rapid induction heating
technique developed by the Ontario Hydro Research
Division made this possible, Figure 4.
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In this process the inside surface of the pressure tube
is heated up rapidly by induction heating from a coil
placed inside the pressure tube at the rolled joint
carrying a surge of current. The inside of the pressure
tube tries to expand but is prevented from doing so by
the cold heavy end fitting, which results in high local
stresses in the pressure tube. As the pressure tube
cools, it contracts to release these stresses and shrinks
the outside diameter of the pressure tube. This process
leaves an undamaged end fitting inside surface ready,
with some minor burnishing, for installation of the new
tube.

5. Retubing Tool Carrier fRTCl

The Retubing Tool Carrier (RTC) shown in Figure 5
mounted on the inside roof of the West shielding cabinet
at the reactor face, was designed to remotely move
materials axially, radially and vertically to transport
radioactive components from the reactor face area to a
trough of a loading device which sits on the vault
floor, and which pushes articles in the trough into a
shielding flask previously lined up with the trough.

The RTC is a specially designed, gantry mounted
manipulator able to operate as a wire rope hoist or as
a rigid support. It is operated in a local manual mode
while handling non-radioactive materials. When
handling radioactive materials, control is from a
remote panel located in the retubing control centre.
There is feedback via closed circuit video on the
control panel.

The main tasks visualized initially for the RTC were
removal of the inboard stubs of the end fitting and the
pressure tubes in waste cans. These would be moved
back axially by the RTC, rotated and lowered to the
trough on the flask loading device. However/ the RTC
proved to be so versatile that it was used to transport
almost all the equipment from the vault floor to the
shielding cabinet on the west side of the reactors.

To ensure that the radioactive load was safely
transferred to the flask loading device, the drives
provided to perform this task had back-up drives
operable from the retubing control centre. The only
exception to this is the hoist drive where vertical
handling redundancy was provided by the fuelling
machine bridge drive.
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6. Tooling

Due to time constraints and the relativley low
radiation fields, the approach taken in early retubing
activities were more manual than were visualized
earlier in the LSFCRP. All tools were designed to
minimize radiation exposure by self shielding where
possible and by simplicity of design. The design work
to meet the requirements of shielding, simplicity,
effectiveness and flexibility required close
cooperation between the research groups in Hydro and
AECL; between the design groups in Hydro, AECL and
Industry; and between the project engineering units at
the site and the operations and construction staff.

RETUBE ORGANIZATION

The retubing of the two Pickering units was a major new
undertaking for Ontario Hydro involving innovation in
design and development and testing of equipment, the
training of workers to perform unfamiliar tasks in plastic
suits, the execution of repetitive work in the middle of an
operating station, the management.of a large work force
made up of construction and operations staff and trades,
and involving a radioactive environment and components.

Ontario Hydro has extensive experience and capability in
the design and construction and operation and maintenance
of nuclear power stations. However, a unique arrangement
was called for in this instance. We established a project
team of 55 technical staff at the site, drawing on
experienced staff from design, construction and operations
organizations. This team comprised:

10 design engineers who had been taken part in the
conceptual and detailed design of the tools and
equipment

30 construction engineers and technicians who had
experience in large scale project management and
supervision of construction trades staff

15 operations engineers who had direct experience
in radiological work planning and control, dose
reduction techniques, and who were familiar with
station operational requirements construction
management
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The field forces performed the retubing activities using
the tooling, training and procedures provided by the
project team. These procedures integrated Operations
standards of radiation safety and dose reduction with
Construction quality and production control. The
integration of these capabilities into a combined workforce
with one set of procedures was an important factor in the
successful management of this project. The organization of
these resources is illustrated in Figure 6.

The work involved the planning and management of
expenditures in excess of $400 million, training and
supervision of more than 300 tradesmen, working around the
clock 7 days a week to a high level of quality control and
providing radiation control management in widely ranging
radiation fields.

RETUBING OP PICKERING A UNITS 1 AND 2

The actual work, which consisted of about 40 different
operations, can be grouped into four phases: preparation,
removal of reactor components, reassembly and
recommissioning. Throughout each of these phases, the
project team, supported by specialists where required,
provided direction and management of the retubing program,
with major emphasis on radiation dose control.

1. Preparation of the Units

The 4680 fuel bundles were removed from each reactor
with the normal on-power fuelling machines and with the
reactor coolant system dep "ossuized and cold, over a
period of about 90 days.

The decontamination of the reactor coolant systems
using the CAN-DECON process proceeded during short
intervals during the time when the reactors were being
defuelled, reducing the fields at the face of the
reactor about a factor of ten. The shielding cabinets
provided a further factor of from 5 to 10, so that the
radiation fields within the shielding cabinet were
about 5 mR/hour. This allowed a working time per
quarter of about 200 hours in the cabinet for each
worker, and eliminated the need to hire and train
trades staff specifically for their dose allowance. In
fact the total predicted dose uptake per reactor was
reduced from the preliminary estimate of 2000 man-Rem
to 1000 man-Rem based on the lower than expected
fields.
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In order to ensure maximum effectiveness and minimum in
the radiation fields a full scale mock-up including
shielding cabinets, tooling and channel arrays were
assembled in a warehouse at the Pickering site. This
was used extensively to prove out all tools and
procedures and to train all personnel before commencing
field activities in the reactor vault. While this
facility took some time to assemble and cost about $2.5
million it proved to be very cost beneficial in terms
of time and worker radiation dose. Figure 7/ a
photograph of the mock-up is hard to distinguish from
the actual vault set shown in Figure 5. The total
preparation time was about 6 months during which all
other plant systems of both units were placed in a lay
up state.

2. Removal of Reactor Components

The removal of the reactor components involved handling
highly radioactive materials when the tools and
equipment were being withdrawn from the reactor core.
Although this was done remotely it was considered
desirable that trades people assigned to this removal
activity have experience in radioactive work, so a
skilled and experienced Operations trades force of
about 100 tradesmen were assigned to this part of the
removal activity.

These trades people are sufficiently trained in
Radiation Protection Procedures to enable them to be
responsible for their own protection. No special
radiation protection assistants were required during
this work.

During the removal phase an unexpected radioactive
contaminant - Carbon 14, in fine dust form, was
discovered on the outside of the pressure tubes.
Extensive special precautions had to be introduced for
Carbon 14 control and dosimetry. In spite of the
Carbon 14 problem and some labour interruptions the
removal phase was completed in about 14 months. The
tooling worked very well and the integration of the
engineering, construction and operations expertise in
one site team proved to be highly successful.

The radiation up-take during this phase was well below
the dose estimates despite the presence of the Carbon
14 problem, as shown in Figure 8. This latter problem
contributed less than 10% of the dose during the
removal phase.

203



Photographs of steps in the actual removal process are
shown in Figures 9 though 14 as follows:

Figure 9 - End Fitting being lowered to the vault
floor remotely by the RTC

Figure 10 - End Fitting being pushed into flask
remotely by conveyor

Figure 11 - Retubing Control Centre
Figure 12 - Schematic of Irradiated Components

Management System (ICHS)
Figure 13 - Flask at ICHS with lift table in lower

position
Figure 14 - Dry Storage Module on transporter

3. Reactor Reassembly

Once the radioactive components had been removed and
the calandria tubes cleaned of any foreign material
the reassembly phase began. This phase involves
handling and installation of non-radioactive
components in a stable background radiation
environment of 5 to 10 mR/hour. Radiation work
expertise was not a major requirement. Trades skills
and extensive quality control for repetitive
installation procedures such as rolling-in the
pressure tubes into the end fittings is essential.
The work force to undertake the reassembly
(approximately 160 tradesmen) was obtained from the
construction organization. These workers, who were
not trained in radiation work were allr given
extensive training in radiation work practices and on
the specific reassembly activities on the full scale
mock-up before being allowed to work on the actual
reactors in the vaults. Radiation was independently
monitored by a radiation protection assistant.

The quality assurance aspects of the reassembly phase
require verification to Nuclear Construction
Standards. This capability was readily available from
the Design and Construction Branch of Ontario Hydro.

At the time of writing, (May 30, 1986), both units 1
and 2 are in the reassembly stage, with unit 1 about 3
months ahead of unit 2. About a quarter of the unit 1
reactor has been retubed. It is anticipated that the
first reactor will be completely retubed by late fall
and that the second unit will be completed in early
1987.
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Photographs of the tools and processes involved in
the retubing of the reactors are shown in Figures 15
to 21 as follows:

Figure 15 - Plastic sleeve inserted in calandria tube
prior to installing new pressure tube

Figure 16 - Tool at East end to pull pressure tube
Figure 17 - Hydraulic tube bender to align tube and

end fitting
Figure 18 - Pressure tube expander used to roll

pressure tube into end fitting
Figure 19 - Eddy Current Head used to verify position

of garter springs
Figure 20 - New West End Fitting aligned for insertion

into lattice site
Figure 21 - New West End Fitting being installed

over pressure tube

4. Recommissioninq and Return to Operation

Once the reactors have been rebuilt, all the remaining
plant systems have to be taken out of the lay-up
state. Any replaced components have to be tested to
code criteria, and all systems have to be tested and
recommissioned to a program similar to a new plant
start-up. It is expected that the recommissioning
process will take about four months to return the units
to full power operation.

SUMMARY AND CONCLUSIONS

The removal and replacement of the most inner pressure
components in a power reactor is a very significant
accomplishment. The replacement of the pressure tubes in a
CANDU reactor, which are this concepts pressure vessel,
demonstrates the versatility of the CANDU concept and
augers well for the long term viability of nuclear power
via the CANDU system.

The economics and radiation safety control demonstrated in
retubing the Pickering reactors show the practicality of
retubing CANDU reactors and the ability of extending the
life of these units. It is expected that the retubing
undertaken on the Pickering reactors will extend their life
to 30 more years and beyond.
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The success of this retubing project and of overcoming the
many problems involved is largely due to the successful
integration of the research, design, construction and
operating staff of Ontario Hydro with the support of skilled
staff of AECL and the private engineering sector of the
Canadian nuclear industry.

The schedule of activities from the start of retubing to
return to service of the Pickering reactors is shown in
Figure 22. While we feel this has been a very successful
undertaking, particularly in view of the fact that many new
and innovative facilities and tools and procedure had to be
developed, it is felt that the time could be substantially
reduced when the next unit is to be retubed.
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FIGURE 2
ORIGINAL RETUBING CONCEPT
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FIGURE 5
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FIGURE9
END FITTING BEING LOWERED TO \/AULT FLOOR

REMOTELY BY RTC

220



FIGURE 10
END FITTING BEING PUSHED INTO FLASK REMOTELY BY CONVEYOR

FIGURE 11
RETUBING CONTROL CENTRE
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FIGURE 13
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FIGURE 14
DRY STORAGE MODULE ON TRANSPORTER

FIGURE 15
PLASTIC SLEEVE INSERTED IN CALANDRIA TUBE

PRIOR TO INSTALLING NEW PRESSURE TUBE
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FIGURE 16
TOOL AT EAST END TO PULL PRESSURE TUBE

FIGURE 17
HYDRAULIC TUBE BENDER TO ALIGN TUBE AND END FITTING



FIGURE 18
PRESSURE TUBE EXPANDER USED TO ROLL PRESSURE TUBE INTO END FITTING

FIGURE 19
EDDY CURRENT HEAD USED TO VERIFY POSITION OF GARTER SPRINGS
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FIGURE 20
NEW WEST END FITTING ALIGNED FOR INSERTION INTO LATTICE SITE

FIGURE 21
NEW WEST ENO FITTING BEING INSTALLED OVER PRESSURE TU8E
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PAST AND FUTURE OF BILATERAL COOPERATION
BETWEEN KOREA AND CANADA IN NUCLEAR INDUSTRY

Kim, Sun-Chang
Executive Vice Chairman

Korea Atomic Industrial Forum, Inc.

It is most gratifying that the Korea Atomic Industrial Forum and the
Canadian Nuclear Association signed the Memorandum of Technological
Cooperative Agreement yesterday. This has opened a new chapter for
nuclear cooperation between the two countries.

Canada's association with Korea goes back a long way. From the end of
the last century, Canadian men and women of vision claimed their destiny
as missionaries, teachers, and medical practitioners ministering to the
needs of Koreans.

When aggression from the north threatened Korea's independence in the
early 1950's, Canadian servicemen steadfastly stood at the side of
Koreans and other members of the United Nations Command in defending this
country's sovereignty. These activities have established a firm
foundation for a meaningful relationship out of which a broader and
deeper sense of a community of interests between our two countries has
continued to develop.

In 1963, the two countries established a formal diplomatic relationship
and the friendship was further enhanced through the visit of Prime
Minister Trudeau to Korea and the visit of President Chun to Canada in
1982.

Korea is one of the fastest growing newly industrialized countries and is
now Canada's second largest trading partner in the Asia-Pacific region,
with two way trade reaching $1.9 billion in 1984. Korea is Canada's
eighth largest export market in the world.

For the five year period 1980-1984, two way trade increased by over 100
percent to nearly $2 billion; in 1984, Canadian exports reached
C$712 million, a 28 percent increase. The Republic of Korea continues to
dominate the bilateral trade relationship with export of C$1.1 billion, a
45 percent increase.

During the Eighth Trade Ministers' Meeting in Seoul in February, 1985,
Korean and Canadian Ministers set an objective of $3 billion in two-way
trade between the two countries by 1988.

This objective is ambitious but attainable through joint efforts by
Korean and Canadian businessmen.

As one of the world's most advanced countries, Canada has been
contributing heavily to the field of nuclear technology. NBX, which is
the oldest "atomic pile" in the world, will reach soon 40th anniversary
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in its operation. The reactor has been instrumental in the development
of CANDU reactors. Up to now, the total number of CANDUs in and out of
Canada has reached as many as thirty, including those which are currently
under construction. These CANDU reactors have played important roles,
especially in many developing countries.

The construction of the AECL-supplied CANDU unit with the rating of
678.7 MWe in Korea started in 1976 and went into commercial operation in
1983. It has reached the stage of stable power production, yielding the
capacity factor of 94.4% in 1985 and thus contributing heavily to nuclear
power production in Korea. The superiority and economy of CANDU plants
have been well proved. Of course, CANDUs built in Canada have gained a
good reputation from their demonstrated high capacity factors. However,
Wolsung unit is the only CANDU outside of Canada which has ranked as high
as the fifth in the world in its performance. I would like to take this
opportunity to thank our Canadian friends for helping us to achieve the
excellence in plant operation through effective technological
assistance.

As you may already know, Korea lacks natural resources and yet is trying
to attain quick industrialization with good prospects of achieving this
goal. In order to secure the energy sources for the twenty-first century
to support this rapid industrialization and to supply the needed electric
power, the consideration of economic factors is important. In any case,
however, nuclear power must be continuously developed in order to secure
strategically safe, as well as diversified energy sources. In this
connection, technology transfer via technical cooperation with advanced
nuclear powers in the past has been effective and we are placing a great
expectation on technical cooperation in the area of construction of
nuclear power plants, nuclear fuel cycles, waste management, power plant
maintenance and general technology improvements, etc.

The Korean government has signed cooperative agreements with many
countries such as U.S.A., Canada, France, Belgium, Japan, Australia, and
West Germany. We also signed the Non-Proliferation Treaty with
International Atomic Energy Agency in April, 1975. The agreements with
Canada, in particular, became effective as of January 1976. This opened
the way to the subsequent contracts between Korea Electric Power
Corporation, che national utility of Korea and Atomic Energy of Canada,
Ltd., as well as other Canadian suppliers, for Wolsung CANDU plant
construction and accompanying fuel supply.

The latest cooperative development has been the establishment of the
Korea-Canada Joint Coordinating Committee between the Korean Ministry of
Science Technology and on the Canadian side, the Department of External
Affairs, together with the Atomic Energy Control Board and other Canadian
nuclear agencies. The first formal meeting of this committee was on
April 23, 1983. This committee has since met once a year, alternating
visits. Three such meetings have been held to this date, yielding the
following results.

(1) Exchange of annual reports on nuclear material inventories by Canada
and Korea. This memorandum was signed in September, 1982.
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(2) Successful implementation of nuclear fuel verification.

(3) Training of regulatory personnel and sending of AECB experts to
KAERI.

(4) Technological cooperation between KAERI and AECL, etc.

Considerable progress has been made in the above areas of cooperation.

Korea Electric Power Corporation (KEPCO) and Korea Advanced Energy
Research Institute (KAERI) which is responsible for the development of
energy technology, are involved. They, together with their Canadian
counterparts, have maintained close cooperation in a wide range of areas
from the introduction of a CANDU unit to Korea, to training of nuclear
manpower, etc. KEPCO, as was described above, has maintained cooperative
efforts by introducing a CANDU unit, importing uranium fuels as well as
bituminous coals from Canada and sending nuclear personnel to Canada for
training. (See Table 1.)

KAERI, on the other hand, signed a technical cooperation agreement with
AECL in June 1982 and has been carrying out joint research, exchange of
technical information and training of personnel in connection with the
CANDU technology. (Table 2 shows these activities in detail.)

Meanwhile, Korean-Canadian Joint Coordinating Committee which had the
first meeting of the Ministry of Science Technology, ROK and Canadian
AECB on April 23, 1983 in Seoul, has supported cooperative projects
between the regulatory agencies of the two countries. (See Tables 3
and 4.)

Let me speculate next about the future prospects for nuclear cooperation
between the two countries. The importation of Canadian uranium oxide is
expected to continue for a considerable time into 1990s. Though somewhat
interrelated with coal imports from Canada, uranium imports may be
extended into the '90s. We have high expectations for the joint
exploration of uranium ore bodies in Canada. Accordingly, the Ciger Lake
Project which is to be developed through a joint venture by both
countries may start soon, provided that we reach an agreement on the
terms and conditions.

We also hope that there will be an increased effort by both KAERI and
AECL in the areas of multipurpose research reactor and nuclear fuel
technology transfer, and expect that the scope of Korean-Canadian Joint
Coordinating Committee will be further expanded in the future.

As was previously observed, the only CANDU unit in Korea at Wolsung has
demonstrated an excellent capacity factor as well as economic
advantages.

We have also been successful in localizing fabrication of CANDU fuel,
with the support of Canada, enabling Korea to produce her own CANDU fuel
bundles. I feel that the CANDU reactor is ideal for developing countries
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since it does not require sensitive technologies such as fuel enrichment
or spent-fuel reprocessing, etc. which the world major powers do hesitate
to see proliferated in the rest of the world. Korea may need additional
CANDU units sometime in the future.

The development of the new CANDU-300 series which reflects the experience
of CANDU-600 series and which promises better economics as well as a
shorter construction time should also be attractive to developing
countries.

Now that we have signed the cooperative agreements between nuclear
industrial societies of two countries, I hope that the cooperation at a
civilian level in such areas as waste-disposal technology,
material-testing reactor construction and personal support for Turkey's
Akkuyu nuclear power plants will be further strengthened.

As a recent development, Canadian Prime Minister Brian Mulroney visited
Korea last month, at President Chun's invitation. At the Korea-Canada
Summit Meeting, which took place concurrently, it was agreed to set up
cooperation in trade and promote exchanges in the fields of science,
technology, culture, arts and sports. Also in view of the complementary
nature of the Korean and Canadian economies, Mr. Chun and Mr. Mulroney
agreed to continue their efforts to expand bilateral trade.

Canada has also expressed an ardent desire to sell another "CANDU
Reactor" to Korea.

Korea has already announced the plan to build the Nos. 11 and 12 nuclear
plants by 1995 and 1996.

We are sure that the nuclear cooperation between our two countries on
both Governmental and non-governmental levels will be expanded for mutual
benefit and that nuclear technology transfer for peaceful uses will
continue to flow without any restriction and hindrance for further
nuclear power development.
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Table 1

Current Status of K EPCO/Canada Cooperation

Agreement

KEPCO/Ontario Hydro
Agreement

Supply of Refined
Uranium Ore

Training of Nuclear
Personnel

Joint Exploration of
Uranium Mines

Year

1981.3

1979.11

Under Main
Agreement
(1981.3)

1988

1990

1983.1

Content

Related technology to
CANDU Operation

Supply of Uranium until
1990

50% of Uranium Demand in
Korea

Design and —
Construction
Personnel

Operation —
Personnel

CANDU Simulation
Training —

86
Per-
sons

(In Planning) 5 Persons

(In Planning) 5 Persons

Participation in the
Down Lake Project

Ciger Lake Project Being
Planned
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Table 2

Current Status of KAERI/AECL Cooperation

Agreement

KAERI-AECL Master
Technical Cooperation
Agreement

KAERI-AECL Subsidiary
Agreements

No. 1
Fuel Verification
Agreement

No. 2
PWR-CANDU Tandem Fuel
Cycle Agreement

No. 3
System Chemistry
Attachment Agreement

No. 4
Thermal Hydraulic
Research

No. 5
Joint KAERI/AECL Study
on Reactor Systems
Design

No. 6
Attachment of KAERI
personnel to AECL
site

Year

1982.6

1982.10

1983.1

19B3.

1983.11

1984.9

1985.1

Content

Joint research and exchange
of technical information on
CANDU-related technology and
personnel training

Irradiation tests of
KAERI-Produced Fuel Elements
in AECL test reactors
followed by inspection and
analysis. Technical
consultations associated
with the tests.

Joint study of Tandem Fuel
Cycle based on
non-separative processes for
using a mix of spent PWR
fuel in CANDU.

Training of KAERI personnel
at AECL in System Chemistry

Training of KAERI personnel
at AECL (40 man-years over 4
years)
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Table 2 (continued)

Current Status of KAER1/AECL Cooperation

Agreement

No. 7
Underwater handling and
manipulation of
Irradiated nuclear fuel

No. 8
Flow assist ram
extension joint
development

Year

1984.11

1985.4

Content
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Table 3

Current Status of Korea/Canada
Joint Coordinating Committee*

1st

2nd

3rd

Meeting

Meeting

Meeting

Meeting

1983

1984

1985

Year

. 4.

. 6.

. 5.

23

25-26

28-29

Place

Seoul, Korea

Ottawa, Canada

Seoul, Korea

* Korea: Ministry of Science and Technology

Canada: Department of External Affairs, Atomic Energy Control Board and
Canadian government nuclear agencies

235



Table 4

Recent Status of KAERI Personnel
Training in Canada

Year

1983

1984

1985

Total

1986 - 1988

Number

2

4

7

13

33 (Planned)

Remarks
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INNOVATION AND FUSION IN CANADA

Richard A. Bolton
Projet Tokamak de Varennes

Institut de recherche d'Hydro-Quebec
Varennes, Quebec

SUMMARY

Fusion energy research is moving forward at a steady pace, with
improved parameters being obtained on a regular basis, particu-
larly in tokamak type magnetic devices. New and larger experi-
ments are planned for the next decade, in the individual
national programs and in the international context. In the five
years since its inception, Canada's own program has progressed
to a significant and successful effort, albeit of modest size,
having an important role to play in technology development.

FUSION, THE WORLD SCENE

Fusion, the energy source of the sun (and the stars), represents
the greatest known energy reserve on earth, that is, the energy
potential of the deuterium present in all the water of the
globe. Finding a method of turning this energy reserve into a
useful controlled source has mobilized a very significant number
of scientists and engineers since the early 50's.

In principle, the way to achieve controlled fusion is simple.
One merely puts a 50/50 mixture of deuterium and tritium in a
"container", then turns the temperature knob clockwise until
approximately 100 million degrees Kelvin is obtained. At this
point the hydrogen isotopes convert into helium, and copious
amounts of neutrons stream out to heat a transfer medium which,
in turn, drives turbines and makes electricity.

As we all know, life is never that easyl Firstly, the "con-
tainer" cannot be material, because of the temperatures re-
quired, and therefore must be "made" of some more "ephemeral"
substance. The only qualifying substances that we know are
gravity or inertia, and magnetic fields. Gravity contains the
sun and inertia is projected for laser and particle beam induced
fusion. Magnetic fields are used in what are referred to as
magnetic confinement schemes such as the tokamak, the reversed
field pinch, the magnetic mirror, and other configurations
derived from them. A second difficulty is that the heating of
the hot gas, or plasma, to the required temperatures is techni-
cally difficult.

The quality of the container itself is characterized by its
ability to confine the plasma, being described by two important
parameters. One is the maximum density that the container can
hold; the second is the time for which this density can be held
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against the various leakage mechanisms which can occur in the
cases of magnetic fields and gravity. About 30 years ago, J.D.
Lawson showed that only the product of the density and the
confinement time was important for net power gain; this Lawson
product is used as the measure of confinement success.

The sun works because its enormous gravity field confines the
hot core for literally eons. Inertial confinement schemes,
lasers or particls beams, will require very high densities,
roughly 100 times solid densities, because the disassembly time
of a cubic millimeter of hydrogen at 100 million degrees Kelvin
is only of the order of about a microsecond.

On the other hand, the magnetic fusion schemes require confine-
ment times of the order of one second and corresponding densi-
ties of about 10^0 particles per cubic meter. One can think of
confinement success as the finding of a way of turning up the
density and temperature "knobs" while preventing the confinement
time "knob" from backing down too quickly or at all.

To illustrate all these requirements and to chart progress, a
plot of Lawson product (confinement) versus temperature is
commonly used. Such a plot appears in Figure 1 where the
confinement Lawson product appears as the abscissa and the
temperature (in electron-volts) is the ordinate. The Q = 1
curve represents energy break-even; a fully ignited reaction is
represented by the Q = infinity or burn curve. In Lawson's time
the best results were in the lower left corner, and, as can be
seen, present day Tokamaks have now achieved values exceeding
the thresholds of each of the parameters individually, but not
yet both simultaneously. There is also a contour outside the
regular Q = 1 locus, passing through the tips of the arrows,
where a modified break-even criterion, taking account of the
energetic ions in a neutral beam heated plasma, obtains. This
Two Component Torus (TCT) or "wet-wood burner" break-even is the
aim of the TFTR experiment, and is very close to being reached
at the present time.

The heating "knob" has seen some important success in recent
years. As one progresses to highar and higher temperatures, the
heating effect of the tok.amak plasma current is no longer able
to provide all the power input required to increase the temper-
ature further. As a result, there have been many experiments
where high power neutral beams and RF waves have been injected
to heat the plasma. The various methods tried have comparable
net efficiencies; the heating per particle is relatively
independent of the method used to inject the power. Neutral
beam heating has provided the greatest temperature increases
because of the larger powers available and delivered to the
experiment. Temperatures well in excess of the threshold,
10 keV or 100 million K, have been obtained.

Present plans of che US program call for deuterium-tritium
experimentation in TFTR during 1989. Fusion energies of 40 MJ
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per pulse are expected with approximately 1019 DT neutrons being
produced per pulse. These experiments will require the instal-
lation of the shielding IGLOO as well as the hardening of some
diagnostics and the addition of some remote maintenance equip-
ment.

The JET experiment in Europe and the JT-60 tokamak in Japan have
achievements and plans which are similar and complementary to
those of TFTR, though not shown in the figure.

A critical issue in the eventual economic performance of a
magnetic fusion reactor is the effective use of the magnetic
field, which is a major cost item. The accepted measure of this
is the ratio of the plasma pressure to the equivalent pressure
of the magnetic field. The present record for this parameter is
slightly over 5%, achieved in the PBX experiment at Princeton.
At least two new experiments, PBX-M (Princeton) and D III-D
(General Atomic) should be capable of attaining values of in the
10% range, a considerable improvement over the expectations of a
few years ago.

The next projected experiment in the US Fusion Program is the
Compact Ignition Torus (CIT), whose mission will be to "Realize,
Study and Optimize Fully Ignited Plasma Discharges", that is
within the Q * infinity contour. This is to be an experiment of
modest physical size, whose cost will be in the region of 300
M$, and which will be installed at the Princeton Plasma Physics
Laboratory, immediately adjacent to the TFTR. The toroidal
magnetic of this device is over 10 tesla (100 kG), imposing a
large and strong support structure. The construction of CIT is
planned for early 1990 when the TFTR DT experiments are expected
to finish. At this time TFTR will be mothballed because of the
neutron induced activity. CIT will provide an important step
towards an the next stage, an engineering test reactor.

There was a possibility that a CIT type experiment called
IGNITOR could have been built on the Gentilly-1 reactor site in
collaboration with a major international fusion program. The
use of the reactor building and other available nuclear infra-
structure would have reduced the costs of construction. The US
were the most likely to be interested by this site; however,
from their perspective, the opportunity costs associated with
the Princeton Laboratory scientific and technical infrastructure
were much greater than the cost of a new reactor building for
this experiment.

The engineering test reactor project is still in an embryonic
stage. It is projected for the completion near the end of the
next decade. At the present time, Europe (NET), Japan, and the
United States (ETR) have their own plans for such a device, but
there is a reasonable possibility that such a very large project
will be undertaken in an international context (INTOR) in order
to share its large cost, expected to be in the 3 billion dollar
range. The difficult international negotiations required will
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tend to lengthen the lead time, which is already fairly long as
a result of the complex job of project definition, design and
construction.

CANADA'S PROGRAM

The Fusion Canada Study of 1974 and further discussions high-
lighted three areas of Fusion Research where Canada could
probably make valid contributions and therefore obtain access to
a large fraction of the world technology. These areas were.
Toroidal Magnetic Confinement, Tritium Fuel, and Gas Lasers.
The first two have resulted in branches of the National Fusion
Program, but the laser fusion activities are still unconsoli-
dated and are undertaken in about 4 separate centers.

After much internal discussion in the period 1975 to 1977, NRC
was named the Lead Agency for Federal fusion funding in Canada,
the understanding being that, when the activity shifted from
research to reactor design, AECL would take over the program.

In the aftermath of the change of Federal Government in Septem-
ber 1984, the responsibility for the Federal fusion program was
shifted to AECL, the transition to be complete in April 1987,
not, I may add, because the research phase is now complete, but
rather for reasons of rationalization. I am sure that the very
good relationship that we established with NRC over the last 8
years will carry over to AECL; the whole process of transition
has nevertheless caused some delays in the finalizing of new
agreements since the details of the transfer are only now being
completely known.

Over the years, both arms of the Program, Tokamak de Varennes
National Facility and Canadian Fusion Fuels Technology Project
have been very active on the international scene. Agency to
Agency agreements were concluded by NRC with the Euratom (EEC)
and JAERI (Japan). An agreement with the US has not yet
progressed beyond the negotiation stage, but this has not
hindered actual collaboration by scientists and engineers in
many areas.

The Canadian Fusion Fuels Technology Program (CFFTP) is led by
Ontario Hydro and has very strong roots in the technology
developed by AECL and Ontario Hydro, in the CANDU reactor
program. CFFTP operates at about a level of 4 M$ per year and
has been successful in promoting significant Canadian activity
in the Tritium and Remote Handling Technology fields, both in
Canada and internationally through collaboration with TFTR, JET,
Textor and others.

The Tokamak de Varennes National Facility is presently nearing
completion. The organizations which have collaborated in this
project are Hydro-Quebec and NRC as major funding partners, with
IREQ, INRS Energie, Universite de Montreal, MPB Technologies
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Inc. and Canatom Inc. carrying out the work. Most of the
technical infrastructure is complete and final machine assembly
in underway. This tokamak has been designed to study the
extension of tokamak operation to longer pulses and higher duty
factors. The design fields can be sustained for 30 seconds
through special provision for cooling and for resisting ther-
mally induced stresses. When in operation, expected near the
end of 1986, present plans envisage an operating Center compris-
ing approximately 100 persons with an annual budget of the order
of 14 M$.

INNOVATION AND PROCUREMENT

The experience gained in the procurement phase of the Tokamak de
Varennes facility brings me to be the conference theme of
innovation to which some of our own experience is pertinent.

The budget foe constructing this facility is 46 M$ including
23 M$ of equipment, and a like amount for scientific, technical
and engineering manpower. The 23 M$ capital is divided amongst
subsystems as shown in Figure 2. Note that the tokamak itsslf
represents about 1/3 of the capital cost; the rest includes the
experimental power supplies, the civil and mechanical infra-
structure, the control system, and the scientific diagnostics.

To build this facility, approximately 1200 orders were placed,
whose statistics and aggregate value are shown in Table 1. Most
of the small and medium sized items were off-the-shelf products.
Almost all the larger items, however, contained some special

Table 1
Procurement packages of the Tokamak de Varennes Project

Contract Value Number Aggregate Value

1 000 000 ? and above

100 000 $ to 1 000 000 $

10 000 ? to 100 000 $

1 000 $ to 10 000 $

0 ? to 1 000 $

4

26

194

467

471

9.71 M$

6.10 M?

5.35 M$

1.71 M?

0.17 M$

Totals 1,162 23.04 M$
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technology or new applications of eKisting techniques, often
making significant demands on our suppliers. A very high
percentage of our orders were placed with Canadian suppliers.

The results of fabrication contracts were mixed. Many firms did
first class work and at reasonable prices; they worked hard to
overcome difficulties and came back for more work. Particularly
notable in this respect were some of the small and medium sized
firms. We had some important cases where the performance of the
suppliers was very disappointing. Firms who should have per-
formed well exhibiting poor planning, unnecessary delays and
fabrication errors. In some instances, no acceptable bids were
received, often because of a difficult or uncommon mix of tech-
nologies with which potential suppliers were clearly uncom-
fortable.

The improvement of Canadian technology is one important objec-
tive of our program. A very disquieting fact is that many
Canadian firms appear do very little or no R & D. For them the
only way to gain new technology, and ultimately to survive, must
be to take on new, and probably difficult, jobs of an innovative
nature, thus gaining access to some new technology and to a
framework for transferring it. This requires a positive
approach to such jobs rather than the lack-lustre engineering
and planning that we sometimes observed.

To be fair to the suppliers, up to the present time, the public
tendering practices of large Public Utilities have been intended
to obtain relatively standard products at the best price, while
paying appropriate attention to the equitable treatment of
suppliers. Ultimate transfer of technology is not really a
major issue, and is therefore neither favored nor evaluated
carefully. After the fact, what any supplier chooses to do, or
not to do, with any knowledge gained is largely his own busi-
ness, since we usually deal with procurement to specification
and not joint development. I am sure, however, that in the
majority of cases, our suppliers will have benefitted techni-
cally from our work and will be applying the technology they
have acquired to the betterment of their products or services.

The Canadian fusion research program, through the procurement of
the Tokamak de Varennes facility components and the activities
of CFFTP has had a significant beneficial effect on the techni-
cal ability of several sectors of the economy. The next few
years should produce an acceleration of this trend, and, to
maximize the impact, should be accompanied by further optimiza-
tion of the mechanises for technology stimulation and transfer.
We do have most of the elements required for significant
technological success, but the collaboration of both the public
and private sectors is required to improve our use of these
elements as well as our approach to innovation, so as to ensure
the greatest positive impact of our activities.
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Figure 1
Historical progress in fusion parameters (Figure courtesy of

Princeton Plasma Physics Laboratory).
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Figure 2
Capital cost of the Tokamak de Vareanes Facility.
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EARLY INNOVATION - NRX AND NRU

J.H. COLLINS

Atomic Energy of Canada Limited (retired)

This is a subject that has such an abundance of examples that any
attempt to be selective for a short report must be somewhat
arbitrary. Innovation has been an integral part of the entire
histories of both reactors, their systems and the programs
conducted in them. I have chosen to emphasize the period of the
first decade of NRX operation because it was such a time of
discovery. What might be considered obvious today was unknown
then. It was at the end of this period that NRU's operation
began.

This is not a technical paper nor is it intended to be. Rather,
it is my version of an oral history of the time recorded from my
memory of events or from information told to me by others. The
basic facts have been verified through reference to Dr. D.A. Keys'
excellent reports and the other progress reports of the time.
Some of my old colleagues might have chosen different examples.
I do believe that what is included is a reasonable cross-section
of examples of early innovation.

To help orient those who are not familiar with NRX and NRU and
perhaps jog the memories of others, appended are a cutaway view
and simple cross-section of each reactor as well as a schematic
view of the uranium metal fuel rod originally used in NRX.

With the startup of NRX in 1947 Canada became a major player on
the world's nuclear stage. Much work had been done before this
date. There was early research by Canadian scientists such as
Dr. G.C. Laurence at NRC. As part of the war effort, through the
collaborative efforts with our allies led by the U.K. and the U.S.
the program to build NRX evolved. At the time the primary purpose
ot the reactor was to produce Plutonium-239 and Uranium-233. ZEEP
was the first reactor to operate outside the U.S. as a step in the
development of NRX*

The Canadian nuclear industry owes much to those who contributed
to the design and building of NRX. They did an outstanding job.
A reactor that was built with war in mind was so astonishingly
flexible that it became one of the world's renowned contributors
to the peaceful uses of nuclear energy.
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It is appropriate that the timing for the theme of this conference
coincides with the plaquing of NRX by the American Nuclear
Society. Innovation has always been a way of life at Chalk River
and URX was a major part of it. Innovation was not confined to
the plant site, by the way. In these times of dispute between
doctors and government, it is interesting to note that in April
1947 a Dr. Routely and Professor Graham addressed a public meeting
in Deep River on the subject of medical and hospital group
insurance for the inhabitants - very novel in 1947.

One definition of the word innovation is "the making of change in
something established" or "a novelty". In that sense innovation
was easy in WRX because in the early years very little was really
established. Nature was the guide. There was a reactor, in those
days called a pile. This reactor was not only unique but a great
credit in scientific and engineering achievement to all of those
involved with its design and construction. In 1986 it is
astounding to look back forty years and see what was accomplished
in a few short years with such outstanding success. With all of
our advanced knowledge of today, and perhaps because of it, it
would be impossible to duplicate that achievement today.

The basic concept of NRX provided characteristics and flexibility
that were a great legacy to those that followed. This was fertile
yround for innovation. For almost four decades NRX has given
yeoman service to R & D for the nuclear industry and isotope
production for the benefits of mankind. The grand old lady of
LRNL truly deserves the recognition it has received from the
American Nuclear Society.

At 0G13 hours July 22, 1947 NRX became critical for the first
time. By September the power level was 250 kilowatts. In March
1948 power was 2 MW. To put that in context at about the same
time ice was being cut and stored from the Ottawa River for the
supply oi; the ice boxes ot residents of Deep River for the summer
of 1948 at a cost of two dollars per ton. By May 24, 1948
operation at 12 MW was achieved. This provided a flux density
five times yreater than any other pile in existence at the time.
This characteristic of NRX was one that was ripe for exploitation.
Since fiux level was proportional to power level, ways of
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achieving higher power were soon under investigation. In
September 1948 the reactor operated for four days at 20 MW but
continued operation at this level was not possible because there
was an imposed limit of 43°C on the temperature of the heavy water
(code named polymer). With the river water temperature of 1Q°C
(about as warm as the Ottawa gets) this limit was exceeded. More
heat exchange was necessary. It was also recognized that the use
of four control rods was also limiting. It was now known that
only one control rod in conjunction with the travelling weir box
for heavy water level control was needed for power regulation.
Thus three control rods were removed. As an interim step the
river water cooling for the heavy water heat exchanger was changed
from the "40 lb" process system to the "80 lb" service system
enabling operation at power levels as high as 27.5 MW when the
river water temperature was cool enough. To achieve year round
operation at 30 MW an additional heat exchanger, two heavy water
circulating pumps and a cooling water pump were added. During the
restoration of the reactor in 1953 an additional lower shield was
added - the famous stainless steel sandwich - which enabled the
reactor to operate at 40 MW. Increased power meant increased
neutron flux and increased value of the reactor.

Eariy on the U.S.A.E.C. recognized the value of NRX. In the fall
of 1948 a special irradiation of Uranium Oxide in conjunction with
neptunium separation studies was done for Argonne. The shipments
were made using a special U.S. Army aircraft. The irradiation was
done in NRX because there was no reactor elsewhere with sufficient
capability to do the investigation. This was the first formal
cooperative experiment where Canada supplied the reactor
facilities in exchange for the results of the experiment - some-
thing that Dr. Lewis was always very keen on. It was the first of
many experiments by the U.S., and also the U.K., to take advantage
of the superior characteristics of NRX and later NRU. A book
could be written on the innovation associated with Admiral
Rickover's program at Chalk River. It started with fuel irradia-
tions in NRX in 1950, followed by the "Cold Loop" in the central
thimble of NRX in early 1951, the "Hot Loop" in the same location,
the installation of the first three "X Loops" in 1954, followed by
the additional larger X-5 loop in 1955 and the J-16 Loop in NRU.
The overall program in NRX continued over 30 years and was term-
inated in 1981. There have of course been other important loop
programs for both the U.S. and the U.K. as well as others. The
organic cooled loops in both NRX and NRU were the test beds for
the WR-1 reactor at WNRE. For the past eight years a very
sophisticated program has been conducted in one of the NRU loops
for the U.S.N.R.C.'s loss-of-coolant accident studies. Why NRU?
For many ot the same reasons that the original interest was
generated in these two very unique reactors - the winning
combination of high flux and large volume.
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Innovation was always predominant in these programs. An
in-reactor loop was indeed a novelty in 1950. Reactor equipment
had to be rearranged to provide shielded areas for the radioactive
parts of the loop. The first platform for out-reactor auxiliary
equipment was a wooden timbered structure on the side of the
reactor - typical barn construction - quick/ inexpensive and
effective. As the program grew, more sophisticated changes
occurred. When the X-5 loop was being planned in 1954 the
reactor's large helium gasholder, that through experience was
found not to need heavy shielding, was removed from its shielded
room to provide space for the loop. During the period of early
loop activity in NRX, NRU was being designed and built.
Provisions were therefore incorporated into this reactor to
accommodate loops in the core and four large shielded rooms with
shielded access trenches to the reactor were added to the design.

One cannot talk of the early days of NRX operation without
mentioning some of the chemistry problems and their solutions. To
briefly outline them, shortly after the startup it became apparent
that there was a problem in removing nitrogen from the helium
cover gas. There was also a drastic lowering of the pH of the
heavy water, at first thought to be associated with the nitrogen.
The ph problem necessitated a shutdown of the reactor to
re-distill the heavy water. The source of the problem proved to
be the chloride ion produced by the platinized silica gel in the
recombination unit. A new palladium catalyst developed by
Professor Taylor of Princeton was introduced to solve the problem.
The nitrogen problem was resolved by installing a new carbon
sorber designed on the plant with the assistance of Professor
Phillips of McGill. To further control the chemistry of the heavy
water as the power levels increased, an ion exchange system was
designed and installed. This necessitated the development of the
drying and deuterization of ion exchange resins - originally
cation and anion beds and later mixed beds.

There were many other interesting chemistry problems in both NRX
and NKU. Solutions were always successfully developed. Sometimes
the most effective solutions were found on the local grocery
shelf. This was the case when a washing detergent was used to
clean the shell side of the NRU heat exchangers of a particularly
persistent algae.

The development of the radioactive isotope business through NRX is
to me another outstanding story of innovation. As early as April
1947 existing laboratory space was being cleared and new
construction was being planned for the Isotope Production Branch
for production and separation. Plans were being formulated for
distributing isotopes to universities and others. By September
1947, 75 samples were irradiated in the central thimble for R & D
and isotope production, toillicurie quantities of P-32, 1-131 and
S-35 had been extracted and two approved external requests were
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in the process of being supplied. The first isotope shipment was
made to the University of Saskatchewan on October 31, 1947. The
isotope was Cerium-144. By 1949, routine shipments of separated
isotopes such as Iodine-131 were being made to pharmaceutical
companies for medical treatments.

Originally the only facilities provided for target irradiations
were the vertical central thimble in the centre of the core and
the horizontal self-serve positions in the shield on one side of
the reactor. These were used extensively for R & D and isotope
production. When it was found that three of the four control rods
were not required this freed these positions for high flux in core
irradiations.

The self-serve units were limited in available flux but had the
advantage of being able to be loaded and unloaded without
affecting reactor operation. It was soon recognized that even
with this capability, delays in transferring samples in this way
for research purposes were too long particularly when an isotope
with a very short half-life was involved. It was then that a
pneumatic facility was designed and installed to permit the
transfer of an approved small target directly from the chemistry
laboratory to a rod in the reactor core and return it to the
laboratory without affecting reactor operation. This system was
called the RABBIT.

In core irradiation of targets for isotope production were
originally done in what now would be considered a very primitive
manner. Encapsulated targets were placed in an aluminum tube -
actually a fuel rod outer sheath. Cross wires were used to
maintain the targets at the elevations for the desired flux. The
assembly was air cooled but otherwise was treated as a normal fuel
rod for installation and removed using the fuel rod flask. The
sample rod was transferred to the rod bays for recovery of the
irradiated targets. Because the simple crimped cap for the
original"self serve capsules did not ensure a water tight seal, a
new capsule was developed using a cold weld technique to seal the
cap. This provided the water tight seal and with a proper
facility in the laboratory the capsule was relatively easy to
open. Of course the capsule assembly and target had to have
sufficient mass to avoid floating irradiated capsules.

Some targets did not suit standard methods of encapsulation but
were still irradiated in these rods. A simple but novel method
was used to irradiate Dr. H.E. Johns' first cobalt "fifty cent
pieces" in one of these rods.
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In this case two aluminum plates about 30 cm long and just wide
enough to fit in the flow tube were fitted with countersunk holes
to hold the individual cobalt targets vertically in two rows.
These were offset as much as possible to minimize self shielding.
The plates were wrapped in a thick super pure aluminum sheet to
hold the assembly together but in such a manner that it could be
easily opened in the underwater bays when the irradiation was
complete. The target was held at the position of maximum flux by
resting on the cross wires at the proper elevation in the sample
rod. This seems crude by comparison to the irradiation of plated
cobalt pellets today.

The natural evolution of the method of handling encapsulated
targets was the tray rod. This was an open sided assembly with
clips to hold capsules at various elevations in the rod. The air
cooled assembly that had one water cooled capsule position could
be withdrawn from the reactor core into the fuel rod flask during
a very short reactor shutdown. The fuel rod flask was modified to
include a transfer station on the side of the flask where samples
could be remotely installed or removed to a shielded container for
shipment to the laboratories.

I mentioned Dr. John's cobalt irradiation but irradiation of
targets for Cobalt-60 production had been going on prior to that
time as the possibilities of this isotope being a substitute for
Radium for industrial radiography was recognized. In an attempt
to interest industry, specially encapsulated sources of about 1
curie were offered free of charge if the company would provide an
approved shielded contained that would be both the operating and
storage vehicle. In the fall of 1949, sources were loaded into
containers provided by Dominion Bridge Company and Toronto Iron
Vvorks and the loaded containers were returned to these companies.
In the meantime arrangements were being made with Eldorado to
distribute Cobalt-60 for radiography as a substitute for Radium.
This was the beginning of Commercial Products (now AECL
Radiochem'ical Company) that eventually took over the operations of
the CRNL Isotope Production Branch for the separation, sale and
distribution of radioactive isotopes produced in NRX and NRU.
When NRU became operational another novel idea for producing high
specific activity Cobalt-60 for beam therapy use was introduced.
By using cobalt as the absorber for those control rods that were
normally in the core during operation to provide poison override
on a trip an efficient production method was introduced.
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The J-rod annulus which vertically surrounds the calandria or
reactor vessel in NRX was originally provided for the irradiation
of j-rods, the code name for Thorium Oxide rods for Uranium 233
production. The value of this annulus for the irradiation of bulk
quantities of Potassium Nitrate and Lithium Fluoride for the
production of Carbon 14 and Tritium was soon recognized. As early
as January 1948, four rods for Carbon 14 production were installed
and by May nine rods for Tritium production.

Innovation has always been synonymous with the general subject of
reactor repairs. The major and perhaps most important example was
the 1952 incident in NRX. We were blessed with a strong,
perceptive, management that enabled us to forge ahead, with the
help of others, and to get what was to many an impossible job done
safely in an astonishingly short period of time. Instead of
closing the doors and walking away the challenge was met and
conquered. I doubt if we would be meeting here today if that
courageous decision had not been made. In a short 14 months the
innovative process worked overtime in so many ways. With a new
calandria, new thermal shield, the additional stainless steel
"sandwich" mentioned earlier, improved control and safety systems
and a new operating philosophy, the NRX that started up in March
1954 was a far better and more powerful reactor than the original.
This was the forerunner of many other changes and improvements in
the reactor during its long and useful life. It also provided the
background for innovative thinking both in the original NRU design
and its future operation. I've always felt the motto that was
generated from this experience was that no challenge is ever too
great if you approach it safely and intelligently.

Before the event of December 12, 1952, there had been a reactor
repair that demonstrated the outstanding capabilities of
researchers, designers, maintainers and operators. This of course
has always been the hallmark of CRNL. It has always been a
technical centre of excellence where inter-disciplinary
cooperation between some of the world's best scientific and
engineering experts has been a way of life. On October 19, 1949 on
attempting to remove an X-rod, the code name for the natural
uranium metal fuel rods, it was found that the rod was tightly
seized in the calandria tube. The rod was being removed because
instrumentation had indicated an abnormal pressure drop. Further
investigation indicated that three other rods were seized to their
calandria tubes and three others although free in their calandria
tubes would not go through the designed smaller diameter in the
lowest upper thermal shield. It had previously been noted that
the uranium metal shortened and fattened with continual
irradiation but rod removals had not presented any difficulty for
rods that had received significantly greater irradiation than
these.
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How do you remove these rods without damaging the calandria tube
which is the barrier to the heavy water moderator and without
penetrating the aluminum sheath of the uranium? First, an
analysis of the magnitude of the problem. The X-rod assembly was
about 9.4 m long with the mid 3 m containing the uranium. The
solid uranium metal fuel was contained in an aluminum sheath about
3.5 cm in diameter that had 3 fins to center it in the 4.3 cm
diameter aluminum flow tube. The aluminum sheath was designed as a
tight fit to the uranium metal. As the uranium shortened it
pulled the aluminum down forming a wrinkle which expanded so that
the aluminum flow tube gripped the calandria tube. The normal air
gap between calandria tube and flow tube was less than 2.5 mm.
The decision was made to saw through the wrinkle. A tubular saw
was designed and built to close tolerances. It had to slide down
through the 2.5 mm annulus. Before this could be used the upper
stainless steel shielding portion of the fuel rod assembly had to
be removed because it was greater in diameter than the fuel
section. Using extensive mock up tests that were an exact physical
duplication of the situation, including the wrinkles, a method was
developed to dis]oint the upper portion of the rod assembly and
remove the wrinkles. This was one of the earliest incidents that
established the overall procedural pattern that has been diligently
and successfully followed up to the present. You establish a team
and restrict the time they spend on the job - in this case no more
than 70 hours per week - in spite of their enthusiasm. You do
extensive and precise mock up testing of all operations. The
wrinkles which were 4.6 m below the working level were removed from
all of the rods identified without damaging in any way the
calandria tubes or cutting through the aluminum sheath of the
uranium. The operation was completed within two weeks and included
an inspection of the calandria tubes involved using an optical
device designed on the plant for the occasion. On November 14, 26
days after the problem was discovered, the reactor resumed
operation. Changes were made to the rod design to avoid this
problem in the future.

This was an outstanding achievement but although many contributed
to the success it pointed out the importance to the operation of
what we used to call "the gadgetteer" . Stan Whittaker was one of
the first of a very select group of gadgetteers who helped to
solve important problems and formed the base of expertise that has
been used so successfully in the CANDU reactors. It was the first
of a number of what we called reactor repairs that were carried
out in NRX and, to name but a few, included the remote plugging of
leaking calandria tubes, the replacement of calandria tubes, the
replacement of the calandria. Similarly NRU has had many equally
successful unusual operations right up to the recent past when
such outstanding jobs were done in the recovery of a broken
experimental assembly and the replacement of a horizontal
experimental reactor through tube.
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The evolution of the control and safety systems of NRX help to
establish the pattern and philosophies for the whole Canadian
program, first through NRU and then into the power reactor
program. The great advantage of automatic control of the reactor
at power was recognized early. In July of 1948 the first
automatic control apparatus was installed and working. Thus
Canada through NRX was unique in the research reactor world of the
day and for many years thereafter. Following 1952, the first
step towards a coincidence trip system was introduced along with
other changes in the control and safety systems which resulted in
the more sophisticated system for NRU. This was a ma^or milestone
in the Canadian philosophy for reactor operation. Later the
control system of NRX was modified to heavy water level control as
a test for the NPD system.

The evolution of the fuelling ot NRX and NRU although very much a
part of this story is very well documented and will not be
discussed in detail here. In the change from the original uranium
metal rods in NRX, to solid and annular uranium oxide rods and
clusters of enriched uranium-aluminum alloy pencils, contributions
were made to future programs. Ara Mooradian's introduction of
nickel plating of natural uranium metal flats really made early
successful operation of NRU possible. When the core was converted
to the enriched uranium-aluminum alloy pencils developed in NRX
both reactors were able to run at much lower powers with the same
flux level. Because so much less fuel was required large numbers
oi reactor positions were freed for experimental and isotope
production usage. Thus due to the great flexibility inherent in
the reactor designs and the innovative nature of all those
associated with them, the reactors continued to increase in
capability and value to the program.

As I said initially, I have only been able to skim the surface of
this subject. I have concentrated on what I felt were some of the
lesser known aspects and primarily on NRX. So much could also be
said about NRU. Experiences in NRX were reflected in improvements
in NRU. New and unique experiences in NRU required further
inventive thinking. The first on power refuelling of the reactor
shortly after the startup in November, 1957 was unique and led the
way for the concept in the CANDU systems. NRU has been and
continues to be one of Canada's outstanding centres of innovation.
NRX has shared this position. Technically it could still do so
but its end has come as the "grande dame" of Canada's nuclear
development for financial reasons.

i can't leave this subject without paying tribute to and
acknowledging the contributions of Gib James. He led and guided
us through those early years of innovation in NRX and NKU when he
was directly responsible for and in charge of the operation of
each reactor.
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ADVANCES IN URANIUM ENRICHMENT PROCESSES
A CHALLENGE TO INNOVATION

H.K. Rae, J.G. Melvin and J.B. Slater
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Chalk River Nuclear Laboratories
Chalk River, Ontario, KOJ 1J0

ABSTRACT

Advances in gas centrifuges and development of the atomic vapour
laser isotope separation process promise substantial reductions
in the cost of enriched uranium. The resulting reduction in
LWR fuel costs could seriously erode the economic advantage of
CANDU, and in combination with LWR design improvements, shortened
construction times and increased operational reliability could
allow the LWR to overtake CANDU. CANDU's traditional advantages
of neutron economy and high reliability may no longer be
sufficient - this is the challenge.

The responses include:

- combining neutron economy and dollar economy by optimizing
CANDU for slightly enriched uranium fuel;

- developing cost-reducing improvements in design,
manufacture and construction; and

- reducing the cost of heavy water.

Technology is a renewable resource which must be continually
applied to a product for it to remain competitive in the decades
to come. Such innovation is a prerequisite to Canada increasing
her share of the international market for nuclear power stations.

The higher burn-up achievable with enriched fuel in CANDU can
reduce the fuel cycle costs by 20 to 40 per cent for a likely
range of costs for yellowcake and separative work. Alternatively,
some of the benefits of a higher fissile content can take the form
of a cheaper reactor core containing fewer fuel channels and less
heavy water, and needing only a single fuelling machine.

An opportunity that is linked to this need to introduce an
enriched uranium fuel cycle into CANDU is to build an enrichment
business in Canada. This could offer greater value added to
our uranium exports, security of supply for enriched CANDUs,
technological growth in Canada and new employment opportunities.
AECL has a study in progress to define this opportunity.
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1. INTRODUCTION

In the early stages of development of the CANDU concept, it was
decided to focus on the use of heavy water as both coolant and
moderator and on natural uranium as fuel. The decision to enrich
water rather than uranium was in direct contrast to the thrust in
the U.S. where the opposite policy was pursued. In both cases,
the decision was heavily influenced by prior experience and the
industrial capabilities available at the time in the respective
countries. The Canadian decision was also influenced by the
large energy consumption required to enrich the water, once, for
the life of the reactor rather than commit to continual fuel
enrichment. However, the use of enriched uranium in CANDU was
recognized as a potential future development if the cost and
energy investment in the enrichment process were to fall. These
changes now appear possible over the next decade or so.

2. TRENDS IN ENRICHMENT MARKETS AND TECHNOLOGY

2.1 Early Canadian Initiatives

The idea of uranium enrichment in Canada is not new. Several
projects were proposed in the 1960s and early 1970s and, though
they did not com* to fruition, interest persisted as evidenced
by periodic assessments and status reviews.

The proposals of the 1970s were stimulated by the market outlook
at the time. Forecasts of enrichment demand, based on planned
and expected rates of nuclear power plant construction, indicated
rapid expansion of separative work requirements for several
decades to come; there would be room in the market for any and
all suppliers.

Moreover, the dominant process was gaseous diffusion, Which
required large amounts of electric power, several thousand
megawatts for a world-scale plant. Canada, with its huge hydro
potential at Churchill Falls and James Bay, seemed a natural horn*
for such enterprises.

For better or for worse, the projects did not materialize and
the expected market did not develop. Instead, the world fell
into economic recession in the wake of the OPEC oil-price shocks.
The growth rat* of electricity demand fell dramatically from the
six to seven percent which had been experienced during the
previous decades. Electric utilities, finding themselves with
surplus capacity, ceased to commit new plants, nuclear or other,
and even cancelled some which were already on order or actually
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under construction. By the early 1980s the nuclear construction
industry had moved from feast to famine and was facing a bleak
future.

Meanwhile technology was advancing, with the result that the
economics of uranium enrichment were changing.

Given the fluid state of both the market and the technology,
any forecast of the future of the uranium enrichment industry
is subject to large uncertainty. But opportunity often lurks
in uncertainty, so it is worthwhile to take a closer look.

2.2 Market Trends

A ten to fifteen year projection of enriched uranium requirements
can be made with some confidence because it takes that long to
plan and build a nuclear plant. Thus, only those plants now in
operation or committed will require fuel between now and 1995.

On this basis, the separative work demand from now to 1995 is
projected in Figure 1, which also shows a projection made in 1980
to illustrate the magnitude of the decline (1,2). The graph shows
a 1995 requirement of about 33 MSWU, more than 30 percent below
the level projected in 1980.

The graph shows little increase in annual requirements after 1991.
At first glance, this relatively flat demand is surprising, but
the explanation is straightforward. Demand for enriched uranium
has two components, initial inventory for new plants and ongoing
consumption by existing plants. As new plants cease to emerge
from the planning and construction pipeline, the inventory
component dries up. The demand curve for enriched uranium will
not begin to rise again until some ten years after the next
substantial group of reactor orders.

Annual separative work requirements up to at least 1995 will not
exceed 35 MSWU. The enrichment capacity in existence today is
greater than 40 MSWU/a. Thus, on the face of it, there is not
room for a new supplier such as Canada until some time after 1995.
While this is desirable, because it would take at least that long
to get into production, it is not necessarily true. Much of the
existing capacity is in gaseous diffusion, of which the largest
part is in the United States and subject to escalating costs for
electricity. In a fiercely competitive market, with prospects
for growth in the long term, it is possible that new, low-cost
suppliers will seek to displace the older, high-cost producer;
there is a technological dimension to the market.
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Another statement that can be made with some confidence is that in
the longer term, beyond 1995, the demand for separative work will
resume its growth as new power plants enter service. There can
be little doubt that a new wave of reactor orders is coming,
because world-wide consumption of electricity has continued to
grow unabated at a rate somewhat greater than that of the economy
(3). The global economic recession resulted in substantial over-
capacity which is now being rapidly absorbed. At the moment, the
need to commit new generating capacity is partially masked by the
availability of cheap oil, but this is a transient condition.

There will be early warning of increases in separative work
demand because of the time lapse between ordering and operating
a nuclear power plant. This lead time might well be shorter
than the ten to fifteen years to which we have become accustomed,
because of improvements in design and construction methods, but it
will still allow sufficient time for construction of the required
enrichment capacity by those who possess the technology.

In this sense the glut of enrichment capacity during the next
decade can be seen as an opportunity for newcomers, like Canada,
to learn the technology and thus prepare themselves to enter the
market when expansion resumes.

2.3 Uranium Enrichment Technology

There are two main trends in the technology, both of which offer
encouragement to the customer and to the would-be supplier: the
cost of separative work is declining and the minimum economic
scale of enrichment plant is shrinking.

2.3.1 Declining Costs

The separative-work cost projections in Figure 2 are from a U.S.
Department of Energy paper (4) outlining the strategy for gradual
displacement of gaseous-diffusion capacity by AVLIS units. The
twin advantages claimed for AVLIS are low investment cost relative
to other processes and low operating cost, due in part to low
energy consumption. Significantly, the "competitive range" on the
chart is established by existing processes, the Eurodif diffusion
plant with dedicated nuclear electricity supply and the gas
centrifuge capacity in the Urenco countries* In effect, the cost
trend is downward, whether or not a new process is introduced.
The role of AVLIS in the U.S. strategy is to meet the competition
by a gradual shift away from gaseous diffusion, thus extending the
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economic life of these plants rather than undertaking a massive,
abrupt changeover to, say, the gas centrifuge.

The evolution, or revolution, of enrichment technology offers
opportunity to Canada in the sense that we are not constrained
by investment in any existing plant and thus are free to choose
the most appropriate technology for entry into the future market.
The opportunity is not open-ended, but will exist only until the
U.S. has phased out the bulk of its diffusion capacity, or until
another country introduces a new, low-cost process.

2.3.2 Shrinking Scale

Gaseous diffusion has set the pace since its start in the 1940s
and is still the work-horse of the enrichment industry today.
The process is characterized by a low separation factor, which
translates into large physical size and high power consumption.
Economy of scale therefore dictates huge plants of large capacity,
typically about 10 MSWU/a. One such plant would be sufficient to
enrich Canada's entire production of uranium to the level required
by light-water reactors.

The magnitude of such a project, representing an investment of
perhaps $5 billion, has been a barrier to Canadian participation
in the enrichment industry, probably explaining the inability of
Brinco and Canadif to launch their projects in the 1970s.

The economic scale of operations has been greatly reduced by the
gas centrifuge. For example, Urenco claims to be the lowest-cost
producer while operating two plants, one in the U.K. and the
other in the Netherlands, with a combined capacity of less than
2 MSWU/a.

Other processes, notably AVLIS, promise further reductions in
economic scale, so that it is possible to consider projects in
the range below 1 MSWU/a.

The shrinking scale is compounded by, or more properly, results
from, lower unit investment cost. A diffusion plant requires an
investment of about $500/SWU.a and a gas centrifuge plant about
the same, but an AVLIS unit is expected to cost about $100/SWU.a.

The net result is a reasonable expectation that the investment
required for an economic scale plant would be about $500 million,
or one-tenth of the ante needed in the past.
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The ten-fold reduction in capital requirement means two things.
First, it brings enrichment capability well within the financial
means of Canada. Second, it is likely to stimulate other
countries to enter the market, or to meet their own separative
work needs. Thus, the shrinking scale of economic plant offers
opportunity to Canada, but again, the opportunity is not
open-ended. There is, as usual, a limited time window.

3. IMPACTS OH CAHDU's ECONOMIC POSITION

3.1 Fuelling Costs

Lower enrichment costs will obviously benefit the light water
reactors by reducing fuelling costs and, in the case of new
reactors, reducing the cost of the initial fuel inventory. If
the potential to reduce the cost of separative work by a factor
of two over the next two decades is realised, then the fuelling
cost of LWRs could be reduced by about 15 percent in real terms.
This could seriously erode the economic advantage of the natural
uranium fuelled CANDU.

At present CANDU fuelling costs are about half those for LWRs.
For example, a recent study by the Nuclear Energy Agency (5) gives
the following values for levelized once-through fuel cycle costs
in 1984 U.S. funds:

PWR CANDU

2.6

0.7
0.7
4.0

This CANDU advantage derives from its more efficient utilisation
of uranium and the fact that its fuel is not enriched. These
lower fuelling costs are offset to some extent by the charges for
heavy water inventory and make-up requirements. However, the low
fuel cycle cost of CANDU has always been seen as one of its most
attractive features.

3.2 Uranium Utilisation

A hallmark of CANDU has been low uranium consumption relative
to the LWR, due to the neutron efficiency of the heavy-water
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moderated, natural uranium fuelled design. While efficiency of
resource utilization is a minor consideration at a time when
uranium is plentiful and cheap, it will assume increasing
significance in the future. The combination of improved fuel
cycles and lower separative work costs promises substantial
reductions in LWR uranium consumption.

The major feature of improved fuel cycles for LWRs is the
extension of discharge burn-up from current levels with an
associated reduction in uranium requirements. Typical values
for uranium utilization for a PWR and for CANDU are shown in
Figure 3 (2).

Under today's economic conditions the optimum enrichment-plant
tails concentration is close to 0.25 weight per cent uranium-235.
If the ratio of separative work cost to uranium feed cost were to
fall by 50 per cent, then the optimum tails concentration would
drop to about 0.15 wt.%. Uranium requirements for a PWR would
then fall from 216 to 184 Mg/GWe.a.

An extended PWR fuel cycle at the low enrichment tails optimum
could further drop the uranium required to 155 Mg/GWe.a, about
10 per cent below the natural uranium fuelled CANDU requirement
of 171 Mg/GWe.a. Thus, the potential exists for the PWR to be
more uranium-efficient reactor system than CANDU with natural
fuel. This, combined with reduced LWR fuelling costs discussed
above, would be a dramatic reversal of past perceptions and would
seriously undermine a major advantage that customers perceive in
the CANDU system. However, CANDU can also benefit from enriched
uranium fuelling and this will be discussed in Section 4.

3.3 Other Factors

There are other trends in LWR development and in LWR performance
which challenge CANDU's economic position. LWR capacity factors
have generally improved in the past few years so that the
long-established lead by CANDU is becoming smaller. While the
advantage conferred by on-power fuelling will always be available,
this is considerably less than the difference in capacity factors
observed to date; it will become even smaller as extended fuel
cycles are increasingly adopted by LWR operators. Shorter
construction schedules are being established for LWRs and
developments to reduce capital cost are in progress. All these
factors will require significant improvements to CANDU for it to
remain an attractive reactor system.

264



The message is clear: in nuclear power, as in any other
technology, success can be sustained only by vigorous, ongoing
development. International competitiveness demands continuous
effort in research, development and product engineering. CANDU
is being challenged by the LWR in terms of cost and performance.
By virtue of its neutron economy and other characteristics, CANDU
provides scope for response to the challenge. Some responses are
described in the following section.

4. EHRICHED CAUCUS

Studies over the past decade on the use of enriched uranium in
CANDU reactors have concentrated mainly on the potential
advantages in fuel cycle costs (6), and on strategies for
converting natural fuelled CANDUs to an enriched cycle (7).
Only preliminary work has been done on optimizing the reactor
design for an enriched core, or optimizing the design to use
either enriched or natural fuel.

4.1 Advanced Designs

The additional reactivity provided by an enriched core allows
more flexibility in design with potential to reduce capital costs
in the next generation of CANDUs. In most cases such changes are
not practical with natural fuel because of the large reduction in
discharge burn-up that would result.

Examples of potential changes are:

- reduced heavy water inventory through reducing the core
reflector thickness and using a smaller interchannel pitch;

- increasing channel power by greater fuel subdivision
(smaller element diameter, more elements per bundle) and
by using graded enrichment within the fuel bundle;

improved radial form factor.

Studies now underway at the Chalk River Nuclear Laboratories are
investigating these and other capital cost reduction measures
to ensure that the flexibility afforded by enrichment is used
effectively in optimized reactor designs. A target for these
capital cost reductions has been set at twenty percent.

In addition, there are a variety of other initiatives being
pursued to reduce CANDU costs. Improvements in fabrication.
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assembly and installation are being sought to reduce construction
schedules as well as simplify design.

Heavy water is an important component of CANDU capital cost.
Future costs are difficult to predict given the current large
stockpile and several mothballed plants. The GS process is energy
intensive and may be unattractive as the production process in the
long term. Work is continuing at CRNL on alternative processes
which should offer lower costs. The scope and priority of the
program will be reviewed during 1986 to determine the optimum
strategy for introducing new heavy water production technology
around the year 2000.

4.2 Reduced Fuelling Costs

Uranium utilization in CANDUs can be improved substantially with
enriched fuel. Figure 3 shows the result for an enrichment of
1.2 weight percent uranium-235, the uranium requirement falling
from 171 to 112 Mg/GWe.a.

The use of enriched fuel restores the favourable uranium
consumption characteristic of CANDU relative to LWRs.

The major effect of using slightly enriched uranium as a
substitute for natural uranium fuel is to increase the reactivity-
limited burn-up life of the fuel. Although a greater amount of
natural uranium is required to produce unit mass of the fuel, the
increase in energy yield more than compensates and the uranium
consumption falls for small increases in enrichment. This is
illustrated in Figure 4, where both burn-up and uranium
consumption are plotted as a function of enrichment level.
Comparing natural and 1.2 percent enriched fuel, the major changes
are:

- discharge burn-up is increased by a factor of three
- uranium consumption is reduced by approximately thirty

percent
- the volume of fuel fabricated and discharged is reduced by

a factor of three
- a commitment for enrichment services is incurred by the use

of enriched fuel.

The net impact of these changes on fuelling costs (front end of
the fuel cycle) is a reducton of twenty percent:
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Natural Enriched

mills/kW.h

Uranium ($100/kg) 1.9
Fabrication 1.2
Enrichment ($150/SWU) -

3.1

The following data were used in this comparison:

Burn-up MWd/kg 7.5 22
Uranium Hg/GWe.a 168 112
Separative Work MgSWU/GWe.a - 40
Fabrication Volume Kg/GWe.a 168 57

• Fabrication cost $/kg 60 80

The enrichment tails concentration assumed was 0.2 wt.t U-235
and the net station efficiency 29 percent.

The effects of varying enrichment and uranium unit costs on
this comparison are shown in Figure 5 for 20 GHC of installed
capacity operating at a capacity factor of 80 percent- This
is the probable size of the Canadian system early in the next
century. The breakeven line represents equal annual operating
costs for natural and enriched fuelling. Under today's
conditions, enriched fuelling could offer a saving of about
80 million dollars over a total fuelling cost of 430 million
dollars for the natural case. If enrichment costs drop sub-
stantially more than uranium costs, over the next two decades,
then this potential annual saving could exceed 100 million
dollars as suggested by the arrow in Figure 5. Thus, there
is considerable incentive to introduce enriched uranium into
Canadian CANDUs as soon as its feasiblity can be demonstrated.
The Canadian demand for separative work could be as high as
600,000 SWU/a early in the next century.

In this comparison it is assumed that the back-end costs for both
fuel cycles are similar. The advantage of the reduced amount of
enriched fuel is compensated by higher storage, transport and
ultimate waste management unit costs for enriched fuel because of
higher residual radiation and decay heat output per unit mass.

4.3 Feasibility

The feasibility of using enriched fuel in the CANDU-600 reactor,
which was designed to use natural fuel, has been the subject of
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recent in-depth studies both at CRNL and at CANDU Operations,
Hississauga. The results of these studies are very positive in
that it appears feasible to use enriched fuel with no change to
reactor core hardware. Studies are currently underway to define
the fuelling strategy by which the reactor can be converted from
equilibrium natural fuelling to equilibrium enriched fuelling
without shutdown or loss of availability. Solutions to the
power-peaking problem identified in earlier studies which could
have limited the feasible enrichment level to below 1 wt.%
U-235, appear to have been resolved by the development of the
"checkerboard" fuel management scheme (7). The remaining major
development program is the large-scale demonstration that CANDU
fuel can withstand average burn-ups in excess of 20,000 MWd/MgU
without failure. Experience to date has been encouraging and
confirms that the existing CANDU design is generically capable of
high burn-up operation (8).

Canadian fuel fabricators have had considerable experience in the
manufacture of low enriched CANDU bundles for loop tests at CRNL
and irradiation in NPD. Good performance has routinely been
observed.

Hundreds of natural bundles in Ontario Hydro power reactors have
reached burn-ups of about 15 Mtfd/kg with entirely satisfactory
performance. A few bundles have reached burn-ups in excess of
20 Mffd/kg and have shown signs of undesirable fuel element
swelling and higher than normal fuel temperatures. In addition,
the majority of our high burn-up experience has been at lower fuel
ratings than expected towards the end of life of fuel bundles in
an enriched CANDU.

There are obvious gaps in our knowledge of CANDU fuel behaviour
at high burn-up and relatively high ratings. More work is
required to develop designs which will control swelling, limit
fission gas release and allow fuel power cycling at high burn-up
during refuelling. In addition, improved end cap welds may be
needed. A program has begun at CRNL to develop a high burn-up
CANDU bundle.

Together with th* utilities, AECL plane to continue studies aimed
at bringing the enriched fuelling option for CANDU to the point
where a demonstration irradiation in a power reactor could be
ccMMitted.

5. BRICBOBR OrPOftTWITT XV CANADA

The combination of trends outlined in previous sections creates
the opportunity for Canada, which is already a major supplier of
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uranium to world markets, to increase the value of these exports
by providing enrichment service as well. The trends are, in
summary:

a) The emergence of new processes which promise lower production
costs than existing plants and require much smaller investment
for the minimum economic size.

b) An excess of enrichment capacity for the next 10-15 years,
which will allow the necessary time for development of the
technology, while discouraging expansion by existing
suppliers.

c) The prospect of a domestic market for enriched uranium, of
sufficient size to support an economic scale production unit.

d) Eventual resumption of growth in world requirements for
enrichment, resulting in a timely opportunity for expansion
of an established Canadian operation.

It is beciuse of the apparent convergence of these trends that
AECL has undertaken a re-assessment of the technology of uranium
enrichment and the potential for such a business in Canada. There
are strong indications that such an enterprise, always recognized
as desirable, may be on the verge of feasibility.

In addition to the direct possibilities, there are potential
subsidiary and spin-off applications involving elements other than
uranium.

Requirements for separated isotopes cover a broad spectrum from
milligram quantities for pharmaceutical purposes to megagram
quantities for industrial uses. The Radiochemical Company of AECL
has long been a leading supplier of radioisotopes for medical and
industrial purposes. The number of such isotopes is growing and
many can be produced most efficiently by neutron irradiation of
separated stable isotopes of specific elements. We are currently
seeking to apply our ion-source and electromagnetic separation
know-how to the economic producton of a range of stable isotopes.
We are also looking at cheaical separation processes and at the
possible scope for centrifugal separation.

At the megagram end of the spectrum, Canada is already the world's
major producer of deuterium, in the form of heavy water, for CAMDU
moderator and coolant. We remain on the alert for new processes
which night offer less costly heavy water. AECL and Ontario Hydro
are rapidly advancing the technology for separation of the tritium
isotope frost heavy water, and for the immobilization and safe
handling of the separated product.
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Further in the future, there are potential needs for isotope
separation in the middle of the spectrum, that is, in annual
quantities of kilograms or a few megagrams. One example would be
zirconium, depleted in the 91 irotope for use in CANDU pressure
and calandria tubes. Zirconium-91 has an abundance of 11 percent
in the natural element, but accounts for about half of the
neutrons absorbed by the material. The use of zirconium depleted
in the 91 isotope would produce a significant improvement in
neutron economy. While the near-term incentive is not large,
especially if slightly enriched fuelling is adopted, the use of
depleted zirconium will become increasingly attractive in the
future, when uranium is less plentiful.

The supply of materials with altered isotopic compositions to meet
special requirements, which may be termed "isotope engineering",
may well evolve into a significant industry embracing a variety of
isotope separation processes. Canada is already well established
on the ground floor, a position which would be strengthened by
creation of uranium enrichment capability.

In summary, Canada is and will continue to be one of the world's
largest producers of uranium. Canada is also a major developer,
user and exporter of nuclear power plants and, in addition, a
leader in the volume and diversity of its isotope engineering
activities. A uranium enrichment enterprise would fill an
obvious gap in our national capability, would be a good fit with
our existing mix of nuclear technologies and industries, and
would open options for future exploitation. Moreover, the
economic and technological events of the past few years have
converged to provide the necessary lead time and to reduce the
enterprise to a scale appropriate to the Canadian economy.

6.1 Process Outlines

Uranium enrichment processes are in various stages of
application or development in several countries, including all
those with substantial nuclear-electric programs, except Canada
The variety of processes and technologies is indicated by the
following thumb-nail sketches.

Gaseous diffusion depends on the preferential migration of
molecules containing the lighter isotope of uranium through
micropores in a diffusion barrier. This is the original
large-scale process and is still the main producer world-wide.
Plants in the U.S., France, the U.S.S.R. and China produce more
than ninety percent of today's enrichment. As noted earlier,
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the diffusion plant has high capital and operating costs and
demands huge quantities of electric power. It is unlikely that
any more such plants will be built, but many of the existing
units are expected to continue operation into the next century.

The gas centrifuge is the only other process in commercial
operation, notably in the plants of the Urenco consortium -
Britain, Germany and the Netherlands; it currently supplies
less than ten percent of the world market, but is said to be
the lowest-cost producer and is poised for expansion. The
separation factor is large relative to that of gaseous diffusion,
because the centrifugal effect depends on the mass difference
of the isotopes rather than their mass ratio and is amplified
by axial counter-flow within the rotor. Only about a dozen
centrifuges in series are needed to produce three percent
enriched product, but many parallel units are needed for
significant throughput. A single plant contains some hundreds
of thousands of identical centrifuges, normally produced in a
dedicated factory, and can be expanded as desired by the addition
of blocks of additional machines. The capital cost is comparable
with that of a diffusion plant, but the operating cost is lower
because of the much smaller energy consumption.

Two different chemical-exchange processes are at the pilot-plant
stage, one in France and the other in Japan. Both processes
depend on the preferential transfer of one uranium species from
one phase to another, with the small separation factor being
multiplied by counter-current flow; they are similar in principle
to the GS process for heavy water production. The processes do
not seem to be regarded as main-line challengers, but they have
the advantage that the technology for construction and operation
is conventional and they are proliferation-resistant by virtue of
inherent limitations. It is possible that one of these processes
might be interesting for the relatively low enrichment appropriate
to CAHDU.

The most dramatic recent development was the 1985 decision by the
U.S. to place all its bets on AVLIS, Atomic Vapour Laser Isotope
Separation, as the key element in a strategy to regain market
share. The process, based on the selective ionisation of 11-235
atoms in a stream of metal vapour and their subsequent deflection
onto a charged collector, is now in the demonstration stage.
Technological challenges include high-powered tunable laser
development, the generation of a directed stream of uranium
vapour, and its later collection as a liquid. Because of its
high selectivity, the process yields the required enrichment in
a single stage. It is claimed that AVLIS will reduce the cost
of enrichment to less than half that of current processes.
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Another laser-based process is MLIS, Molecular Laser Isotope
Separation, which works by selectively dissociating those
molecules in a jet of uranium hexafluoride gas in which the
uranium atom is the 235 isotope. To provide adequate selectivity
of laser energy absorption, the gas is cooled to a very low
temperature by expansion in a supersonic nozzle. The enriched
product falls out of the gas stream as UF5 particles. While
this process lost out to AVLIS in the U.S. competition, it offers
certain advantages, at least in principle. One advantage is that
the feed is UFg, the common currency of the fuel cycle industry,
rather than uranium metal as required by AVLIS.

Two plasma-based processes, the plasma centrifuge and ion
cyclotron resonance, are in the laboratory and preprototype
stages, respectively. Both processes operate on a stream of
uranium ions. In the centrifuge process, the column of ions is
rotated by a magnetic field at high angular velocity, perhaps
ten times that of a gas centrifuge, to obtain separation of the
lighter and heavier ions. In the cyclotron resonance process,
a magnetic field, oscillating at the cyclotron frequency of
uranium-235, causes these ions to increase the diameter of their
helical paths and thus fail to pass through slots which therefore
filter then out of the stream. Present indications are not
encouraging, but better understanding of the processes at the
theoretical level could well lead to significant improvements.

6.2 The Canadian Scene

Although Canada is a major producer of uranium, there has been
no direct involvement in enrichment technology. In order to
launch a uranium enrichment industry, Canada would have to obtain
the relevant technology, through an RfcD program or by acquisition
from others. The technology is closely held by its developers,
for reasons of proliferation sensitivity and of commercial value.
This means that Canadian access to the technology would be
difficult and would hinge on considerations other than straight
cash. However, Canada is not without bargaining chips; various
arrangements founded on joint venture or barter can be envisaged.

It would be possible for Canada to develop its own technology
and there are reasons why such a course might be preferred.
Competence, even excellence, is available in Canada in the
scientific fields underlying each of the processes; we have the
foundations on which to build* Strong engineering capability
exists in many of the required areas, notably lasers, plasmas
and chemical processing. And Canada has a proven ability to
manage technological projects.
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At AECL we are currently assessing the technologies in terms
of their economic potential and their adaptability to Canadian
requirements and resources. We are also attempting to define
the scope and nature of the business opportunity to identify
possible strategies and participants.

We are not far enough along in our study to offer specific
recommendations but for the reasons given in this paper, our
outlook has become increasingly positive. We believe that the
technological barriers are less fearsome than at first supposed,
that they could be surmounted within the time and resources that
might be available, and that the rewards to Canada and to Canadian
industry would justify the effort.

7. COBCUDSXOBS

7.1 Planned improvements in IATR design and operation, amplified
by substantial decreases in the future cost.of uranium
enrichment, represent a strong challenge to the traditional
advantage of CAVDU.

7.2 The principal challenges to CANDU are in two areas*
capital cost and fuel economy. There is scope for
effective responses in both areas.

7.3 Fuelling of CANDU with slightly enriched uranium, which
is a rational response to declining separative-work costs,
would retain the advantage of fuel economy over the LWR,
and could also assist in capital cost reduction.

7.4 The combination of enriched fuel for CANDU and new
technology for uranium enrichment creates the opportunity
for an enrichment industry in Canada.

7.5 The timing is right. The world enrichment market is likely
to remain saturated during the interval required to develop
a Canadian capability, and then to resume expansion.
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THE REGULATORY PROCESS AND FUTURE DIRECTIONS

J.L. Olsen

Atomic Energy Control Board (retired), Brockviile, Ontario

and

D.A. Meneley

Chemical Engineering Department, University of New Brunswick

Fredericton, N.B.

INTRODUCTION

The Canadian nuclear regulatory philosophy, discussed in Reference 1,
evolved under extremely complex circumstances. First, CANDU technology
developed during the brief period of forty years from a paper concept to a
large and mature industry producing about 15 percent of Canada's
electricity. The number of plants considered was very small; only nine
distinct designs were produced. Very little operating experience was
obtained before commitment of the next plant. The diversity in detailed
design of each plant (a natural occurence in any new technology) made
application of a consistent set of regulations unusually difficult. Two
prototype plants, NPD and Douglas Point, were built; all other plants were
committed as commercial enterprises with attendant pressure on economics
and schedules. The experimental and theoretical work necessary to support
the confident prediction of accident behaviour and safety systems
performance is only now reaching maturity. Finally, during the past ten
years, public perception of the potential dangers of this technology has
developed into an almost obsessive fear of anything involving the adjective
"nuclear". This atmosphere of fear has further complicated the formulation
of balanced regulations for the nuclear industry.

On the positive side, the regulatory process has benefitted from excellent
research and engineering development laboratories in Canada, as well as
through the open exchange of technical information with other countries
which has been characteristic of the civilian nuclear development program
since the 1950's. Even though the detailed designs of most foreign plants
are different than Canadian plants, the basic science is largely the same.
Also, there has been very close contact between designers and regulators
throughout the development period. A great deal of discussion and debate
has clarified the necessary conditions for safe operation of these plants.
The greatest advantage, however, was derived from the fact that a few
individuals set the Canadian regulatory process onto the correct path from
the very beginning {Ref. 2,3). The principles which guide the licensing
process today are essentially the same as those developed in the early
1960's. Systems of safety assurance for licensing purposes have evolved in
detail, all based on the solid foundations of these general principles.

Now that the CANDU industry has reached maturity, and now that the safety
principles and practices are well understood, it is appropriate to review
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the licensing process as it exists and to suggest means for improving this
process in the future.

In evaluating a regulatory process, the basic question is whether or not
the process is effective in providing assurance of adequate safety for the
public at a cost which is not excessive. It often is difficult to
determine whether a particular technology is safe because of a good
regulatory process or in spite of a poor one. The key measure is
cost-effectiveness. Nuclear energy is a product which must compete with
other sources of electricity; this must be accomplished with due
consideration of both economic and social concerns, primarily safety.
Unfortunately, the socio-economic comparisons cannot be reduced to simple
mathematics. Opinions become a major factor in the equation, and this
opens the door to bias.

THE SAFETY MANAGEMENT SYSTEM

Before we discuss the role of the regulators, it is useful to remind
ourselves of the various groups that have a major impact on Canada's
nuclear power program. A simple illustration of the relationships between
these groups is given in Figure 1, adapted from Reference 4.

It is interesting to consider the views of each of the groups in Figure 1,
with regard to the socio-economic equation. The Designer/Supplier/Builder
group, which includes the majority of CNA membership, must first be
concerned with economics. They have to sell their product on the basis
that it is economically competitive and adequately safe, rather than
vice-versa. If the product cannot be produced economically with the
promise of some long-term profit, industry will simply abandon the idea
regardless of its safety merits.

The Operating Company, in the centre of the diagram, also is concerned with
economics. Again, if the product does not show economic promise it will
not see the light of day, regardless of its promise for safety. At the
same time, economics and safety cannot be separated as far as the Operating
Company is concerned. The cost of less than adequate attention to safety
is best illustrated by the Three Mile Island experience. The owner in this
instance suffered a loss reported to be of the order of one billion
dollars. It is not a prospect that any utility executive would consider
lightly. Nuclear plant operators, much the same as the crew on a commercial
aircraft, have a strong personal interest in assuring that the facility
under their control is designed, built, and operated to adequate safety
standards. At the same time the acknowledged economic pressures on the
Operating Company can lead to a downgrading of safety vigilance over the
long run, particularly with regard to improbable events.

Despite the fact that it is in the Operating Company's best Interest to
properly balance safety and economics in the socio-economic equation, most
countries involved in nuclear power have established separate regulatory
bodies similar to the Atomic Energy Control Board. These bodies are
supported by a Regulatory Staff whose functions are to review the
activities of the industry and to advise their Board on appropriate
licensing actions. The AEC8 can fulfill and auditor's role to give
additional assurance that safety receives due consideration during plant
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design and operation. Nevertheless, it is difficult for this authority to
maintain a completely balanced view. Their mandate is such that it leads
to greater concern over safety than econjmics, and outside pressures weigh
very heavily in this direction.

Before discussing the pressures on regulatory authorities further, a brief
comment should be made about the Scientific/Technical Community shown on
the left of Figure 1. This group consists of professionals both inside and
outside the nuclear power industry. It has been found that those with most
knowledge and experience are generally supportive of a well managed
program. Such support, however, is of a passive nature and does not draw
much attention. (The charter of the Canadian Nuclear Society includes
strong statements about the need for public interaction on a personal
level, but this activity has not received much notice so far). On the
other hand, the smaller segment of the scientific community that chooses to
highlight only the negative aspects of nuclear power tends to receive an
undue amount of attention. Disagreements between scientists are most often
concerned with extremely rare events, for which science itself cannot
supply clear and well-supported answers. As noted in Reference 5,
"Cognitive dissonance is all but unavoidable when the data are ambiguous
and the social and political stakes are high".

This leads us to the top of Figure 1, to the so-called "public". This
group includes all the people of Canada, potentially 25 million of us. The
surrounding influences on this group and on the regulatory group who act on
their behalf are shown in Figure 2. Only a very small percentage of the
general public takes more than a passing interest in evaluation of the
factual information on any particular subject outside the area in which
they have specialized knowledge. The complexity of messages we receive
each day requires that we form our opinions from very limited information,
usually that presented in a few words in the mass media. In essence ho one
gets to the public rapidly and effectively except through the media. The
only open channel independent of this process is via educational programs,
which are necessarily slow to respond.

One group which is very much aware of this communication constraint is the
hard core anti-nuclear lobby. As we are all aware, their objective is tc
stop all nuclear development regardless of its value to the general
population. There is no hesitation on their part to use deception.
Unsupportable horror stories of what might happen to nuclear power plants
and related facilities are fed through the media to the public. The media
group generally pays more attention to dramatic news than to reasoned
explanation; the result in unbalanced reporting. (The Chernobyl and Three
Mile Island accident offer classic examples.) Many of the headlines call
for government action to correct the supposed wrongdoing - such appeals are
referred to the regulatory agency and its staff. The resulting pressure
makes it very difficult for the regulators to maintain a balanced view with
regard to the socio-economic impact of regulation. In essence, what begins
as a rational socio-economic decision becomes a political issue.

Similar pressure is put on the Operating Company because of their very
public position vis a vis the power users they serve, whereas the Designer/
Supplier/Builder group can largely be ignored by the anti-nuclear lobby.
In short, they can afford to ignore you. The question is, can you afford
to ignore them and the effect they are having on your industry?
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THE CANADIAN LICENSING PROCESS

As discussed in Reference 6, all commercial CANDU plants in Canada have
been licensed under the provisions of the Siting Guide (Ref. 7). The
simple numerical safety goals prescribed by the Guide have been reinforced
by several deterministic rules, such as the requirement for two independent
and fully capable shutdown systems. Coincident with the development of
CANDU designs, several rulings of the AECB as well as agreements between
designers and AECB staff have further expanded the simple rules given in
the Guide. Nevertheless, generally speaking, these additional requirements
have been based on the broad principles given there. Due to its
simplicity, the Guide does not address many of the details necessary to
achievement of safe operation. On the other hand its simplicity is its
greatest strength, in that it effectively defines safety performance goals
in terms that are easily understood by everyone - designers, suppliers,
builders, operators, regulatory staff, political authorities and the
general public.

On a more detailed level, the Siting Guide has been very effective in that
it prescribes unavailability limits for special safety systems. In-service
testing must be done to show, on a regular basis, that these limits are
being met. With minor exceptions all CANDU plants have met these
unavailability limits in each year of operation. Exceptions have been
examined and action has been taken to correct the deficiencies identified.
In the newer plants the field testing of safety systems performance has
been strengthened by detailed analysis of failure modes and effects using
so-called Safety Design Matrices. Most recently this work has been
expanded into a full-scope probabilistic safety evaluation on the
Darlington project. These analyses can be tested during operation by
examining the minor failures which actually occur and comparing the implied
accident risk with that expected from the design analysis. "These
procedures, along with the requirement for independence of safety systems
from process systems and from each other, give a reasonable level of
assurance that the consequences of severe accidents would not exceed the
limits prescribed by the Siting Guide, even through no severe accidents
have occured.

Evolution of the detailed licensing requirements from general principles
has not always proceeded smoothly. This is not surprising in view of the
different perspectives of the licence applicant and the regulator. In the
first place the discussions leading to an operating license proceed, as
they must, in parallel with the design and construction phase. The basic
decisions which determine the eventual configuration of the plant are made
very early in the project cycle, and often cannot be reversed later without
serious disruption of schedule and cost targets. The regulator, on the
other hand, can make changes in detailed requirements at any stage of the
project; in fact, the maximum leverage for such changes occurs near the end
of the construction phase. During the past 20 years of rapid evolution of
the CANDU system, many disagreements between the two sides of the argument
have been settled at a very late stage in construction. Agreements made by
the license applicant in this climate cannot really be considered to
indicate concurrence with the changes; they more closely resemble
cost-minimization compromises. Fortunately, this phase of CANDU system
development appears to be behind us. ^Jery few major additional changes
could be justified even under the strictest interpretations of the Siting
Guide principles.
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Pressure from regulators on license holders now appears to be shifting
toward operating aspects. The Siting Guide is silent with regard to many
of the detailed requirements for safe operation such as process component
reliability and operator training. The difficulty in these areas (as in
some issues which arise during the design phase) is that there is no clear
connection between the risk principles embodied in the Siting Guide and the
requirements imposed on licensees. There is some indication (Ref. 5) that
equipment-related issues may be handled by incorporation of some type of
probabilistic safety evaluation for use during the operating phase. The
issue of human performance, because of its inherent high degree of
uncertainty, may be difficult to resolve in this way. There is no doubt
that the demands on control room operators' knowledge and skill are
increasing dramatically. This trend comes not only from the heightened
expectations of AECB staff for proof of the operator's competence, but from
the fact that modern CANDU plants are much more complex than their
predecessors - in part because of additional safety requirements imposed
during the design phase. The proposed solutions to this problem range from
increased automation of plant operation - simplifying the operator's job,
to redesign of the plant - simplifying the equipment. There may be a
deeper underlying cause for this problem, which likely arises from
persistent pressure to make the plant safety systems more and more
resilient to accidents of low probability. We may be approaching the
"limits to safety". Intuitively, it is clear that such limits must exist
for any technology. The real question would then become whether or not the
achievable state of protection in nuclear plants is acceptable both in
terms of public safety and economics.

THE OPERATING RECORD

On a world scale, approximately 375 power reactors are operating now;"these
plants have accumulated about 3800 unit-years of operating experience.
There was, up to the time of the Chernobyl accident, not one single death
attributable to operation of these plants. Using a simple Bayesian
statistical argument, one can calculate the probability that the recurrence
rate of accidents resulting in public deaths per unit-year exceeds a chosen
value. Carrying out this exercise, one finds a probability of about 0.5
percent that the death frequence is as large as 1 x 10" per unit-year.
Including Chernobyl (with an assumption that one or more public deaths will
result from it) raises this probability to around 3 percent. The target
originally proposed (Ref. 2) for the NPD prototype plant was 1 x 10"
deaths per unit year.

Closer to home, we can look at the operating record of CANDU plants in the
context of the accident frequency and consequence implied by the Siting
Guide limits. One finds, using the same statistical procedure as above,
the probability is about 0.1 percent that the occurence rate of serious
process failures with offsite radiological consequences is as large as 1 in
30 years. It can be concluded from this examination (Ref. 8) that the
actual risk from operation of these CANDU plants is at least an order of
magnitude less than that permitted by the Siting Guide, provided that
safety systems unavailability is maintained at the currently specified
level. There is no apparent need for further safety improvement; for the
present time it would be sufficient to maintain the current level.
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COSTS

It is certain that the safety-related systems installed in modern CANDU
plants have increased their capital costs relative to that which was
originally envisaged. It is not clear, however, that these cost increases
have been excessive relative to those which would be accepted by a prudent
operating company. The author of Reference 9 concludes that 3.6% of the
capital cost of Pickering B is attributable to AECB requirements beyond
those which would have been accepted by the prudent operator, and argues
that this figure is not excessive. As a percentage this may not seem
large, but in absolute terms it in the range of S100 000 000.

Protection of the public begins with accident prevention. This prevention
goal can be shown to be in the direct self-interest of the plant owner
because it improvesjjlant economics, down to an accident frequency of the
order of 10 - 10 per year. Systems for prevention and mitigation of
accident consequences are installed explicitly for protection of the public
to cover even less frequent events. All of these protective systems have
been made steadily more reliable and comprehensive over the past few years.
The major question for the future is how far this trend toward more and
more "safety" devices should be carr-'ed. World-wide evidence indicates
that existing plants already have a much better safety record than
comparable industrial undertakings. This is backed up by strong arguments
which support a conclusion that the chance of disastrous accidents in CANDU
plants is very small. Yet there Is a steady trend toward more elaborate
and more complete protective systems in the name of safety. At some point
one much reach either the conclusion that the plants are safe enough, or
that they cannot be made safe enough at an acceptable cost.

What is the source of this continuing pressure for more safety systems? On
what basis can the additions be justified? Is it possible to arrive' at a
satisfactory resolution of safety and economics requirements?

THE CANADIAN GOVERNMENT REGULATORY REFORM PROGRAM

In September 1984, the federal government announced the establishment of a
ministerial task force on program review under the deputy Prime Minister,
the Hon. Erik Nielsen. Nineteen mixed private/public sector study teams
were established to review a total of 989 programs. The purpose of the
review was to reduce the cost of government through simplification, with
emphasis on better service to the public, less red tape, greater
efficiency, and generally by removing obstacles which hinder the growth of
the economy. One of the nineteen study teams concentrated its effort on
146 regulatory and regulatory-related programs that attract an annual
fiscal cost of $2.9 billion and involve 35,000 public servants. The
estimated cost to the economy of federal regulation is $30 billion per
year. Regulation, in the generic sense, is defined as "the imposition of
rules by the state, backed by the threat of sanctions, with the objective
of modifying or controlling private behaviour". Both winners and losers
can be identified when a regulation is established but it is much easier to
identify the winners, despite the fact that the losers may be far greater
in number and the negative impact may also be much greater than any obvious
benefits.
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Based on the findings of the study team the government has decided to
implement a comprehensive Regulatory Reform Strategy, including the
following items: 1) enunciation of a federal regulatory policy,
2) appointment of a ministry for regulatory affairs, 3) special
provisions for increased public access, 4) a package of improvements to a
broad array of regulatory programs, 5) reforms to the federal regulatory
system, 6) federal-provincial regulatory cooperation, 7) reforms to
regulatory agency policy, 8) individual reform initiatives by Ministers
with particular responsibilities. In summary, the federal government plans
a "Regulate Smarter" policy within the following guiding principles:

1. Regulation is an will remain a necessary and important instrument for
achieving the government's social and economic objectives, but the
government intends to regulate smarter.

2. The government recognizes the vital role of an efficient marketplace
and a dynamic entrepreneurial spirit in generating the ongoing economic
growth needed to improve the standard of living of Canadians and it
recognizes that regulation should not impede these values without the
most persuasive justification.

3. The government intends to limit as much as possible the overall rate of
growth and proliferation of new regulation. It will proceed on a
pragmatic basis with increased emphasis on economic efficiency but with
continuing protection of the public wherever appropriate.

4. With regard to existing regulatory programs, priority will be placed on
reforming ineffective or economically counter-productive regulation,
but there will be no program of wholesale de-regulation. On a
case-by-case basis, there will be reduced regulation where the
practical interests of the economy and job creation call for it; just
as there will be improved and even intensified regulation where public
protection requires it.

5. Regulation entails social and economic costs and the government will
evaluate those costs to ensure that benefits clearly exceed costs
before proceeding with new regulatory proposals.

6. Regulation is legislative and, as such, will be brought more fully
under the control of elected government representatives and subjected
to more effective review by Parliament.

7. The public has an important role to play in the development of
regulation and the government will increase public access to and
participation in the regulatory process while simplifying procedures
and restricting legalities to the minimum.

8. The federal regulatory system will be streamlined and made more
effective and efficient to reduce costs, uncertainties and delays.

9. The government will place priority on increased regulatory cooperation
with the provinces with a view to addressing the overall regulatory
burden on Canadians and eliminating wasteful duplication.
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10. A minister will be assigned specific responsibility for regulatory
affairs including improved management of the system and overall
implementation of the government's regulatory policy and reform
strategy.

Individual ministers with regulatory mandates will be responsible for
implementing and exercising their responsibilities in conforming with the
spirit and objectives of this policy.

What effect will the government's Regulatory Reform Strategy and Policy
have on the Canadian nuclear industry? There is no concise nor exact
answer, but it should be apparent that it will depend to a great extent on
the action or inaction of the industry itself, in response to the policy.

We have seen that the government's strategy intends "to provide increased
public access and participation in the regulatory system", and as a policy
it recognizes that "the public has an important role to play in the
development of regulation and the government will increase public access to
and participation in the regulatory process while simplifying procedures
and restricting legalities to the minimum". It will be extremely important
to determine who will represent the public in this regard. There is little
doubt that the government hopes to receive a balanced view from various
segments of the public. It is doubtful that this will occur unless the
industry as a whole recognizes its responsibility and takes positive action
accordingly.

One problem with regulations is that, with the best of intentions to the
contrary, they tend to grow and expand in an insidious manner. There may
be a perceived need to establish performance standards for specific
products, based on the socio-economic impact. The initial intent may be to
limit any inspection to ensuring that these standards are reache'd and
maintained.

Needless to say, it is important to have competent people serving as
regulators and inspectors, and it is difficult to limit the sphere of
interest and influence of competent individuals. A regulation may be
initiated with the view that it will be concerned only with the broad
aspects of the subject, with the details left to the industry concerned.
As the regulators and inspectors become increasingly knowledgeable
regarding the details of the subject matter, there is a tremendous
temptation for them to become involved in the details of design,
production, and construction as well as with operations. This can lead to
imposition of detailed rules backed by threat of sanction, without adequate
attention to the socio-economic impact. If there is a difference of
opinion with regard to design detail, and if there is only the slightest
improvement in safety in the regulators' opinion, but a sufficiently high
economic penalty to outweigh the potential benefit, under the present
environment it is unlikely that a balanced view will be presented through
the media to the public. As the discussions and resulting reports become
public knowledge through access to information rules the media will
highlight the safety aspect with relatively little mention of economics.

One wonders whether there would have been a so-called "Tuna Scandal" last
year if the regulators and inspectors had restricted their official
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responsibility to public health rather than becoming involved in the
details of product quality. Should not the latter be more appropriately
left to the marketplace? If a company chooses to put an inferior product
on the market, a product that is acceptable from a public health and safety
point of view, should not the decision to buy or not to buy based or
quality (taste in this instance) and price be left to the consuming public?
The media predictably highlighted all the negative arguments of quality,
and could no doubt take credit for the resignation of a competent minister
and the loss of a number of jobs, but the negative impact to the country of
these actions was not highlighted.

The members of the Canadian Nuclear Association are faced with a host of
regulations and regulators. As indicated earlier, one group that impacts
quite dramatically and is subject to much media attention is the Atomic
Energy Control Board and its supporting staff. The organization is made up
of a competent group of individuals with an unenviable task. The problems,
whether in design, production, or operation that have an obvious
socio-economic impact are relatively easily resolved and will attract
minimum attention. Much of their time and energies are spent on problems
with minimum safety (social) benefits, but with high cost impact. The
probability may be extremely small, but "what if" an accident occurs?
Their reputation will be at stake and they can expect nothing but abuse
from the media.

It is not the purpose of this paper to highlight the advantages of nuclear
power to Canada, although it is difficult to imagine what competitive power
source will be available in the long term to provide Canadians with a
continuing high standard of living.

If the industry wants to succeed, it does have a responsibility to
understand the problems of the policy makers, the regulators, as well as
their own; to avoid a "we and them" attitude, but to concentrate on an
optimum socio-economic balance with regard to design, production,
construction, and operation. At the same time there must be ar\ effective,
efficient, and relentless public relations campaign to balance the efforts
of the hard core anti-nuclear propaganda machine.

There is nothing new in this comment - you have known it for decades. What
is new is that the government has announced a policy which provides a
window of opportunity. What you do with this opportunity is up to you.

FUTURE DIRECTIONS

The post-Chernobyl era of nuclear energy began with an event which we all
knew was possible but which most of us did not really expect to happen;
that is, the death of plant workers and widespread radioactive contamin-
ation around a nuclear plant. This accident already has had a profound
effect on the attitudes of people and the policies of governments around
the world. In terms of lessons relevant to CANDU operation the Three Mile
Island event was more, useful; nonetheless, the Chernobyl accident probably
will prove more important from the point of view of public perception.
This tragic event already has been distorted by the Western commercial
media and the anti-nuclear activists. The anti-nuclear movement, which had
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been showing signs of fatigue, appears to have gained new life. The
shortage of information has added to the negative public impact which one
would otherwise expect after this kind of accident. The clearest lesson
from the whole affair to date is the interdependence between various
national nuclear programs. This is an old lesson, but one which is easy to
forget. Close communication can help to counteract extremist news coverage
at the same time as it gives a chance for international assistance and,
where needed, timely warning for emergency reaction in case of a serious
activity release. Support must be given to the International Atomic Energy
Agency in their efforts to establish the necessary agreements and
procedures.

The present framework of the Canadian nuclear regulatory system has been
quite successful in terms of cost-effectiveness. In the area of the
technical aspects of CANDU reactor safety which involve regulators and
licensees, there are no large "unresolved issues". It is now apparent that
we have the equipment and knowledge with which to operate these plants
safely. From now on it will be mostly a matter of carrying out what we
already know on a day to day basis.

The most important issue in licensing for the immediate future is to
identify the proper socio-economic balance; that is, to arrive at a
consensus of what is good enough in terms of plant equipment and operating
practice. This is necessary to prevent a continued escalation in detailed
safety requirements which is the natural trend, given the large groups of
people now dedicated to safety investigations both in the regulatory agency
and the licensee institutions. The best way in which to do this is to
concentrate on collection and analysis of actual operating experience from
existing plants, and to place these data into the framework of a
comprehensive probabilistic safety evaluation. Such a process will benefit
plant owners by identifying any weaknesses in plant protection features,
and will provide the regulator with the means for regularly verifying a
sufficient level of public protection. At the level of general safety
principles, a clear statement of safety goals should be relatively easy to
achieve with only minor modifications to the basic framework of the Siting
Guide.

On the side of economics it is clear that the escalation ii ;;nit cost which
has characterized the past few years must be stopped and reversed. Much of
this can be accomplished by careful attention to project planning and
organization, to reduce the time of plant construction. Additional gains
probably can be achieved by careful examination of process and safety
systems design requirements, with the goal of simplifying systems to reduce
overall equipment cost. Further automation of plant operation, using
modern digital systems, could also be used to simplify the control room
operator's job. All such actions will require close collaboration between
designers, operators, and regulators so as to avoid misunderstanding and
consequent schedule delay.

Finally, without improvement in relations between the nuclear industry and
the public, it is unlikely that there will be much opportunity to adjust
the licensing system rationally. The most critical future direction which
must be taken is to discuss the facts of our industry with the people at
large so as to improve their support of the enterprise. You cannot leave
this to governments; regulators are not in a position to do it for you. As
representatives of the nuclear industry you must do it yourself.
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Figure 1: The Canadian Nuclear
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CHERNOBYL: SAFETY DESIGN COMPARISONS
WITH ONTARIO HYDRO REACTORS

W.G. Morison
Design and Construction Branch

Ontario Hydro
Toronto, Ontario

We don't know -for sure the sequence of events which led up to
the unfortunate accident at Chernobyl in the early Morning of
April 26, 1986. There have been many different scenarios
reported by the media emanating from all over the world,- Most of
which are speculation. However we do have some knowledge of the
Chernabyl reactors and power station and in particular the
features and assessments related to safety, and can compare these
safety related features to those in our CANDU stations. The
Chernobyl reactor features related to safety arm very different
from those in CANDU.

Fig 1. Map shewing Chernobyl and Europe

As I'm sure everyone knows an explosion and fire took
place in the Chernobyl Unit Number 4 at 1:23 Alt Saturday
morning April 26, 1986, but was not known by the Western
world until about two days latter when readings above
background radiation of from 5 to 10 times were Measured
in Sweden and some other Northern European countries.

The Russians subsequently acknowledged that an accident
had occured on April 26 in their Chernobyl nuclear power
station and that the accident unit was still on fire.

The fire and releases of radioactivity from the stricken
unit continued for 10 days to two weeks while the
Russians struggled to smoother the burning reactor with
sand, lead, boron and dolimite dumped on the unit from
helicopters. About two weeks after the start of the
accident the Russians had managed to smoother the fire
and to stablize the situation by providing liquid
nitrogen to the bottom of the reactor to cool the
reactor and to prevent air reaching the combustable
materials in the reactor core.

During the first few days and weeks after the accident
radioactivity (mostly 1-131 and Cs-137) was detected at
many locations throughout Europe and to a lesser extent
in more distant parts of the world. Readings of up to
40 times back ground were reported from neighboring
countries. However, the exposure to individuals
outsidethe Soviet Union would not be expected to have
any significant effects on health or life expectancy.
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Fig 2. List of Reactors at Chernobyl

There are four identical units in operation at the tioe
at Chernybol,- the newest unit No 4 was the one that
failed. Two other units of the same type were under
construction on the site.

Fig 3. Chernobyl Reactor Features

The slide shows some of the important features of the
Chernobyl reactors.

-Direct cycle,- the coolant that cools the reactor
goes directly to the turbine in the from of steam,
(cf to CANDU in which the reactor coolant is always
inside the containment enveleope)

-At over 3000MWth the energy output is somewhat
larger than our largest units (Bruce and
Darlington)

-The moderator is 2000 tons of very hot graphite
compared to about 500 tons of cool heavy water

-A very large number of vertical channels,- 1693
about 3.5 inches in diameter compared to our
largest reactor with 48O hjorizontal, slightly
larger channels.

—Single ended fuelling on power with enriched UO2
fuel compared to our double ended fuelling with
natural U02

A very large core 40 feet in diameter, 23 feet high
almost twice the diameter of our largest CANDU and
also longer.

-Manual adjustment of a great many control rods to
shape the flux compared to automatic zone control
in our CANDUs.

One shut down system compared to two fully capable
shut down systems in CANDU

Fig 4. Cross-Section of the Chernobyl Station

The Chernobyl reactors are enclosed in what I would call
a vertical cylindrical case and surrounded on the sides
by a water filled shield tank all inside a heavy
concrete structure which also extends below the
reactor. There arK heavy steel and concrete layers both
below and above the reactor case, for shielding, but
this top structure is penetrated by 1693 reactor
channels to allow on power fuelling from the top.
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The top of the reactor and the high pressure coolant
channels and closure plugs are not within a containment
structure since the fuelling machine is housad in a
standard structural steel building. The explosion and
fire severely damaged the top of the reactor structure
and blew the top of this building off.

The heat transport system is divided into two parts each
supplying half of the full channels with water at the
bottom. The steam-water mixture leaving the top of the
reactor channels at full power is about 14% steam by
weight. The steam and water is separated in large steam
vessels (9 feet in diameter) on each side of the reactor
and from here the steam flows directly to two turbines
which drive generators each about 500 MWe output.

I would like to point out that there are large headers
below the reactor and that the emergency coolant
injection system provided with the Chernobyl reactors
injects water into selected headers below the reactor.
A failure of one of these lower headers may make it
difficult to provide emergency cooling water to the
channels connected to it.

The high pressure nuclear piping in Chernobyl are
contained within heavy reinforced concrete cells that
are designed to contain any leakage or steam/water
released from the coolant system in the event of a pipe
failure and conduct it to the suppression pool in the
basement of the building.

Fig 5. Perspective View of Nuclear Portion of Chernobyl

This figure gives a little better view of the reactor
and the vertical coolant channels, the fuelling machine
and the conventional building housing the top of the
reactor and fuelling machine.

Fig 6. Cross-section of Reactor

This figure shows a few more details of the reactor
case, and surrounding heavy concrete structure around
the sides and bottom of the reactor. A mixture of
helium and nitrogen gas is fed in at the bottom of the
reactor casing a flows upward over the graphite. The
flow is small and does not provide cooling but docs
provide an inert cover gas over the hot graphite and is
used to detect moisture leaking into the moderator.

An important aspect of the Chernobyl reactor is the
large positive void coefficient which means that the
reactor power would rise quickly in the event of a
sudden loss of water coolant in the core.
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Fig 7. Cross-section of a Reactor Channel and Moderator

The pressure tubes in Chernobyl are Zirconium-2.5X
Niobium alloy containing the UO-2 fuel clad in Zr—Nb
and the ordinary water coolant operating at a pressure
of about 1000 psi and a temperature of about 280 C.

The graphite moderator bricks fill the space between the
pressure tubes and the heat generated in the graphite by
slowing down the neutrons and gamma heating (about 6 or
77. of all the heat generated in the reactor) is removed
through the coolant channels. This means that the
graphite runs quite hot (600 to 700C) to allow the heat
to be transferred to the pressure tube by conduction and
thermal radiation. This single barrier between the hot
water coolant and the very hot graphite doesn't leave
much room for error or failures in this reactor design.
While water does not react significantly with graphite
at 700C, it does at a 1000C, to produce combustible
gases (H,CO> particularly in the presence of some air.
In the case of a momentary lack or loss of cooling on
the fuel the fuel and channel and surrounding graphite
could quickly rise in temperature to above 1000C.

Figure 8. CANDU Reactor

I'd just like to quickly compare these same basic
features of our CANDU reactor wi th Chernobyl.

We're all familiar with the CANDU reactor with
horizontal fuel channels surrounded by cool moderator.

Figure 9. End of a CANDU Reactor

This end view of a CANDU Reactor shows the reactor inlet
and outlet headers both above the reactor. In the event
of a failure of any of these large headers the reactor
channels can readily be filled with water by injecting
water into any of unfailed headers above the core.

Figure 10. Coolant Circuit and Separate Moderator Cooling

This slide illustrates the indirect primary coolant
system which transfers the heat in the fuel through
boilers to produce steam in a secondary circuit for the
turbine -generators. The reactor coolant circuit is
entirely within our containment building.

Also shown on this slide is the separate moderator
coolant circuit, which keeps the moderator at a law
temperature during reactor operation and is built-in
back up cooling system in the event of a loss of coolant
accident and failure of the emergency coolant injection
system.
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Figure 11. Cross-Section of CANDU Lattice

This feature of the CANDU can be easily seen in this
section of a typical fuel channel (pressure tube, gas
gap and calandria tube) together with the cool heavy
water moderator associated with Bach channel. In the
event of a loss of coolant accident and failure of the
emergency coolant injection system the fuel and pressure
tube will heat up a sag down an the calandria tube and
all the decay heat will be removed from the reactor by
the moderator heat exchanger. While this is an
extremely unlikely event this is an outstanding feature
of the CANDU reactor that protects the public from an
uncontrolled event such as that at Chernobyl.

Figure 12. Containment

Of course we have our reactors within a powerful
containment system consisting of a massive reactor
building which provides both protection against escape
to the atmospere outside any radioactive materials which
might leak from the reactor or cooling systems, and
shielding in the event of damage to internal systems and
leakage of radioactive materials within the containment
structure. In Ontario Hydro stations we also have a
Vacuum Building connected to the reactor building which
automatically brings the pressure within containment
below atmospheric pressure just a few moments after any
accident within the nuclear system which would otherwise
raise the building pressure.

Figure 13 Comparison Table of CANDU and Chernobyl

This Table summarizes some of the important differences
between the CANDU system and Chernobyl.

While we don't know the exact nature or cause of the
Chernobyl accident it appears to have originate from low reactor
power <7X) with a sudden increase in energy output, (possibly due
to human error and the large positive void coeficient due to loss
of water from the coolant channels)) which apparently caused over
heating in some or all of the fuel channels resulting in
pressure tube failures into the hot moderator and over pressure
and dynamic failure of the reactor casing, which allowed air to
get at the hot graphite and the generation of large quantities of
combustible gases (H,CO) and the subequent explosion and fire.

We believe the powerful reactor control system and the two
independent shut down systems in CANDU would intercept any
reactivity transient possible in the CANDU concept, either local
or aver the entire reactor, without any damage whatever. The
incore detectors and zone control system are design to monitor
local power level and automatically control them within the
desired range. If for any reason this system fails other
detectors would trigger an immediate reactor trip and shut down,
preventing fuel or reactor over power.
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The void coefficient in the CANDU heavy water coaled reactor
is very small, and is easily overcome by the powerful shutdown
systems.

The diversity of cooling capability in the CANDU provides an
indepth defence against accidents involving lack of or loss of
cooling, with little or no danger to the public.

The massive containment systems is the CANDU provides an ever
present defence against the release of activity to the
environment almost regardless of the damage to the internal
nuclear systems.

The outstanding safety features of the CANDU concept, the
quality design of process and control systems, backed up by
diverse and redundant safety systems designed to protect the
public even in the event of multiple failures and errors, the
careful training and retraining of the operating staff, and the
continual testing, investigtion of significant events and
correction and improvement, are strengths we have and can build
on. We have experienced many failures and errors in over a
hundred reactor years of operating our nuclear stations and know
the value of defence in depth, diversity, redundancy and fail
safe approaches.

We are members of the CANDU Owners Group and know immediately
if anything goes wrong in any CANDU station. We are also members
of INPO the International Nuclear Power Owners group who keep
each other informed of events in their reactors.

However we are not complacent. Until we know the details of
the Chernobyl accident; hopefully by August 1986, we won't know
what implications the Chernobyl accident has for us.
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Figure 1

Map showing Chernobyl and Europe
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Figure 2

List of Reactors at Chernobyl
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Figure 3

Chernobyl Reactor Features

RATING
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CHANNEL DIAMETER
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CORE HEIGHT

CONTROL SYSTEM
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3140 MW(th)(960 MWe)

Graphite - (2000 Tons Operating at 600 - > 700%)
S 1693 Vertical Orientation

TER 80 mm (31/2 Inches)
On-Powar - Single Ended at the Top

U02 Enriched to 1.1 ->2.0% - 204 Tonnes
11.8m or 40 feet
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for Power Variation

OFF SYSTEM 57 Emergency Shutdown Rods



Cross-Section of the Chernobyl Station



Figure 5

Perspective View of Nuclear Portion of Chernobyl

X10* «* trt *mm M a n * 14 » 10* tt.

300



o

Cross-Section of Reactor

OUTLET'
FEEDERS

GRAMITf
8HICK*

STEELBUKKS.

J?*Xi

iiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiaii
iiiiiiiiiiiiiiiiiv=il

Illlllllllllllllll
Illlllllllllllllllil
•llllllia......

HBMK 1000 REACTOR BUILOING (REACTOR SHAFT) • ELEVATION



Figure 7

Cross-Section of a Reactor Channel ai.d Moderator
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Figure 8

CANDU Reactor
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Figure 9

End of a CANDU Reactor
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Figure 10

Coolant Circuit and Separate Moderator Cooling
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Figure IT

Cross-Section of CANDU Lattice
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Figure 13

Comparison Table of CANDU and Chernobyl
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PANEL: INNOVATION IN THE PUBLIC ACCEPTANCE PROCESS

Panel Introduction

R. Veilleux

Atomic Energy of Canada Ltd.
Ottawa, Ontario

Good afternoon, ladies and gentlemen. My name is Ron Veilleux
and I have been assigned the pleasant duty of moderating
what promises to be a most interesting panel discussion on
a topic of vital importance to us all, public perception of
nuclear power.

To set the stage for the panel presentations and subsequent
discussion we have asked Bill Morison, Vice-President, Design
and Construction of Ontario Hydro, to give us a short techni-
cal presentation on the event which has brought about the most
significant and far-reaching public perception challenge
ever to face our industry. I'm referring, of course, to the
Russian reactor accident at Chernobyl which has brought
terms like meltdown and radiation sickness back into everyday
conversation.

Bill Morison is well qualified to discuss what happened
at Chernobyl. His long and close association with Ontario
Hydro and the nuclear industry has given him an intimate
knowledge of reactor design, development and construction
methods. We're looking forward to your presentation, Bill.

(MORISON PRESENTATION)

Of the many issues which we in the nuclear business face
public perception, or by extension how to improve public
acceptance, ranks right up there with the most challenging.

Despite nuclear power's impressive safety record and equally
impressive contribution to our economies and our social
wellbeing, the challenge persists.Large numbers of our popu-
lations look on our product with, at best, misgiving and,
at worst, downright fear. Whether "uneconomic" tops "unsafe"
in the opinion polls, or vice versa, depends on what has just
appeared in the media.
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To what degree is this widespread mistrust of nuclear power
technology due to general lack of knowledge? Does the man-in-
the-street really want to know? If he does, how do we satisfy
his needs without appearing to be, as some would portray us,
purveyors of propaganda? In short, how do we bring balance and
rationality into public assessment of the product we offer?
How can we improve our believability without sacrificing
technical accuracy?

The scope offered to today's panelists is vast indeed, for
strategic planning to improve public acceptance of nuclear
power cries out for innovative thinking.

When this year's conference program was set up some months
ago, the conference committee felt that public acceptance
would be a valuable and popular topic. Little did we know
then of the added significance it would be given by the
subsequent Chernobyl accident.

None of us would argue that Chernobyl hasn't had its
repercussions on public acceptance. An early-May poll
showed 52 per cent of Canadians feel a major nuclear disaster
is a good possibility in this country while in.Britain the
number of people in favor of nuclear power dropped sharply
from 60 to 38 per cent. Even more significant to all of us
here, fully 71 per cent of Canadians feel that "important
information on the safety of the nuclear industry is being
withheld from the public", while the same percentage of
Britons feel they should be getting more information from
their government. Post-Chernobyl polls in the U.S. as well
showed that the Russian accident had a strong impact on
public attitudes toward nuclear power.

Dismal though these numbers appear they do indicate that the
public needs and wants more information on which they can
rely. The receptivity climate has swung in our favor. The
next move is ours and we must not miss out on the opportunity.
We're looking forward with a great deal of interest to the
views of our panelists:

Dr. Tom Margerison, Director of the Nuclear Information
Group in th United Kingdom.

Carl Goldstein, Vice-President of the U.S. Committee
for Energy Awareness.

And Dr. Norman Aspin, President of the Canadian
Nuclear Association.
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BIOGRAPHICAL NOTES

Dr. Thomas Margerison

The United Kingdom representation on our panel today is
Thomas Margerison who is director of the U.K. Nuclear
Electricity Information Group.

Dr. Margerison is an author, journalist and broadcaster on
scientific subjects and has written numerous articles,
television scripts and popular science publications.

He was the first science editor of "New Scientist" magazine
and has been Deputy Editor of the Sunday Times magazine as
well as Chief Executive of London Weekend Television, one
of the leading private TV networks in the United Kingdom.

Carl Goldstein

Carl Goldstein has had extensive experience in the areas of
media information and public relations in the U.S. nuclear
energy sector. He is currently Vice-President, Media and
Public Relations of the U.S. Committee for Energy Awareness
and has held P.R. and information positions with the Atomic
Industrial Forum.

Mr. Goldstein is a journalism graduate of Rutgers University
and has been on the editorial desks of major newspapers in
Chicago, New York and Seattle. He was managing editor of
Nucleonics Week from 1964 to 1969.

Of particular interest at this time: he organized and led
the first tour of Soviet nuclear facilities by a group of
American journalists in 1979.

Dr. Norman Aspin

Dr. Norman Aspin for the very few of you who may not know,
is President of the Canadian Nuclear Association. A native
of England he came to Canada in 1948. After receiving a
Ph.d from the University of Toronto in 1961, he joined the
Canadian Cancer Institute and was assigned to the Hospital
for Sick Children in Toronto as an irradiation physicist.
He was appointed to the Faculty of the University of
Toronto in the departments of Medical Biophysics and
Pediatrics and the Institute of Medical Sciences.

Dr. Aspin has directed the activities of the Canadian
Nuclear Association as full-time president since 1980.
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PANEL: INNOVATION IN THE PUBLIC ACCEPTANCE PROCESS

Panel notes for Dr. T. Margerison, Director,
Nuclear Information Group, UK; and,
C. Goldstein, Vice President, U.S. Committee
for Energy Awarenesss were unavailable.
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PANEL: INNOVATION IN THE PUBLIC ACCEPTANCE PROCESS

Public Acceptance of Nuclear Power in Canada

Dr. Norman Aspin
President

Canadian Nuclear Association
Toronto, Ontario

As you have no doubt perceived during the first two days of
this conference a powerful factor in determining public
acceptance of nuclear power is the Chernobyl accident in the
Soviet Union.

Because of the nature of the accident itself, and the media
coverage it received, it will probably be some time before
we can get an accurate reading of what its long-term effects on
public opinion will be.

During the height of the event, the public was understandably
alarmed. Coverage in the media was often conflicting and sensa-
tional. A survey taken at that time would show quite different
opinions from a survey taken today or in the future when the
situation is more settled as we begin to get some hard facts
in our possession.

Regardless of the actual facts of the case, I believe the type
of coverage Chernobyl received will continue to have some
bearing on public acceptance of nuclear power. There will be
a residual effect, but we can expect this to decrease over
time.

In my remarks today, I want to look at four distinct aspects
of public opinion regarding nuclear power in Canada:

1. Public acceptance before Chernobyl;
2. The impact of the events while they were happening;
3. Public acceptance in the period immediately after

the accident, and
4. What response is being proposed by this industry.

Generally speaking, levels of public acceptance of nuclear
power in Canada have varied from luke warm in some provinces to
positive in Ontario. In fact, in Ontario it is still quite
positive, considering the circumstances of the Chernobyl
accident.

The area of the country for which we have the most hard data is
Ontario. This is because Ontario is tha most populated province,
the most industrialized province, is the home of the majority of
companies involved in the nuclear program and has the greatest
investment in nuclear power for electricity production.
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Understandably, Ontario is also the focal point for groups
opposing nuclear power.

With the Pickering and Bruce nuclear generating stations in
operation and Darlingtion under construction, Ontario Hydro
is now in the process of determining what directions it will
take to supply any additional power needed early in the next
century. Part of this process includes public opinion surveys.

One such survey was undertaken by the Goldfarb Organization
just before Chernobyl, and produces these findings:

1. People expect that demand for electricity will grow.

2. They anticipate no energy shortages of any kind for
at least five to ten years, and they feel especially se-
cure when it comes to electricity.

3. Nuclear power ranks high in their list of preferred
means of generating electricity.

Hydraulic power was number one, natural gas was
number two, and nuclear number three. Oil and coal
were definitely not preferred.

Without knowing the relative costs of producing elec-
tricity from either gas or nuclear, people tended to
prefer natural gas as the second most favoured conven-
tional option. However, when they were made aware of
the cost factors involved, nuclear displaced gas as
the most favoured option after hydraulic power.

4. The prime concern of these people was reliability of
supply. It was absolutely at the top of their list.
Price was the second consideration, and reducing
pollution was number three.

Obviously, hydraulic power and nuclear energy are seen as
reliable and economical means of generating electricity.

However, the poll also indicated that nuclear power is the most
controversial option. On the one hand, from the standpoint
of cost, it is the second most favored; on the other hand,
it is one of the least preferred, with the key concern being
nuclear safety.

This poll/ remember, was done before Chernobyl

Goldfarb concluded that there would be considerable resistance
to further nuclear development in Ontario.
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To make the nuclear program more acceptable, it was felt
that Ontario Hydro would have to do two things:

1. Convince the public that there are no real alternatives
-- that more hydraulic power is not available, and
that options like solar energy are not technically or
economically feasible;

2. And it would have to convince the public of the cost
benefits of nuclear , and reassure them about the
safety of the technology.

Logically, we would expect the Chernobyl incident to have
some impact on these attitudes, and the first public opinion
surveys taken since it happened indicate that this may be
the case.

However, before I go into that, I would like to take a brief
look, not at the incident, but at the coverage it received
in the media.

To a great extent, what counts is not what actually happened,
but what the public thinks happened. Unfortunately, public
perception is determined largely by what people see on tele-
vision and read in the newspapers.

When an incident like Chernobyl occurs, people want information.
I want it, you want it, the public wants it, the politicians
want it. My first instinct, when I heard of the accident was
to tell the press to call the Soviet Embassy and get the facts.
We saw how far that approach got us: nowhere.

When you are dealing with a highly emotional and frightening
event, a communications blackout serves no one. However, for
the first few days, that is exactly what we had from the source
of the accident . Even now, weeks later, we still have very
limited information on the accident and its aftermath.

So — logically, considering the absence of hard facts —
information was replaced by speculation. Reporters asked hypo-
theti questions, and reported the answers as fact; rumours
became gospel — even if only for a few hours.

I think the worst example of this we saw in Canada was the
report from Moscow that "2000 people" had died in the initial
explosion. This was carried on the news wires, repeated, and
repeated again, until it was almost impossible to know where it
originated. But for a short time, it was quoted as "truth".

Fortunately, one Toronto journalist decided to track down the
report, and find out exactly where it came from. As it turned
out, it originated with one television correspondent in Moscow,
quoting an unidentified source "in the Soviet military near Kiev'
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This is about as unlikely a source as you are going to get.
But, as we saw, the story made the headlines, caused great
excitement for a day or two, and then faded from sight. Its
impact on public opinion, however, will last considerably longer
than the story itself.

In mentioning all of this I am not condemning media — as I
say, in the absence of real information, what are they going to
do ? However, in western countries like Canada,Chernobyl was
a media-driven event.

Within a few days of the explosion, attention was turned to the
fallout that might be expected from it, and we got the next wave
of scare stories. An early edition of the Toronto Star carried
a front page, colour drawing of the globe, with a broad arrow
of radiation sweeping over the North Pole and aimed straight at
North America.

I would venture to say that media pressure helped to stampede
the politicians in a number of countries. A good example of this
occured in Canada where the federal government overreacted and
alarmed the public by advising Canadians not to drink rainwater
because of the radiation levels found in a few samples. Again
this mads, headlines.

So what effect did these headlines have on public opinion ?

The Reid poll of Canadian public opinion towards current issues
interviewed 1600 people across the country between May 10 and
May 13.

Havinq analyzed their answers, the Reid organization stated

"In the wake of the disaster of the Chernobyl nuclear
power plant, Canadians are greatly concerned about the
safety of the nuclear industry in this country. (The
poll shows ) that many Canadians think a similar
accident could happen here, and that the government is
withholding important information about the safety of the
nuclear industry."

According to Reid, concern is highest in Eastern Canada, where
more than half of the people polled said they thought a major
nuclear accident is either very likely, or quite likely, in the
next 10 years.
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I have difficulty understanding the geographical significance
of this result but on the matter of information, the poll was
more exact and its findings are rather more conclusive.

Of the people surveyed, almost three-quarters said they felt
that government in Canada is withholding information on the
safety of the nuclear industry. Only 20 percent said they felt
the whole story is being told.

It would have been more relevant had the question been posed with
respect to the availability of information from this industry
rather than from government.

We had developed the outline of a public information program
long before the Chernobyl accident.

Earlier this year the Board of Directors of the Canadian
Nuclear Association approved the program and the major
companies in the Association have already committed funds.
The remainder of our member companies will, within the next
few days, be provided with details of the program and invited
to subscribe to it.

The CNA Public and Government Affairs Committee will be meeting
tomorrow to move the program into high gear.

This is a three year program aimed at giving the public
hard facts and straight talk about our industry.

This program is not a response to Chernobyl, it is a response
to the public's need for facts and assurances about the nuclear
industry in Canada.

It is necessary for the future development of the industry
that the program, full details of which will be provided to you
soon, receives your support and participation.
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LUNCHEON ADDRESS

INNOVATION - THE NEW AECL RESEARCH COMPANY

Stanley R. Hatcher
President

Atomic Energy of Canada Limited, Research Company

Ladies and gentlemen.

First I want to thank the CNS and CNA for inviting me to
present this luncheon address. I am honored by the
invitation and I am delighted to have the opportunity to
share with you some of the excitement and the innovative
ideas that are flowing through AECL's research organization
these days.

AECL's Research Company is the second largest research
company in Canada, employing over 800 scientists and
engineers. Historically, it has been the cornerstone of
Canada's nuclear industry. It still is the cornerstone,
for, without its programs there would be no technological
depth to sustain the industry, no R & D response capability
to deal with problems in our operating plants, and no major
centre of excellence in basic and applied nuclear science
and engineering to generate new products and services for
the future benefit of the nuclear industry.

The nuclear industry worldwide, as we all know only too
well, has been in a severe business crisis for several years
and we have to recognize that there will be several more
difficult years ahead before orders for nuclear generating
stations pick up again. And any industry finds it hard to
maintain a major R & D program while its workload is
shrinking. Yet the need for innovation and revitalization
by introducing new products and services is never greater
than when you are in a slump.

We all know too, that Canada is falling behind the other
high technology countries in the international effort to
secure high-tech export markets. Last year, the Secretary
of State for External Affairs, the Right Honorable Joe Clark
stated "In 1968, Canada exported more than the Japanese;
today Japan's share is double ours. As an exporter, we have
fallen from fourth to eighth place globally. Out of seventy
manufacturing sectors, we have gained market share in only
four, and have declined in twenty-one." Canada's annual
trade deficit in high-tech goods and services is now running
at about 12.5 billion dollars and it has been growing at an
annual rate of 20% since 1970. One of the principal reasons
for this is that Canada does not spend enough money on
research and development.
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Look at Korea as a good example of the importance that the
newly industrializing countries place on R & D. Last year,
Korea's spending on R & D was 1.8% of GNP. This year, the
Korean government has announced that the equivalent of
20 billion Canadian dollars will be invested in R & D over
the next five years, on such strategically important
industries as information, energy, new materials and fine
chemicals. This will raise their R & D to 2.5 % of GNP and
bring them in line with industrial giants, such as Japan,
West Germany and the U.S.A. which have figures of 2.6, 2.8
and 2.7% respectively. Meanwhile, Canada's value continues
at a*,out 1.2 %. It's no wonder that we are losing out in
the high-tech league. Many voices across the land are
raised in the call for more R & D so that Canada can recover
from this alarming trend.

At the same time, there is a determination by the federal
government to reduce costs in general and to move more
government activities into the private sector.
Consequently, last year, the federal government announced
that, by 1990, its annual contribution to AECL's R & D
budget would be cut in half, to about 100 million 1985
dollars. However, Statistics Canada shows that the Canadian
private sector, with a few notable exceptions, has a poor
record of investment in R & D relative to our international
competitors.

With all these factors, what greater challenge could the
newly-appointed President of the Research Company ask for?

Fortunately, the need for the Research Company to change to
respond to our changing environment was recognized over a
year ago by Bob Hart, then head of the Company. Bob set up
a task force to examine the strategic direction of the
Company and to recommend the action to be taken. The
principal recommendations of the task force were to expand
our commercial activities and develop new businesses, as
well as to develop new funding sources to replace the lost
federal funding. A further recommendation was for a major
restructuring of the Research Company to strengthen its
capability for this new thrust. AECL's Corporate management
and the Board of Directors accepted the task force
recommendations and in October we started organizing for the
new job ahead of us.

In re-examining our strategic direction, we re-affirmed that
we are a technology-driven Company. We are confident that
there will be many new opportunities, both in Canada and
abroad, for nuclear technologies and for the spin-off
technologies that arise from nuclear R & D. The Research
Company is committed to being a major contributor to the
development and exploitation of these opportunities. We are
also confident that the many beneficiaries of our R & D can
be convinced to contribute to the funding of the programs.
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Personally, I believe that this type of contribution is a
necessary confirmation of the relevance of our R & D; if we
cannot convince our beneficiaries and customers to pay for
the R & D, then either we are not doing the R & D they want,
or the quality of our product is not adequate, or we are not
giving them value for their money. The key words for
judging our performance become relevance, excellence and
value.

However, we must recognize that R & D alone is not the
answer. Innovative management and a responsive company
structure are vital links in the implementation of new
strategic directions. The Research Company's new structure
has been designed to satisfy the requirements that I
mentioned earlier, that is, to provide the funding focus, to
stimulate the exploitation of new ideas and to nurture a
growing commercial and business orientation. To improve
efficiency, the organization has been streamlined by
eliminating one, or in some cases two, layers of management
and by delegating more responsibility and authority down to
the line managers. Executives and managers are expected to
foster and facilitate a climate of innovation and to
encourage commercial exploitation.

The new structure is based on the concept of R & D Program
Responsibility Centres (PRCs). There are four of these
Program Responsibility Centres, each headed by a Vice
President. Each PRC is responsible for R & 0 activities
spanning both our research centres, Chalk River and
Whiteshell.

The four Program Responsibility Centres are Reactor
Development, Waste Management, Radiation Applications &
Isotopes and Physics & Health Sciences. Each PRC is
responsible for:

-developing its strategic, long range and business
plans
-managing its resources and motivating and
developing its staff
-securing its funding from beneficiaries and customers
-delivering the agreed products and services to its
beneficiaries and customers

All of the services necessary to support the R 6 D are
grouped together at each site under a General Manager of
Site Support Services. Within Support Services, the
managers are challenging the way things are done and are
looking for opportunities to improve the cost-effectiveness
of their operations. They are having to run their
operations as businesses and are making decisions on that
basis.
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The Vice President, Strategic Technology Management has
responsibility for the long-term strategic direction of our
technology portfolio. This Office, together with the PRC
management, is evaluating in detail all our R & D programs
to determine their adequacy, relevance, priorities and
future funding objectives. Recommendations for new program
areas are also the responsibility of this Office.

Special emphasis is being given to our commercial work, that
is contracting to do R & D and selling our specialized
expertise. PRCs and the Site Support Services have
Commercial Managers and staff dedicated to the successful
contracting of our services to utilities, industry and other
customers both in Canada and abroad. Profits from
commercial work are re-invested in our R & D programs and
facilities.

One of the most important features of the new strategy is
the thrust for the development of new businesses that can be
spun-off from the Company. The Vice President, Business
Development, has the responsibility to ensure that as many
opportunities as possible are incubated and nurtured to the
point where this spin-off becomes viable. Business
Development Managers in each PRC and SSS group are
responsible for encouraging the development of ideas and
ensuring that their business potential is properly
evaluated. Once an idea has been shown to have real
potential, a formal Business Unit is established to ensure
that the idea is properly developed in a business atmosphere
and to business standards. At this point in its development,
the Business Unit reports directly to the Vice President,
Business Development and has a normal business structure. It
contracts with the PRCs for research and development
necessary to complete the business launch. As the business
opportunity develops, attention is given to identifying
potential industrial and commercial partners who might
participate in the business through manufacturing, marketing
and financing.

At present, Research Company staff have developed many ideas
for new business opportunities arising from our research
programs over recent years. These range from small reactors
for local heat sources to nuclear batteries, from industrial
catalysts to air cleaning equipment, from neutron
diffraction as a non-destructive test method to new
radiation measurement instruments, from biomedical products
to new radiation processing techniques. These and others
are at various stages in the business evaluation cycle and I
fully expect that many will demonstrate business viability
and can be spun-off. We intend to work actively with
industrial partners to turn these into profitable business
ventures.
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I believe that AECL's Research Company illustrates
innovation at its best - a dynamic response to the realities
facing AECL and the nuclear industry. New approaches and
new products for new times. The timing is right in ether
ways too, because, in addition to- CANDU, our new thrust will
strengthen Canada's capability with new products and
services in the critical high-tech export field. And it is
completely in line with the increasing emphasis being given
by provincial governments to high-tech R & D, such as the
Ontario government's Special Technology Fund. Throughout
all the change, of course, a priority is to maintain the
technological support for the CANDU system, which, now
represents a major industrial energy commitment by three
Canadian provinces and three foreign countries.

The Research Company is in a unique position. No other
Canadian company has world class research scientists and
engineers in such a wide range of disciplines. I am
confident that we can make a major contribution, not only to
our domestic utilities, but also to Canada's high-tech
export drive. With a commitment by ourselves, the federal
government, the provincial governments and the utilities and
through new business arrangements with industry and the
commercial sector, we can re-vitalize the Canadian nuclear
industry. The Research Company is ready for the challenge.
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