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FOREWORD

This compilation contains the Proceedings of the eight sessions from the Thirty-six Annual
Conference of the Canadian Nuclear Association held in Fredericton, New Brunswick,
Canada June 9 to 12, 1996. As in previous years, the Annual Conference of the Canadian
Nuclear Association was held in connection with the Annual Conference of the Canadian
Nuclear Society.

The papers enclosed were prepared by the authors in a format detailed by the Technical
Committee. The papers are published exactly as submitted by the authors. Responsibility
for the content of each paper rests solely with its authors.
Where available, biographies of the Chairs have been included for the respective Sessions;
and biographies of the speakers are included in the order of presentation.

These Proceedings are copyrighted (© 1996) by the Canadian Nuclear Association.
Requests for further information concerning these Proceedings, permission to reprint any
part of these Proceedings, or orders for copies of these Proceedings should be addressed
to :

Canadian Nuclear Association
144 Front Street West, Suite 725
Toronto, Ontario, Canada, M5J 2L7

or phone:

416-977-6152

or fax:

416-979-8356
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GOLD AT YOUR FEET

GLOBAL COMPETITION IN THE NUCLEAR INDUSTRY

Keynote Presentation at the

1996

CNA/CNS CONFERENCE
Fredericton, New Brunswick
June 10, 1996

By

MR. RAY SERO

General Manager

Systems and Major Projects Division

Energy Systems Business Unit

WESTINGHOUSE ELECTRIC CORPORATION

MR. SERO:
Good morning. I come to you from that distant outpost of Canadian ice hockey ... Pittsburgh,
Pennsylvania.
I know that everyone in this audience admires the work of Mario Lemieux. If there is poetry in
sports, he embodies it.
Mario is a very effective representative of Canada in the Pittsburgh area. A local television station ran
a special this Spring on Mario at home. We were treated to the view of a wine cellar that ought to be
rated internationally by Wine Spectator magazine. Pittsburgh - in its now departed steel days ~ was
more familiar with a beverage called a "depth charge." You dropped a brimming shot glass into the
bottom of your beer and drink the result. There was very little discussion of vintages.
Upstairs in Mario's home, he spoke affectionately on camera to his small children -- in French. This
bemused many Pittsburghers, who are not known in every case to speak identifiable English.
Pittsburgh people are passionate about hockey, and about Mario. His image appears thirty feet tall on
the side of a downtown building. He is our favorite Canadian.
Mario's great popularity demonstrates that real value transcends all borders. What is true of Mario
Lemieux is true of the economics and technology of operating a nuclear plant. Even though Canadian
nuclear technology is dominated by the distinctive CANDU design, and United States by the PWR and
BWR designs, we have many important areas of shared interest.
First and foremost among those common interests is the impact — both in anticipation and fact - of
deregulation and competition. This impetus is global in one form or another ... for one reason or
another. It is also, for this industry, revolutionary. As I look at the status of these influences both in
Canada and the United States, it seems to me that we may be hit by the wave first. We are already
ankle deep in legislative debate and press attention. It's coming, and we're getting ready.
That being the case, I am going to presume that you may have some interest in how we are reacting to
deregulation and competition ... and what we see as the implications of these onrushing changes. So
let me offer you some early warning impressions and conclusions -- some personal, some general to
Westinghouse.
In the United States, there are pundits who are convinced that nuclear power will be hard hit by
today's cost pressures. Ralph Nader lives. But they will be disappointed. They rarely reckon with
nuclear technology's ability to innovate. We've been beating the odds for as long as nuclear power
has been on line.
At Westinghouse, we do not believe that deregulation and competition threaten the survival or
economic value of operating nuclear power plants. In fact, we are convinced ... totally and resolutely
... of the opposite view. We believe that we are looking at a period of tremendous opportunity.
There is an "if" connected with that conviction.
Nuclear power plants will be the pride and joy of their owners ... tf each plant gets its production costs
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down to the real potential that all nuclear plants have — somewhere near one cent a kilowatt-hour
U. S. at the bus bar.
A nuclear plant with production costs that allow it to offer power at that rate will be right in there
with coal and hydro as a prime competitor. Nuclear plants will be queens of the fleet
If ... such costs are attained.
The "if may not be as big as it appears. The best proof is that many plants are already performing at
that level. At least one CANDU plant that we know about at Westinghouse is producing at a bus bar
cost below one cent Canadian. In an age of competition, CANDU plants ~ with their high capacity
factors, high safety levels and low operating costs -- will have tremendous inherent operational
advantages.
There are many reasons to believe that nuclear power plants of all designs, anywhere on the globe, can
now be tough competitors. In the United States, one reason is the enormous progress that electric
utilities have made in recent years in getting capacity factors up and costs down. Our key cost-cutting
target is, as you know, the refueling outage — the extended maintenance activity that is scheduled to
coincide with each shutdown for refueling. Take away the word, "refueling," and everything about
these major outages has a parallel with CANDU reactors.
Three years ago, Westinghouse challenged the nuclear industry in the United States to shoot for
50-day refueling outages, and outage costs of no more than $20 million in U. S. dollars — and by the
way, all the figures I use will be U. S. from this point on. We called it the 50/20 challenge.
That brave call to action already sounds comically short of the mark. Within two years, one plant
performed a 10-year ISI outage in 46 days - the shortest ever. Another completed its refueling outage
in 33 days. Another in 45 days. Still another performed a 10-year outage in 48 days.
The average interval for these major outages just two years ago was 80 days. Fifty days now sounds
like slow motion. As for that $20 million goal, the best performing plants have already dropped
below it
These same plants are also making inroads in the cost of day-to-day activities. Last year, costs at
United States nuclear plants dropped seven percent - the most impressive decline in the industry's
history. Combined O&M and fuel costs for domestic plants moved down from an average of $121
million per plant to $112 million. The top performing plants had total costs below $100 million a
year.
These cost advantages have come at a time that was more critical than we initially understood. The
nuclear industry was just trying to do its job. Then the word "competition" entered the vocabulary of
each plant, and everyone understood that the job involved survival.
That being the case, it may be worth spending a minute looking at how these cost improvements came
about. What's been happening?
Perhaps the most important factor in these attainments is focus. Because PWR plants must shut down
regularly to refuel, their owners think about these scheduled outages as their primary operational
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challenge. No single factor impacts availability as much.
About 400 days before a PWR outage, planning begins at the utility. When Westinghouse is part of
the team, we call the event an integrated outage. All of the success stories I referred to a moment ago
were of this type. The process is detailed, meticulous and effective. I can tell you from direct,
repeated experience that the secret to the free fall in outage times and costs that I have described is
planning ... focus ... I might even say dedication.
In addition, much of the Three Mile Island hangover is finally ending for us. The major
NRC-mandated requirements in the licensing, seismic and environmental areas that followed TMI have
largely been met. Ten years ago, it was routine for a PWR plant to spend $30 million on capital
upgrades during a scheduled outage. Today, that figure is more like $4 to 5 million.
The new lower costs now being attained in these plants have given operators at top performers a
tremendous sense of liberation. With the great weight of ever climbing costs lifted, there is a new
managerial freedom ... a flexibility in decision making that will allow each of them to compete
effectively in a competitive environment. There can be no doubt about the fundamental truth that low
costs are management's greatest asset in a competitive environment.
I describe this liberation in the context of top performing plants, but we are convinced that there is no
nuclear plant now in service - not one - not in the United States nor Canada nor around the world that doesn't have a clean shot... not just for survival ... but for significant profitability in a
competitive era. We are at a time when the global nuclear industry has gold at its feet.
But gold takes mining. And mining take initiative and a commitment to problem solving. So far,
we're seeing strong evidence of both.
When anti-nuclear advocates talk about operating nuclear plants becoming stranded assets, they are in
most cases pointing at the original capital investment in building the plant — the sunk cost That is
not an issue that any of us can ignore.
The plain fact is that there are many large nuclear and coal plants around the world that will never
retrieve all the capital that was invested in them. They were built in an era of rate base economics or
indulgent state economic support, and will now serve their customers in a time when their value will
be measured daily in pennies at the bus bar. The world has changed around them, but they are still on
line and serving a need. They must now be managed, and evaluated, for their ability to compete on
the basis of their go-forward costs.
This is not quite as cavalier as it may sound. We recognize that if there is a nightmare in any Chief
Financial Officer's portfolio, it concerns the stranded asset value of any major, heavily capitalized
plant in a purely competitive market.
But we also believe that there are solutions to the problem of sunk cost in many cases ~ financial
innovations that are in their own way as creative as the plant's original technology. In several
successful efforts we have seen thus far, the process has been carried out by highly skilled teams
drawn together from the utility, the manufacturer, the financial world and marketing consultants. The
team looks at the plant as a chess game ~ examining all its strengths and weaknesses - production
costs, performance measures, the existing ownership structure, the power markets available to the
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plant, and the probable impact of effective O&M concepts like out-sourcing.
Out of all this study comes a package proposal that addresses possible moves like refinancing,
restructuring ownership, marketing part of the plant's output either to support refinancing, or as part of
financing an out-sourcing arrangement. In some cases, we believe that restructuring such an asset may
call for back-up power supplies that enhance the total economics of the plant
The problem of sunk cost is being addressed aggressively in both North America and Europe. As you
may know, Spain has recently taken innovative steps to deal with the nearly six-billion-US-dollar
nuclear debt of its electrical sector. In a complex deal supported by state guarantees, long-term,
variable-rate securities will be auctioned off, some of it in the form of bonds and other parts as
structured loans. The details are important as a model for others, but not as important as the fact that
a highly creative financial solution has been achieved.
For plant operators and those who serve their needs — for you and me — the question of sunk cost is
not on the table. The go-forward costs of operations, maintenance, fuel and new capital needs are the
challenge that has to be met.
We believe that the greatest mistake any plant owner or operator can make is to try to meet that
challenge in isolation. The nuclear industry is a worldwide reservoir of knowledge, experience and
talent. To tackle the towering challenge of attaining cent-per-kilowatt-hour costs without making the
most of that great resource would be as sensible as being a goalie who knowingly and willingly goes
one on one with Mario Lemieux.
We believe that there are two levels to the challenge of learning from each other. The first is to reach
out for the best practices that past experience has identified. The second is to leap beyond what is
already known.
Reaching for the best of the best in what has already been attained in the industry worldwide is a
concept that needs little defense. The basic concept of benchmarking has wide acceptance, but there is
no one approach to its implementation. The method that we have found most successful at
Westinghouse is a highly structured form of benchmarking.
We developed our benchmarking system by dividing typical major outages into nine "windows" of
activity ~ each one mandatory for any outage of the particular type, and each logically separate from
the others.
We searched for and found the plants that had done well in one or more of the categories. We
averaged the top three performers in each window. This gave us a realistic idea of what could be
done, because we were looking at what already had been done.
When we added up the times for the top performers in all nine windows, we came to our ideal — the
goal we want to shoot for on every outage of that kind.
We are convinced that structured, disciplined benchmarking is a powerful idea. It is one sure way
that each plant in this industry can learn the best lessons from all other plants that face similar
challenges. We are equally convinced that benchmarking is a moveable feast. The process that works
for one plant works just as well for all others — whatever their design.
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Having said all that, I am obliged to point out that there are some interesting challenges associated
with benchmarking. The first is the obvious fact that there are going to be no overnight miracles.
Each plant is a particular case. Each will start from some intermediate point The steps and timetable
that will take a plant all the way to the ideal will vary.
The second is a new twist, and a subject that has not yet been much discussed. This may be the first
time it will be described from a lectern. It is part of our ongoing experience with the full meaning of
competition.
Several of our States have recently opened transmission systems to the wheeling of bulk power and
more will soon do so. Here and there, nuclear utilities are looking across their service lines at other
nuclear utilities. Inevitably, one of them has lower costs at the bus bar. Thinking about the future day
when those plants may collide in the marketplace, top management is beginning to ask itself...
Why should I tell you?
We're seeing the very first stages of a potentially significant conflict - pitting the needs of nuclear
technology for optimization against the imperatives of business enterprises engaged in outright
competition. The conflict is muted for the moment, because all the nuclear plants we have worked
with still enjoy rate-based economics. But if and when individual plants are separated in a genuinely
competitive market — with their true costs pitted against others - their managers will have to play a
tougher game.
For now, Westinghouse moves from outage to outage ... plant to plant... carrying the good news of
the best practices ... with no objections. We don't really know what the future may bring. But we
suspect that we are in a period of grace, when the demands of a coming competition call for
cooperation among plants, and the discipline of a real competition has not yet raised barriers. The
time to make the most of benchmarking is clearly now.
There are other forms of cooperation that make complete sense as we anticipate the impact of
competition ~ and even more sense for the long range reality. The most important of them is
out-sourcing.
No plant... no matter where in the world it operates ... can afford to carry full-time costs for part-time
work. Excessive overhead is the first bad habit to go in a genuinely competitive arena.
It won't surprise you to hear praise for out-sourcing from a Westinghouse speaker. For us, the task of
providing ad-hoc talent on a disciplined, affordable basis is a major part of the future. We've been
doing it for some time, and we continue to re-shape our organization in order to fill this role more
effectively.
We believe that the logic of out-sourcing makes it a valuable part of everyone's future. It is a
powerful cost-cutting technique. Engineering for major work to be performed in definable time
periods can and should be supplied from separate sources as needed. The arrangement creates a wider
but still effective form of benchmarking, as a pool of very busy engineers carry their own lessons
learned from one plant to another.
We also believe strongly in the value of separate sources for outage equipment, parts, materials and
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craft labor. The regionalization of many services is pure common sense. The savings are impressive.
In a competitive world, fat is dead weight. It has to be sliced away.
Out-sourcing, in its essentials, is a recognition that there is a global universality to nuclear power.
Plants worldwide share more similarities than differences. CANDU plants and PWR plants differ in
their core design and refueling, but they share the same O&M challenges in steam generators, reactor
coolant pumps, valves, heat exchangers, and the turbine-generator island.
It was that high level of similarity which allowed us recently to assist in a benchmarking study at
Point Lepreau — a project we genuinely enjoyed. We were pleased to offer an outsider's view of the
plant's techniques, and to bring some proven new approaches to the process.
Cooperative efforts to share best practices, best people or best equipment are important at any time,
and vital as we all prepare for deregulation and competition. But there is a significant limitation to all
approaches that concentrate exclusively on what has been accomplished. They are each based in what
we already know. They look toward the past.
Making the most of lessons learned is essential. But even in this first blush of the competitive era, it
is clear that relying on past success won't be good enough.
The closer we look at the implications of competition, the more we realize that every operating plant
must do more than move forward inch by inch. We are entering a golden age, as your meeting theme
suggests, but to move quickly beyond the threshold of that golden age, giant steps are in order. At
Westinghouse, we are convinced that we, and the industry we serve, must now move to a whole new
level of performance.
Each plant -- whatever its design or location -- has to measure the size of those giant steps for itself.
Plants that are already performing at high availabilities with low costs are golden, but not perfect.
Plants operating at lower availabilities face a challenge that ranges from moderate to awesome.
Wherever you stand in performance, the coming competition demands improvement.
Competition, for Canadian utilities, will not bring easy times. Your top management will be forced to
demand more from you than you consider possible.
Every tenth of a cent at the bus bar will count as the new imperative works its way through the
industry, creating winners and losers.
Nuclear power plants, all across the world, have done a magnificent job of upgrading their
performance levels in the past decade. It would only be fair if you could rest on your laurels. But as
tough as it has been for you, it will now become tougher still. Even as you wonder where the next
percentage point of availability is going to come from, you will be called on to produce another three,
four, and five percent.
The sheer pressure to perform at a whole new level will look different in each plant, but the poorest
and the best performers will feel the same degree of pressure from management If you are at a
relatively low level of availability, you will be asked to add many percentage points. If you are
performing with high availability, you will be asked for another one percent — or fraction of a percent.
In both cases, the challenge will seem overwhelming. And in both cases, it is unlikely that the

methods that are being used today will be good enough for tomorrow.
In a way, the most unfair part of this challenge is that it calls on all of us to be the Mario Lemieux of
this industry. Ordinary checking and skating won't do. We'll have to do the hat trick time and time
again ... take our hits ... and do the hat trick still again. The competitive world makes that kind of
demand.
It also brings its rewards. Hockey players celebrate every goal. They embrace as a team. It's a
feeling that can't be beaten.
We will all get more of that kind of pleasure by playing in a competitive arena. Cutting costs at the
bus bar by a tenth of a cent will call for celebration. Being the best... the measurable and measured
best ... will be a source of pride.
But it won't be easy. We will do it best if we do it together.
Thank you.
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Mr. Reid Morden was appointed President and Chief Executive Officer
of Atomic Energy of Canada Limited on July 22, 1994.

A native of Hamilton, Ontario, Mr. Morden received his B.A. in history
and Political Science at Dalhousie University in 1962.

From September 1991 to July 1994, Mr. Morden was Deputy Minister
of Foreign Affairs and International Trade. From 1987 to 1991, he was
Director of the Canadian Security Intelligence Service. Prior to that, he
served as Assistant Secretary to the Cabinet for Foreign and Defence
Affairs and as Assistant Deputy Minister, Trade and Economic Policy,
External Affairs. From June 1984 to March 1985, he served as Assistant
Deputy Minister (Native Claims) Indian Affairs and Northern Development.
During his foreign service career in Japan and Pakistan, he represented
Canada at the United Nations in New York and Geneva.

Mr. Morden serves as a director on the boards of the Canadian Red
Cross Fractionation Corporation, the Canadian Nuclear Association, Nuclear
Project Managers Canada Inc., the Energy Council of Canada and the York
University International MBA Advisory Council.

Mr. Morden lives in Ottawa with his wife Margaret. They have two
sons.
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FRANCIS P. MCGUIRE
Francis McGuire was born in Halifax, NS on November 7,1951. His
post-secondary education included a Master's degree in International
Studies, Trade and Economics from the School of Advanced International
Studies, John Hopkins University, Washington, DC, a Diploma in European
Politics from the Institute d'etudes Politiques, Paris, France and a Bachelor
of Arts degree from Dalhousie University. Mr. McGuire also completed the
Management Training Course at the University of Western Ontario's School
of Business Administration in 1984 and the Marketing Management Course
at Queen's University in 1991.

Mr. McGuire was the recipient of the MacKenzie King Fellowship
(1975-1976), the P.P.G. Industries Fellowship (1974-1975) and a French
Government Bursary (1973-1974).

From 1976 to 1980 he worked for the head office of the Bank of
Canadian National, now the National Bank, for the Council of Maritime
Premiers, and for NB Tel.

From 1980 to 1984, Mr. McGuire was a special advisor to the Minister
of Transportation and the Minister of Employment and Immigration and
served as executive assistant to the President of Canadian National. At
Transport Canada, he was responsible to the Minister for Crown
Corporations, principally Canadian National, VIA Rail and Air Canada.
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At Employment and Immigration he dealt with employment development and
training issues.

From 1985 to 1986 he worked as a special assistant for Mr. Raymond
Garneau, Member of Parliament and Liberal Party Finance critic.

Between 1986 and 1987, Mr. McGuire worked with the New Brunswick
Liberal Party as Director of Communications and Research. He was
responsible for communications strategy for the New Brunswick provincial
election campaign in 1987.

In July, 1988, Mr. McGuire was appointed Deputy Minister responsible
for Intergovernmental Affairs and the Regional Development Corporation for
the Province of New Brunswick.

Mr. McGuire was appointed Deputy Minister of Commerce and
Technology in July 1989. He is now the Deputy Minister of Economic
Development and Tourism after a merger in 1991 of Commerce and
Technology with the Tourism department. In 1993, the department was
given responsibility for the Information Highway Secretariat in New
Brunswick.

-3Francis P. McGuire (cont'd)

In this capacity, Mr. McGuire also serves as President of Provincial
Holdings Ltd., is a Vice-Chairperson of the New Brunswick Industrial
Development Board as well as a member of the Board of Directors of the
Research and Productivity Council and serves as the government
representative on the Board of New Brunswick Power Corporation.

Mr. McGuire resides in Fredericton with his wife, Jill McCaw, and their
sons, Brendan and Dylan.

R. ALLEN KILPATRICK

R. Allen Kilpatrick joined AECL as Vice-president, Marketing and Sales on
December 1, 1995.

A native of Saskatoon, Saskatchewan, Mr. Kilpatrick received his B.Ed, from the
University of Saskatchewan in 1956 and, in 1995 August, received an LL.D (honoris
causa) from the same university.

Mr. Kilpatrick has held senior positions in the Canadian government, both at
home and abroad, particularly in the Asia Pacific region. He has acquired a wealth of
experience and appreciation of political and economic environments and has managed
complex trade negotiations with numerous countries.

In 1981-1983 he was Commissioner for Canada in Hong Kong and in 1988-1990
the Canadian High Commissioner to Australia. During the years 1993-1995 Mr.
Kilpatrick served as Deputy Minister for International Trade in the Department of
Foreign Affairs.

Mr. Kilpatrick and his wife reside in Ottawa.
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Queen's University in Kingston where he received a M.P.A. In addition, he
has attended executive programs in international business at the Harvard
Business School.

Mr. Bock has been with AECL for six years, first as Vice-President of
the Western Region and most recently as Vice-President and General
Manager, Marketing in China. During his time with AECL, he has also had
responsibility for the marketing of CANDU in Thailand and Indonesia.

Prior to joining AECL, Mr. Bock had spent over twenty years with the
Government of Saskatchewan in a wide variety of areas ranging from a
number of senior positions within the Department of Finance, the Chairman
of the Public Service Commission and the General Manager of the
Saskatchewan Liquor Board.

Mr. Bock now lives in Beijing and has the distinction of being AECL's
first resident representative in this large and very important market.
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The Korean Nuclear Power Program
Choi, Chang Tong
Vice President
Nuclear Power Division
Korea Electric Power Corp.
Seoul, Korea

I . Introduction

Although the world nuclear power industry may appear to be in
decline, continued nuclear power demand in Korea indicates future
opportunities for growth and prosperity in this country. Korea has
one of the world's most vigorous nuclear power programs.
Korea has been an active promoter of nuclear power generation since
1978, when the country introduced nuclear power as a source of
electricity. Korea now takes pride in the outstanding performance of
its nuclear power plants, and has established a grand nuclear power
scheme.
This paper is aimed at introducing the nuclear power program of
Korea, including technological development, international cooperation,
and CANDU status in Korea.
II. Nuclear Power Development
Nuclear Power Status
Since the commercial operation of Kori Unit 1 started in April 1978,
KEPCO, the sole electric utility in Korea, has achieved rapid growth
in nuclear power development. Because natural resources are scarce in
Korea, nuclear power has played a key role in the economic
development of the country.
Korea now has eleven operating nuclear units which consist of ten
PWRs and one CANDU. The latest unit is Yonggwang Unit 4 (1,000 MWe),

which was constructed in line with a nuclear technological selfreliance program. It began commercial operation in January, 1996,
three months ahead of schedule. Yonggwang Units 3&4 were awarded the
1995 "Project of the Year Awards" by "Power Engineering
International" magazine for their excellence in design, construction
and operation. The nuclear capacity of the eleven operating units is
9,616 MWe, or 28.9% of the country's total installed capacity.
Table 1. Status of Operating Nuclear Power Plants
Plant

Reactor
Type

Capacity
(MWe)

Manufacturer
Reactor

Kori

Unit
Unit
Unit
Unit
Wolsong
Unit
Yonggwang Unit
Unit
Unit
Unit
Ulchin
Unit
Unit

1
2
3
4
1
1
2
3
4
1
2

PWR
II

n

PHWR
PWR
n

II

PWR
M

587
650
950
950
679
950
950
1000
1000
950
950

w

Commercial
Operation

T/G
GEC

Apr. 1978
1983
Jul.
If
Sep. 1985
If
Apr. 1986
NEI-Parsons
AECL
Apr. 1983
Aug. 1986
w
w
Jun. 1987
HANJUNG/CE HANJUNG/GE Mar. 1995
II
II
Jan. 1996
Alsthom
Framatome
Sep. 1988
M
Sep. 1989
II

Seven additional units consisting of 4 PWRs and 3 PHWRs are now
under construction, and 2 PWR units are in the planning stages. At
the end of 1995, Wolsong Unit 2 was 84% complete, and is scheduled
for completion in June 1997. Wolsong Units 3&4 in the same site
obtained construction permits in February 1994, and will be completed
in June 1998 and 1999, respectively. Ulchin Units 3&4 reached 65%
completion with the construction of the main buildings for the
reactor and turbine. In addition, construction permits for Yonggwang
5&6 were applied in August 1995, and invitations to bidding for
Ulchin 5&6 were issued inJune 1995.
Nuclear Power Operation
The performance of Korean nuclear power plants has shown remarkable
improvement over previous years, and in comparison to the world

average. For example, in 1995, the average capacity factor for Korean
nuclear plants was 87.3% while the world average was only 71.6%.
Since 1991, the average annual capacity factor has been steadily
maintained over the 80% level.
A comprehensive program is utilized to improve the plant capacity
factor. Short-term efforts involve reducing unplanned plant trips
caused by human error and
equipment failure, shortening the
refueling outage time period, and enhancing the quality of operating
plants. Therefore, KEPCO has set a company-wide goal of "One Cycle
Trouble Free" or "OCTF" operation. Due to several noticeable
improvements, the number of unplanned trips has dropped. In 1995,
there were a total of 11 unplanned trips, including three ones of
Yonggwang Unit 3 during the first year of commercial operation,
averaging 1. 1 occurrences per reactor. Since 1988, when Kori Unit 3
achieved the first OCTF in Korea, "One Cycle Trouble Free" has not
been unusual in Korea, and especially, had been recorded on three
units among the then-operating nine units in 1993.
Additionally, in order to prevent unplanned shutdowns caused by
human error, improvements were made through simulator training to
enhance response ability against transient and abnormal operations.
Furthermore, a Human Performance Enhancement System (HPES) was
mobilized to find the root causes of plant malfunctions, and to
educate operators and maintenance crews on how to avoid problems.
Long-term efforts include improving equipment and systems,
operational management, and operational feedback in the design of
plants under planning and construction. Also included is the adoption
of an extended fuel cycle for PWR plants. A 15 month operating cycle
from shutdown to shutdown for refueling has been applied to 600MWe
class plants, and an 18 month fuel cycle for 950MWe class plants
started in 1993.
On the other hand, the total average generation cost in 1995 was
86% of the 1986 level. This low price can be contributed largely to
the expansion of the nuclear power program and improvements in
nuclear power operation.
long-term Power Development Plan
It is expected that annual growth rate of the demand for
3

electricity will average 8.5 percent in the short-term (1995 to
2000). The average growth rate from 1995 to 2010 is expected to be
5.9 percent per annum. Therefore, the power development program of
1995 stipulates the addition of new generating facilities of some
47,367 MWe by the year 2010. Among them, 17,713 MWe will come from
nuclear energy. In the long-term nuclear power development plan, the
Korean Standards Nuclear Power Plant (PWR, 1, OOOMWe) and the Korean
Next Generation Reactor Plant (PWR, 1,300MWe) will be the major
options, and a 900MWe PHWR will be alternatives. When the program is
completed, the total installed power capacity should be 79,551 MWe.
The current capacity ratio among nuclear, fossil (coal, oil & LNG),
and hydro sources is 29 : 62 : 9 respectively. This ratio will be
33 : 59 : 8 in the year 2010. The share of nuclear electricity
production will increase to 46% in2010 from the current level of 36%
because nuclear power plants will serve to handle the base-load.
Table 2. Long-term Power Development Program
Unit : MWe,
Source
Nuclear
Coal-fired
LNG-fired
Oil-fired
Hydro
total

1995
8,616
(26.8)
7,820
(24.3)
6,736
(20.9)
5,919
(18.4)
3,093
( 9.6)
32,184
(100)

2000
13,716
(26.0)
15,825
(30.0)
14,201
(26.9)
5,135
( 9.8)
3,878
( 7.3)
52,755
(100)

2005
18,716
(27.5)
22,025
(32.4)
16,214
(23.9)
5,495
( 8.1)
5,483
( 8.1)
67,933
(100)

2010
26,329
(33.1)
21,700
(27.3)
22,014
(27.7)
3,525
( 4.4)
5,983
( 7.5)
79,551
(100)

Radioactive Waste Management
In 1988, the Korea Atomic Energy Commission established goals for
radwaste management. The plans included construction of a final
repository for low and medium level radwastes to be built by the end
of 1995, and a centralized interim spent fuel storage facility (for
both PWR and PHWR fuels) to be built by the end of 1997.

As in other countries, the radwaste plan had been beset by public
opposition, which has slowed the timetable. Ending several
difficulties in securing an appropriate site for radwaste disposal,
the Korean government, in December 1994, officially announced that a
small remote island, Kurrupdo, off the west cost of Kyunggi province
was selected as the final candidate, and in February, 1995, the Korea
Atomic Energy Commission has finally approved the island as the site
for LLW.
However, more extensive geological surveys revealed at least two
active faults within a few kilo-meters of the island that pose a
significant earthquake risk. In the end, the Korean government has
canceled plans to site a radwaste disposal on the island, and is
reexamining its previous short list of sites.
Early this year, the Korean government made the decision that KEPCO
should assume the major tasks of radioactive waste management program,
taking into account KEPCO's capability of such mission. This decision
involves appropriate rearrangement of institutional and legal
framework for the program implementation.
Currently, more than 2,600 tones of spent fuel and 48,000 drums of
low-level radioactive wastes are stored at reactor sites. KEPCO is
undertaking several measures to increase storage capacities for spent
fuel and radioactive wastes.
III. Technological Development
Technological Self-reliance
Nuclear power experience in Korea can be classified into the
following three stages. During the first stage of nuclear power in
Korea, nuclear power plants were constructed on a "turnkey" basis. In
turnkey construction, the reactor vendors were usually responsible
for the entire project, from design, engineering and construction to
the startup and turnover of the plant to the owner. The first three
nuclear units were built on this "turnkey" concept.
In turnkey contracts, the opportunities for technology transfers
were very limited. Also, participation of domestic companies was
limited to site preparation work. In other words, Korean companies
participated as subcontractors of foreign contractors to provide

small portions of field design, equipment supply and construction. In
order to contribute to a more stabilized energy infrastructure, that
was less reliant on foreign sources of energy, it was widely
recognized that Korea should be as self-reliant as possible in
nuclear power technology.
In the second stage of nuclear power, KEPCO took responsibility for
project management along with direct procurement of the balance of
the plant. Main contracts for supplying NSSS, T/G, and engineering
services were made with foreign contractors. A Korean contractor took
responsibility for the site construction, while other Korean
companies were strongly encouraged to expand their roles in
engineering service and equipment supply. The six units of 950 MWe
were constructed under this approach, which
significantly
strengthened Korea's capability to deal with nuclear power projects
itself.
The third stage of nuclear power development started with the aim
of finalizing the nuclear technology self-reliance program. This
program has been in effect since the construction of Yonggwang Units
3&4, with Korean industries as prime contractors. KEPCO has been in
charge of project management and technology transfer. Several other
domestic organizations have participated
in plant design,
construction and management, with assistance from foreign subcontractors. All Korean organizations and entities which have
participated in the nuclear power program have improved their
capabilities through technical and on-the-job involvement in all
disciplines of nuclear power technology.
On the other hand, KEPCO has driven the standardization of a
nuclear power plant, pursuing technological self-reliance and
localization. KEPCO has developed design basis of a Korean Standard
Nuclear Power Plant (KSNP), reflecting the operating experience with
the existing nuclear power plant and the proven technologies used in
ALWR program in USA.
The commercial operation of Yonggwang Units 3&4 signified the
beginning of a new era of technological self-reliance in Korea's
nuclear industry. The Yonggwang Units will serve as basic models for
the development of KSNP. The Korean Standard Nuclear Power Plant is
now applied to construction of Ulchin 3&4 and Yonggwang 5&6. Also, it
will be applied to subsequent PWRs including the two units in North

Korea, until the development of the Korean Next Generation Reactor.
KNGR Project
In 1992, the Korean government and KEPCO launched the Korean Next
Generation Reactor (KNGR) project to develop a standardized advanced
light water reactor, based on previous experience acquired through
the KSNP's design and technological self-reliance program of 1987.
The KNGR project's goal is to complete a standardized KNGR design by
February, 2000. This project will be applied to the new nuclear
projects which are anticipated to begin operation in 2007.
Because developing a new design for nuclear power plants requires a
great deal of resources and experience, an integrated project has
been organized to maximize all experience and technology shared
within Korea's nuclear industry.
The KNGR design will meet the enhanced safety requirements and
economic goals of future nuclear power plants in Korea, particularly
with regard to investment protection and accident prevention.
Construction is set to start in 1999, when 60% of the design will be
completed.
IV. International Cooperation
Nuclear Overseas Business
Based on KEPCO's accumulated technology and international
confidence built-up through its success in providing local
electricity, KEPCO is now expanding its operation sphere to include
the global community. Also, KEPCO is laying the foundation for global
operations in the Asian region, where the demand for electricity will
increase rapidly.
In December 1993, KEPCO signed its first international contract for
engineering services for the maintenance of Guangdong nuclear power
plant in China. In February, 1995, KEPCO signed a memorandum of
understanding with China National Nuclear Corporation (CNNC) on the
technical and economic joint study for the construction of nuclear
power plants in China.
This year, KEPCO made an agreement with the Chinese government for

a joint study on the construction of Shandong Haiyang Nuclear Power
Plants, and also provided Quinshan Nuclear Power Company (QNPC) with
consulting services for the contract between QNPC and AECL for
Quinshan Phase III project in China. Korea is stepping up its efforts
to build a cooperative relationship with the Asian countries in the
various fields for peaceful use of nuclear energy.
KEPCO also is pursuing cooperative joint ventures with advanced
foreign suppliers such as ABB-CE in USA and AECL in Canada.
Internationa] Activities
By joining several Owners Groups set up by utilities operating
and/or constructing the same type of reactors, KEPCO is continuously
making efforts to improve plant safety and availability. KEPCO has
been affiliated with international organizations such as the
Institute of Nuclear Power Operations (INPO) and the World
Association of Nuclear Operators (WANO), in order to exchange
information on the nuclear field. KEPCO is also participating in
various international cooperative activities for the promotion of
nuclear energy development through the International Atomic Energy
Agency and inter-governmental nuclear cooperation agreements.
In addition, KEPCO has made technical cooperation agreements with
thirteen foreign utilities or nuclear organizations from eight
countries to promote technological development, information exchanges,
training, etc. Based on the agreements' frameworks, various
cooperation activities are being executed, including periodic
meetings and regular exchanges of information.
V. C A N D U Status in Korea
As recognized, CANDU has earned the reputation as one of the
world's most successful reactors since its first operation in Canada
in the early 1970s. CANDU's combination of natural uranium, heavy
water and on-power refueling is remarkable for its reliable power
production.
Wolsong Unit 1 is the best performing nuclear unit in Korea on a
lifetime basis and has been number one in the world annually three
times. The CANDU units now under construction in Wolsong are

scheduled for completion in 1997, 98, and 99, and are increasingly
localized with Wolsong Unit 4 reaching 75% local content. In 1999,
KEPCO will have four CANDU units totaling 2,779 MWe bearing a
considerable portion of KEPCO's nuclear capacity.
In addition, a feasibility study is being implemented to confirm
the technical and economic viability of the CANDU 9 (900 MWe class).
This study is to be completed before the establishment of the basic
construction plan for two new nuclear units at Bonggil adjacent to
the Wolsong site.
Last November, KEPCO and AECL signed a Memorandum of Agreement for
CANDU Export to Third Countries, establishing a framework for future
cooperation. Both parties will cooperate jointly in exploring third
country markets for CANDU export and in participating in CANDU
projects in such countries. Also, KEPCO is strengthening the interplant technical cooperation through an agreement with CANDU utilities
such as Hydro-Quebec and New Brunswick Power Corporation.
VI. Conclusion
Nuclear power has contributed greatly to diversifying energy
resources, lessening dependence on energy import, and improving
environmental conservation in Korea.
There is no alternative but to continue on the chosen nuclear power
path considering the current energy situation in Korea. KEPCO will
make every endeavor in ensuring safer and more economic nuclear power
plants through the technological development and international
cooperation programs. Korean industries are now ready to contribute
to our neighbors' nuclear power programs, with much experience
accumulated over the last two decades.
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UPDATE FROM CERNAVODA
John D. Soxmnerville
Station Manager - Cernavoda Unit #1
AECL Ansaldo Consortium
Cernavoda, Romania

INTRODUCTION
On April 161" at 17:32h Cernavoda Unit #1 achieved criticality.
This event marked the culmination of roughly 17 years of effort and
one of the most troubled histories experienced by any nuclear
construction project worldwide. It was also a major milestone in
the program begun by AAC (AECL-ANSALDO CONSORTIUM) in 1991 and due
to end in June 1997 with the handover to RENEL (The Romanian
National Electric Utility) of a fully operational CANDU 600 Power
Plant.
This paper briefly outlines the history of the project, the
organisational structure in place and the funding schemes used to
ensure its completion.
Most attention is given to the present status of
those areas and/or issues which have been or
significant problem areas. The future program for
of 100% power and handover of the station to RENEL
potential future problem areas are discussed.

the project and
continue to be
the achievement
is outlined and

BACKGROUND AND HISTORICAL SUMMARY
Romanian studies with respect to nuclear power began in the early
1970's and from a Canadian perspective culminated in the signing of
a Bilateral Safeguards Agreement between Canada and Romania in
1977. An agreement with AECL for Engineering and Procurement
Services was signed with ANSALDO and G.E. in 1981 and a licensing
agreement was made with AECL in 1981. Thereafter followed a verydifficult and protracted construction phase marked by poor quality
work, poor performance and poor project management. The laborious
pace of construction work ceased completely in 1989 (Dec.) with the
Romanian Revolution.
After a hiatus and considerable uncertainty the project started to
move forward again with the founding of the Romanian Electricity
Authority (RENEL) in 1990 (Nov.) and in the same month AECL and
ANSALDO formed a joint venture to manage the project. The AAC
project management contract was signed with RENEL in Aug. 1991
although the contract did not become fully effective until Aug.
1992. This marked the beginning of the "modern era" for Cernavoda
Unit #1.

FUNDING
Beginning in late 1991 the funding for Cernavoda was obtained from
three sources, namely Italian Funding in the amount of 175.5 B Lire
(through the Instituto Centrale per il Credito Medio Termine),
Canadian Funding in the amount of 315.0 M $ (through the Export
Development Corporation) and direct Romanian Funding estimated at
the time at 95 B Lei. (580 M 1992 CDN $ equivalent)
By the end of 1995 this funding was supplemented by additional
funding was arranged as shown in Appendix 1.
ORGANISATION
The staffing level of the project organisation from January '92 to
January '96 is shown in Appendices 2A/2B. At the peak of the
construction and commissioning phase there were approximately 240
Canadians, 140 Italians and 1920 Romanians employed by the project.
This peak was achieved in mid 1993 for Ex-Pats and mid 1994 for
Romanian staff. Currently the bulk of Ex-Patriates employed are
attached to the Unit #1 organisation in a Commissioning/Technical
role or in a direct Operations role. A simplified schematic of the
Unit #1 organisation is shown in Appendix 3 together with the
current numbers of Ex-Pat and Romanian staff.
It is important to stress that Cernavoda is unique among
international CANDU projects in that AAC is responsible in a direct
sense for the commissioning and operation of Unit #1 including the
period of full power operation up to June 1997.
This direct responsibility as opposed to an advisory responsibility
has posed significant challenges to AAC, not the least of which has
been the need for staff authorization by the Romanian Regulatory
Agency (CNCAN). In particular the need to recruit, train, authorise
and maintain qualified Shift Supervisors and Control Room Operators
has proven to be a difficult task in part due to CNCAN1s insistence
on only considering authorization of personnel who have previously
been authorised in Canada. A summary of this is shown in Appendix 4
and further discussed later in this paper.
PRESENT STATUS
CONSTRUCTION PROGRAM
On Sept. 1991 the date of take over of the project by AAC, the
construction progress was estimated at 46%. The general progress of
construction work was impeded by a large amount of rework which had
to be undertaken in many areas mainly in piping but also in civil
finishing. In addition a decision had to be taken early in 1993 to

change the supplier of the stand-by diesel generators which
required a complete civil mechanical and electrical rework of that
area.
COMMISSIONING PROGRAM
A brief historical perspective of commissioning progress is shown
in Appendix 5. Essentially at this point all systems have been
commissioned to the extent possible during Phase A. All NSP systems
have been fully commissioned including the special safety systems
to the maximum extent possible. Secondary systems such as the
condensate and feedwater systems have been test run at nominal
operating conditions and are ready to support power increase. The
turbine is running on turning gear with all support systems in
service or available. Common support systems are commissioned to
the extent necessary to support Phase C although a significant
amount of remedial work is in progress on the CCW system and
initial commissioning work is being expedited on the turbine
building ventilation system as well as on the general heating
system.
The fuel handling system is ready to support on power fuelling and
an on-reactor fuel change demonstration has already been carried
out on two channels.
A total Loss of Class IV test has been carried out successfully
showing the starting and load sequencing capabilities of the 4 x
4,4 MW diesels.
Two Reactor Building leak tests have been carried out at CNCAN
insistence. The last one done in September 1995 giving an excellent
result of 0.29%. (as compared to the analyzed leak rate target of
0.5% of containment volume per day).
A computerised physical security system has been installed,
commissioned and is in daily use. This system using magnetic access
control cards also incorporates computer controlled access to
various "vital" areas such as the main control room, the secondary
control area, the spent fuel bay and new fuel storage.
A solid waste management facility has been constructed and is ready
to accept compacted solid waste as well as filters and ion exchange
resin.
The Phase B reactor physics tests and measurements are expected to
proceed with no significant surprises whereupon the Phase C
integrated testing and power run up can proceed.
As stated elsewhere a considerable amount of rework, rehabilitation
and replacement of equipment and components has been done during
the commissioning program. Over 350 Design Changes have been

implemented of which approximately 50 have been classed as "major".
In particular, significant upgrading and/or changes have been
required on the common service systems including the circulating
water (CCW), raw service water (RSW), recirculating water (RCW),
chilled water (CWS), Class III diesels and instrument air systems.
In addition to ensure the required availability of RSW cooling
water to safety related equipment (in particular cooling for the
Class III diesels and the chilled water units) in the event of a
loss of Class IV power it was found necessary to design and install
a subsidiary RSW Back Up Cooling system. This system consisting of
four 50% pumps (powered from Class III) and two 100% filtering
units coming late in the program represented a major commissioning
challenge due to the logic complexities associated with its
automatic response function. The decision to change over from two
100% Romanian manufactured Class III diesels to four 50% diesels
sets (manufactured by GEC Alsthom International) in mid 1993 also
caused considerable commissioning rework and delay to the
finalisation of the electrical systems.
From the beginning of the commissioning program a great deal of
emphasis was placed on system chemistry and system cleanliness.
Given the history of the Unit, system cleanliness was identified as
a potential problem and was so proven. A program of system
inspections via visual and/or non destructive means was initiated
and as necessary intensive techniques used for inspection and
removal of foreign material. This program can be considered as
successful although not without the expenditure of much effort. All
systems which normally contain treated water were hydrostatically
tested with treated demineralised water and subsequently wet
stored. This was complicated due to the many partial system
hydrostatic tests which were carried out. During hot conditioning
and hot performance commissioning, primary side chemistry results
were excellent.
An additional challenge during commissioning and early operation
period has been the problems posed by those "service" systems which
have been in-service for a considerable period of time prior to AAC
assuming control. Three systems in particular, the water treatment
plant, the auxiliary steam plant and the fire water system had been
running for many years. The overall maintenance history of these
systems had been less than ideal as a result of which the overall
reliability
of
all
three
was
very
low.
A
considerable
commissioning, maintenance and operational effort has been expended
in improving the overall reliability of these important service
systems including some redesign and partial refurbishment. Although
the situation is much improved the overall reliability is still
less than desired and the level of required maintenance effort is
much greater than is desirable, as a result additional steps will
need to be taken to achieve adequate reliability and performance
from these systems.

The extended nature of the commissioning process has been due to a
number of factors which are covered in more detail below, not the
least of which was the simple fact that commissioning could not
proceed until construction was complete! Although the first
"system" turnovers from construction occurred in mid 1993 the final
turnover which was required as a prerequisites to criticality did
not occur until March 1996.
The intent has been and remains, to carry out commissioning to the
same degree, quality and completeness as would be the case in a
Canadian reactor. Up to this point this intent has been met.
LICENSING / REGULATORY PROCESS AND STATUS
The granting of the license to go critical on April 10fc by CNCAN
marked the culmination of a long, complex and often frustrating
process of licensing the first CANDU plant in an ex-communist east
block country and would merit a paper in its own right to fully do
justice to the complexities of the process. The various licensing
milestones including the miscellany of regulatory agencies which
were involved are summarised briefly in Appendix 6. The major
problems encountered are covered briefly in more detail later.
STAFFING
EX-PATRIATE STAFF
Adequate numbers of Ex-pat staff have been maintained throughout
the project although the mobilisation curves shown in Appendix 2 do
not reflect the difficulties of recruitment and achieving
continuity of key staff positions. The current make up of Ex-Pat
staff and their parent organisations is shown in Appendix 7.
ROMANIAN STAFF
Surprisingly even though RENEL has in excess of 100,000 employees,
recruitment of adequate numbers and more particularly adequate
quality of Romanian staff has been and continues to be difficult.
As mentioned previously and shown in Appendix 3 the mature Unit #1
organisation is predicted to be in excess of 1000 (excluding Ex-pat
staff). Although this number would appear excessive for a single
unit plant it is a result of several factors peculiar to the
Cernavoda situation. These include various design features such as
separate / segregated control areas, lack of annunciation in some
common service systems, service systems sized for 5 units, Romanian
legal requirements, overspecialization and poor productivity to
name a few.
Quality of staff is also an ongoing concern despite the large
training effort that has been expended. Starting in 1992 over 100
operations, technical and maintenance staff have been trained at

Point Lepreau for periods ranging from a few months up to 18 months
for a total of 1112 manmonths of training. The main core of senior
operators and shift supervisors spent 18 months and received not
only class room training but also on-the-job training complemented
by full scale simulator training. Overall this training was aimed
at transmitting the safety culture required for safe operation.
This coupled with a large amount of subsidiary training at
Cernavoda as well as on the job training (see Appendix 8) has
resulted in a core of very capable, highly trained staff at the
senior levels and in particular in the areas of future shift
supervisors and control room operators. Despite this capability
there is however insufficient depth at intermediate and lower
levels to give a feeling of security with respect to the future.
Overall technical training appears to be less of a challenge than
the development of proper approach, attitude and skills in
supervision and management of human resources including such areas
as team work, planning, problem solving, ownership and safety
culture.
One very positive feature with respect to the training of future
staff has been the early decision to build a large new training
centre adjacent to Unit #1 with a full scope plant simulator. This
simulator supplied by CAE Industries of Montreal has been
operational for about 1 year and is actually being used for the
specific system training of both Romanian and Ex-Pat authorized
staff.
MAJOR PROBLEM AREAS
Clearly the Cernavoda project has been a uniquely difficult project
for many reasons. Foremost among these is the obvious fact that we
have been commissioning a "new" plant where some of the installed
equipment is more than 10 years old. Secondly we inherited a work
force with a poor record of productivity and little regard for
quality. Prior to 1989 the dictum "the state pretended to pay them
and they pretended to work" was clearly a truism. The major problem
areas and the ways in which they have been overcome or ameliorated
are covered below:
EQUIPMENT RELIABILITY
Significant problems have been experienced during the process of
commissioning with equipment reliability. This has been mainly (but
not solely) with Romanian supplied equipment. Of particular note
was the need to replace the Romanian supplied diesel generator sets
with imported equipment. Breaker reliability has also caused
significant problems and delays. Most frustration has been due to
problems with " secondary" equipment such as sump pumps, level
switches, controllers, small motors, relays etc. As mentioned
problems were not only with Romanian equipment, as significant

rework and delays were experienced due to problems with Canadian
and Italian supplied valves, in particular heat transport liquid
relief valves, Shutdown System #2 quick acting valves and feedwater
and condensate system valves.
A painstaking and thorough commissioning program has managed to
remove or reduce the effects of these equipment reliability issues.
This has been done in many cases by change out of the particular
equipment. Where this has not been possible or practical major
upgrade programs were initiated often in conjunction with the
manufacturers to achieve improved equipment reliability. As of this
date the situation has been enormously improved and overall
reliability although not ideal is acceptable.
CONSTRUCTION RELATED DEFICIENCIES
AAC inherited many construction related problems which were largely
corrected through massive programs of piping / weld inspection and
repair as well as civil inspection and repair. A major quality
surveillance effort was initiated and maintained throughout the
construction program to counteract the poor quality culture of many
Romanian construction workers. The thorough commissioning check out
program and commissioning completion assurance process has ensured
that these construction related deficiencies have been corrected
prior to placing the system "in-service".
DESIGN RELATED PROBLEMS
No major insurmountable design related problems have arisen
although several instances of less than optimum design has caused
commissioning difficulty. Philosophical and/or cultural differences
in design philosophy have caused some difficulty in the way some
systems are interfaced with the main control room and the main
computer control and annunciation system. In particular Romanian
designs tend to favour stand alone control rooms and local
annunciation as a result of which Main Control Room annunciation
and indications are often inadequate resulting in increased need
for field operators especially when starting equipment.
Inappropriate choice of valve type and/or trim has caused problems
in the commissioning of the feedwater and condensate systems as
well as significant difficulties in the Raw Service Water system. A
change of compressor type from that used at other CANDU 600' s
resulted in the need for redesign of the cover gas system and
replacement of the direct contact cooler with an air cooled heat
exchanger. All of these issues (only a few are mentioned here for
brevity) have been adequately resolved either by redesign,
equipment changeout or adaptation of operating procedures and are
fully covered in the commissioning report for each system.

MATERIAL SUPPLY
One of the most frustrating aspects of commissioning and operating
a plant within Romania has been the difficulties with material
supply and procurement. Due to a combination of factors the delays
in procuring even standard items have been unacceptably long. Many
factors contribute to this problem not the least of which has been
very rigid Romanian bureaucracy which inhibits managers from making
decisions lest they be held accountable many years later. In
addition a RENEL committee is charged with overseeing all Romanian
Work (Purchase) Orders to ensure that the cheapest price is
obtained and if necessary renegotiating directly with the supplier
to obtain a better price. Even after the order has been placed
sizeable delays often occur due to hard currency funding
difficulties.
These material supply difficulties have not been limited to major
items. The general lack of a free market economy in Romania often
causes difficulties in obtaining even "trivial" items such as
string, paper, tags, screws, paint etc. (in other words there is
not the equivalent of a "Canadian Tire" store on every corner).
This general inability or difficulty in obtaining parts and/or
material has created an amazing ability on the part of the Romanian
tradesman to improvise or make parts which would be commonly
available in Canada. This has both positive and negative
connotations insofar as improvisation may clearly be unacceptable
in some situations.
STAFF/MANPOWER DEFICIENCIES
Although largely overcome one of the must significant challenges in
setting up
a mature operating organisation has been
the
recruitment, selection and training of Romanian staff. As mentioned
previously although RENEL has a very large manpower base (>100,000
personnel) attracting appropriate personnel to Cernavoda has not
been easy. This in part is due to the (perceived) unattractiveness
of Cernavoda as a place to live compared with other larger centres
in Romania. A "social" construction program aimed at improving the
living conditions in Cernavoda has been only marginally successful.
In general at this point in time the technical capability of the
Romanian operating, maintenance and technical staff is excellent
due to the extensive and prolonged training programs which have
been conducted.
The major area of concern relates to how well they have assimilated
an overall safety culture approach and their approach to planning,
problem solving and other management and supervisory skills.

REGULATORY PROBLEMS/ISSUES
Although we have been ultimately successful in obtaining a
criticality license the route through the regulatory minefield has
not been on easy one. The Romanian equivalent of the AECB, CNCAN is
a relatively small organisation trying to handle the enormous task
of licensing and overseeing a major nuclear program (which includes
uranium mining, fuel fabrication and heavy water production in
addition to the nuclear power plant at Cernavoda). With respect to
the nuclear power plant CNCAN staff lacks practical experience of
commissioning and/or day to day operation. An AECB advisor is
resident at site and is a major assistance in resolving many
issues. Added to this lack of practical experience is the fact that
Romanian licensing regulations governing power reactors were
written in 1975 and closely resemble the U.S. NRC 10 CPR 50.
Obviously adhering to such regulations within the context of
Canadian licensing practice is far from simple if not impossible.
The regulator has required a U.S. style Safety Report (13 volumes)
and although agreement has been reached to use the Canadian
approach of Operating Policies and Principles this has been done
under the proviso that it will be eventually complemented or
replaced by U.S. style Technical Specifications.
All of this has resulted in a considerable expenditure of manpower
to produce documentation which is acceptable to CNCAN not to
mention the time spent in meetings and discussion.
FUTURE PROGRAM
The future program for Phase B and Phase C commissioning is shown
in Appendix 9. Essentially the unit is expected to reach 100% power
(assuming no licensing delays or restrictions) for the first time
by the beginning of September 1996.
At this point a 100% Load Rejection test and a Loss of Class IV
test will be conducted as well as a demonstration on power
refuelling before the unit is taken off line for a maintenance
outage.
CNCAN approvals must be obtained at various power levels starting
from 5% F.P and although no particular problems are foreseen with
this process there is adequate potential for delay due to imposed
regulatory requirements.
In parallel with the approach to full power two important programs
are ongoing.
The first is the "gap" training or familiarisation of additional
Ex-Pat staff (3 shift supervisors and 4 control room operators) as
a prerequisite to the CNCAN authorization process so that they will

be in a position to replace or substitute for Ex-Pat staff who will
be demobilised at the end of their contract.
These additional authorised staff will give sufficient flexibility
and coverage to ensure adequate staff are always present on shift.
In addition the first wave of Romanian authorised shift supervisors
and control room operators will undertake a separate more intensive
program after which they will be required to pass CNCAN written and
practical {simulator based) examinations. This will be followed by
a Co-piloting phase and a gradual phased take over of shift
authorised positions leading up to June 1997.
After the achievement of full power and the beginning of
"commercial operation" AAC will continue to have the total
responsibility for operation of the plant. However a phased
transfer of responsibilities to the Romanian staff is planned with
Ex-Pat staff taking up an advisory as opposed to a front line role.
At the end of this phase all necessary processes should be in place
to ensure the safe and reliable operation of Cernavoda Unit #1.
FUTUKE PROBLEM AREAS
As discussed previously many of the general problem areas which
affected the overall schedule and progression of the commissioning
work have been resolved, if not totally at least to the point where
they represent no more or less of a challenge than similar issues
challenging nuclear power plants and utilities worldwide. However a
number of issues are foreseen to be potential long term problem
areas where definitive solutions will not be easy:
RELIABILITY OF INSTALLED EQUIPMENT
Despite a major program of maintenance, repair and replacement a
significant amount of unreliable Romanian supplied equipment will
continue to exist in the plant.
Given the attention which has been focused on the special safety
systems and safety support systems and given the fact that these
systems have mainly imported equipment in the first place there is
good assurance that the safe operation of the plant will not be
compromised by such unreliable components / equipment. (As noted
previously, the types of equipment with which we have had most
difficulty are electrical breakers, valves (all types), level and
limit switches, small pumps and motors (especially sump pumps),
relays and controllers). However from a production reliability
point of view significant challenges still exist.
LONG TERM STAFFING
Although the current staffing situation is adequate there is
insufficient depth in the organisation to give a great degree of
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confidence for the future. As such the long term outlook remains
uncertain. Three points can be stressed.
•$ As in any nuclear plant the time required to fully train senior
staff is significant. Even with the right aptitudes and attitudes
and a fast track program a minimum of 5 years would be required to
train personnel for key positions.
§ It is still very difficult if not impossible to attract people to
Cernavoda given the lack of social and cultural facilities.
$£ As free market reforms accelerate there will be increasing
competion from the private sector. State industry salaries are
totally uncompetitive with private companies and factors of 200300% increases are not uncommon when people leave to join private
companies. This process has already started with several people
leaving to join private enterprise or to go abroad.
MATERIAL SUPPLY
Chronic material supply problems are not likely to be alleviated
any time soon due to the fact that the root causes of most of these
problems can only be solved at the national (state) level by
changes to legislation and/or more importantly by fundamental
changes to peoples attitudes so that getting the job done is
perceived as more important than protecting personal interests.
Until this happens, overly bureaucratic purchasing procedures, lack
of a competitive private sector, and lack of "ownership" of the
parties involved will continue to lead to difficulties in this
area.
FUTURE PROGRAM - UNIT #2
Finally the situation with respect to Unit #2. Overall construction
progress is in the region of 25% with much major equipment such as
calandria, steam generators, pressuriser, heat transport pumps,
already in place or in storage. Romanian and RENEL interest remains
very high in reinitiating work on Unit #2 and in this respect a
recent letter of intent has been signed setting the framework for a
workable arrangement with AAC which would as a first step attempt
to organise a viable project financing scheme prior to the end of
1996.
CONCLUSION
Despite many obstacles and the political, social and economic
difficulties inherent in the Romanian environment the Cernavoda
project under the management of AAC has progressed well. Cernavoda
Unit #1 can now be shown with pride to outside agencies and nuclear
specialists which is a major turnaround from the situation which
existed when AAC took control in 1992.

11

With continuing co-operation from RENEL and more importantly with
the new pride of ownership which has been fostered in Cernavoda
Unit #1 staff the targets for grid connection, 100% full power and
commercial operation can be met and Cernavoda Unit #1 can be a
showcase plant for Romania similar to other CANDU 600's in other
countries.
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APPENDIX 1

CERNAVODA FUNDING SCHEME

INITIAL FUNDING

(1992 - 1995 inc)

CANADIAN

315 M CAN $
(through Export Development Corp)

ITALIAN

175,5 B LIRE
(through Medio Credito)

ROMANIAN

95 B LEI

ADDITIONAL FUNDING

(1996 - JUNE 1997)

CANADIAN

34 M CAN $

ITALIAN

20 B LIRE

APPENDIX 2 A
PROJECT MOBILISATION / DEMOBILISATION
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APPENDIX 2 B
COMMISSIONING / OPERATIONS PROJECT MOBILISATION / DEMOBILISATION
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APPENDIX 3
CERNAVODA U N I T # 1 OPERATING ORGANISATION

STATION
MANAGER

QUALITY

PUBLIC

ASSURANCE

AFFAIRS

7 ROM.

I ROM.

FUTURE •
HEALTH
PRODUCTION

PLANNING
PHYSICS

19 ROM.
5 EXPATS

COMMISSIONING

SAFETY AND

TECHNICAL

COMPLIANCE

TRAINING

44 ROM.
2 EXPATS

90 ROM.
2 EXPATS

ADMINISTRATION
MATERIAL SUPPLY
SECURITY
TRANSPORT
FINANCE
ACCOUNTING

33 ROM.
2 EXPATS

230 ROM.

COMMISSIONING

COMMISSIONING

COMMISSIONING

COMMISSIONING

/TECHNICAL

/TECHNICAL

/TECHNICAL

/TECHNICAL

ItC

MECHANICAL

ELECTRICAL

41 ROM.
5 EXPATS

56 ROM.

TECHNICAL
'ERATIONS

MAINTENANCE

FUEL HANDLING

CHEMISTRY

SERVICES

0 ROM.
1 EXPATS

340 ROM.
23 EXPATS

32 ROM.
2 EXPATS

35 ROM.
2 EXPATS

10 EXPATS

32 ROM.
7 EXPATS

THERMAL CYCLE
33 ROM.
9 EXPATS

41 ROM.
4 EXPATS

TOTALS:
« THE5E FUNCTIONS CURRENTLY PROVIDED
BY THE PROJECT ORGANISATION

ROMANIAN: 1216

APPENDIX 4

AUTHORISED STAFF RECRUITMENT

NUMBER CURRENTLY
AUTHORISED

NUMBER CURRENTLY IN
AUTHORISATION
PROGRAM

EX-PATRIATE

NUMBER WHO HAVE LEFT
PROGRAM DUE TO
TRANSFERS OR
TERMINATIONS

SHIFT SUPERVISORS

6

3

5

CONTROL ROOM
OPERATORS

7

4

6

SHIFT SUPERVISORS

0

7

4

CONTROL ROOM
OPERATORS

0

5 FOR 1996
5 FOR 1997
5 FOR 1998

4

ROMANIAN

OTHER STAFF CURRENTLY AUTHORISED BY CNCAN
STATION MANAGER
PRODUCTION MANAGER
OPERATIONS SUPERINTENDENT
SAFETY AND COMPLIANCE MANAGER
HEALTH PHYSICS MANAGER

APPENDIX 5.

COMMISSIONING PROGRESS TO DATE
JAN I FEBI HAftl AMI HAVI JCTII JtIL I AMil HEP I OCT I NOVI PEC! JAN I PEBI HAH I APR) MAVI JUHTJM. I AUfil BBP I OCT I KOVI DE

• START TRAINING OF ROMANIAN STAFF IN CANADA
• QA MANUAL APPROVED I
• R/B STRUCTURAL TEST COMPLETED I
• CONDENSER HYDROTESTED I
• 110 KV STATION ENERGIZED H
• PMT CONTRACT EFFECTIVE
• DIGITAL CONTROL COMPUTERS INSTALLED!
• CALANDRIA PRESSURE TEST PERFORMED !
• T/B WELD REPAIR PROGRAM COMPLETED 1
• PRE-OSART MISSION
TURBINE HIGH PRESSURE STAGES CLOSED! •
INAUGURAL INSPECTION on EQUIPMENT COMPLETED t •
l'«t ENERGIZATION of ODD ELECTRICAL SYSTEMS •
CONSTRUCTION LICENSE ISSUED! 4
MAIN STEAM LINES PRESSURE TESTED t •
DIGITAL CONTROL COMPUTERS COMMISSIONED I •
PHTS GROSS LEAK TEST •
INSTRUMENT AIR AVAILABLE •
l'«t R/B LEAK RATE TEST COMPLETED D •
CONDENSATE EXTRACTION SYSTEM FLUSHED
JAN1 M l

MARI APttl MAY1 JTOil JOT. I ACGI 8BPI OCT I NOVI DBC | JAW I FEBI MAHI AHtl BBTI JUNI JPL I AOOI 8gp I PC* I NOVI PEC

• l'«t RUN RECmCULATED WATER PUMPS
• l'lt RUN RAW SERVICE WATER PUMPS
4 FEED WATER SYSTEM FLUSHED t
• l'«t RUN CHILLER UNITS
• PHTS HOT CONDITIONING COMPLETED !
• l'«t DIESEL GENERATOR SYNCHRONIZED !
• 400 KV STATION ENERGIZED !
• FINAL ARRIVAL OF HEAVY WATER
• START FOXING MODERATOR with DSO
• ARRIVAL of NUCLEAR FUEL at SITE
• TURBINE ON TURNING GEAR!
• GENERATOR TURNED OVER 1
• COMMISSIONING LICENSE ISSUED t
• MANUAL FUEL LOAD
• TURBINE VACUUM TEST COMPLETED
• PHTS FLUSH A FILL W/DJO COMPLETED
ON REACTOR FUELLING DEMONSTRATION •
PHTS HOT PERFORMANCE COMPLETED 1 •
PHTS HEAT TRANSPORT TESTS COMPLETED 1 •
LOSS OF CLASS 3 TEST COMPLETED 1 •
R/B LEAK RATE TEST COMPLETED I •
FAST TRANSFER LOGIC TESTS COMPLETED t •
LOSS OF CLASS IV COMPLETED I •
FAST TRANSFER LOAD TESTS COMPLETED t •
RADIATION ISLAND IMPLEMENTATION •
CNCAN ISSUE CRmCAUTY LICENSE *
PHYSICAL COMPLETION OF STATION SYSTEMS!
VERIFICATION OF SYSTEM STATUS A DOCUMENTATION <»
CRITICALTTYm •
AUTO REACTOR REGULATING SYSTEM CONTROL •
REACTIVITY DEVICE CALIBRATION •
LOW POWER SETBACK [•
LOW POWER STEPBACKl*
SDS *1 TRIP TEOT •
SDS*2TRD?TEST •
HEATWP «
START TEMP.COEFF.MEASUREMENT 4
END OF PHASE B LOW POWER TESTS!
^l^^**^

Appendix 6

LICENSING MILESTONES
CONSTRUCTION LICENCE FOR UNIT I
PERMIT TO ACQUIRE AND STORE RADIOACTIVE SOURCES

CNCAN PERMIT TO ACQUIRE AND STORE ROMANIAN DtO
CNCAN COMMISSIONING QA LICENCE
CNCAN PERMIT TO ACQUIRE AND STORE CANADIAN D,0
CNCAN PERMIT TO ACQUIRE AND STORE FUEL
CNCAN PERMIT TO LOAD D,O IN THE MODERATOR SYSTEM

(AUQ.I9. 1993)
(JUN. 10/92, MAY 1/93, JAN.28/94)
(Auo.15/94, AUQ.22/94, OCT.'28/94)
(Jm.27/94)
(Nov.30/94)
(DEC.6/94)
(FtB.3/95)
(Fa.lO.'95)

CNCAN COMMISSIONING LICENCE

(MAY 16/95)

CNCAN PERMIT TO ENTER GUARANTEED SHUTDOWN STATE

(MAY 17/95)

CNCAN PERMIT TO LOAD FUEL
CNCAN OPERATION QA LICENCE
CNCAN PERMIT TO LOAD D,0 IN THE PHTS
APELE ROMANE PERMIT FOR ROUTINE STATION OPERATION
SANITARY PERMIT (CHEMICAL) FOR ROUTINE STATION OPERATION
SANITARY PERMIT (RADIOLOGICAL) FOR ROUTINE STATION OPERATION

(MAY 29/95)
(JUN.21/95)
(JUN. 29/95)
(FEB.19/96)

(FO.26/96)
(FBB.26/96)

ENVIRONMENT MINISTRY APPROVAL FOR ROUTINE STATION OPERATION

(MAR.8/96)

INDUSTRIAL SAFETY PERMIT

(MAR.8/96)

CNCAN PERMIT FOR FIRST CRITICAUTY

/ \

APPENDIX 7

E STAFF MAKE-UP

PEAK

PRESENT

ONTARIO HYDRO

70

18

HYDRO QUEBEC

12

10

N.B. POWER

22

14

AECL

57

9

OTHER CANADIAN*

97

28

ANSALDO

142

43

376

122

TOTAL

OTHER CANADIAN ORGANISATIONS REPRESENTED AT CERNAVODA INCLUDE NCM, CCSL, NBE AND
INTERTECH. BECAUSE PEAKS FOR INDIVIDUAL ORGANISATIONS OCCURRED AT DIFFERENT TIMES THE
TOTAL PEAK IS NOT THE SUM OF THE INDIVIDUAL PEAKS.

APPENDIX 8
SUMMARY OF TRAINING OF ROMANIAN STAFF

OPERATIONS
Training in Canada
Systems Training
Field Checkouts

Fuel Load Training
Authorization Training
Science Fundamentals
Nuclear Technology
Supervisory Training
MAINTENANCE
Training in Canada

Supervisory Training
Safety Culture
TECHNICAL UNIT
Training in Canada
FUEL HANDLING
Training in Canada
F/H Systems Training
F/H Field Checkouts
CHEMISTRY UNIT
Lab Skills Training

Radiation Protection Training

APPENDIX 9.

FUTURE PLANNED COMMISSIONING WORK

NOV

I

|

• AUTO REACTOR REGULATING SYSTEM CONTROL
• REACTIVITY DEVICE CALIBRATION
• LOW POWER SETBACK
• LOW POWER STEPBACK
• SDS #1 TRIP TEST
• SDS # 2 TRIP TEST
• HEAT UP
• START TEMP.COEFF.MEASUREMENT
• END OF PHASE B LOW POWER TESTS 1
• SLOW ELECTRICAL TRANSFER LOAD TEST
• START OF PHASE "C" POWER TESTS
• CALIBRATION OF NEUTRONIC INSTRUMENTATION
• START PREPARATION OF TURBO-GENERATOR FOR RUN-UP
• FIRST STEAM TO TURBINE
• FIRST SYNCHRONIZATION
• CALIBRATION OF NEUTRONIC INSTRUMENTATION
• POWER CYCLING 25%-10%-25%
• CALIBRATION OF NECTRONIC INSTRUMENTS
• REACTOR STEPBACK
• START OF PERFOR.CHECK OF ON-LINE FLUX MAPPING
• LOAD REJECTION
• POWER CYCLING 75%-10%-75%
• POWER CYCLING 90%-10%-90%
• INITIAL FULL POWER OPERATION
• END OF THERMAL CALIBR.OF NEUTRON INSTR.
• UNTT1 at 100% POWER
• POWER CYCLING 100%-60%-100%
• LOAD REJECTION
• CHANNEL REFUELLING
• SDS # 1 TRIP TEST
• LOSS OF CLASS IV TEST
• START OF MAINTENANCE OUTAGE
• END OF MAINTENANCE OUTAGE
• RETURN TO 100% FJP.
• COMMERCIAL OPERATION
• END OF PHASE "C" POWER TESTS

APR

I

MAY

I

JON

I

JUL

I

AUG

Q.L TITUS
President and Chief Executive Officer
New Brunswick Power Corporation

BORN:

August 29, 1937

NATIONALITY:

Canadian

EDUCATION:

B.Sc. in Electrical Engineering, 1961
University of New Brunswick
Fredericton, New Brunswick
Canada

PRESENT POSITION:
President and Chief Executive Officer
New Brunswick Power Corporation
Fredericton, New Brunswick
Responsible for ensuring that the current and future operation of the electric
power utility provides an adequate level of service to all New Brunswick Power
customers and adjacent power utilities.

GENERAL EXPERIENCE:
Since 1961, Mr. Titus has been engaged in planning and operating activities with
NB Power where he gained a broad understanding of operating a medium-sized
hydro-thermal-nuclear utility with strong interconnections to several Canadian
and U.S. utilities. He became President and CEO in December, 1990.
Mr. Titus is currently a member of the World Association of Nuclear Operators
(WANO) Governing Board from the Atlanta Center, Past Chairman of the Energy
Council of Canada, and a member of the Board of the Canadian Electricity
Association.

PAUL I. KEFALAS
Born in Greece in 1945, Paul T. Kefalas settled permanently in Canada in 1969.
He holds a master's degree in electronic power systems from Concordia University.

Before joining the companies at the origin of ABB, Paul T. Kefalas worked briefly
as an engineer for Bell Canada in 1974 and 1975, and as a project engineer for
General Electric from 1975 to 1981. In 1984, he joined the organization as a project
engineer. In 1988, upon the creation of ABB, following a second stint with GE, he was
appointed General Manager of the new company. The following year, he was named
Vice-President and General Manager, Power Systems Division.

In 1992, Paul T. Kefalas became the Executive Vice-President of ABB in Canada
and President of the Power Generation Segment. Since August 1, 1994, Mr. Kefalas
has been the President and Chief Executive Officer of ABB in Canada. In his new role,
he intends to continue ABB's efforts to understand and meet the needs of its customers
and to ensure quality deployment at all levels of the organization.

On a more personal level, Mr. Kefalas is involved in the Children's Wish
Foundation of Canada and in the promotion of employment access for people with
handicaps. A music lover, he is an excellent violinist. He and his wife Gail Rose
Kefalas have two sons, Theodore and Andrew.

NOTES FOR MR. PAUL KEFALAS
PRESIDENT
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ADDRESS TO THE CNA/CNS JOINT CONFERENCE
"ENTERING THE GOLDEN AGE"

N.B.:

In case of variations between the written text and that read
to the audience, the words actually spoken take precedence.

June 10,1996

MR. PRESIDENT /
DISTINGUISHED GUESTS /
FRIENDS /

I WOULD LIKE TO BEGIN BY THANKING THE MEMBERS
OF THE CNA AND THE CNS AS WELL AS THE
ORGANIZERS OF THIS CONFERENCE FOR INVITING
ME HERE TODAY. THE THEME OF THE
CONFERENCE / "ENTERING THE GOLDEN AGE" / IS A
SURE SIGN OF OPTIMISM. I PERSONALLY FEEL THAT
THE NUCLEAR INDUSTRY IS STILL ONE OF THE
MAJOR ENERGY SOURCES FOR THE FUTURE / FOR
THE FOLLOWING REASONS:

BY USING NUCLEAR POWER / WE CAN AVOID
RELEASING MILLIONS OF TONS OF CARBON
DIOXIDE INTO THE ATMOSPHERE;

IT IS THE BEST SOLUTION FOR PARTS OF THE
WORLD WHERE HYDRO-ELECTRIC RESOURCES
ARE NOT AVAILABLE;
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SAFETY AT NUCLEAR POWER STATIONS HAS
BEEN IMPROVED 100% IN THE LAST 30 YEARS AND ABB HAS DONE ITS SHARE TO ENSURE
THIS.

LONG-TERM MARKET PERSPECTIVES ARE GOOD
BECAUSE THERE IS A WHOLE STOCK OF POWER
STATIONS WAITING TO BE REPLACED AND
UPGRADED.

THE BEST WAY TO IMPROVE MARKET CONDITIONS IS
TO USE A GLOBAL APPROACH. TO ME / GLOBAL
MEANS ON A PLANET-WIDE SCALE. BUT IT ALSO
MEANS A SERVICE APPROACH. WE SHOULD NOT
REGARD THE FUTURE OF THE NUCLEAR INDUSTRY
AS ONLY A PROSPECT FOR SELLING TECHNICAL
EQUIPMENT. RATHER / WE MUST OFFER USERS ALL
THE SERVICES THEY REQUIRE FOR GENERATING
ELECTRICITY THAT IS RELIABLE / LONG-TERM /
UNINTERRUPTED AND SAFE.
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AS YOU MAY BE AWARE / ABB IS ONE OF THE
LARGEST ELECTRICAL ENGINEERING COMPANIES IN
THE WORLD. THAT INCLUDES GENERATING
ELECTRICITY FROM NUCLEAR POWER STATIONS.

BEARING THAT IN MIND TODAY /1 WOULD LIKE TO
TALK TO YOU ABOUT THE DEVELOPMENT OF
MARKETS AND TECHNOLOGIES / AS WELL AS SOME
OF THE STRATEGIES AT ABB.

IN PARTICULAR / I WILL TELL YOU HOW ABB IS
FUNDAMENTALLY CHANGING THE WAY IT OPERATES/
HELPING ITS CLIENTS TAKE ADVANTAGE OF THIS
CHANGE.
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WHO IS ABB ?

ABB IS FIRST AND FOREMOST AN ENGINEERING
COMPANY / AND ONE OF THE LARGEST IN THE
WORLD. ABB IS ALSO A MANUFACTURING COMPANY
IN THE PROCESS OF BECOMING A SERVICE
COMPANY AS WELL

BUT ABOVE ALL / ABB IS TOTALLY DEDICATED TO
LISTENING TO AND SERVING ITS CLIENTS. OUR
PHILOSOPHY IS SUMMED UP IN THE FOLLOWING
WORDS: ABB ENGINEERS CUSTOMER SUCCESS!

OUR CLIENTS TODAY KNOW THEIR OWN MARKETS
AND DEFINE THEIR OWN STRATEGIES FOR THE
FUTURE. AT ABB / THEY FIND UNIQUE ENGINEERING
EXPERTISE / GLOBAL SOLUTIONS AND THE EXTRA
INGENUITY THAT LETS THEM ACHIEVE LONG-TERM
SUCCESS / WHENEVER POSSIBLE THROUGH
PARTNERSHIPS WITH US.
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LET ME TO TELL YOU MORE ABOUT ABB.

ABB IS A FEDERATION OF 1,200 COMPANIES
THROUGHOUT THE WORLD. WE ARE BOTH "GLOBAL
AND LOCAL".

IN 1995 OUR SALES PASSED THE US$33 BILLION
MARK. WE ARE PRESENT ON EVERY CONTINENT
AND CONDUCT 50% OF OUR BUSINESS IN EUROPE /
25% IN NORTH AMERICA AND 25% IN THE PACIFIC
AND AFRICA. THESE NUMBERS ARE CHANGING / AS
WE EXPAND TO SOUTH AMERICA AND THE PACIFIC.

ABB IS UNIQUE FOR BOTH ITS SIZE AND ITS
DIVERSITY. THE ABB CULTURE COMBINES THE BEST
OF BOTH THE COMPANIES IT ORIGINATES FROM /
NAMELY ASEA AND BROWN BOVERI.
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IN 1994 AND 1995 / THE FINANCIAL TIMES AND PRICE
WATERHOUSE NAMED ABB THE COMPANY MOST
RECOGNIZED BY PRESIDENTS AND CEOS AMONG
MAJOR EUROPEAN COMPANIES.

IN 1995 / ABB WAS ALSO SELECTED AS "THE BEST OF
THE BEST" IN TECHNOLOGY AND INNOVATION
MANAGEMENT BY A BLUE-RIBBON PANEL OF
100 CHIEF TECHNOLOGY OFFICERS FROM LEADING
EUROPEAN COMPANIES / IN A SURVEY CONDUCTED
BY THE FIRM ARTHUR D. LITTLE

ALTHOUGH WE OFFER MANY PRODUCTS THAT ARE
INTERNATIONALLY RENOWNED / ABB IS FIRST AND
FOREMOST AN ENGINEERING COMPANY WITH THE
CAPABILITY TO DESIGN AND DELIVER VIRTUALLY ANY
SYSTEM GENERATING OR USING ELECTRICITY /
ANYWHERE IN THE WORLD.
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IN THE NUCLEAR SECTOR / ABB IS WITHOUT A DOUBT
A WORLD LEADER. OF 440 NUCLEAR POWER
STATIONS INSTALLED OR CURRENTLY UNDER
CONSTRUCTION / WE HAVE BUILT MORE THAN 50 /
FROM THE FIRST LIGHT-WATER REACTOR-TYPE
GENERATING STATIONS IN THE 1960S TO THE
PRESSURIZED-WATER REACTORS AND BOILINGWATER REACTORS OF RECENT YEARS / INCLUDING
HEAVY WATER AND BREEDER REACTORS. WE
RECENTLY GOT CONFIRMATION OF A MAJOR ORDER
FROM KOREA TO INSTALL 10 OF OUR LOWPRESSURE STEAM TURBINES AT KORI 1 TO 4
NUCLEAR PLANTS IN REPLACEMENT OF ANOTHER
MANUFACTURER'S EQUIPMENT.

WE HAVE ALSO OVERHAULED AND UPGRADED
DOZENS OF POWER PLANTS AND WE SUPPLY
ADVANCED CONTROL SYSTEMS FOR MANY MORE IN
SWEDEN / FRANCE / GERMANY / FINLAND /
SWITZERLAND / THE UNITED STATES / RUSSIA AND
KOREA.
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THE SERVICES WE OFFER INCLUDE MAINTENANCE /
MONITORING / SECURITY AND MANAGEMENT / AS
WELL AS FUEL STORAGE AND MANY OTHERS.

IN THE NUCLEAR SECTOR / OUR SERVICES ARE
OFFERED BY OUR SUBSIDIARIES: ABB COMBUSTION
ENGINEERING IN THE UNITED STATES AND CANADA /
ABB ATOM IN SWEDEN / ABB TEKNISKA / ALSO IN
SWEDEN / ABB BARRAS IN FRANCE / ABB POWER
GENERATION IN SWITZERLAND AND ABB REAKTOR IN
GERMANY.

OF COURSE THESE SUBSIDIARIES OFFER GLOBAL
SERVICES IN EVERY COUNTRY OF THE WORLD. WE
ARE PRESENT IN ALL MARKETS WITH A COMPLETE
RANGE OF SAFE AND PROVEN NUCLEAR
TECHNOLOGIES.
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IN CANADA / ALTHOUGH ALL OUR INTERNATIONAL
NUCLEAR KNOW-HOW IS READILY AVAILABLE / WE
ARE MAINLY INVOLVED IN POWER GENERATION /
TRANSMISSION AND DISTRIBUTION /AND INDUSTRIAL
SYSTEMS.

OUR STRUCTURE MEANS WE CAN OFFER OUR
CANADIAN CLIENTS WORLD-CLASS EXPERTISE: AND
THANKS TO OUR CANADIAN CLIENTS / WE HAVE
DEVELOPED OUTSTANDING SKILLS THAT IN TURN
HAVE WON US WORLDWIDE AND NORTH AMERICAN
CONTRACTS.

IN CANADA / ABB OCCUPIES A SPECIAL PLACE AFTER ALL / WE HAVE BEEN HERE SINCE 1900!

OVER THE YEARS / ABB HAS GROWN STEADILY
TROUGH CONTINUOUS TECHNOLOGICAL INNOVATION
AND CLOSE PARTNERSHIPS WITH ITS CLIENTS /
ESPECIALLY THE MAJOR PUBLIC UTILITIES ACROSS
CANADA.
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TODAY ABB HAS 35 ENGINEERING OFFICES AND
PLANTS / AS WELL AS SERVICE UNITS COAST TO
COAST / AND OUR REVENUES HERE EXCEED $600
MILLION.

WE HAVE SOME 2,000 EMPLOYEES IN VIRTUALLY
EVERY PART OF CANADA.

BUT AS YOU KNOW / TIMES ARE CHANGING! THE
CANADIAN AND THE GLOBAL ECONOMIES HAVE
UNDERGONE MAJOR CHANGES OVER THE LAST
TWENTY YEARS / AND INDUSTRY IN CANADA /
INCLUDING ABB / HAD TO ADAPT TO THESE CHANGES
WITH THE SUPPORT OF THEIR MAJOR PARTNERS.
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MARKETS

LET ME TELL YOU ABOUT THESE CHANGES.

UNTIL THE 1980S / HUGE HYDROELECTRIC PROJECTS
WERE BUILT IN BRITISH COLUMBIA / AT CHURCHILL
FALLS IN LABRADOR / MANIC 5 AND FINALLY / JAMES
BAY / QUEBEC / NOT TO MENTION SYNCRUDE / STEEL
WORKS AND ALUMINUM SMELTERS. AS WE ALL
KNOW / THOSE DAYS ARE OVER.

IN ADDITION / THE NORTH AMERICAN FREE TRADE
AGREEMENT HAD AN EXTREMELY POSITIVE EFFECT
ON CANADIAN EXPORTS: THEY HAVE INCREASED BY
MORE THAN 15% / YEARLY / IN THE LAST FOUR
YEARS.

HOWEVER / THE RECENT RECESSION HAS BEEN
VERY TOUGH ON CANADA. THIS TIME IT HAS TAKEN
US TWICE AS LONG TO REGAIN PRE-RECESSION
LEVELS.
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HERE IN NEW BRUNSWICK / I MUST PAY TRIBUTE TO
THIS PROVINCE/WHICH HAS DONE WONDERFULLY
WELL IT HAS ELIMINATED ITS DEFICIT AND SPEEDED
UP ECONOMIC DEVELOPMENT THANKS TO HIGH
TECHNOLOGY AND THE INFORMATION HIGHWAY.
BILINGUALISM AND OPENNESS TO THE WORLD ARE
ALSO MAJOR FACTORS IN ITS SUCCESS.

BUT IN 1996 / THE CANADIAN ECONOMY AS A WHOLE
WILL ONLY GROW BY 2.1% OF ITS GDP (GROSS
DOMESTIC PRODUCT).

FORTUNATELY / GOVERNMENTS ACROSS THE
COUNTRY ARE NOW TACKLING DEFICIT REDUCTION.
IN 1996 / THESE DEFICITS WILL ONLY BE 4.5% OF THE
GDP / COMPARED WITH 7% IN 1993. WE ARE ON THE
RIGHT TRACK / BUT MAJOR EFFORTS WILL STILL BE
NEEDED IF WE ARE TO RETURN TO A BALANCED
BUDGET.

-12-

IN THE MEANTIME / THE CANADIAN MARKET WILL
REMAIN WEAK AND THE ECONOMY WILL RELY ON
OUR EXPORTS TO THE UNITED STATES AND SOUTH
AMERICA.

IT IS ASTONISHING THAT THE PROPORTION OF
CANADIAN COMPANIES INVOLVED IN MAJOR R&D
ACTIVITIES IS ONLY ONE-THIRD OF THAT IN THE
UNITED STATES.

OUR ECONOMY HAS NOT YET TAKEN ALL THE STEPS
REQUIRED TO SPEED UP MODERNIZATION.

LACK OF MAJOR PROJECTS / CERTAIN FREE TRADE
ISSUES / DEFICITS / RESEARCH & DEVELOPMENT
NEEDS ARE ALL REASONS WHY WE STILL HAVE TO
GO THROUGH A PERIOD OF SACRIFICES IF WE ARE
TO GET OUR ECONOMY BACK ON TRACK.
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ABB STRATEGY

THAT IS HOW WE SEE THE SITUATION.

WE HAVE ESTABLISHED A STRATEGY BASED ON
THESE PARAMETERS FOR OUR CANADIAN
ACTIVITIES. THIS STRATEGY IS BASED ON DOMESTIC
AND OFFSHORE MARKET CONDITIONS.

OVER THE NEXT FEW YEARS, ABB WILL ACHIEVE
SPIRITED CHANGE. ALREADY, WE HAVE
CONFIDENTLY TRANSFORMED OUR ORGANIZATION IN
ORDER TO ENHANCE OUR POSITION AS UNDISPUTED
LEADER IN THE 21ST CENTURY.
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HERE IS A SUMMARY OF OUR CANADIAN STRATEGY
AND A SNAPSHOT OF THE CHANGES TAKING PLACE
HERE AND TROUGHOUT OUR ORGANIZATION. THE
IDEA IS TO MAKE ABB A COMPANY THAT IS TRULY
"GLOCAL" / IN OTHER WORDS A COMPANY THAT
THINKS ON A GLOBAL SCALE WITH HUGE MARKETS
IN MIND / BUT ACTS IN HARMONY WITH LOCAL
MARKET ACTIVITIES.

WE ARE REPLACING OUR PREVIOUS STRATEGY
BASED ON MAJOR PROJECTS WITH BUILDING LONG
TERM PARTNERSHIPS.

ON THE DOMESTIC MARKET / WE WANT TO ACHIEVE
RECOGNITION WITH CERTAIN CUSTOMERS SO THAT
THEY SEE US AS PARTNERS OFFERING GLOBAL
SOLUTIONS THAT ENHANCE THEIR OWN
PERFORMANCE AND PROFITABILITY.
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WE ARE FOCUSING OUR ATTENTION ON A LIMITED
NUMBER OF CUSTOMERS / OFFERING THEM
SUPERIOR SERVICE / THE KEY TO LONG-TERM
RELATIONSHIPS.

WE ARE LOOKING FOR BUSINESS RELATIONSHIPS
BASED ON TRUST AND PARTNERSHIPS THAT ARE
PROFITABLE FOR BOTH COMPANIES. WHERE
NECESSARY / ABB WILL SAY NO WHEN CONDITIONS
ARE NOT RIGHT FOR BOTH SIDES.

WE ARE ALSO TARGETING THE MINING AND METAL
INDUSTRY AND PULP AND PAPER. OUR CANADIAN
PLANTS / FOR EXAMPLE / PRODUCE PRESSURE
PARTS FOR INDUSTRIAL BOILERS AND HIGHPERFORMANCE PAPER DRYERS / SOME OF THEM
SOLD ABROAD.
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FOR UTILITIES OR THE POWER TRANSMISSION AND
DISTRIBUTION SECTOR / WE ARE OFFERING LONGTERM SERVICES / INCLUDING MAINTENANCE AND
EQUIPMENT MANAGEMENT. THAT INCLUDES OUR
RANGE OF NUCLEAR SERVICES.

AS A RESULT / WE HAVE REVAMPED OUR CUSTOMER
SERVICES. PREVIOUSLY / EACH OF OUR
REPRESENTATIVES WOULD OFFER A RANGE OF
PRODUCTS FROM THE SAME FAMILY TO ALL OUR
CUSTOMERS.

BUT THIS MEANT THAT A CUSTOMER WITH
DIVERSIFIED NEEDS HAD TO DEAL WITH 10
DIFFERENT PEOPLE AT ABB.

TODAY / OUR ORGANIZATION HAS A HUGE TEAM OF
MULTI-SKILLED PROFESSIONALS / EACH ONE ABLE
TO RESPOND TO EVERYTHING THAT ONE CUSTOMER
NEEDS.
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TO SET UP THIS STRUCTURE / WE HAD TO GIVE OUR
REPRESENTATIVES INTENSIVE TRAINING. THEY ARE
NOW SPECIALIZED IN THE WHOLE RANGE OF
SERVICES AND PRODUCTS OFFERED BY THE ABB
NETWORK.

TODAY / WHEN YOU CALL ABB / YOU WILL NOT BE
ASKED WHICH PRODUCT YOU ARE INTERESTED IN.
INSTEAD / THE RECEPTIONIST WILL ASK WHAT
COMPANY YOU ARE WITH. SHE WILL THEN PUT YOU
THROUGH TO THE ABB REPRESENTATIVE WHO
SERVES THIS COMPANY.

IF OUR REPRESENTATIVES ARE HIGHLY TRAINED /
THEY ARE ALSO SUPPORTED BY AN ORGANIZATION
THAT DESIGNS PROJECTS. AND OUR PLANTS AND
SERVICES HAVE ISO 9000 OR 9001 / 9002
REGISTRATION.
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FINALLY / WE HAVE CHOSEN TO BE INNOVATIVE / A
WORLDWIDE TRADEMARK OF ABB.

AT ABB WE SET HIGH STANDARDS WHEN IT COMES
TO R&D. IN COMING YEARS / 1 0 % OF OUR
RESOURCES WILL GO TO DEVELOP AND FINE-TUNE
NEW TECHNOLOGIES / NEW EQUIPMENT AND NEW
SYSTEMS THAT ARE TRULY INNOVATIVE.

JUST RECENTLY WE LAUNCHED A NEW
SUBMERSIBLE TRANSFORMER THAT WILL IMPROVE
WORK METHODS AT POWER SYSTEMS IN MAJOR
CITIES AROUND THE WORLD.

-19-

EXPORT STRATEGY

AT ABB CANADA / WE UNDERSTAND HOW IMPORTANT
EXPORT MARKETS ARE. AS PART OF A GROUP THAT
IS PRESENT IN 140 COUNTRIES / WE NEED EXPORT.
WE MUST DEVELOP SPECIAL NICHES FOR OUR
CANADIAN PRODUCTION.

FOR EXAMPLE / MOST SHUNT REACTORS AND MANY
OF THE HIGH-ENERGY TRANSFORMERS SOLD
WORLDWIDE BY ABB ARE MANUFACTURED IN
CANADA.

ALTHOUGH WE CONCENTRATE ON NORTH AMERICAN
MARKETS / WE ARE AIMING TO ACQUIRE A MAJOR
SHARE OF THE SOUTH AMERICAN MARKET / WHERE
WE ARE FOCUSING ON THE PULP AND PAPER
MARKETS. WE ARE ALREADY WORKING ON
PROJECTS IN CHILE / ARGENTINA AND PARAGUAY.
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ON THE ASIAN MARKET / ABB CANADA AND ITS
CANADIAN PARTNERS ARE PRESENT IN MANY
ENERGY PRODUCTION SECTORS. FOR EXAMPLE /
ALTHOUGH WE DO NOT ACTUALLY BUILD NUCLEAR
POWER PLANTS IN CANADA / WE CAN SUPPLY MAJOR
PRODUCTS AND PERIPHERAL CONTROL SYSTEMS
FOR ENERGY CONVERSION OR TRANSFER.

WHEN WE PENETRATE THE ASIAN MARKET / LIKE ALL
OTHER MARKETS WHERE FINANCING IS OFTEN A
DECISIVE FACTOR FOR SELLING SYSTEMS (OR
COMPLETE POWER PLANTS) / WE KNOW THAT ABB
HAS ESTABLISHED A BEACHEAD A LONG TIME AGO!
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WE ALSO PLAN INCREASING OUR PARTNERSHIPS
WITH JAPANESE COMPANIES THAT ALREADY HAVE A
STRONG POSITION IN MANY FAST-GROWING ASIAN
COUNTRIES.

ON BOTH EXTERNAL AND DOMESTIC MARKETS / WE
ARE NOW HIGHLIGHTING SERVICE RATHER THAN
ONLY SELLING PRODUCTS / WHICH USED TO BE OUR
MAJOR ACTIVITY.

HERE I WOULD ADD THAT WE ALSO OFFER OUR
CUSTOMERS A COMPLETE RANGE OF FINANCIAL
SERVICES. OUR INTERNATIONAL FINANCE DIVISIONS
HAVE CAPITAL TO SUPPORT JOINT FINANCING WITH
INTERNATIONAL INSTITUTIONS / SUCH AS THE
WORLD BANK / THE CANADIAN EXPORT
DEVELOPMENT CORPORATION AND LARGE BANKING
GROUPS.
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STRATEGIC ALLIANCES AND PARTNERSHIPS

WE WANT TO BUILD OR STRENGTHEN
PARTNERSHIPS WITH MOST OF OUR CANADIAN
CLIENTS. WITH THIS IN MIND / STRONG
FOUNDATIONS HAVE ALREADY BEEN LAID WITH
ORGANIZATIONS SUCH AS HYDRO-QUEBEC /
COMINCO / TRANSALTA UTILITIES / SCOTT MARITIMES
AND MANY OTHERS. OUR GOAL IS TO ENSURE THAT
A MAJOR PORTION OF OUR DOMESTIC SALES IN THE
SHORT-TERM ARE THE RESULT OF ONGOING
RELATIONSHIPS AND BUSINESS PARTNERSHIPS.

AGREEMENTS OF THIS KIND FREE UP OUR
PARTNERS TO FOCUS ON THEIR BUSINESS AND
LEAVE ENGINEERING TASKS / MANAGEMENT AND
THE MONITORING OF VARIOUS SYSTEMS AND
EQUIPMENT IN THE CAPABLE HANDS OF ABB.
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IN ADDITION TO PARTNERSHIPS / ABB IS
DEVELOPING JOINT VENTURES WITH CLIENTS. FOR
EXAMPLE: CITEQ (CENTRE DE RECHERCHE SUR LE
TRANSPORT D'ENERGIE AU QUEBEC) WHICH I
MENTIONNED EARLIER.

FINALLY / IN THE FACE OF WORLDWIDE
COMPETITION / WE ARE GROWING THE
INTERNATIONAL STRATEGIC ALLIANCES THAT GIVE A
MAJOR BOOST TO OUR EXPORT SALES.

LOOKING TO THE FUTURE: GROWTH AND
PROFITABILITY

ABB CANADA WILL SOON POST $1 BILLION IN ANNUAL
SALES / EVEN IN THE ABSENCE OF MAJOR PROJECTS
IN CANADA.
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OUR PARTNERSHIPS MEAN WE CAN FOCUS ON
SERVICE. THAT WILL BE INCREASINGLY IMPORTANT
FOR MAJOR UTILITIES. WE ARE ABLE TO RESPOND
TO THIS NEED WITH UNIQUE TECHNOLOGIES IN THE
INDUSTRIAL SECTORS / ROBOTICS AND POWER
GENERATION / INCLUDING THE NUCLEAR SECTOR
AND SYSTEMS ENGINEERING.

WE ARE ALSO EXPANDING OUR R&D EFFORTS IN
ORDER TO OFFER CREATIVE SOLUTIONS TO ALL
CANADIAN MARKETS / INCLUDING PULP AND PAPER /
HEAVY MANUFACTURING / MINES AND METALS /
CHEMICAL PROCESSING / CEMENT / TO NAME ONLY A
FEW.

IN THE FIELD OF POWER / WE ARE CURRENTLY
WORKING ON INTERCONNECTING THE NETWORKS OF
OUR NORTH AMERICAN CLIENTS. LAST BUT NOT
LEAST / WE ARE KEEPING A DYNAMIC PRESENCE ON
INTERNATIONAL MARKETS.
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THANKS TO ALL THESE STRATEGIES / WE ARE
CONFIDENT THAT ABB CANADA WILL ENJOY STRONG
GROWTH AND ABOVE ALL / BALANCED GROWTH
THAT IS BOTH PROFITABLE AND SUSTAINABLE. THIS
EXPANSION IS ALIGNED WITH THE SUCCESS OF ABB
WORLDWIDE / DRIVEN BY A VISION THAT IS GLOBAL
AND FUELLED BY AN AMBITION THAT IS LOCAL

THANK YOU.
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Unless we change our direction, we are
most likely to end up where we are headed
— Chinese Proverb

Introduction
With uranium prices now having risen by more than 70% over the past year
and a half, most buyers are asking themselves how high will the market go and
will these higher prices be sustainable. Part of the answer may come from
looking at why the market is moving higher now to begin with. Looking into
the future, though, the current volatility in the uranium market may give way
to a period of long-term stability.

The Uranium Market
The journey of the uranium market since 1980 has seemed to be an unending
maze of major market events. The large wave of reactor cancellations in the
early 1980s was followed by Chernobyl, a 50% contraction in western
production, the discovery of Canada's Cigar Lake, the miners' lawsuit against
DOE and a trip to the Supreme Court, the beginning of Chinese sales to the
west, the wave of material from the USSR, the breakup of the USSR, the
antidumping suit, Euratom's CIS restrictions, the onset of the age of swords to
plowshares and the ups and downs of HEU.
Through all this time, the market was driven more by inventory liquidations
that resulted from the vast supply/demand imbalance than by the cost of new
production. As each event unfolded, the drive to reduce or liquidate excess
inventories increased with a resulting new downward pressure on spot prices.
During this dizzying course of events, the spot U3O8 price fell 85% from
January 1980, when it was $40/lb U3O8, until the ultimate bottom of less than
$7/lb was reached nearly 12 years later. Of course there were some mini price
booms along the way, notably those in 1982-83,1985 and 1990. After 1990,
though, price movements became more complicated by the development of a
two-tiered market that was brought about by the imposition of U.S. and
Euratom restrictions on CIS material.
-1 -
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Looking back at the market over the past 16 years and trying to put all of the
events and price movements into perspective yields what may be characterized
as three megatrends in the market's development. Each of these trends not
only impacted the market as it was occurring, their impact continues today and
will have a bearing on the market here forward.
The first megatrend was the western industry consolidation that was needed to
bring supply, demand and inventories into balance. As this was about to be
completed in the late 1980s, the breakdown of the wall between the east and
west created a situation where the market had to absorb excess supplies
brought about by the integration of eastern supplies into the western market.
And if the two waves of consolidation/integration were not enough, the market
then faced the challenge presented by the integration of commercial and
military markets on a world basis.

Western Consolidation
1980-1994
By 1980, a wave of reactor cancellations had begun in response to the
worldwide move toward energy conservation brought about by the second oil
crisis. At the same time, the Three Mile Island accident took its toll on the
industry as well. What made the early 1980s particularly hard on uranium
producers was the complete imbalance between supply and demand (Figure 1)
that dominated the commercial market which had begun only ten years before.
Figure 1. Western Production vs. Reactor Requirements, 1970 to 1995
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By 1985 demand finally caught up with production. However, the large
buildup in commercial inventories that had been generated from the 1970s
oversupply and which peaked at nearly 600-million lbs U3O8 or six years of
annual demand at that time (Figure 2), dominated the industry through the rest
of 1980s and into the early 1990s.
Figure 2. Western Inventory Balance vs. Desired Inventory Level at $10/lb U3O8
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The strong drive to consume or sell excess inventories made the cost of
production a marginal factor in price development during this period. This
first reached an extreme in 1982-83 when utilities looking to liquidate excess
stocks became the largest spot selling group while producers became the
largest buyers as they elected to shut down production and cover their
commitments by making market purchases at prices below production costs.
As demand rose and production fell, inventories began dropping rapidly and a
perception persisted that the market turnaround was only two years away.
Given the rapid pace of inventory use, as depicted in Figure 2, the 1989 Ux
price forecast, as shown in Figure 3, represents what was then considered
within the norm.
If the next two waves of material had not been introduced to the market, it
would only have been a question of time until these expectations were
realized. Certainly by the early 1990s, spot prices would have needed to move
back to the $20 to $30/lb range in order for supply to meet demand.

The Uranium Market

-3-

I'll be seeing U

June 1996
Figure 3. Ux 1989 Uranium Price Forecast
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On the other hand, without the threat of eastern supplies, the western
consolidation may have been more protracted than it was in reality. This
phase ended with the final capitulation of the more than 10-million lbs
inventory sold into the market in 1994. By then, western production had
fallen to 55-million lbs U3O8, or less than half of western demand, while the
number of producers fell dramatically.

East/West Integration
1989-1995
The first half of 1989 marked the time when the outlook for the future began
changing rapidly. It became generally known at this time that the Russians
were starting to offer feed material to their western enrichment customers.
With China having already begun making some sales, the activities of the two
suppliers marked the beginning of the integration of excess eastern production
and inventory into the western markets.
This second wave of consolidation/integration for the western market was
intensified by two factors. First, unlike the first consolidation wave, eastern
supplies climbed rapidly and were forced mostly onto the spot market. While
there were virtually no eastern imports to the west prior to 1989, there was as
much as 30-million lbs L^Oge being imported annually by 1992.
While this alone would have been a major disruption to the market like it was
for nearly every other mineral exported from the USSR during that time, the
integration of these supplies was made worse by the dominant use of traders in
its disposition. With producers building an antidumping wall against the flow
-4-
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of USSR/CIS material westward, traders were left as the only conduit for such
sales. For their part, traders sold CIS supplies on the spot market while for
their own accounts they entered into long-term guaranteed price contracts that
were enhanced as spot prices weakened under the weight of eastern supplies.
The funneling of CIS supplies into the spot market at the virtual exclusion of
long-term contract sales to utilities may have created a greater weakness in
spot price than might have been the case otherwise. Had eastern supplies been
absorbed at higher rates under long-term sales, a case might be made that spot
prices may not have fallen as far and the antidumping actions may not have
been as drastic.
Even more than the double-digit price rise for restricted prices last year, the
43% gain for unrestricted prices in 1995 was a sign that the east/west
production integration phase may have ended. This is based on the fact that
most of the production from Kazakhstan, Russia and Uzbekistan is now
committed for sale through long-term contracts to the west with the remainder
going to eager buyers on the spot market. The integration process has been
greatly enhanced by the decline in production from these republics where
output has dropped from roughly 21-million lbs LTjOg in 1991-92 to possibly
15-million lbs U3O8 or less in 1995.
It appears that CIS production will continue to decline, possibly to less than
10-million lbs U3O8 per year over the next several years. Even with the price
rebound, production from these mostly low grade, rising cost resources is not
expected to turn around anytime soon. As such, the integration of eastern
production into the western market appears now to be complete.

Commercial/Military Integration
1992-?
With the first two megatrends completed, the market's future development
hinges largely on the outcome of what is believed to be the third and last
major phase of the 1980-to-present bear market in uranium. This is the
integration of military inventories into the commercial market.
Throughout the HEU discovery process, quantity and timing estimates have
risen and fallen as the various technical, legal, economic, political and market
considerations change. It now appears that Russian HEU and other U.S. and
Russian government supplies might contribute only 15- to 20-million lbs
UaOge per year to the market over the rest of the decade, if not longer. This is
down from expectations the market held through most of last year that
The Uranium Market
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supplies might rise as high as 25- to 30-million lbs UsOge per year by the year
2000.
The end of western inventory consumption and the full integration of eastern
production supplies into the western market means that western production
may have to rise from last year's level of 69-million lbs U3O8 up to 90- to
110-million lbs U3O8 by the turn of the century. Given the cost of bringing on
this production, a need of close to 90-million lbs U3O8 would be expected to
require at least $15/lb while a need closer to 110-million lbs U3O8 might
require prices closer to $20/lb.
The main variable in need between the two cases will be the level of HEU that
eventually flows to the market. Should these supplies be available to the
market at the rate of 15- to 20-million lbs U3O8, western production will need
to rise to the upper end of the range. But should HEU sales rise to the 30million lbs V^Ost level by the end of the decade, production may not have to
rise much above the 90-million lbs mark.
Of course, one other possibility is that HEU will come to the market at a rate
that is less than what is now expected. This lower rate or a boost in demand
for whatever reason could require production to rise to much higher levels and
much more rapidly. This would touch off a much more pronounced price
spike over the next two years than might otherwise be the case.
Given the still uncertain availability of military supplies, the end date of the
commercial/military integration phase remains a question mark. It is possible
that, if what we now expect in the way of HEU deliveries becomes reality, we
may already have completed the final phase of integration. On the other hand,
should HEU and other government supplies increase substantially over the
next few years, this phase of integration may continue for a few more years.
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Uranium Market Outlook
It is our belief that the 1995-96 rise in spot market prices is part of the upward
adjustment phase that is needed in order for supply to meet demand in the
future following the three phases of consolidation/integration discussed above.
While a rise into the $15 -$20/lb range should be high enough to meet
producers' needs, the volatility that usually accompanies a period of major
readjustment leaves the market vulnerable to yet another boom/bust cycle that
could see prices rise substantially higher during this process which could last
another year or two.
In retrospect, the conclusion of the three waves of consolidation/integration
should prove extraordinary and unique events in the history of the uranium
market, a history that started only about 25 years ago.
The severe imbalances in the market were the result of its relative immaturity
which is a development that a market can go through only once. While all
markets are subject to boom/bust cycles, these moves do not normally last as
long nor do the imbalances become as great as they did in uranium. Along
with great imbalances come traders who can easily take advantage of suppliers
and buyers and who are more prone to protect their own interests than to drive
markets to the extreme along a path of least resistance. The uranium market,
unlike most other markets, also suffered major interference from government
entities and policies that exacerbated its developmental problems.
While the final transition from an inventory driven market to a production
driven one may once again result in a boom/bust cycle, it is highly probable
that the uranium market at the conclusion of that transition will be far less
volatile and devoid of the strong trader dominance that has prevailed for most
of the past ten years.

Uranium Market Outlook
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Abstract
The evolution of tailings management at Saskatchewan uranium mines is traced from the 1950s
to the 1990s. Some of the problems with past systems are discussed. The new tailings systems
now being proposed for the new operations currently undergoing environmental assessment in
Saskatchewan are examined in detail. These new systems represent a change in tailings
management philosophy, from keeping tailings high and dry on the surface, to placement of
tailings in a low-energy regime within the water table. There they are removed from the active
surface environment, avoiding future erosion problems, with a reduced likelihood of suffering
intrusion from future human or animal activities.

1. Introduction
Although the Port Radium mine in the Northwest Territories started up in 1932, until 1954
production was from a gravity mill which produced a physical concentrate and resulted in lowgrade rock chips as tailings. (These were later processed through a conventional acid leach mill.)
Hence, it is reasonable to consider the start-up of the mills in the Uranium City area in the early
to mid 1950s as the start of tailings management systems in the Canadian uranium industry.
Since Eldorado's Beaverlodge mill went into production near Uranium City in 1953, the
management of tailings, the wastes from uranium extraction, has undergone a major evolution.
All of the operations being discussed here are in northern Saskatchewan, between 57° and 59.5°
north latitude and between 103° and 109.5° west longitude (Figure 1).

2. The Dark Ages
The three mills in the Uranium City area used conventional mining -industry technology for the
day. The Gunnar acid-leach mill(1) produced 5.5 million tonnes of unneutralized tailings between
1955 and 1964. One-fourth of this was placed underground, while the rest was discharged into a
small lake, which was filled and then overflowed into Langley Bay on Lake Athabasca. About
22 hectares of tailings remain on surface at a neutral or slightly alkaline pH. The area is rather
unsightly and continues to seep into the bay, but the impact of the Gunnar tailings cannot be
detected outside Langley Bay.
1

The Lorado acid-leach mill(1) operated from 1957 to 1960, producing 360,000 tonnes of
unneutralized tailings, which were deposited in Nero Lake. Today there are ten hectares of dry,
unconfined tailings. Pyrite in the tailings continues to generate acid and leach radium into the
lake. The radium concentration in Nero Lake is currently about equal to the Canadian drinking
water objective (1 Bq/L) but the pH of the lake water remains low (3 to 4).
The Eldorado Beaverlodge operation (1953 to 1982) used a carbonate leach, producing alkaline
tailings which are not acid-generating. The management was somewhat more enlightened in that
part of the tailings was disposed of underground. The tailings were wet cycloned, separating the
coarser, or sands, fraction (40 to 45% of the tailings) which was used underground for back-fill.
However, about 6 million tonnes of the finer, or slimes, fraction were piped to Fookes and Marie
Lakes. The two lakes form part of a low-flow watershed, and the full flow of the system was
treated for radium-226 removal in later years, but this discharge, flow from Nero Lake and
seepage from some other uranium properties did raise the radionuclide content of Beaverlodge
Lake, the source of drinking water for the mining camp. Even now, 14 years after shut-down, the
uranium concentration in the lake remains elevated (about 190 |ag/L average).

3. A Little Enlightenment
Clearly, these were not desirable situations and better methods for tailings management had to be
developed. The next operation to come into production was the acid-leach Rabbit Lake mill in
1975. The approach here was to dam both ends of a valley between two till-bedrock ridges and
place the neutralized tailings in the basin so formed. Seepage through the south (downstream)
dam is collected and treated with the mill effluent before discharge. This system now occupies
54 hectares and contains 6 million tonnes of tailings. The difficulty with the system is that the
long beach over which the tailings flowed resulted in particle-size segregation, with the sands
deposited around the sides of the basin and the slimes collected in the middle. Because of the
fine particle size, the slimes are not free-draining and today, 12 years after the last deposition,
still contain 65% water. In addition, because of the winter deposition, there is a large volume of
frozen tailings in the north end of the basin.
The decommissioning objective was to produce a drained, consolidated tailings mass, profiled
and capped so as to reduce infiltration of precipitation and, hence, reduce contaminated seepage
and eliminate the need for continued water treatment. The problems are that the frozen tailings
will eventually thaw and subside, changing the cover profile, and the slimes will not readily
support a cover. A decommissioning plan(2) has been developed, but this involves dewatering the
slimes area by loading it with waste rock and placing sufficient material on the frozen area to offset future subsidence enough to maintain the integrity of the cover. When the slimes are
sufficiently dewatered, a glacial till cover will be placed over the entire area to reduce
permeability. The dams need to be armoured against erosion and the agencies are still debating
whether or not the cover needs to be armoured to reduce the potential for problems caused by
burrowing animals. All of this work will involve moving 615,000 m3 of waste rock and

310,000 m3 of till, over a period of several years and costing several millions of dollars. No
long-term problem will be left, but the solution is expensive.
The acid-leach Cluff Lake mill(1) started up in 1981 and for the first two years the tailings were
stored in concrete canisters. They were later reprocessed to extract gold and additional uranium
and were then placed in the current tailings system. Neutralized tailings are discharged behind a
bentonite-core, till dam in a natural basin. Again, decant from the tailings is collected and
treated before discharge. Last year a new thickener was installed in the mill to produce tailings
at a higher solids content (65% objective, although still under development). The intention in
producing higher density tailings is to reduce slimes segregation and produce material which will
sustain a modest slope.(3) The decommissioning plan calls for capping the tailings with glacial
till to promote run-off rather than infiltration of precipitation, thus reducing seepage from the
tailings in the long term. The final tailings management area will be about 60 hectares.
Two years later, in 1983, Key Lake started an acid-leach operation.(4) The Key Lake surface
tailings facility was constructed on higher ground, with a full bentonite liner, enclosed in a
square dyke 600 m on the side. On top of the bentonite liner there is a sand filter blanket and a
drainage system to collect tailings seepage. The whole area is graded to slope to the east and the
east dyke has a sand filter blanket and drainage system to collect supernatant tailings water.
Neutralized tailings are placed subaerially and all water from the two collection systems is
recycled back to the mill.
The objective of the Key Lake tailings system was to produce a drained, consolidated mass of
tailings above the water table. This would be decommissioned by capping with till to shed
water, reducing seepage from the tailings area to a level that could be accommodated in the
groundwater flow without causing environmental problems. The system would probably have
worked very well in a milder climate, but the winters at Key Lake have compounded another
problem. The long beach over which the tailings flowed resulted in particle-size segregation,
with the sands depositing close to the discharge points and the slimes flowing to the east (downslope) side of the facility. The sands drained and consolidated reasonably well, but the slimes
retained the water. During the winter there was considerable ice build-up in the poorly drained
tailings and, because this ice was being partly covered by new deposits during the summer, it did
not completely melt. The result was that the facility filled up faster than planned, because of the
poorer consolidation and the ice formation, and also because the average grade of material
processed was lower than planned due to dilution by waste rock during mining.
This resulted in two problems: a shortage of space and difficulties for decommissioning. At this
point all the tailings from processing the Gaertner pit ore and part of the tailings from the
Deilmann pit ore were in the surface facility, but a new tailings area was needed for the last five
years of Key Lake production. This was essential regardless of other potential uses of the Key
Lake mill, such as the proposed milling of McArthur River ore.

As for decommissioning, the plan called for a consolidated and drained mass of tailings before
final closure. A large part of the tailings area did not meet these criteria. A paper study followed
by a large field programme identified warm-water injection as the most effective way of thawing
the tailings. However, to minimize capital costs, the project would have to operate every
summer for eight to ten years.

4. The Dawn of the New Age
4.1 General Considerations
The last 15 years have seen an evolution in tailings management thinking. Tailings management
efforts in the 1970s were directed at complete isolation of the tailings, preferably above the water
table, using impervious barriers, which are difficult to achieve, lock water in, and could lead to
long-term high pore-water pressures. Pore-water pressure is a driving force for expelling
contaminants from tailings. An obvious objective in tailings management then must be the
elimination of excess pore-water pressure by the time of decommissioning.
For surface disposal, weathering is clearly a factor. If weathering can be eliminated, then water
becomes the only carrier of contaminants. A second objective then is to reduce water flow
through the tailings; if there is no water flow, there can be no water transport of contaminants.
Elimination of water movement leaves molecular diffusion as the only remaining driving force to
disperse contaminants. To reduce flow through the tailings, the principle design requirements
are low tailings permeability and a low hydraulic gradient, i.e. a small groundwater driving force,
across the tailings. The means of achieving this is dependent upon the local conditions.
Clearly, it is desirable to get tailings out of the surface environment, which avoids erosion, and
avoids human intrusion. Returning the tailings to the mine means returning them to the same
environment as the original ore. Disposal under water greatly reduces oxidation of the tailings,
reducing the potential for acid generation, and gives further insurance against weathering and
intrusion. These considerations led to placement of tailings below the water table in mined-out
pits.
The question of loss of contaminants from the tailings still had to be addressed. Flowing water
tends to take the path of least resistance. The task then becomes to place the tailings in such a
manner that moving groundwater tends to flow around, rather than through, the tailings.
However, as tailings are placed in a pit, the mass of tailings at the top loads the system so as to
increase the pore-water pressure above the normal hydrostatic head. This excess pore-water
pressure must be relieved before decommissioning, to prevent the expulsion of contaminated
pore water. Two similar systems are being implemented at three sites in northern Saskatchewan
to accomplish these objectives.

4.2 Rabbit Lake
At Rabbit Lake a new facility was started in 1984, placing the tailings in the mined-out Rabbit
Lake pit, using the pervious surround system (Figure 2).(5) A drift, or tunnel, with a 2.2%
negative slope was mined from the bottom of the pit to beyond the pit rim, where it connected
with a bored raise to surface. The drift was back-filled with crushed rock and a system was
installed to pump water from the pit and return it to the mill for use in the process. A crushed
rock drain was installed in the pit bottom and continued up the sides of the pit, with an additional
liner of sand. Neutralized tailings are placed in the pit and the pore water is drained off through
the pumping system, promoting consolidation of the tailings. Complete containment is achieved
during operation, because the groundwater is drawn into the pit and collected through the
pervious surround and pumping system.

4.3 Key Lake
Five options were considered for the needed new tailings system at Key Lake(6):
1)
2)
3)
4)
5)

increase the embankment height of the existing surface facility
a new surface facility beside the existing surface facility
in the ground near the existing surface facility
the Gaertner pit
the Deilmann pit

After initial assessment, the 3rd and 5th options were considered technically viable, but the
Deilmann pit was preferred, because the pit already existed and far less construction was
required, resulting in far less environmental disturbance.
At Rabbit Lake, the pit was largely in the Precambrian basement rock; the Deilmann pit is partly
in the basement and partly in the Athabasca sandstone. The Rabbit Lake basement rock is fairly
tight but with a high hydraulic gradient due to the adjacent high mill hill; hence, relatively high
groundwater flows were expected in the basement rock. At Key Lake, there is a much lower
hydraulic gradient in all geological units, higher permeability in the sandstone and very high
permeability in the sand overburden, with the result that more than 99% of the flow is in the
upper sands. Prudence suggested the use of the pervious surround at Rabbit Lake to ensure a low
hydraulic gradient by creating a free-flowing path around the tailings. Deilmann was ideally
suited to the tailings plug concept, whereby a high-density, low-permeability tailings deposit is
developed, which combined with the natural benefits of a low hydraulic gradient and high bypass flow, results in very low flow through the tailings, without the need for a pervious envelope.
Two other considerations influenced the design of the Deilmann system. First, the Deilmann pit
was much larger than the Rabbit Lake pit. As the tailings level in the pit rises, successive layers
of tailings will become very thin and prone to freezing during winter operation. The ice lenses

will impede consolidation and cause continuing seepage as they eventually melt. Second, the
sandstone walls of the Deilmann pit are much more prone to weathering than is the basement
rock of the Rabbit Lake pit. Over an extended period of time this could result in hazardous
conditions for workers in the pit. A solution to these potential problems was to flood the pit so
that the water (and ice) cover would prevent freezing of the tailings and also protect the pit walls
from weathering.
The optimum system for the Deilmann pit in terms of release of contaminants proved to be a
two-stage system, with initial, subaerial deposition, essentially the same as the Rabbit Lake
system. This system is now in operation and will be used for the remaining Key Lake tailings.
Phase 2 will be implemented for the McArthur River tailings (Figure 3). The top of the pervious
surround will be sealed with a layer of tailings and the pumps will be throttled back to allow
partial flooding of the pit. Subaqueous deposition of thickened slurry tailings will be done by
tremie-pipe injection into the material already in the pit. A deep-well thickener has been
installed at Key Lake to produce higher density tailings for the subaqueous injection. The tremie
pipe is a standard civil engineering technique for underwater concrete placement and its use has
been demonstrated at Key Lake in tests conducted in one of the effluent ponds.
The advantages of the Deilmann system are:
More efficient use of the pit volume with no envelope
Preservation of pit volume for potential future expansion of reserves at McArthur River
Avoidance of ice formation as deposition rises into the upper, wider sections of the pit.
Optimization of design with local hydrogeology.
Reduced dewatering volume when compared with a full pervious surround.
Better protection of pit walls from weathering.
Protection against gamma radiation from the pit.
Elimination of dust and radon emissions from the pit, reducing potential environmental
impact.
Continuing to pump from the pit bottom during the subaqueous phase maintains the
cone of depression of groundwater around the pit and gives complete hydrodynamic
containment during operation.
This also allows collection of leachate from surrounding waste rock piles, giving an
effective "pump-and-treat" system to control leachate and reduce the impact of waste
rock.

4.4 Decommissioning
The closure procedures for both the Rabbit Lake system and the Deilmann system are similar in
intent, if not in execution. After all the tailings have been deposited in the pit, a cover of sand or
till will be placed on top of the tailings and the pumps will be shut off allowing original water
tables to re-establish. (For the already flooded Deilmann pit, cover placement will require the

use of a submerged diffuser.) The cover serves two purposes: initially it adds weight to
consolidate the final layers of tailings, squeezing out pore water, and in the longer term it
provides a diffusion barrier between the tailings and the Deilmann pond. The cover material and
optimum thickness will be determined late in the operation of the tailings system, because it will
depend upon local conditions at the time. (For example, our past experience has shown that a
clay fraction in the cover material would tie up radium, if this were a problem in the pond water
at the time of decommissioning.)
It is expected that some short-term flushing of contaminants from the waste rock piles around the
Deilmann pit will occur, leading to higher nickel concentrations in the pit water late in the
operating period and early in the decommissioning period. Contaminated water will be pumped
from the pit and treated in the mill or in the dedicated water treatment plant. The pumping will
maintain the groundwater gradient toward the pit, continuing the collection of all contaminants.
Water treatment is expected to be necessary for only a few years after shut-down. Biological
methods of improving water quality are also being investigated as a possible passive approach
for decommissioning with less human involvement.

4.5 McClean Lake
The pervious surround system was initially proposed for the McClean Lake project(7), using the
JEB pit, which is the first of the McClean Lake ore bodies to be mined. However, when the
decision was taken to process Cigar Lake ore at McClean Lake rather than build a new mill at
Cigar Lake, some modifications were required. The use of a pervious surround system requires
regular work in the pit to raise the surround, as the tailings level rises. With the initial ore grades
expected to be 25%, the radiation fields in the pit would be high enough that workers would
reach the annual dose limit in only a few months. Hence, the flooded pit concept with no
surround is preferred.(8) No work in the pit is required and the water gives good shielding against
the potential high gamma radiation fields. The JEB pit is also blessed with favourable
hydrogeology to permit the use of this system without the surround. One variance is planned in
the closure of the JEB pit. Unlike the Rabbit Lake and Deilmann ore bodies, the JEB ore body
was not under a lake. Hence, when tailings deposition is completed, the tailings will be covered,
the pit will be completely back-filled and the surface will be revegetated. However, the restored
water table will cover the tailings, providing an additional radon barrier.

5. Modelling
There has been extensive theoretical modelling of all three in-pit tailings disposal systems.
However, only the work on the Deilmann system will be described in detail.
Samples of Key Lake tailings were characterized by scanning electron microscopy, x-ray
diffraction, grain size determination, mineralogy, and tailings and pore-water chemistry.

Geotechnical testing was performed to determine specific gravity, sedimentation characteristics,
consolidation properties, and permeabilities. ACCUMV(9), a finite difference computer program
for analysing one-dimensional, self-weight consolidation of accreting layers of compressible
materials, was used to model the consolidation of the tailings. The model was validated by using
it to predict the settlement of tailings in the Rabbit Lake pit. After it was shown that the program
was conservative, i.e. actual consolidation exceeds the predicted consolidation, it was used to
predict the consolidation of Key Lake tailings in the Deilmann pit under both subaerial and
subaqueous deposition. As a further check on the modelling, three column tests of the Key Lake
tailings were done, two using a 200 mm diameter by 1.5 m high column and one using a 1.0 m
diameter by 11.0 m high column. These tests also demonstrated that the computer modelling
was conservative.(10)
Geochemical testing01} was done to characterize the tailings pore water, the materials to be used
in construction of the facility, the effects of residual mineralization of the pit wall rock, and the
effects of any materials which could be co-disposed with the tailings (various types of
mineralized waste rock). Prior work had been done on the geochemical characteristics of the
waste rock piles around the Deilmann pit.(12)
Both local and regional hydrogeological modelling(13) was done using MODFLOW(14), a threedimensional, finite difference code developed by the US Geological Survey. The accumulated
knowledge of 15 years of hydrogeological monitoring and operation of dewatering systems at
Key Lake supplied the input parameters for the model. Contaminant transport from the tailings
is primarily by diffusion, which is dependent upon the concentration gradient between the
tailings and the surrounding materials. Other contaminant sources considered were the small
residual groundwater flow through the tailings, the expulsion of pore water during the relief of
the excess pore-water pressure above the hydrostatic head, leaching of residual mineralization in
the pit walls, and changes in groundwater chemistry due to the oxidation of the various
geological units around the pit during the time when the cone of depression of the groundwater
was maintained by the dewatering system. In addition to the tailings cases, leachate from the
waste rock piles around the pit was also considered.
The analyses were carried out for three cases, full side drain (pervious surround), partial side
drain and no side drain. Although the full side drain case resulted in the least flow through the
tailings, it did not result in the lowest impact. The full side drain provides a pathway by which
groundwater sweeps the diffusive loading from the tailings out of the envelope and into the pond
above the tailings, resulting in a higher mass loading on the environment. The no side drain case
resulted in greater flow through the tailings with a corresponding higher mass loading. The
partial side drain case proved to be the optimum for overall environmental impact.
The data from the regional groundwater model were used in the Environmental Transfer
Pathways Model (ETP) to predict impacts to local and regional human communities and
ecological receptors.(15) Because there are no communities in the Key Lake area, two
hypothetical communities were developed: a seasonal hunting and fishing camp on the shore of
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Lower Key Lake and a permanent community living on country food on the shore of Russell
Lake, a larger lake downstream of the project. Calculations were carried out for natural uranium,
226
Ra, 230Th, nickel and arsenic over a 10,000-year period, using both the realistic best estimate
and the hypothetical worst case for environmental loadings. In all cases, the predicted radiation
doses to the receptors are far below any criteria which could be applied (worst-case dose <30
uSv/a, realistic case <5 |LiSv/a). The water quality in the Deilmann pond is predicted to meet the
Saskatchewan Surface Water Quality Objectives for all contaminants except 226Ra which in the
worst case was predicted to marginally exceed this objective (0.12 vs 0.11 Bq/L).
However, there were several very conservative assumptions made in these calculations. No
credit was taken for source depletion as contaminants are leached from the tailings over the long
term. For purposes of the analysis, it was assumed that the pit was filled with tailings from the
processing of Key Lake ore. In fact McArthur River ore, which would be the mill feed for the
last 15 to 20 years of operation, is very clean, containing only tiny traces of nickel and arsenic.
Arsenic and 226Ra are the limiting contaminants from the Key Lake ore. The result is that the
pore water in the blended tailings will have a lower concentration of arsenic than the pore water
in straight Key Lake tailings, and the environmental impact will be proportionately lower. In
addition, the Key Lake area is not very productive and it is doubtful that there is enough game to
permit a community to exist on country food, meaning that the radiation doses would be even
lower than predicted.

6. Field Evaluation
Because Phase 1 tailings placement in the Deilmann pit only commenced in 1996, it is too soon
to assess the actual performance; however, the Rabbit Lake pit has been used for tailings for
almost 12 years. Instrumentation to measure settlement and pore-water pressure was installed in
the Rabbit Lake pit several years ago, allowing comparisons to be made between predicted and
measured performance.065 The tailings are settling somewhat faster (Figure 4) and the excess
pore-water pressure is dissipating somewhat faster (Figure 5) than predicted in the modelling
used in the original Rabbit Lake assessment. This means that the system should be ready for
decommissioning with a shorter delay after the end of tailings deposition.
The Rabbit Lake impact assessment was based on pore-water chemistry for fresh tailings. From
sampling of pore water in the pit, we have found that, as the pore water ages, more radium
precipitates out of solution, reducing the concentration in the pore water and reducing the flux of
radium from the decommissioned pit. In modelling the Deilmann project, the realistic case used
this fact, while the worst case assumed that the pore water concentrations would remain at the
original high levels. Our expectation is that the Deilmann system will work as well as the Rabbit
Lake system, meaning that there is another layer of conservatism in the performance predictions.

7. Conclusions
The use of mined-out open pits for tailings disposal is a new concept which has a number of
advantages over past practices. Tailings are removed from the active surface environment,
eliminating problems associated with weathering and erosion. The likelihood of intrusion by
future human activity and burrowing animals is greatly reduced, particularly if the pit is flooded
after closure. From an oxidation/acid generation point of view, submerged tailings are an
advantage. Placement of tailings within the water table can be safely done, if steps are taken to
create a low-energy regime, with minimal water flow through the tailings. The method of
creating this tailings environment is dependent upon local conditions; the primary need is the
flexibility to take advantage of local hydrogeological conditions. The primary mechanism
remaining for release of contaminants is molecular diffusion, which is a very slow process. The
environmental pathways analyses show that concentrations of contaminants in the environment
as a result of this type of disposal will always be at acceptably low levels and the resultant
radiation doses to future residents of the area will be far below both current and proposed criteria
and natural background doses.
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MONIQUE (AUBRY) FRIZE

The first woman to study engineering at an Ottawa university, she
graduated with a Bachelor of Applied Science (Electrical Engineering) at the
University of Ottawa in 1966. One of the first woman to receive an Athlone
Fellowship, Dr. Frize continued her studies at Imperial College in London
and obtained a Master's in Philosophy in Electrical Engineering
(Engineering in Medicine) in 1970.

In 1986, she completed a Master's of Business Administration from
the Universite de Moncton, Moncton, New Brunswick, and in 1989, a
Doctorate from Erasmus Universiteit in Rotterdam, The Netherlands. Her
thesis, now published in book form, is entitled "Evaluation of the
Effectiveness of Clinical Engineering Departments in Canadian Hospitals."

Dr. Frize worked as a clinical engineer for almost 20 years, initially at
the Hopital Notre-Dame in Montreal. In 1979, she was appointed Director of
the Regional Clinical Engineering Service in Moncton, New Brunswick. In
that position, she provided services for seven hospitals in the South-Eastern
regions of the province. During her time in Moncton, Dr. Frize was also
Research Associate in the Faculty of Science and Engineering at Universite
de Moncton.

DR. FRIZE fcont'd)
In December 1989, she was appointed the first holder of the Northern
Telecom-NSERC Women in Engineering Chair at the University of New
Brunswick in Fredericton and Professor in the Electrical Engineering
department. The first of its kind in Canada (and probably in the world), the
chair has two responsibilities. As a role model for women engineering
students and engineers, she develops programs to recruit and retain women
in the profession. At UNB, Dr. Frize also teaches in the Department of
Electrical Engineering and is a research faculty member of the Biomedical
Engineering Institute. In 1992, she received an Honorary Doctorate from the
University of Ottawa, in June 1993, a Ryerson Fellowship at the
convocation, an Honourary Doctorate of Science at York in 1994 and an
Honourary Doctorate in Engineering from Lakehead University in 1995. She
was awarded the medal of Officer of the Order of Canada in October 1993.
Dr. Frize was inducted as a member of the Canadian Academy of
Engineering in 1992. In 1995, Dr. Frize received the Second Historical
Professional Achievement Award (jointly with Dr. M. Shaffer) from the
American College of Clinical Engineers, for advocacy work on behalf of the
profession.

In February 1990, she was named chair of the Canadian Committee
for Women in Engineering, a 19-member committee charged with
investigating and making recommendations regarding the participation of an
environment for women in engineering. The CCWE is now disbanded, but
Dr. Frize is spokesperson to follow-up on the implementation of the

DR. FRIZE fcont'd)
recommendations published in the report: "More than Just Numbers". Dr.
Frize has published fourteen articles in referred journals and her work
appears in the proceedings of over 54 referred national and international
conferences over the past 15 years. She has also chaired several sessions
and workshops at international meetings and was a guest speaker at
several universities across the country during the past four years. On the
topic of women in engineering, Dr. Frize has given over 30 speeches and
lectures per year for the past three years, as well as dozens of school
presentations to students from grades 5 to 12 on careers in engineering.

As a consultant, she has worked in Morocco for the United Nations
Development Program, in Bangladesh as lecturer in a three-day seminar on
equipment maintenance in hospitals, and in France as coordinator of a
seminar on hospital equipment maintenance for the Ecole Internationale de
Bordeaux for participants from 20 francophone African countries.

Her professional services include chairing the New Brunswick Hospital
Association Clinical Engineering Committee; she is an affiliated scientist to
the medical staff at the Dr. Everett Chalmers Hospital in Fredericton. She
has chaired the first International Clinical Engineering Division of the
International Federation of Medical and Biological Engineering from 1985 to
1990 and previously was a member of the Federation's Clinical Engineering
working group from 1979 to 1985. In 1993/94, she chaired a NABST

DR. FRIZE fcont'd)
committee on Canada's international role in science and technology. She is
a Senior Member of the Institute of Electrical and Electronics Engineers.

Born in Montreal, Dr. Frize's mother tongue is French, and she is
fluently bilingual. She is married to Peter Frize and they have a son, Patrick
Nicholas who is 24 years old.

DON FALCONER

Don Falconer is currently the Public Affairs Manager for Ontario
Hydro Nuclear, reporting to the General Manager. He is responsible
for developing strategies for increasing public support for nuclear
power, managing public issues affecting the business, and providing
internal communications centred on moving the business towards a
more competitive marketplace. In his 17 years with Ontario Hydro,
Don has worked in a variety of jobs in several branches of the
corporation, including Corporate Relations, Engineering and
Construction Services, and Design and Construction. He has
acquired extensive experience in the areas of planning, policy and
strategy development; managing public and community issues; and
communicating technical issues internally and externally.
Prior to Ontario Hydro, jobs have included working for the
Province of Manitoba doing marketing and industrial location studies
and working as a consultant to major capital projects. Don obtained
his education in Ontario and has degrees in English and a masters
degree in planning.
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SHAPING STRATEGY THROUGH RESEARCH

Don Falconer
Public Affairs Manager
Ontario Hydro Nuclear
Toronto, Ontario

Public confidence and acceptance is critical to the continued success of Ontario Hydro
Nuclear. It is a key element in OHN's strategic direction, and will play a vital role in future
retube and other investments decisions.
In 1995, Ontario Hydro Nuclear undertook extensive research to determine attitudes of key
publics towards nuclear technology and OHN, and to identify important public issues and
concerns. The research, the first of note since the creation of OHN in 1993, was designed to
provide base line data from which to develop communications strategies and to measure
future performance. Because of Ontario Hydro's preoccupation with restructuring and other
internal concerns, no significant public attitude research into nuclear issues had been
conducted since the 1980s.
The target groups included in the research were:
•
•
•
•
•

General public in Ontario
Small and medium size business
Senior executives with major Ontario corporations
Financial industry representatives
Local residents and government officials in communities near OHN's generating stations

The research was designed with both a qualitative and quantitative component. The qualitative
research involved small focus groups and intensive one-on-on interviews, and was designed to
identify the range of nuclear-related issues and to gauge the degree of concern and top-ofmind awareness among the various publics. This provided valuable information for the
development of questions used in the quantitative research - extensive phone or in-person
surveys.
In addition, in a separate survey, questions used in the 1970s and '80s were replicated to
identify attitudinal change.
While the qualitative research provided a broad context for public concerns regarding nuclear
energy, the intent of the quantitative research was to generate precise data on specific nuclear
related views and concerns. The combined results presented a broad and detailed portrait of
public attitudes towards OHN and its generating facilities.

Following are summaries of the various studies and the findings. Although three different
public attitude research firms were used, their findings proved consistent. This reinforced the
accuracy of the results, and provided confidence in using the information to shape OHN
communications strategies.
The General Public
Over seven hundred people across Ontario -- including 300 living in communities near OHN's
nuclear stations — were surveyed over the telephone. In addition, another 400 people were
interviewed by phone using questions from surveys in the 1970s and 1980s.
The highlights of the research include:
•

Attitudes to the use of nuclear power to generate electricity are positive. 70% of
respondents in one study and 80% in the other indicated they were strongly or
somewhat in favour of using nuclear energy in Ontario.

•

The impression of the nuclear generating stations was not as high. 62% had a
favourable or somewhat favourable impression of the stations.

•

The most important concerns in the use of nuclear power were public safety and
nuclear waste disposal, ranked 9.7 and 9.4 out of ten respectively. However, once
people get past safety, waste disposal appeared to be a larger unresolved issue. In
addition, some attitudes appeared contradictory. For example, while a significant
number of people believed a potential Chernobyl-scale accident was possible in
Ontario, there was also strong confidence in OHN and CANDU technology.

•

The majority of respondents (58%) favoured rehabilitating the existing nuclear plants
rather than purchasing outside electricity (8%) or investing in new gas or coal-fired
plants (7%). Nuclear was perceived as a key technology for the future, important to
the provincial economy and to maintaining low electricity rates.

•

Many people feel alienated from the industry. 66% believe the industry is aloof.

Other interesting findings included a high degree of respect for OHN's technical capabilities
and the fact that few respondents were aware that nuclear energy provided more than 60% of
the electricity used in the province. Attitudes towards nuclear power, and OHN, improved
significantly — about 40% felt more positive — once the amount of nuclear generation was
known, a strategically important point.
In summary, the general public research found that nuclear is not a top-of-mind issue; jobs
and the economy were the major concerns cited. However, when pressed, people did express
concern about radiation emissions and cancer. Overall support for nuclear was high, ranging
from 70-80%, although historically there has been and continues to be a 20% hard core of

opposition.
Small & Medium Size Business
Telephone surveys were conducted with just over 100 representatives of small and medium
sized businesses. Although many of the attitudes were close to those of the general public
there were some significant differences. These include:
•

The overall attitude toward using nuclear power was significantly more positive —
79% vs 70%.

•

Similarly, the overall impressions of nuclear generating stations was also more
favourable -- 70% vs 62%.

•

Support for rehabilitating existing stations was also much higher —79% vs 57%.

In summary, business owners and managers appear to be more favourably disposed to nuclear
energy, although they share many of the same concerns and attitudes as the general public.
Large Ontario Corporations
Interviews were held with chief executive officers or chief financial officers of 22 large
Ontario manufacturing, services and resource development companies. While the interviews
centred on determining attitudes to nuclear as a technology and its competitiveness in a
potential open access market, various nuclear issues were also discussed. Among the findings
were the following:
•

Attitudes to nuclear energy are mixed, although there is strong perception that nuclear
has very high capital costs.

•

Hydroelectric and new gas generation are both favoured over nuclear rehabilitation
projects as options for meeting electricity supply needs, although a large number of the
respondents suggested the decision should be based on economics only.

•

The research found that there was not a lot of concern in the corporate community
about nuclear safety. The general opinion was that nuclear should be judged on its
economic merits.

•

Corporate leaders expressed very strong support for private sector involvement,
through joint ventures, in nuclear projects.

In summary, while the corporate community is less worried about nuclear safety, it is more
sceptical about the competitiveness of nuclear energy.

Financial Community
Asking the same questions put to the corporate leaders, interviews were held with 29
executives from prominent financial institutions including chartered banks, investment banks,
pension funds, brokerage house, investment services, and insurance firms. While many of the
attitudes towards nuclear power were indistinguishable from those of the corporate
community, there were some notable differences. These include:
•

Even less concern about the safety of nuclear energy. CANDU is viewed as a safe and
proven technology and OHN's technical staff are rated very highly.

•

Even greater reliance on "the numbers" in making investment decisions, tempered by
some scepticism about OHN's generation costs.

In summary, as with the corporate community, financial leaders believe that nuclear
technology should compete on its economic merits — "show me the numbers". They also
strongly support the idea of joint ventures with the private sector.
Station Communities
OHN's community attitude research involved 1200 respondents ~ 300 residents and 100
commercial/agricultural customers in each of the communities surround the Bruce, Darlington
and Pickering nuclear stations. Detailed, self-administered questionnaires were completed by
residents in central community locations.
Following are some of the key findings:
•

The presence of the nuclear plant is not a top-of-mind concern. However, nuclear
issues and concerns clearly exist below the surface, with the level of concern varying
by station. Pickering has the highest level of concern over health and safety issues,
while Bruce has the lowest by a significant margin

•

There is fairly widespread support for nuclear power, although the level of support
clearly varies by community. Bruce had the highest level of support (90%) while
Pickering had the lowest (62%).

•

The difference among the three nuclear communities is also evident in the degree in
which residents feel the plant is a benefit to the community, with the Bruce
community (81%) the most positive and Pickering (49%) the most negative.

•

Not surprisingly, given the enormous publicity of the loss-of-coolant incident in
December 1994, the Pickering community showed the greatest increase in concern
(21%) over safety in the past two years — more than twice the increase in the other
communities.

•

Pickering residents also more strongly indicated the need for more information on
nuclear safety and health issues, although this was a widespread concern in all the
communities. There were also fairly serious concerns about the openness with which
OHN deals with safety issues and keeps residents up-to-date on developments at its
plants.

•

While the media was found to have a great deal of influence on attitudes towards the
nuclear plants, it was not given much credibility. People want to hear from the AECB,
scientists and from the station director, information officers, and credible third parties.

In summary, the Pickering community is considerably more negative than Darlington or Bruce
about the presence of a nuclear power plant in the area. This is probably due to two factors:
recent, highly publicized safety-related incidents at the plant; and the fact that Pickering is a
large urban area with less sense of community, a less developed information infrastructure,
and less economic dependence on the station.
Health and safety concerns exist in all three communities as does concern over the storage,
transportation and disposal of nuclear waste. These concerns are directly related to a
perceived lack of information and outreach from Ontario Hydro Nuclear.

Shaping Strategy
The most immediate and direct application of the public attitude research will be in station
communities. The attitudes in communities are particularly important because this is where
perceptions of nuclear — good and bad — are formed most strongly, and also where they are
most easily influenced. The support of communities is essential to the continued licensing
and operation of stations and, through the role of influencing wider public opinion, to the
ultimate success of the nuclear business.
The bottom line from the research was the need for greater communication and outreach in all
the local communities, but particularly Pickering. However, we have also recognized the need
to carefully target and design our messages to avoid "overkill" and sparking negative reactions
in the community. The danger in all nuclear-related communications is the appearance of
"marketing" and unnecessarily pushing nuclear issues to top-of-mind awareness.
The research tells us that there is good potential for increased station acceptance. People want
to hear from station officials. They have high regard for station scientists, directors,
information officers and other employees. Although the present information void is being
filled by the media with mostly negative messages (except in the Bruce area) driven by antinuclear groups, the media is not perceived as a very credible source of information.
That's presenting opportunities to present a more balanced view and to capture the agenda,
provided we are proactive. At Pickering, for example, we have begun distributing a local
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community newsletter providing updates on the station and its people, and we are working to
establish stronger relationships with local government officials and other community leaders.
We are also making a stronger effort to refute the accusations of the anti-nuclear groups. For
example, in cooperation with the CNA we provided a number of excellent spokespeople to
the media covering Greenpeace's protest at the plant marking the ten year anniversary of the
terrible Chernobyl accident. The spokespeople included a Pickering Shift Control Technician
(and a member of the Canadian Nuclear Workers Council), a senior manager at the station,
and a former AECL employee involved in designing the plant. I'm happy to report that we
received, at least in my opinion, more favourable coverage than Greenpeace. It really means
something to have a station employee say on camera that he wouldn't work at the station, or
live nearby with his family, if he felt the plant was unsafe.
That's just one example of how research can help shape strategy. We are now incorporating
the research findings into the key messages were developing for all of our publics. Now that
we have this information, we intend to be much more proactive — and targeted — in our
communications.
There is a team in OHN, for example, that is now developing a industry-sector marketing plan
for the day, if it comes, when we at OHN will deal directly with end customers. The research
data is helping us understand potential customer concerns, and how we can plan our
communications and sales approach according.
In Summary
In summary, the challenge to Ontario Hydro Nuclear in translating our research into strategy
is to improve communications without making nuclear energy a "hot, top-of-mind" issue and
creating "attack" opportunities for anti-nuclear groups. As a result, communications must be
focused on building relationships with important publics based on trust and credibility, and
providing appropriate targeted information from credible sources in the industry. The images
of OHN and the industry are positive on the technology side, but weak on the "people" side.
We need to present more of a human face to the public. And we need to combine good
nuclear performance with credible, targeted communications. This should go a long way in
ensuring continued public confidence in and support for the nuclear program.

PENNYMETZA
Penny Metza has 'worked both sides of the fence' during her
communications career. After working for almost 17 years as a
journalist in newspapers, television and radio (most of it as a reporter
and editor for CBC Radio news), and spending a year teaching
journalism at Carleton University, she took the plunge into media
relations. She worked at AECL's Sheridan Park office as a media
relations officer for the CANDU group before venturing out on her own
as a media relations consultant. As a media relations officer, her job
is to help companies get their message to the media - and help the
media get that message to the public. She's now under contract with
the Canadian Nuclear Association to run their media relations
program.
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MAKING THE MESSAGE COUNT: A NEW CNA MEDIA RELATIONS STRATEGY
Penny Metza
Media Relations Consultant
Canadian Nuclear Association
Toronto, Ontario, Canada

I am going to be up front with you. My business card says I'm a media relations consultant, but
I'm really a journalist in disguise. Now, that's probably going to make some of you
uncomfortable. I've seen first hand how some of you feel about journalists. But even if journalists
aren't your favourite people, you can still work effectively with them. Journalists are there to be
as much a vehicle for your message as they are for those who oppose the nuclear industry.
Before I started to work as a media relations consultant, I spent more than 15 years as a journalist
and editor in newspapers, television and radio. I've taught journalism at Carleton University and I
worked in crisis communications for a number of industries. Most recently, 1 have been dealing
with the specific issues that face the nuclear industry.
Today, by thinking of myself as a journalist in disguise, 1 feel that I bring necessary insights and
perspectives from my life as a reporter to every media relations challenge 1 meet.
One of the things that I have learned over the years is that the difficulties we face in gaining public
acceptance and support are not restricted to our industry. Any industry that needs to make
precise, detailed descriptions and explanations faces the same pressures that we do.
Let me give you an example. Years ago, sitting in a coffee shop in the interior of British
Columbia, I noticed a senior officer of a large forestry company chatting to a group of local forest
workers. I was in the town to cover a large public meeting that had been sparked by the activities
of people opposed to logging on Vancouver Island, people often called "tree huggers." I'd been
trying to reach this senior officer for several weeks, wanting his comments on the stories I was
working on. But I had no luck reaching him either in person or by phone. When I started to
introduce myself, he interrupted me and said, "I know you. You're with CBC Radio. You're
always negative about our industry and especially about my company."
My instinctive response was to become angry. But instead, I turned it back to him. "I'm
frustrated, not negative," I said. "I can't get past your front desk. I keep calling your office, and I
get bounced from one department to another. You're the one I want to talk to, but I can't get
near you. I can't get past the first floor of the building, and believe me, I've tried."
"Next time, call me directly," he said, jotting his personal extension on his business card. Then we
sat down and he gave me a great interview. In fact, several people in my office congratulated me
for finally getting someone from the company to talk!
Even though I had my story, 1 tried calling the very next day. Just testing! Not only did he answer
his own phone, but he told me he had let staff know that when reporters called, he wanted to

know about it. We were both satisfied with the results. 1 had my story, and he got his company's
message across.
That's a reporter's job: to tell a balanced, fair story. Present all sides equally, and let the audience
decide. But it can be difficult to do. Reporters are often dismissed by those who are the first to
complain about media bias or injustice.
A reporter will write a story in one of two ways: with your input or without it. Obviously the best
way to get a shot at fair and accurate representation is with your input.
That's one of the reasons the Canadian Nuclear Association is focusing more attention on media
relations. The CNA recognizes it has a role to play in helping to change media opinion of our
industry. Although many member companies have public information or media relations
departments of their own, the communications committee of the CNA believes that a coordinated
media relations effort that involves all our members will be stronger and more effective than the
random efforts of each individual member.
When the CNA committed to tackling this problem head on, their communications committee
developed a strategy to build media rapport.
The strategy was developed because the CNA realized it lacked an authoritative, national "voice".
Why is it desirable to have a national "voice" for the industry? Because when issues arise in any
industry — particularly controversial or highly emotional issues or crises — reporters need to know
who to call for details and informed comment. To date, the nuclear industry doesn't have the
media voice that it could and should have.
Why doesn't it exist? The main reason is that media relations hasn't had priority perhaps it should
have in the communications strategies of our industry, individual companies, or the CNA.
What is the result of not having a strong, recognized spokesperson? Our industry is consistently
misrepresented, underrepresented or simply ignored when reporters cover nuclear stories. We
don't tend to make it into stories because reporters don't know to call us. And, similar to my
forestry industry official, the best, most informed interview subjects are frequently unavailable to
reporters.
It's time to recognize that public opinion, media opinion, and how we present ourselves to the
media are critical to the success and acceptance of our industry.
Let me emphasize here that this is not as difficult as it sounds! Recognizing that our industry has
media perception problems, knowing that solving those problems is going to benefit your
company and the industry as a whole, and being willing to work as partners with us to change
both media and industry attitude — that's nine tenths of the work!
The purpose of the CNA's media relations strategy is to complement existing strategies, and to
work together with individual companies to put our industry in a position of strength through

joint media relations planning. By building a strong national voice for the industry through the
CNA, benefits can accrue to the entire sector.
And, by working together, the CNA and its members can achieve greater media results than either
could on their own.
Strength is built through consistent, thoughtful positions on critical issues. Although the CNA and
its members will as a rule focus on different facets of an issue, the messages will be consistent.
Together, we can determine which issues should be targeted by the CNA. Together, we can agree
on and develop key themes and messages that will be reinforced by both the CNA and the
member firm.
An extremely important step is to begin monitoring events before they happen by setting up an
agenda of anticipated issues and events. That will allow us to plan media relations tactics that are
event or issue-specific.
Another important step is to work on the message and how we deliver it. It must be concise
enough to satisfy the scientific and technological expectations of the industry. At the same time,
the message has to be easily heard and received by the media and the public.
I know that as scientists and technologists, you are accustomed to dealing with peers who
understand nuclear science and industry terminology. But in terms of our audience, that
technology — let's face it, jargon — can get you into trouble.
Let me give you an example. Years ago, 1 did a training session on crisis communications for an
air crash investigation group. Part of the training session was setting up a mock news conference
where the senior investigator faced tough questions from intern reporters on the details of an
actual airplane crash. The senior investigator at one point told reporters that the airplane "stalled."
If you're like most people, you'll assume that means that the engines stopped and the plane fell
out of the sky. When the reporters came back with their stories, the first line of every single one
quoted the investigator as saying the plane crashed because the engines stopped. The investigator
was furious, because as far as he was concerned, that's not what he said at all. In technical jargon,
"stalling" has to do with airflow over the wings. It has nothing at all to do with the engines.
So, the story comes out, and it's blatantly wrong. What do you do? Backtracking, contacting each
reporter to explain and clarify your story is time consuming, embarrassing, and potentially creates
a whole new crisis. And there's no guarantee that your correction will be reported. The trick is to
be clear in the first place.
One of my jobs is to help our industry avoid media misconceptions, a long, slow process. My goal
is to help you to present our industry in the best possible light. But my background and
experience also help me to understand what reporters are seeing, the problems and obstacles they
face, and why. That's the journalist in disguise!

We need to recognize that reporters tend to view industry, government, and the so-called
establishment with a certain amount of cynicism, suspicion and skepticism, particularly when an
industry is caught in a reactive position, which tends to be the norm for our industry. We are
frequently reacting either to some critical situation, or else to accusations and allegations leveled
at us by industry detractors.
Add to that the fact that general reporters may not have the background knowledge and detail
that nuclear issues reporters have, and it makes it harder than ever for the industry message to be
understood.
It's also important to realize that your nuclear story may be just one of several stories a reporter is
covering on any given day. Most reporters have several deadlines in one day, often on different
subjects. It's in our best interest to help them out, to give them as much reliable information as we
can generate.
It's imperative that reporters get consistent, reliable information, that we make our messages clear
and concise, and that our industry experts are accessible.
The reporting of news is about the emotions and drama of the day. A good story is one that tugs
at the heartstrings of ordinary people. Too often, our industry dismisses the emotional side of a
nuclear story and, in fact, openly attacks those emotions. The result is that the nuclear industry is
viewed as foreign and distant.
Although adherence to scientific fact and objectivity are important elements of this industry, it
doesn't make for good copy, particularly when reporters can find plenty of emotional responses
and allegations among the anti-nuclear lobbies and the general public.
Take the tenth anniversary of the Chernobyl accident. We knew those who oppose nuclear would
use as much emotion and drama as they could to make their point that nuclear is a bad thing. And
because we had the CNA media strategy in place, we were ready.
The April 25 story about Pickering is a great example of the strategy at work. We used
cooperation, consultation, and emotions to our advantage. It started with a call from Ontario
Hydro to tell me that Greenpeace was planning a demonstration outside the Pickering plant. It
would be the usual message from Greenpeace, that nuclear isn't safe, that the Pickering plant
should be shut down, that another Chernobyl-type accident could happen here at any time.
We knew that Greenpeace would use its usual tactics ... a huge doomsday clock and dramatic
speeches, complete with masks and protective suits. All the elements, in other words, to make a
great story — good pictures for television and newspapers, and dramatic, well-timed sound for the
radio reports. The challenge for our industry, as always, was to get our message across without
being drawn into the melodrama.
I knew that Ontario Hydro would be covered by its own communications team. But I also knew
that it was not up to Hydro or anyone else to defend the whole nuclear industry. I called Gord
Brooks, who most of you know worked at AECL. (He's supposedly retired, but whenever I need

him, he's at the office.) He agreed to be there and to talk about CANDU and RBMK technology,
and about why a Chernobyl-type accident in Canada is nearly impossible. It didn't hurt that he
was one of the engineers who was on the ground floor for the design and construction of the
Pickering plant.
Another valuable resource was Peter Falconer, a Pickering employee and member of the Canadian
Nuclear Workers' Council. He, his wife and children live right next door to the plant. He was
there as an employee, but also as a husband, father, and responsible neighbour. He told reporters
there's no way he'd ever jeopardize the lives of his family or his community by working in an
environment he doesn't believe is safe.
It's exactly the kind of information reporters need and love. It has a human, emotional side, while
still sending a clear message on behalf of the nuclear industry.
Mr. Brooks got a lot of press that day, but Peter Falconer got even more!!
The result? Reporters now see a more human face on the nuclear industry. They know who the
CNA is. They know we are available for comment. And they know we will refer them to others
who will comment.
The importance of this cannot be underestimated.
Success stories like this are wonderful, a real boost for CNA and for the nuclear industry. But
they are incremental steps. We're still a long way from having the visibility we want in the media.
The process is long and sometimes difficult. But it has to begin with small steps, small successes,
gradual change.
How do we measure our progress? We measure by assessing whether reporters know who we
are, whether they trust our opinions, whether they call on us for informed opinion and comment.
We measure our success by the stability of our public image, and by whether the industry appears
to be working as a team — a team concerned about the issues that are important to the public.
We measure our success by what reporters say about us, and sometimes we measure success by
what they don't say.
Most importantly, we measure our success by assessing the change in thinking, attitude and
actions within our own industry, by refusing to see reporters and the media as our enemies, and by
making ourselves available as informed and responsible spokespersons.

SUSAN ISABELLE PETROVICH

Susan is a high school biology, chemistry and cooperative education
teacher. She has been a teacher at Saint John High School since 1978 and
the Vice-Principal since 1994.

Susan graduated in 1977 from Acadia University with a Bachelor of
Science degree with a major in Biology and minor in Chemistry and
Mathematics. In 1978, she went on to receive her Bachelor of Education
degree with a major in Secondary Education. In 1991, Susan graduated
from the University of New Brunswick with her Master of Education degree
in Educational Foundations, and was awarded her New Brunswick
Principals Certificate.

In 1976, she received the Outstanding Biology Student Award at
Acadia University. She received the Outstanding New Teacher Award from
Saint John High School in 1978 and the Outstanding Volunteer award from
the City of Saint John.

DEBBIE MCLAGGAN
Debbie McLaggan is an elementary school teacher. She has taught at
Island View Elementary School in Saint John, NB, since 1973. She taught
elementary school at Brown's Flat School from 1971-73.

Debbie received her Bachelor of Education Degree, with distinction,
from the University of New Brunswick in 1982. She furthered her education
in Special Education and received her Master's Degree from the University
of New Brunswick in 1995.

Over the years, Mrs. McLaggan has been Registrar for N.B.T.A.
Subject Council Days, Leader at Memramcook Institute for Interns and
Cooperating Teachers, Cooperating Teacher for U.N.B. Education Students
and for District 8 Co-op Program. Debbie has also held the positions of
Secretary, Board of Directors, St. Matthew's Church, and Sunday School
Superintendent and Teacher.

BOB MUNRO
Bob started his career in the nuclear industry as an operator with
Ontario Hydro. He joined the NB Power Health Physics department in
1976 as the Radiation Control Supervisor (RCS). As RCS he was
responsible during Point Lepreau commissioning for setting up all of
the field equipment, training and procedures for radiation protection.
In 1978, Radiation Control assumed responsibility for Conventional
Safety and he was instrumental in establishing the Station's safety
program. In 1990, Bob was temporarily assigned to look after Security
and Public Affairs, in order to help with the set-up of the new Public
Information building and program. In 1992, Bob assumed the role of
Administration and Public Affairs Manager at Point Lepreau.
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Educational Partnerships - A Win Win Endeavor!
R. A. Munro, Manager Administration and Public Affairs
Point Lepreau Nuclear Generating Station
Introduction
The Nuclear Industry has had an image problem ever since its inception due to the mental
connection to weapons of mass destruction. During the early years we did our best to stay
away from controversy and used the argument that this is a complex science, the outcome
is beneficial and we in the industry can be trusted to manage it safely. Three Mile Island,
the explosion of the space shuttle and Chernobyl have all served to erode the public
confidence in the scientific community. In the public arena we must deal with the
emotional view of risk. We are forced to answer complex questions, that require a
detailed response, in 15 second sound bites or video clips for the media. If we break even
in these exchanges we usually consider that we have done well.
We know that the only way that we can hope to improve our image over time is to
develop an audience that has a much better understanding of all of the issues. Educational
Partnerships are a valuable tool that has been under utilized by our industry. Young minds
are more willing to judge based on fact rather than emotion. In response, the CNA,
utilities and other nuclear industry corporations have produced materials and programs
that can be used by our schools. In addition, we encourage schools to visit our facilities in
order to provide the younger generation with the means to make a more objective decision
about nuclear power and the nuclear industry in general. The teachers are a key
component of this approach. The CNA has, since the annual conference in 1987, taken
steps to help teachers understand our industry. In 1994/95 the CNA sponsored a Teacher
Placement Project at Point Lepreau. This project proved to be an overall success for both
the educators and industry.
Teacher Placement
The New Brunswick teacher placement project came together as a result of the joint
efforts of the CNA, Enterprise Education in New Brunswick, School Districts 8 and 10,
Point Lepreau Nuclear Generating Station andAECL. The purpose of a teacher
placement is to link educators to industry in order to broaden the learning approach
utilized in the school environments which will produce a more informed student and in the
longer term produce a better employee for industry.
This placement occurred in the fall and winter of 1994/95. It included a mix of teachers
from two school districts close to Point Lepreau. The teacher mix included three from
high schools, two from junior high school and one from elementary school. Initially the
secondment was to be for three consecutive weeks; this had to be modified to three
separate weeks to accommodate the needs of the educators. The placement started with
an orientation day at Point Lepreau in October. The teachers spent a week at Point

Lepreau in the months of November, December and February. The program was audited
for effectiveness by an outside education specialist in May of 1995.
Placement Objectives
A set of general and specific objectives were established prior to the teacher placement.
The objectives were:
General Objectives:
* To improve the quality of learning in the school by enriching the school curriculum
with practical applications and examples from current business practice;
* To enable teachers to relate application of technology and expertise in the workplace
to studies in schools;
* To develop an awareness in teachers of the career opportunities which are emerging
through the restructuring of industry, changing workplace practices, the need for a
variety of skills and the place of school and work in lifelong education;
* To provide teachers with new insights, skills and techniques which will enhance their
contribution to the education profession;
* To enable the business community to understand, appreciate and contribute to the
purposes, values directions and strengths of public education in New Brunswick.
Specific Objectives for Educators:
* To obtain a general understanding of the Canadian nuclear industry;
* To focus on the scientific, societal and medical benefits to be derived from nuclear
research;
* To consider the impact of nuclear energy on the economic development of Canada in
general and New Brunswick in particular;
* To examine the environmental issues inherent within the nuclear industry;
* To integrate within the total school curriculum basic information concerning the
Canadian nuclear industry.
Specific objectives for Industry:
* To further a better understanding of the nuclear industry within New Brunswick and
Canada;
* To contribute to the enhancement of the curriculum at all levels within the school
system;
* To correct "misunderstandings and myths" concerning the nuclear industry;
* To assist the education of students through the provision of up to date information in
the fields of science, technology and sustainable development.
* To utilize the expertise of placement teachers in the design of materials to enhance
student tours of Point Lepreau Generating Station.
In general all of these objectives were met. However, once the secondment started, the
objectives for the teachers were broadened to include all of the elements of electricity

generation, the pros and cons of each, and the methods by which NB Power ensures the
supply of energy.
The Station's approach to the secondments was to establish an atmosphere of trust and
credibility. Honest straightforward answers were provided to all questions. A conscious
effort was made to avoid "pushing" the nuclear option. All energy production options
were discussed along with the associated risks. Time was taken to explain risk from both
the scientific viewpoint (probability x consequence) and the public viewpoint (probability
x consequence + public outcry). Practical examples and reference material were given
whenever possible. In addition to our own material we also gathered material from
nuclear opposition groups and distributed it to the educators. We wanted the teachers to
discover the benefits of nuclear for themselves. This approach allowed us to demonstrate
that nuclear is a safe and viable energy option.
Placement Results
There were some specific material outcomes identified in the objectives that continue to be
of use to both the educators and industry. To integrate this experience and knowledge
into the curriculum the educators chose to build a game called "Power On". The game is
a useful tool to reinforce student learning about the energy industry in New Brunswick. In
addition, the teachers produced a "Pre-Tour Package" for the station that could be sent
out to schools planning a visit. The package highlights areas of the curriculum that could
be explored by visiting students. This package also serves as a useful summary of energy
issues for interested teachers.
Several teachers were able to make immediate changes to the learning environment. One
high school teacher re-developed the energy unit for grade 10 Technology using the
knowledge, experience and resources gained during the placement. This change ensured
that the students received relevant New Brunswick information. The elementary school
teacher was able to integrate the knowledge and experience across various curriculum
subjects. This contrasts with teachers who did not take part in the placement and could
easily convince a resource person from the station to attend their class (sons or daughters
in that school) but they do not take the opportunity because they are not as comfortable
with the material. The partnership information will eventually benefit other teachers, as
those that participated in the placement share their experiences among their peers.
There were many other benefits the educators felt they were able to bring to the classroom
as a result of their experience, such as:
"* An insight into the careers available in the nuclear industry, including the many
different pathways and skill sets required;
* The need for solid interpersonal skills and the requirement to work as a team. This
served to validate that the cooperative approach to learning, which takes a great deal
of teacher effort, is a worthwhile endeavor for the school system;
* Teachers were able to see planning and problem-solving skills and techniques in
action;

Teachers were able to see and feel the pride that employees had concerning their jobs.
It left the lasting impression that people cared about their work - both safety and
production. As a result they carried away a comfortable feeling about the operation of
Point Lepreau;
* An understanding of risk and the ability to correct misunderstandings surrounding
safety issues related to risk;
* An ability to answer questions with conviction and the knowledge that they would be
able to get an answer to any question that might arise;
* An understanding that Point Lepreau and NB Power could serve as a source of
expertise on many different topics, not simply those that cause controversy.
Summary
The benefits Industry provides to the education system through partnerships improve the
education system, and ultimately, result in better employees when students leave school.
In addition, when educators are comfortable talking about nuclear power and can discuss
the pros and cons of all sources of electricity generation with confidence. Nuclear is able
to sell itself as a viable part of the energy supply mix.
Effective media relations programs are a necessity for the CNA and its members.
However, the nuclear industry will never be able to do more than break even in the
reactionary type of Public Relations efforts that are required to respond to the media and
anti-nuclear groups. Education partnerships similar to this pilot program conducted by the
CNA, New Brunswick Power and New Brunswick educators are a win/win endeavor for
all stakeholders. I would encourage all members to explore this mutually beneficial
process as part of their Corporate Communication Plans and would suggest that the CNA
continue to support this type of activity.
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ROBERT D. NEILL
Since the inception of Neill and Gunter in 1964, Dr. Neill has been
active in the design and management of many varied projects in addition to
his administrative duties. This has allowed the continuing development
within the firm of sound planning, design, scheduling and project
management techniques. His work has included economic analysis,
conceptual and detailed design, equipment selection, project management
and control. He has become well-known in his field and has authored and
delivered technical papers to international engineering and management
groups.

Project and design work with Neill and Gunter and NGM International
has included power and recovery boiler plants, energy conservation studies,
pulp and paper mills, sawmilling, wood handling, composition board, food
processing, mining and projects related to environmental systems and
energy conservation for buildings and structures. Dr. Neill's experience, in a
broad range of projects, includes primary manufacturing, secondary
manufacturing and the service industries. His experience is well suited to
the development of conceptual designs for the solution of problems in a
variety of industries with particular emphasis on the wood processing and
energy producing industries.

ROBERT D. NEILL (cont'd)
From 1954 to 1964, Dr. Neill was a staff member of the New
Brunswick Electric Power Commission. During this time, he advanced
through several positions to retire as Chief Design Engineer in charge of
electrical, civil and mechanical engineering. He has had experience in the
preliminary planning, design and construction of hydraulic and thermal
electric generating stations, buildings, structures and associated utility
engineering.

In 1985, Dr. Neill received an honourary degree of Doctor of Science
from the University of New Brunswick for his outstanding achievements in
engineering.

Dr. Neill is a Past President of the Association of Professional
Engineers of the Province of New Brunswick, has served as a Director of
the Canadian Council of Professional Engineers and the Canadian Pulp and
Paper Association. He is a member of the Association of Professional
Engineers of the Province of New Brunswick, the Engineering Institute of
Canada, The American Society of Mechanical Engineers, and also served
as Vice-Chairman of the New Brunswick Environmental Council. He is Past
President of the Manufacturing Technology Center of New Brunswick and of
CADMI Microelectronics/Microelectronique Inc., and past Chairman of the
Eastern Canadian Section of the Forest Products Research Society. Dr.
Neill is Chairman of the Management Board of the Wood Science and
Technology Institute at the University of New Brunswick and Vice Chairman

ROBERT D. NEILL fcont'd)
of the New Brunswick Research and Productivity Council. He is a Director
of the New Brunswick Telephone Company, Greater Fredericton Economic
Development Incorporated, and the Canadian Nuclear Association.

The Canadian Council of Professional Engineers awarded Dr. Neill the
1991 Canadian Engineers Gold Medal Award for his exceptional
achievements in engineering.

Dr. Neill is licensed to practice in the Provinces of New Brunswick,
Nova Scotia and Saskatchewan and is registered to practice in the States of
Maine and Georgia.

RONALD C. FIELD
Ron Field was appointed General Manager, Nuclear, for Ontario Hydro
in October, 1995.

Born in Toronto, Canada, Mr. Field attended the University of Toronto
where he obtained a Bachelor of Applied Science Degree in Industrial
Engineering (1969) followed by a Masters Degree in Business
Administration (1974). In 1987, he attended the University of Western
Ontario where he completed their International Management Program.

As General Manager, Nuclear, Ron Field provides leadership in the
nuclear business, covering all areas of operations, maintenance,
engineering, construction, nuclear safety, purchasing and finance. The
business operates 20 reactors at 8 sites, with an installed capacity of 14,000
megawatts which generates about 60% of the electricity used in Ontario.

Prior to his appointment as General Manager, Mr. Field was Director
of Finance and Business Services Division, Ontario Hydro Nuclear from
May, 1993 to October, 1995. In this position, he was responsible for
strategic and business planning, fuel and material purchasing, finance and
information resource management for the nuclear business.

From 1988 to 1993, Ron Field was Director of Purchasing and
Materials Management. In this capacity, he provided leadership in all of the
Corporation's procurement activities excluding fuel.

-2Ronald C. Field (cont'd)

Between 1984 and 1988, he was Manager of Operations and Finance
for the new Business Ventures Division which was the forerunner of Ontario
Hydro International Inc.

Ron field served as Manager, Project Services at the Bruce Nuclear
Power Development from 1978 to 1983 and at the Darlington Generating
Station in 1984.

Mr. Field began his career at Ontario Hydro in 1968 and up until 1978
held a variety of positions, including: Assistant Engineer Project Materials
Control System; Budget Analyst in Comptroller's Division; Financial
Services Supervisor in Generation Projects; and Financial Services
Coordinator in Design and Construction.

Ron Field is a member of the Board of Directors and the Executive
Committee of the Canadian Nuclear Association. In addition, he is a past
member of the Board of Directors of the Quality Management Institute
(1989-1995); the Canadian Welding Bureau (1991-1994); and the
Meadowbrook Golf and Country Club Association (1978-1981).

He is married and has two children. He is an avid golfer and
sportsman.
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ONTARIO HYDRO NUCLEAR - CHALLENGES OF THE FUTURE
Ron Field
General Manager
Ontario Hydro Nuclear
Toronto, Ontario

With the advent of an increasingly competitive, open access electricity market in Ontario and
neighbouring regions, Ontario Hydro Nuclear (OHN) faces a number of short- and longerterm challenges that will ultimately determine the future of the organization and its 9500
employees.
However, OHN has many strengths to build upon in preparing for the competition ahead.
These include:
•

Extremely competitive production costs. At 1 -2 cents a kilowatt hour, OHN's
production, fuel and incremental capital costs are among the lowest of any nuclear
utility in North America and are very competitive with coal or gas fired generators.

•

Strong technical capabilities. Good technical expertise is key to supporting such a
large nuclear program over the long term. With the completion of the Darlington
Nuclear Station and the dismantling of the engineering and construction organization,
OHN's technical resources are now focused entirely on ensuring that these plants run
safely and reliably over their 40 year service lives.
OHN has demonstrated in the past that it can resolve major technical challenges —
from retubing Pickering A, to the Darlington fuel failure, to the cleaning and repair of
boiler tubes. The challenge now is to avoid through good predictive maintenance the
frequent, smaller problems that have plagued OHN's older units in recent years.
Critical to this effort is the need to improve our operations, maintenance and
administrative processes. And this, in turn, requires that we also improve the
engagement of the staff in the business and their alignment towards the business
objectives.

•

Advantages of multiple units. Studies of top performing nuclear utilities around the
world suggest significant advantages from multi-unit operations. These provide
opportunities to share resources (and hence reduce costs) and to share learning and
operating experience.
OHN needs to better take advantage of the opportunities for improvement by sharing
resources and learning among its four plants. This is becoming a major focus of the

2
organization now that the generating divisions are more firmly established.
•

Environmental advantages. The environmental benefits of nuclear power are bound to
become more important as concerns about acid gas emissions and the greenhouse
effect continue to rise in importance. However, in order to have credibility it is vital
that OHN and other nuclear utilities continue to demonstrate good environmental
performance.
This includes the management and eventual disposal of nuclear waste, which is one of
the most important public concern issues we face in building acceptance of nuclear
energy. OHN is are actively participating in the current Nuclear Fuel Waste Disposal
Concept Hearings. And we are committed to taking cradle to grave responsibility for
our waste.

•

Strong public support. Recent public opinion research indicates strong acceptance of
nuclear power across Ontario. Recent events at the Pickering station, however, have
caused concern and suspicion among residents and local officials in some of the
surrounding communities. Efforts are underway to strengthen the relationship, and to
improve communications.

•

Improving station performance. Although there have been some setbacks along the
way — including the recent temporary shutdown of all eight Pickering units — the
performance of OHN's units is gradually improving, led by the Darlington Nuclear
Station, which achieved an overall capability factor of almost 90 per cent last year.

Further Improvements Needed
Even with the advantages listed above, OHN faces the difficult challenge of improving overall
performance even further in the face of a large current debt burden coupled with the
reinvestment demands of aging units at Pickering A and Bruce A. One unit, Bruce 2, has
already been shut down and layed up. This is the result of the depressed demand for power in
Ontario, coupled with the multi million dollar investment required to retube the unit and
replace the boilers.
Other Bruce A units will require major reinvestment as they come up for retubing over the
next five to ten years, beginning with Bruce Unit 1 in 2001.
Various options are being studied on how to raise the hundreds of millions of dollars
necessary to retube each of the units. Given Ontario Hydro's focus on debt reduction, there is
a strong likelihood that the retubing will involve an infusion of private sector capital.
To attract private sector money will require confidence that retubing is a good investment.
Ontario Hydro Nuclear has demonstrated that it has the expertise to safely and effectively
retube its reactors — as shown by the steady improvement in retube times recorded at

Pickering A. Moreover, a major initiative is underway to reduce both retube costs and the
length of time the units must be taken out of service.
However, to ensure investor confidence, OHN must also improve the reliability of its older
reactors at both Pickering A and Bruce A, which have experienced frequent unplanned
outages in recent years.
Driving to Nuclear Excellence
Over the past year, OHN has studied the evolving electricity marketplace as well as the
experiences of other nuclear utilities around the world. This resulted in the development of a
strategic directions document, designed to prepare the organization for long term success.
Fundamental to the success of the longer-term strategy is the "drive to Nuclear Excellence
today for leadership in tomorrow's markets."
Nuclear Excellence involves the simultaneous achievement of top performance in safety,
production reliability and cost. Research has indicated that rather than involving tradeoffs,
good safety promotes reliable performance which, in turn, translates into lower production
costs — ie., by doing the job right. There are numerous examples of nuclear utilities in the
United States and elsewhere that have demonstrated that significant overall improvements can
be made in all three areas at the same time. In fact, it can be shown that good performance
in one area is not sustainable unless matched by the other two.
Under Nuclear Excellence, OHN has set itself specific improvement targets for the Year 2000.
These include:
• Average station peer evaluations at "B" or better. OHN uses peer reviews as a key
internal driver of improvement. Our reviews are modelled after those developed by INPO
(Institute for Nuclear Power Operations) in the United States. Although we keep our reviews
confidential, so as to promote complete honesty, they are recognized internally as a vital
measure of performance and an effective way of identifying and resolving future potential
problems.
I don't mind telling you that I have been very disappointed by our peer review results in
recent years. And I can assure you that management at all the stations now take the reviews
very seriously. We are setting up systems to track and eliminate repeat findings, and we are
devoting the needed resources and processes to ensure we tackle root causes, not just the
symptoms.
• An OHN average capacity factor of 80 per cent or better. In the first quarter of 1996, it
appeared that we were well on our way to achieving our 80 per cent target. Then we
discovered a faulty check valve in Pickering's ECI system and we shutdown five of the units
that were at the plant (the other three were already on maintenance outages). I'm not going to
speculate on our year-end capacity factor numbers, but I can tell you that we are willing to

take the hit now ~ to shutdown Pickering temporarily to correct a whole variety of potential
problems -- in order to ensure more reliable performance in the future.
Last year, our capacity factor was 71 per cent. That might seem like a huge distance from the
80 per cent target, but there are numerous examples of other utilities that have made even
greater leaps in improvement. And there are numerous utilities that have demonstrated
excellent performance year after year — in many cases, with units that have been in service
for 20 or more years.
I am confident that we can achieve the 80 per cent target, though it won't be easy. Our Bruce
A and B units are moving to high power operation as they've implemented various fixes to
the power pulse concerns that were identified in 1993, forcing a derating of the units.
Darlington is running very reliably. And up until the recent check valve shutdown, Pickering
B was one of our best performing plants.
The biggest challenge is to improve performance at our older "A" plants. Despite some
recurring problems, we are making headway. And we hope to see results in the near future.
• An OM&A, Fuel & Capital Cost of 1.6 c/kwh. Our cost competitiveness is inextricably
tied to our production performance. The better our units run, the more electricity we can sell,
and the lower the per kilowatt costs. Moreover, the more revenue we generate, the more
money we can devote to debt retirement. And the more we reduce our debt, the lower our
total costs.
We are not far our cost target, and provided we continue to improve performance we are
going to be extremely competitive in the marketplace -- open access or not.
A United Effort
Achieving Nuclear Excellence requires the active involvement of all OHN employees, a
challenge complicated by all the change and distractions the organization has experienced
over the past several years — and amplified recently by tough and protracted labour
negotiations with the Power Workers Union and a great fear of privatization.
Strong leadership, communications and partnership with employee representatives will be vital
in achieving nuclear excellence, as will the support of AECL and OHN's other partners in the
industry.
At the same time, OHN has also begun strengthening its expertise in marketing and customer
relationships — areas that were previously of little importance to the operation of the business.
The continuing evolution of Ontario Hydro's transfer pricing scheme is helping to prepare
OHN for the workings of a real electricity exchange and spot market.
Although the future shape of Ontario Hydro is still under question, there are many reasons to

be optimistic about the nuclear side of the business. OHN is competitive now and will
become even more so as we reduce our debt and continue the drive to Nuclear Excellence.

BILL PILKINGTON
Bill Pilkington has been the Station Manager at NB Power's
Point Lepreau Nuclear Generating Station since 1994. During his
career with NB Power at Point Lepreau he has also held senior
management positions as Production Manager and Operations
Superintendent.
His Point Lepreau nuclear experience has included a two year
assignment as an AECB authorized shift supervisor, and responsibility
for nuclear process and boiler steam systems during the latter stages
of commissioning of the Station.
Following completion of his studies in Mechanical Engineering at
the University of Waterloo, he began his career with Rothmans of Pall
Mall Canada. He subsequently joined Ontario Hydro in their nuclear
program, and was involved with commissioning activities at Pickering
'B' and in the maintenance program for Pickering 'A'.

Benchmarking At Point Lepreau Generating Station
by
Bill Pilkington
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SUMMARY
Calder Hall was the worlds first commercial Nuclear Power Station, commencing operation
in 1956, and with its sister Station at Chapelcross has operated successfully, with consistently
high load factors, for approximately 40 years. The first part of this paper reviews the
operating history of the Stations.
Secondly, the paper will briefly describe both the work carried out under the Long Term
Safety Review which has supported operation to 40 years and the work being carried out as
part of a Periodic Safety Review to support continued operation of both Stations to 50 years.
The commercial improvements, some of which, of course, do have some nuclear safety
significance, will be briefly described in the context of operating within what is increasingly
becoming a demanding privatised electricity market in the United Kingdom.
Finally, potential life limiting features will be identified and the monitoring programmes
described leading to the conclusion that there is no reason why the Stations should not
continue to operate to at least 50 years.
1

INTRODUCTION

The reactors at Calder Hall, the worlds first commercial Nuclear Power Station and its sister
Station at Chapelcross, both of which are owned and operated by British Nuclear Fuels pic,
have been operating successfully for 35-39 years. Although public and political acceptance
are, of course, important aspects of the Continued Operation programme this paper
concentrates on describing the key points associated with the two main requirements:
i)
ii)

Demonstration of an acceptable safety case
Ensurance of commercial viability of the Stations.

Continued operation requires success in both requirements.
Subject to continuing satisfactory results from the annual programme of maintenance,
inspection and monitoring, the current approved safety case allows each reactor to operate up

to its 40th anniversary; the first reactor, No 1 at Calder Hall will shortly reach that milestone
in October 1996.
The detailed safety case, the modifications carried out over the many years of operation to
bring the Stations closer to modern standards, and the measures currently being taken to
improve effectiveness and efficiency, provide a very strong platform for BNFL to make an
acceptable overall case for continued operation of both Stations to at least 50 years.
2

REVIEW OF OPERATING HISTORY

During the operational period of the reactors to date the power output has been increased to
some 50% above the original design value and the two Stations each currently operate with
annual availability factors and load factors between the annual shutdowns in excess of 92%
and 99% respectively. This has resulted in record output figures being achieved in recent
years. These excellent results have been achieved by improvements in efficiency and
reliability together with reductions in the lengths of the annual shutdowns against a
background of increased workload, reducing staff numbers and reducing overall costs. A
reduction in both the total and average annual worker radiation dose uptake has also been
achieved during this period.
The Stations were designed and constructed using the best standards, materials and
techniques available to Engineers at that time. During the ensuing almost 40 years of
operation continuous reviews of procedures, equipment, safety and limitations have taken
place and, wherever possible and appropriate, modifications to plant or alteration to
procedures have been made to reflect the inevitable changes in standards, available
technology and accepted philosophies of the time. Although this is a continuous process of
improvement it has been particularly reflected in the periodic major reviews of safety and the
ensuing changes to bring the Stations closer to modern standards.
The main characteristics of this operational period have been:
•

•

•

A significant increase in reactor power with consequent uprating of turbine capacity to
some 50% above design mainly by:
Redefinition of limiting parameters as a result of operating experience.
Improvements to flux and temperature distributions by selective partial
insertion of control rods.
Increased circulator speeds as problems with the original Ward Leonard DC
drive systems were resolved followed finally by their replacement with
direct line AC drives resulting in higher speed, lower Station electrical
usage and a reduction in maintenance requirements.
Introduction of improved fuel elements.
Achievement of high operational reliability and availability by:
Sound operational and maintenance techniques.
Low reactor trip rate.
Reduced shutdown lengths by improved planning, improved inspection
techniques and the introduction of more flexible working.
Improvements in fuel performance to allow longer irradiation times thus improving
the efficiency of the fuel cycle.

•

•
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The development and introduction of significant inspection techniques particularly for
viewing the graphite core and the pressure circuit which were not designed with
inspection in mind.
At Calder Hall the provision of steam, water and electricity services to the whole
Sellafield site.
MONITORING AND REVIEW OF SAFETY

Since the reactors started operating there has been a programme of regular monitoring of all
aspects of the plant and plant performance to identify any changes which could indicate
possible onset of plant deterioration with remedial action being taken as appropriate. The
results are used to confirm that each aspect remains within acceptable bounds and to identify
at an early stage any unexpected behavior. Much of this monitoring is carried out during the
annual shutdowns for refuelling and maintenance, however, an increasing amount of inservice condition monitoring is being introduced. Safety related findings from this routine
monitoring are regularly compared with relevant aspects of the Safety Case. If there are any
anomalies then a reactive review is carried out for that aspect of the Safety Case. This
confirms, or defines revised conditions for safe operation over at least the next operating
period.
Outside this ongoing monitoring and reviewing process overall detailed reviews of the Safety
Case have been carried out each time a significant increase in the agreed operating period was
to be proposed. More recently such Periodic Reviews have been a feature of the Site
Licences. To date the detailed reviews carried out have been:
1965
1979-1982
1986-1989

-

Safety Review of Calder Hall and Chapelcross Reactors
Long Term Safety Review - Phase 1
Long Term Safety Review - Phase 2

1993-1994

-

Continued Operation Review

The last three of these reviews are considered below in more detail.
3.1
Long Term Safety Review - Phase 1 n 979-1982^
The objective of this Review (LTSR Phase 1) was to justify operation beyond 25 years, into
the 1990s. It was the first detailed review carried out for a Magnox reactor well into its life.
Consequently, the scope was developed over a period with the Nuclear Installations
Inspectorate (Nil). The basic objectives eventually agreed were to ensure, as far as
reasonably practicable, that:
i)
ii)
iii)
iv)

The reactor can be safely shut down during normal operation and under defined fault
conditions.
The reactor can be maintained in the shutdown state,
The reactor can be adequately cooled,
No unacceptable release of radioactive material to the atmosphere will result.

The topics addressed were wide ranging including the pressure circuit, coolant systems,
shutdown systems, reactor services, hazards, fault studies and the overall role of the Operator

and about 100 specific documents were generated. Each paper was considered by the Nuclear
Safety Committee and the overall findings were independently audited. In general, the
assessments were based on deterministic arguments, current standards and expert judgement,
probabilistic arguments were used on a few occasions, only when necessary.
The outcome was agreement to further operation, subject to satisfactory annual results from
routine monitoring and inspections and the completion of a number of improvements to plant
and procedures including:
•

•
•
•
•

3.2

The installation of a diverse secondary shutdown system to support the original
control rod system. The secondary system chosen was a development of an existing
one previously installed in several other Magnox reactors. It consists of two separate
stages, with the first being automatically or manually initiated and the second only
manually initiated. The first stage injects boron steel balls under gravity into thimble
tubes in interstitial channels. This stage provides short and medium term shutdown
and is recoverable. The second stage, if required, injects boron carbide powder to
stick in fuel channels. This stage is not recoverable, resulting in permanent shutdown
of the reactor.
Provision of an additional diverse feedwater supply system.
Improvements to reactor tripping system.
Improvements in the fire detection and prevention systems.
Installation of additional diesel generators associated with the standby essential
electrical system.
Long Term Safety Review - Phase 2

During the later stages of the LTSR Phase 1 the LTSRs for other UK Magnox reactors were
starting. Based on continuing experience revised objectives were defined and BNFL were
asked to carry out a second Phase.
The overall objective of Phase 2 was to justify continued safe operation to the 40th
anniversary of each reactor. The main emphasis was to:
i)
ii)
iii)

Confirm that the plant is adequately safe for continued operation.
Identify and evaluate any factors which may limit the safe operation of the plant in the
foreseeable future,
Assess the plants safety standards and practices and introduce any improvements
which are reasonably practicable to bring the Stations nearer to modern standards.

The main additional areas addressed were:
i)
ii)
iii)

Ageing effects and their monitoring
Probabilistic Safety Assessment
Comparison with modern standards (1) and where these were not met a requirement to
carry out improvements as far as reasonably practicable.

Later, during the LTSR Phase 2 work, the Nil defined "generic issues", (2), which were found
to be applicable to all UK Magnox reactors and these issues were also specifically addressed
as part of Phase 2. All documents were again considered by the Nuclear Safety Committee.
A significant step in developing the Safety Case during Phase 2 was justification for the
adequacy of post-shutdown cooling under pressurised fault conditions by Natural Circulation
only. Computer predictions were supported by plant tests under both forced primary coolant
flow and natural circulation flow simulating the first two hours following shutdown with no
feed of water to heat exchangers. In addition a Probabilistic Safety Assessment was carried
out which showed that the overall level of risk to the public and workforce were consistent
with the HSE publication on Tolerability of Risk, (3). The most important aspects of the PSA
results lay not so much in the absolute value of the overall failure probability but more in the
fact that it identified those areas of the plant where modifications would make a worthwhile
improvement to the safety case.
The outcome of the LTSR was published by Nil, (2), (4) and resulted in agreement to the
operation of each reactor until its 40th anniversary. Again this was subject to satisfactory
results from routine monitoring and inspections and the satisfactory completion of a number
of further assessments and improvements to plant and procedures including:
•

•
•
•
•
•
•
•
•

Replacement of the 1 out of 2 guardline control rod tripping system by a 2 out of 3
system. This enables more extensive testing during reactor operation and brought the
automatic shutdown systems up to modern standards.
Installation of an additional safety circuit, providing diversity in tripping control rods.
Extending automatic tripping of the Boron Ball Secondary Shutdown system via the
diverse additional safety circuit to cover frequent faults.
Improvement of "leak-before-break" monitoring systems for early detection of
development of any sub-critical through wall defects in the reactor pressure vessel.
Installation of an Emergency Indication Centre remote from the reactor for use in
emergency situations.
Increased venting from main gas duct enclosure rooms.
Further improvements to fire detection and prevention systems.
Strengthening of the tertiary feedwater system.
Further development and use of Pressure Vessel ultrasonic inspection techniques.

All the improvements were carried out.
3.3

Periodic Safety Review ri993-1994)

The LTSR had been concerned mainly with the extent of compliance with modern standards.
This Review does not duplicate the LTSR assessments, although the validity of many have
been reviewed in the light of changes in data to 50 years or in assessment techniques. It is
more concerned with an in-depth identification and assessment of any time-dependent factors
that could lead to degradation of the Safety Case. Continued operation is then underpinned
by establishing monitoring and trending regimes as appropriate.

The basic objectives of the Review were:
i)

ii)
iii)

iv)

To extend the applicability of the LTSR to an operating life of 50 years, including
worthwhile improvements in scope. Also to re-assess the extent of compliance with
current safety standards and working practices.
Arising from i) to make any plant, procedure or safety case improvements which are
desirable and reasonably practicable.
To carry out a systematic review of age-related degradation processes and their effect
on safety systems. Also to ensure there are suitable arrangements to effectively
manage such degradation throughout the period of continued operation.
To ensure suitable arrangements are in place for trend analysis of plant data from
operational, maintenance, test and inspection records.

Detailed scopes were produced for each of 40 identified requirements covering the following
subjects:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Pressure Circuit 50 Year Case
Core Integrity 50 Year Case
Fault Studies 50 Year Case
Validity of Hazards Assessments to 50 Years
Adequacy of Shutdown Functions to 50 Years
Pressure Circuit Inspection and Monitoring Policy
Review of the Probabilistic Safety Assessment (including a re-assessment of Human
Factors)
Maintenance Schedules, Operating Rules and Safety Mechanisms
Ageing Monitoring
Periodic Reviews of Key Issues for Trends or Potential Generic Issues
Review Against Safety Objectives
Controls to Ensure the Availability of Important Safety Related Plant
Fuel Route Interlocks and Protections
Role of the Operator
Accident Management
Reliability Data Collection and Analysis

The scopes were agreed by the Nuclear Safety Committee, then submitted to, and agreed,
with the Nil before work started. This review has again resulted in the generation of about
100 documents which have all been subjected to independent peer review.
A number of additional improvements in plant and inspections are being carried out as a
result of findings by BNFL whilst carrying out the Review including:
•

Improved inspection equipment to cover
Graphite components and interfaces within the core
Profile of control rod channels
Restraint bands around the core circumference
Control rods - straightness and diameters
Core support system

•

•
•
•

Main coolant duct welds within the biological shield.
Improved plant and equipment ageing monitoring programmes covering
All major structures based on confirmation of the composition of materials,
straightness of structural members, dimensions etc and an assessment of the
ageing mechanisms and deterioration rates
All non-maintainable features.
Improved interlocks associated with refuelling equipment
Improved reactor training simulators
Further improvements of fire detection and prevention systems

BNFL considered that the Review did not identify any fundamental factor that would
preclude operation for up to 50 years, however, factors that could potentially be life limiting
were identified and appropriate monitoring regimes developed.
In their assessment of the Review Nil have agreed with the BNFL conclusions and endorse
the improvements being introduced. They have, however, identified a number of areas where
they require further work, discussion concerning the content and timing of these are in
progress. Completion of this work, and subject to annual reviews of the key areas of pressure
circuit and graphite core integrity, should lead to clearance being granted for continued
operation.
The Periodic Detailed Reviews and regular trending reviews are used to keep the overall
Plant Safety Case up to date and well defined. This includes a forward view on those
elements subject to ageing and has proved to be an important aspect in assuring confidence
for future safe operation. In particular, it gives a clear basis for defining acceptance criteria
for assessing monitoring results.
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ECONOMIC OPERATION

For continued operation of a Station it is normal to consider costs in terms of avoidable costs
which include only those costs incurred as a result of continuing to operate a Power Station
rather than closing it down. This includes principally payroll, materials, fuel cycle and future
capital expenditure but excludes other costs such as past capital expenditure and
decommissioning costs. For economic operation it is necessary that the average income per
kw/hr exceeds the avoidable costs per kw/hr by an amount that is sufficient to cover
economic risk.
Operation within the electricity market since privatisation of the Electricity Supply Industry
with its change from the Bulk Supply Tariff type of sales contract to a competitive market led
operation with a set of complex rules regarding bidding of plant into the "Pool" has itself
been challenging. Together with the forthcoming liberalisation of the market for domestic
customers due in 1998 and other factors prediction of potential Pool prices and, therefore,
future income is not easy. The current prognosis is that all these factors will lead to a
downward trend in prices and this will add further pressures to reduce the avoidable cost of
generation to ensure an adequate profit margin for continued operation.
It has, however, to be recognised that it is necessary to spend additional amounts of money to
ensure continued operation, eg to cover worthwhile further improvements in safety and

potential plant replacement that may be necessary to ensure the plant can operate for the
extended period, and these costs must be taken into account in assessing the potential future
avoidable cost of generation.
This leads to three main requirements that need to be continually reviewed with effort
expended to provide continuous improvement:
•
•
•

Maximise the annual total generation with a target to increase it.
Minimise the operational cost base with a target to decrease it.
Assess the potential additional cost necessary to ensure continued operation.

Much work has already been, and is still being, successfully carried out as demonstrated by
recent record output together with a meaningful reduction in the avoidable costs. Some of the
areas recently completed or under consideration are:
•
•
•
•

•
•
•
•
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Replacement of all DC driven circulators by AC driven resulting in significant
reductions of work and shutdown times and some generation improvement.
Improvements in the Station thermodynamic efficiency, eg the repacking of the
cooling towers with plastic packing.
Further automation of plant where appropriate.
Reduction in maintenance work, a major re-assessment of the required maintenance
and periodicity is underway to define a revised regime that takes full account of both
the programme of confirmatory inspection/testing, trend analysis already underway
and a significant increase in the amount of condition monitoring. One example is the
proposed change of major boiler inspections from four yearly to six yearly.
Reduction of shutdown lengths.
Reduction of Station manpower following a detailed re-assessment of the work
requirements and working practices.
Consideration of alternative fuel cycles.
A programme of Residual Plant Life Management to assess the likelihood of major
plant items to continue to give reliable service for the planned extended life together
with replacement costs and likely maintenance costs to assist in determining the
potential additional cost for continued operation.
LIFE LIMITING FEATURES

Based on all the assessments carried out to date a number of potential life limiting features
have been identified, however, none are expected to limit the safe and economic operation of
the Stations to less than 50 years.
•

The pressure vessel is probably the most important feature for which a safety case is
required. That case is robust and is multi-legged based on stress analysis, fracture
mechanics, leak-before-break, material properties and inspection. The BNFL reactors
do not suffer from significant brittle/ductile transition temperature shift with
irradiation nor from mild steel oxidation in carbon dioxide due to the material
properties and operating regime. Changes in material properties are monitored on a
regular basis with the theoretical part of the safety case updated accordingly. Regular

•

pressure vessel and ductwork inspections are carried out using manipulators and a
variety of non-destructive techniques.
The graphite cores are subjected to dimensional changes as a result of neutron
irradiation, dependent on the dose and the irradiation temperature, which lead to
distortion of the core. Such changes are small in absolute terms, however, the
magnitude and the potential effects require to be monitored to ensure an ongoing
satisfactory safety case. The main effects of these dimensional changes include:
Changes in profile of various channels in the core potentially leading to
problems with fuel discharge and interaction with control rods.
Increased loading on some circumferential core restraint beams due to core
radial growth.
Axial shrinkage of the graphite columns.
Closure of design gaps in the graphite and consequent increases in stresses.
Appearance of non-design gaps within the core due to differential axial
shrinkage between graphite columns.
Interactions between individual components when design clearances have been
taken up.

•

•

•
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The magnitude of dimensional changes, gaps and the effects on features are monitored
regularly by various television camera techniques and the results fed into predictive
models, eg internal stress assessment.
The irradiation of graphite also leads to an increase in Wigner energy, a change in the
reaction rate with air, both of which have an effect on the potential progress of major
depressurisation faults, and a potential loss of graphite strength due to radiolytic
oxidation of graphite. Although it is known that the effects should not be life limiting
the effects are periodically monitored by the removal of small graphite samples taken
from the core followed by detailed chemical analysis.
Heat exchanger tube failures occur on all Power Stations, such failures external to the
boiler shell can easily be repaired and do not present a problem, however, failures
within the shell, unless visible by being at the edge of a tube bank, cannot be repaired
and inevitably lead to plugging and a loss of heat transfer surface. A number of
failures have occurred on the BNFL reactors, particularly during the mid 1970's due to
both an inappropriate dosing regime and circulating ratio brought on by increased
power. Both causes were remedied. All aspects of water chemistry are regularly
monitored and the condition of tubes is checked whenever possible using small
cameras.
The main structures could be limiting, however, all aspects of their condition is
regularly monitored by independent consulting Engineers with all appropriate
remedial measures carried out.
CONCLUSION

On the basis of technical and economic considerations BNFL consider there is no reason why
the Calder Hall and Chapelcross Nuclear Power Stations should not continue to operate to
50 years subject to continuing satisfactory results from the annual routine monitoring and
inspection programme. Potential life limiting features have been identified and an
appropriate ageing monitoring programme is in place.
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Introduction;
As the millennium approaches, the future of the nuclear power generation appears
desolate. Today's nuclear executives are facing challenges resulting from worldwide
change and have forced utilities to reevaluate their corporation's future directions. The
nuclear industry must be competitive more than ever to address today's rapid changing
marketplace and pressures exerted from:
•
•
•
•
•

regulatory reformation
increased competition.
changes in technology
customer evolution
globalization

These factors have compelled nuclear executives to address questions such as:
•
•
•
•

What impact will these changes have on today's marketplace, and on my
corporation?
What will characterize tomorrow's successful nuclear facility?
How can today's nuclear corporation compete in tomorrow's marketplace?
Will my corporation survive?

Changes in Today's Marketplace:
The entire electric utilities industry is experiencing change like never before. Deregulation
means increased competition and requires improved cost controls within the industry. In
addition, the nuclear industry faces additional economic implications such as stranded
assets and market-based pricing.
Regulatory Reformation:
While financial regulatory issues may not be viewed as a driving force, they are significant
factors for the future. Nuclear utilities have growing concerns with recovery of plant
capital costs, even those deemed rational, while not jeopardizing safety.
It all comes down to money. If regulatory bodies enforced all of its rules, some of the
nuclear plants today can't compete economically. In a rare point of agreement with
activists, the nuclear industry also says regulations threaten to drive some plants out of
business, but it argues that many regulatory rules boost costs without enhancing safety.
The regulatory system hasn't kept pace with advances in technology. Tensions between
cost and safety can only increase as deregulation of the nation's utilities ushers in a new
era of rate-slashing competition. In some regions, consumers will soon choose their
electric company the way they now choose a long-distance telephone carrier. Companies
with nuclear plants are at a disadvantage because nuclear-generated electricity can cost
twice as much as fossil-generated power. No new plants have been ordered in years, and
many have been mothballed in the past decade. Stranded assets represent a substantial
financial impact on the nuclear industry. How much of an impact has yet to be determined.
Increased Competition:
Regulatory-mandated transmission access is currently fueling competition among utilities
for existing large customers. Various other forms of deregulation are now or will soon put
many more customers at risk. Non-Utility Generators (NUGs) and non-traditional
competitors have become threats. Nuclear facilities will face stiff cost competition
resulting from new gas-fired, combined-cycle units, operated by either NUGs or
competing utilities that possess significantly higher efficiencies and lower installation and
operational costs. Recent forecasts project lower coal prices by 2005 as existing contracts
expire. Extreme economic misfortune will result for some nuclear utilities unless concerted
efforts are made to rapidly reduce current O&M costs.

Improved Technology:
Convergence between the utilities and telecommunications industries, DSM
communications and steadily improving technology is rapidly becoming an enabler for
both people and processes, to help improve the flow of information and efficiencies of
people, and to allow prudent and informed risk management. Investments in new
technology must enhance decision making processes and be recouped many times over in
terms of cost and time savings to the corporation.
Improved decision support systems will be dependent on:
1. improved access to real-time information through integrated databases
and applications
2. robust management information systems
3. definition and focus on business processes
4. improved work control systems
5. superior inventory management
There will be easy access to technical, procurement, radiation protection information for
work teams and management. Tools such as hand-held computers will provide technicians
with access procedures and knowledge databases. The same tools, as well as video links,
will also allow ready access to specialists and management for assistance as needed. They
will also expedite development of predictive maintenance capabilities.
The process of integration matches business functions with technology. In this decade
successful corporate and information systems managers realize that information
technology has value well beyond strictly automating the business. Information
technology is now a fundamental component of long-range corporate strategy and enables
new business strategies designed to meet the challenges of doing business in the 1990's.

Heightened Customer Awareness:
Customer's are becoming more aware of what they want, when they want it, and how
much they want to pay for products and services. With the improved access to
information, customers will demand premium services and product deliverables. The
customer has now become the pinnacle for utility existence. Without satisfied customers,
the numbers of energy suppliers will quickly decrease.
Globalization:
As competition heightens, nuclear energy suppliers will look to increase their marketplace.
This will be characterized by mergers, partnerships, the introduction of new products, the
adaptation to global best business practices and participation in a global rather than a
regional marketplace.
Corporations must possess information systems flexible enough to adapt to this changing
environment at a moments notice.

What does the Future Look Like:
Market-based Pricing:
Nuclear businesses must change their philosophy on demand and supply pricing. Energy
will be sold to the customers at prices the market will determine, not what the supplier
dictates. As a result, utilities must realize where they are profitable and where they are not.
These areas of non-contribution, will be eliminated, outsourced or restructured. Currently,
many areas within the organization are strictly cost collectors that have no or negative
impact on the profit/loss statements. This ideology will change. All divisions within the
corporation should be managed as profit centers, responsible for some level of measurable
contribution to the corporate success.
Reduced Capital and Operating Costs:
Many nuclear plants face the prospects of capital improvements mandated by regulatory
action and by technical issues such as steam generator replacement and erosion/technical
corrosion. Growing costs are associated with waste storage and spent nuclear fuel
disposal. Decommissioning costs, which have generally been considerably under-funded,
are a major cost factor for any plant.
Reduction in costs to become and remain competitive will be a major difference between
the current state nuclear utility and its future state successor. Commercial nuclear power
provides approximately 30% of the electricity consumed in the North America. Regardless
of the nuclear/non-nuclear generation mix in any given utility, operating expenses
associated with nuclear plants represent a major portion of the cost to the customer. These
costs must decrease, and overall performance improve, in order for nuclear utilities to
ensure their survival in a changing tomorrow.

Stranded Assets:
Nuclear facilities must accept the fact that they are going to have stranded assets. The
question is how will they handle these massive debts. Individual utilities must develop their
own strategies to handle the recovery of stranded assets based upon the regulatory climate
in their community government whether it be through sell-off, retirement or refurbishment.

How Do I pet there:
Nuclear corporations must change internally as well as externally to succeed in
tomorrow's marketplace.
Internally, corporations must improve upon three fundamental characteristics:
• leadership
• communications
• organizational culture
Leadership:
Corporations must be committed to change from the top executive down throughout the
organization. Executives must view business issues in a strategic focus, delegating the
decision-making process deeper and deeper within the organization.
Executives must have access to on-line, real-time information to limit risk and maximize
the decision making process to make more informed decisions.
Communication:
The belief that "knowledge is wealth" will disappear. Successful corporations will institute
policy that information is to be open. Closed information groups will not be tolerated. The
flow of information must link all levels of the organization to improve team decision
making and accountability.
Organizational Culture:
The internal culture within organizations has to change to adopt a clear vision and
commitment to the success of the organization through change. Worker and teams will be
responsible for work and quality. The management and work level will be encouraged to
take risks rather than being so risk adverse. The employee shall have a broad business
awareness.
Externally, executives must develop a full understanding of costs and cost drivers, and
their impacts on survival. It is imperative executives develop a vision today of the future
competitive environment - customers, competitors, products/services, to determine how
their nuclear business can fit and survive in that environment tomorrow.
The utility of tomorrow must change from being reactive to proactive, assume risk
without compromising safety, manage the regulators, become more innovative in the
positioning of enterprises, think and manage horizontally as well as vertically.
Utilities must be flexible enough to quickly adapt to changes in the marketplace.

To bring this level of change to their corporation, executives must implement client server
applications that offer real-time access to enterprise-wide integrated data. It is imperative
that these systems are comprised of global best business practices robust enough to handle
perpetual change, providing broad functionally, easily interfacing with niche products and
desktop solutions, while providing multi-company, multi-language, multi-currency
reporting capabilities.
Bottom line - the nuclear industry must recognize that change is imperative. The level of
change may not be readily accepted, but it is essential.

Conclusion;
Although tomorrow's nuclear industry must deal with the financial challenges of stranded
assets, market-based pricing and major reductions in capital and operational expenditures,
tomorrow's commercial nuclear power can still be successful. They must proactively
advocate change, not incrementally, but continuously, swiftly, and immediately.
Too often nuclear utilities have had their lives managed by regulators. In some cases, this
has been justifiable because of performance difficulties or broader regulatory issues. In the
future utility, it will be essential that the nuclear utility manage the regulators. This will
necessitate strong relationships with the regulators and that in turn, will be driving
consistently good performance. Utilities with consistent performance will be successful
financially and in the regulatory arena.
In today's economic and highly competitive marketplace, the ability to identify costs of
product and operation activity has become crucial. Without accurate costing information,
companies lack the ability to make informed decisions. Experience has shown that
attempts at decision making without a thorough understanding of the costs involved — and
how these costs are comprised -- can have serious implications.
To avoid such problems, today's executive must be able to differentiate value added costs
from non-value added costs and accurately predict what costs will be at various activity
levels. It promotes a fundamental shift from interfacing and reconciliation, to evaluation,
management and analysis, to make profit-based decisions based upon accurate
information.
Reduction in cost to become and remain competitive will differentiate today's nuclear
enterprises and the survivors tomorrow. The industry has long dealt with technical and
regulatory change, but the move to competitive market-based pricing is going to require
different changes from those most utilities have previously experienced. This, and the need
to increase the price for making the change present major challenges for industry
executives.
Utilities can achieve these needs by utilizing technology tools as a enabler of change rather
than a prohibtor. Integrated business solutions enable corporations real-time access to
information, empowering middle management teams the ability to make better decisions.
Will you and your corporation be there tomorrow?
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Cost Effectiveness at Beznau and other Swiss Nuclear Stations
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Switzerland with its seven million inhabitants has a high standard of living and has the sixth
highest electricity consumption per capita in the world. Due to a complete lack of natural
resources, its electricity production was historically completely relying on hydro-electric power
stations. Since 1970, an ever increasing part comes from nuclear, which today accounts for 40%.
The four Swiss nuclear power plants always rank among the top performing units worldwide with
an average load factor well above 80%. (Table 1)
Table 1: Nuclear Power Plants in Switzerland
PLANT
Beznau 1
Beznau 2
Miihleberg
Gosgen
Leibstadt

MW
(gross)
364

Type

Supplier

PWR

w

364
372
1020
1085

PWR
BWR
PWR
BWR

w

Start of
operation
1969

Lifetime
CF
78.3%

1972
1972
1979
1984

85.6%
86.2%
86.6%
83.8%

GE
KWU
GE

Like in most other countries, the economic aspect of nuclear generation in Switzerland is also
under heavy pressure, especially in view of a possible deregulation of the electricity market in
Europe.
Independent of all economic pressures put on the operator of a nuclear power plant, our present
and future guidance is:
Only a running plant is a cost effective plant
Only a safe plant is a cost effective plant
The cost of nuclear electricity generation is primarily driven by the following three categories:
- O&M cost
- capital cost
- front and back end cost of fuel cycle.
For Beznau and two other Swiss NPP's the cost situation for 1995 is as follows:

(Table 2)

Table 2: Total cost of nuclear generation
PLANT
KKB1+2
KKG
KKL

Total cost perkWh
Swiss Rp. US-cents
6.5
5.4
5.2
4.3
8.5
7.1

Percenta;*e of total cost
O&M
Capital Fuel cycle
38%
15%
47%
31%
30%
39%
24%
47%
29%

O & M costs include personnel costs
Capital costs include interest on reserve funds
Fuel cycle costs include fuel, reprocessing, dismantling & final storage co
Since station management has relatively little influence on the categories of capital cost and fuel
cycle cost, it is 0 & M cost which is the dominant factor for applying cost effectiveness.
The paper shows, how at Beznau NPP this problem is tackled and some of the measures which
are taken here to keep nuclear generation competitive. A comparison to the other Swiss NPP's is
also given.
The paper addresses the following seven aspects:
Plant personnel
Table 3 shows the present number of plant personnel in the four Swiss NPP's and their
organizational structure. The numbers pertain to permanently, full-time employed personnel at
the site. Not included is the security force, since in many NPP's this force is not part of plant
personnel.
Table 3: Number of full-time employees

Site Personnel
PLANT
KKB1+2
KKM
KKG
KKL

Operations
110
77
79
92

(Security forces not included)
Mainte nance
SurveillElectr.
Mech.
ance
63
46
94
33
45
39
64
79
49
68
73
72

Administration
75
55
65
61

Total:
388
249
336
366

Compared to most other NPP's, the staffing is quite small. This is even more pronounced due to
the fact, that all four plants do not rely on any significant support from company headquarters;
with the exception of our-of-core fuel management.
There are many reasons for the small number of plant personnel:

-Stable work force (yearly turnover <3%)
-Highly skilled work force (national apprenticeship programs)
-Pragmatic approach to administrative procedures
(emphasis on work, not so much on paper)
Personnel cost (salaries and social security benefits) add up to 10-15% of the total kWh-price.
Cost effectiveness is also here a factor and a relatively small work force contributes to lowering
overall costs.
The goal is clear:

Keep the number of plant personnel low and compensate with highly skilled
and motivated employees, together with continuous training and retraining.

At Beznau NPP an in-depth internal study with external coaching support has revealed where
improvements in efficiency ("doing the job right") and effectiveness ("doing the right job") can be
made. This study is comparable to a "Re-engineering" effort and resulted, among many other
aspects, in the benefit of keeping the work force at a steady level since.
Maintenance philosophy
Our maintenance practice until today is primarily a preventive one. With over 25 years of
operating experience, we have a well documented life time history of all important components,
which gives us a good predictability for the scope of maintenance and the maintenance intervals.
The fact that unplanned down time during operation is of the order of 1% or less and that we
never had major breakdowns of equipment which caused down times of more than a few days, is a
good indication, that our maintenance philosophy is correct. However due to scarce resources,
we are changing to a more pronounced condition based maintenance practice. This however
requires quite extensive condition monitoring equipment, something which older plants generally
do not have. Therefore one has to balance the cost of additional monitoring equipment against
the present practice of preventive maintenance which could possibly be too expensive. A good
example where condition based maintenance has saved appreciable cost and time is our
maintenance program on MOV s.
A well equipped machine shop not only performs the majority of repair work but also fabricates
mock-ups to train maintenance personnel for difficult jobs in high radiation fields. This enables
the personnel to perform the actual work in a minimum of time and without unforeseen
difficulties, which helps to keep shutdown times short.
In an older plant like Beznau, the replacement of components is continually going on. New
equipment not only increases safety but generally also decreases maintenance costs. Although the
initial cost for replacements are usually very high, not least because of a shrinking market, the
savings in maintenance costs can be substantial in the long run. In this respect it is very important
to look ahead for the long term and not so much on a day to day basis for reducing maintenance
costs.
The decision to replace both steam generators in unit 1 in 1993 in unit 2 in 1999 was heavily
influenced by saving the annual inspection and repair costs of approx. SFr. 750'000.-(US $

600'000.-), not counting the cost of the prolongation of the refueling outage time by approx. 10
days in each unit.
The refuelling cycle in European NPP's is predominantely on a 12-month basis.
The changeover at Beznau to an 18-month fuel cycle (unit 1 in 1993 and unit 2 in 1997) has also
reduced maintenance costs without increasing the total costs.
During earlier times, when resources were more readily available, maintenance was quite often
performed on the basis "the best is just enough". With todays limited resources, a mental change
has to be implemented with an attitude of "enough to maintain high safety and availability". Any
luxury or wishful but not absolutely necessary maintenance has to be avoided. This mental change
is sometimes difficult to reach but contributes to substantial savings.
Outside contracting
As shown in Table 2, the maintenance work force is quite small. It is therefore unavoidable to
rely on some outside contracting. This however is mostly limited to peak times during the annual
refueling outages and is generally of the order of 200 to 300 additional external personnel during
this time. A limited number of outside contracting not only reduces direct costs but makes
supervision of work much more efficient.
Great emphasis is put on highly qualified outside contractors and especially on the requirement
that external personnel, whenever possible, is exactly the same as in previous years. At Beznau,
outside contractors are always under the full supervision of plant personnel and with the exception
of maintenance on the turbine-generators, normally no packages of work are wholly
subcontracted to outside contractors. This certainly puts a high burden on all plant personnel, but
since this limited to a short time during the year, this is accepted. As an example, certain
mechanical work, e.g. preparations for defueling the reactor core, are executed by plant personnel
from the operations department.
On the engineering side, support from outside is certainly necessary for large and complex
projects which require in-depth knowledge of reactor systems. But here again, our on-site
engineering groups are involved as much as possible in such projects in order to gain insight and
to increase our knowledge for greater independence from outside contractors. A good example
of strong involvement was our accompaning of the plant specific Probabilistic Safety Analysis
(PSA) which resulted in our "Living PSA" with numerous benefits to reduce overall costs.
Engineering support
As mentioned above, there is practically no technical support from headquarters. This requires a
high degree of engineering independence on site. Both mechanical and electrical maintenance
departments have their own engineering groups which are involved in all plant modifications and
backfitting projects. The support from these engineering groups within the site organization has
the benefit of a very direct feedback of experience and gives also the opportunity for interesting
and motivation work besides the routine maintenance.

Backfitting philosophy
To keep an older plant technically up to date and in agreement with today's safety requirements is
a continuous process and large sums of money have to be invested for this. Older plants are
especially penalized in this respect, since their rating is usually small (300 to 600 MWe) and also
the remaining life is short for depreciation of costs incurred. Both facts unfavourably influence
the production costs. In order to keep costs down for such backfitting operations, a rigourous
planning ahead is absolutely necessary. Another help to keep large backfitting measures within
reasonable limits is the use of our "Living PSA". In many instances, the result of PSA checks
have revealed, that certain backfits will influence the overall risk only in a marginal range and
therefore should not be implemented. This however needs the consent of the safety authorities;
something which is often quite difficult.
The opposition to nuclear power in Switzerland has made it impossible to construct any new
nuclear power plant in the next decade or possibly even longer. At the moment, there is a
moratorium on any new construction until the year 2000.
Therefore, NOK, the owner and operator of Beznau NPP, has decided to operate both units for at
least 50 years, which means another 25 years from now on. This decision has a twofold effect on
the cost situation. First, it allows the long term planning for backfitting measures and second, it
extends the time for depreciation of the backfitting costs which helps to keep production costs at
a competitive level.

Plant aging management
The Swiss safety authorities requested, that each plant initiate an aging management program,
independent of plant age. This basically involves the establishing of a systematic fact file for each
safety related component, in order to proof that this component will fulfill the required functions
for the next operating period.
Although such a requirement is quite a large task, it can also have some benefits on maintenance
costs. The systematic screening of each important component will show its long term behaviour
as related to aging effects and can hopefully show that maintenance on some components, mostly
passive ones, can be relaxed. Plant aging management should be used as a tool for long term
planning. It will then help to anticipate possible failure mechanisms due to age and therefore gives
an input to the long term strategy on component replacement, which in many cases prevents
unexpected and costly maintenance work.

Safety authorities involvement
Safety authorities and their requirements on plant safety have a great influence on production
costs. This is particularly the case in an older plant, since backfitting is here much more
predominant than in newer plants. The Swiss safety authorities require in general that older plants
are brought up to the current safety standards. As an example, Beznau had to build a completely

self-sustained, bunkerized emergency system as protection against external events, such as
airplane crash, earthquakes, lighting, flood and sabotage. This additional safety system cost 500
Mio. Swiss Francs (approx. 400 Mio. US$) for both units. On the other hand, the Swiss safety
authorities are willing to accept the fact, that certain backfitting measures have a cost/benefit ratio
which is not justifiable if a strict adherence to the letter would be applied. They then accept
solutions which have the same goal but with somewhat relaxed conditions. However, such a way
of proceeding requires an open and honest relationship between the operator and the safety
authority. In the long run, such a relationship will help to keep overall costs on a reasonable level
or even may contribute to lowering costs.

Conclusion
More and more economic pressures are put on an operator of a nuclear power plant. Despite this,
the safe and reliable operation is the best measure to remain competitive in a growing market of
deregulation. Long term planning and the will to invest money to reach this goal will eventually
result in a cost effective plant performance.

ROBERT (BOB) DULIN
Bob Dulin currently serves as Advanced Performance Services
Manager for Duke Engineering & Services Inc. The company is a whollyowned subsidiary of the electric utility, Duke Power Company. Bob began
his career at Duke Power in 1969, with assignments related to the design of
the Oconee Nuclear Station. After army service and graduate school, he
returned to Duke to design engineering assignments for the Duke Power
nuclear program. Through progressive assignments, Bob advanced to
management ranks and in 1991 was named as civil engineering manager of
the Catawba Nuclear Station. In 1993, he began an assignment as a
member of the Duke Power team tasked with transforming the work control
process at the three nuclear sites. In July 1993 he assumed the role of
project manager for the Work Control Quality Improvement Project as the
project entered its implementation phase. With successful conclusion of the
project in September 1995, Bob moved to the DE&S subsidiary for his
present assignment.

Bob is married with two sons in college. He is a member of the
American Society of Civil Engineers, The National Society of Professional
Engineers and the American Society of Mechanical Engineers. He serves
the ASME as secretary of the Working Group on Supports.

CA9800013
TRANSFORMING THE DUKE POWER WORK CONTROL PROCESS
Robert Dulin
Manager, Advanced Performance Services
Duke Engineering & Services, Inc.
Charlotte, North Carolina, USA

The Case for Change at Duke Power Company
Duke Power Company, an investor owned electric utility headquartered in Charlotte,
North Carolina, supplies electricity to more than 1.7 million residential, commercial and
industrial customers in a 20,000-square-mile service area in North Carolina and South
Carolina. Founded over 90 years ago, the company is one of the largest investor-owned
electric utilities in the U.S. as measured by kilowatt-hour sales. Duke Power operates
seven nuclear units on three separate sites, generating approximately 60% of the utility's
electric load. The three sites are the Oconee Nuclear Station with three B&W Pressurized
Water Reactors, the McGuire Nuclear Station with two Westinghouse Pressurized Water
Reactors, and the Catawba Nuclear Station with two Westinghouse Pressurized Water
Reactors. Duke Power played a relatively unique role in its nuclear program as the
company served as the designer, constructor and operator of all of these units. With the
skills and expertise available, the company not only continues to operate the plants, but
supplies internally a significant portion of the skilled labor necessary to perform refueling
outages for the units.
Through good management practices and good fortune, Duke was able to bring the
nuclear units on line at costs significantly below average comparable units of their vintage.
Although this has enabled the company to be competitive when compared with other
utilities of the region, Duke management, in a 1992 study, realized the labor component
for Duke nuclear operating and maintenance (O&M) costs appeared higher than some of
the better performing plants. In addition, performance of the units, although good by
1992 standards, did not measure up to the best plants.
Beginning in 1991, Duke management had undertaken a programmatic approach to quality
improvement throughout the corporation. This approach, termed Managing for
Excellence, called on the various levels of management throughout the company to review
their areas of operation and develop quality initiatives that would move the company
forward on its strategic plan. In the Nuclear Generation Department, the strategic plan,
formulated as a part of the overall strategic plan for Duke Power, focuses on three
elements. These are plant capacity factor, O&M cost and a quality measure based on the
evaluations of two key reviewers of the program, the Institute of Nuclear Power
Operations (INPO) and the U. S. Nuclear Regulatory Commission (USNRC). In
examining data comparing peer unit operations with Duke unit operation, department

senior management, organized as a quality steering team (QST), determined that a project
to improve the work control process would do the most to further the strategic goals of
the department. At the time of this decision, the boundaries of such a process and the
methodology for project implementation were not entirely clear. Duke, as a designer and
builder, had clear ideas on how projects to construct power plants or perform plant
modifications were developed. The definition of a project aimed at changes to human
processes required iterative amendment to allow the project to be well managed and
successful.

Project Scope and Description
The QST decided to define the work control process as shown in the following figure:

Scope of the Duke Power Work Control
Project
Input:
Output:
Recognition
of Problem

Work Control Process
Initiation
Planning
Scheduling
Execution
Return to Service

Supplier:
Various
- Operations
- Radiation Protection
- Chemistry
- Engineering

Equipment
Returned to
Service

Customer:
Mechanical Maintenance
Instrumentation and Electrical
Work Control

Work Tvpes:
Preventive Maintenance
Corrective Maintenance
Planning, Scheduling, and Implementation of Modifications

Equipment
Owner

Sites:
Catawba
McGuire
Oconee

This definition of the process has helped focus the view of the department while
accomplishing the process change. It is the highest level of work process flow, with the
customer supplier relationship, work types and locations displayed. The work types
include outage and non-outage maintenance and modifications. Equally important to the
figure is what is not included. For instance, while the planning, scheduling and
implementation of modifications is included, the design of those modifications, approval
for performing the modifications and budgeting for those modifications is not part of the
chosen scope. While the engineering area is impacted by the scope as defined (particularly
in the modification area), it is not the major driver for this effort. The effort is primarily
aimed at making the maintenance worker more effective in maintaining plant equipment.

In charging the team to move ahead, the QST established some high level objectives for
the project team. The project objectives were:
•

Do More Work with Improved Process Using Fewer Resources

•

Enhance Quality of Work Package Delivered to Craft

•

Improve Coordination Between Station Work Groups

•

Simplify Documentation Requirements

•

Increase Effectiveness and Utilization of Station Personnel

•

Consistent Implementation Between Sites

•

Reengineer the Work Control Process
- Fundamental rethinking
- Dramatic quality improvements
- Dramatic reduction in inefficiencies

These objectives were developed in response to the perception of the state of work
control as it existed at the three sites. The processes in use were highly resource intensive.
Many personnel were involved with each work order. A planning package was required
for all plant equipment work requests. The resulting work package was extensive, but
might have little information of use to the crew actually performing the work. In many
cases, the planner and crew attempting to plan and perform the work found that the initial
problem statement was insufficient to enable them to proceed without extra work site
visits. Coordination of activities was difficult. In many cases work was completed in spite
of the process rather than because of it. Schedules for work were prepared, but were not
credible due to items which routinely broke schedule and difficulties in coordination
between work groups. There were some instances where multiple schedules existed,
complicating work coordination.
With the multiple sites and available internal resources, Duke Power has developed a
capability to move maintenance workers from its Electric System Support Department
among the three sites to support the site outages. This has minimized the need for
external outside contractors for outages. The lack of consistent work control process for
the three sites caused confusion among these workers as they moved from site to site. In
addition to these difficulties, the perception among the equipment owners was that plant
equipment with even minor problems took too long to be repaired. Equipment problems
identified on operator rounds remained uncorrected for weeks or months when that
problem did not have sufficient priority to be placed on a work list. Personnel who
wanted problems fixed quickly raised the priority on items so they would be added to the
work list. The effect clogged the system with many items which did not warrant the
priority indicated.

Challenges for the Project
Several major challenges existed for the project. The work control processes in place at
the three sites were developed over many years. Very skilled, intelligent personnel had
not deliberately made the processes complicated and inefficient. In many cases, the
features of the process were placed there in response to perceptions on how to respond to
USNRC or INPO criticism. Each site had its own set of directives to control the process,
although these were embedded in other directives which obscured their purpose. In many
cases individual groups at each site also had other directives. With views of the process
that were limited to their individual group function, there was a resulting group function
optimization. However in some cased this optimization of a particular limited functional
area caused suboptimization of the process as a whole.
Nuclear & Personnel Safety
One paramount concern at the forefront of any change to a process as important and
extensive as the work control process is the issue of nuclear safety. The project team and
the management sponsors were clearly directed prior to beginning any changes resulting
from the project that no compromise to plant safety was allowed. The process change,
including the transition time, was required to cause no challenges to safety. Personnel
safety concerns were also considered in planning of the project. The company had
embarked on a campaign to eliminate employee safety incidents from the workplace and
elements of the work planning were directly impacted by this focus.

Employee Involvement
One key element to success of a major change in a human process such as the nuclear
work control process is the involvement and support of all employees. Jobs which have
been performed by personnel for many years are impacted by the change to a new and
different process. The project team was challenged to capture the collective thinking of
the thousands of employees who worked in the process and to use this to help focus the
changes to produce a high quality, efficient, new work control process.
Nuclear Capacity Factors
When the project began in September 1992, one of the requirements of the sponsoring
executives was that nuclear plant capacity factors remain stable. Lifetime capacity factors
for the three nuclear plants were in the range of 68-74%. However, with hard work, a
good focus on equipment problem resolution and a mature operating staff in place, recent
history for the system showed capacity factors near 80%. Because of this improvement,
one key driver for the project team was to cause no reduction in the capacity factor of the
nuclear system.

O&M Cost Reductions
As mentioned previously, the corporate strategic plan demanded significant O&M cost
reductions from the nuclear program. On beginning the Work Control Project, none of
the executives had quantitative information on what such a project would allow as cost
reduction. It was clear, however, that non-fuel O&M costs were driven by labor costs.
Approximately 70% of the non-fuel O&M costs were directly attributable to labor costs.
A project to make processes more efficient should have direct results on these costs, but
only if the efficiencies gained were actually captured by removing excess labor from the
process. The executives had grown skeptical of projects justified only on labor savings,
because much of this "saved" labor was reabsorbed into other tasks. Therefore, a strategy
to withdraw excess labor due to the project's success was also formulated.
Project Scope Definition
The project scope as defined by the figure on page 2 did not emerge full blown as a major
change project. The work was very much a step function with executive management
understanding, control and endorsement. Quantitative cost/benefit analyses were a
fundamental step in gaining this endorsement.
Project Phases
The project advanced through a series of phases. Each had its own particular objectives,
with the overall objective being a major leap forward in the efficiency and effectiveness of
the work control process.
Phase I—Feasibility & Planning
The initial phase of the project was launched in September 1992, with the naming of a
project manager. Initial core team staffing was in place in October 1992 and this team of
approximately 16 people were together until mid-December 1992, when their final report
was presented to the QST. The team included personnel from each of the three sites, the
nuclear general office and the electric system support department. Helping guide the team
through this initial project phase were consultants from Ernst & Young's management
consulting service. The areas explored by this team included:
High Level Assessment

The assessment of the existing process consisted of interviews with many key personnel in
the process at the three sites. These personnel were asked a structured series of questions
to determine the true issues with the process. Information was also gathered on activity
levels, volumes and functional groups performing the activities.
Benchmarking

Benchmarking was performed both on industry leaders and on industries having similar
characteristics. The characteristics of similar industries included industries where large
numbers of people, tasks and work types were scheduled and where quality and timeliness
were critical. This subteam did not concentrate on raw numbers, but on best practices
from these benchmarking partners.

Technology Assessment

Technology assessment was performed both during the benchmarking and independently
to determine process enabling technology which could potentially be deployed. The team
also considered the state of technology that existed in the company. An early decision of
the project team concerned the electronic work management tool. Duke Power had just
completed implementation of an electronic work management tool at all nuclear and fossil
sites. While the team found shortcomings in the implementation, the tool was seen as
reliable and was viewed as a definite part of the future work control process.
Future Process Design

The project team, using the information from benchmarking and knowledge of the existing
process, proceeded with high level design of a new work control process. This design
developed the subprocess level, that below the overall process level. Due to the care
required, the team recommended that before proceeding with any implementation, a
carefully constructed process design phase be undertaken. The team also struggled with
matching of the organization to the new design. They recognized that organizational
design would need to be considered carefully during the design phase to allow the new
process to properly function.
Risk Assessment

The project team brought the risk of implementation to the executives. These risks
included not only the need to carefully construct the process design to avoid incident, but
also the risks inherent in moving into a large change project with the existing
organizational culture. These risks were not always obvious. Organizational restructuring
was, and continues to be, a methodology used to address apparently malfunctioning or
inefficient organizations. The team recognized that the "obvious" solution of restructuring
needed guidance from a well designed process. Thus the team emphasized that any
organization restructure must be thought through with the major process as a benefactor.
Another risk concerned past failures to implement large change initiatives. In many cases
project teams had developed lists of recommendations, handed in a three ring binder,
received thanks for their good work and walked away; leaving the binder to gather dust
while only parts of the project were fully implemented. The Phase I project team
recognized that there was a case for action and their report did not in itself represent that
action.
Cost/Benefit Analysis and Management Approval

One difference in the Work Control Project and other less successful projects which
preceded it was a strong tie to executive management. In keeping with the needs of the
project sponsors, detailed project cost benefit projections were produced for the project.
In essence, the costs defined the next steps in the project. The business case, even given
the gross assumptions of the initial feasibility phase, was overwhelming. Executive
management felt the compelling need to move forward with the project to meet the needs
expressed to them by the corporate strategic plan.

Phase II—Detailed Analysis and Design
The detailed analysis and design phase of the project was launched in January 1993.
Personnel from all three of the nuclear sites, the nuclear general office, the information
technology department and the electric system support department were named to the
core team. A management consulting firm, Ernst and Young, was made part of the team
to participate and help guide the team through the reengineering process. The team
worked at the Oconee Nuclear Station from January 1993 to July 1993. To insure that the
process was applicable at all sites, portions of the process mapping exercises were also
completed at the Catawba Nuclear Station, from July through September, and McGuire
Nuclear Station, from October through November. During this phase of the project,
extensive communications efforts were planned and implemented to keep all potentially
affected personnel informed of project purpose and developments.
Assessment of State of the Process

The assessment of the state of the process was termed "current state mapping." The
process used involved facilitated sessions with personnel who worked in the process. The
project team took care to bring in personnel who were generally informal leaders in their
areas. The sessions were designed to walk through the process by gleaning information
from personnel who were internal customers and suppliers to each other in the process.
Once the outline of the process was mapped, estimates of the time to perform each of the
activities were provided. Not only did this have the effect of exacting useful information,
it also provided a pathway for information to those who might be affected by the changes
to the process. This helped create significant buy-in for the project.
Technology Assessment

Concurrent with the current state mapping, detailed assessment of the technology enablers
and information technology infrastructure was performed. Assessments were made of the
feasibility of the enablers discovered during Phase I and new applications were also
reviewed. Designs for infrastructure changes necessary to provide for the higher
probability technology enablers were also considered. The major change to the human
process could also require major changes to infrastructure. Major shortcomings were
found in the handling and use of data concerning plant equipment. Data ownership and
cleanup were discussed as topics under the technology assessment area. Also discussed
were other enablers such as on line procedures and drawings. The ultimate vision for the
process was information technology intensive. Several of the items related to the ultimate
vision were discarded by the technology subteam at this stage. They either had little basis
in reality or had no chance of being cost effective. Additionally, the length of total
implementation was a concern. The technology subteam purposely limited the vision of
new technology to that which could be implemented in a two year time frame.
Process Design

The detailed process design drew additional people from the three sites to supplement the
core Phase II project team. In facilitated sessions, the process design subteam mapped the
process, subprocess by subprocess. Each step of the process was detailed, questioned and
redetailed. Once the entire process was mapped the subteam refined each activity and

detailed a list of attributes for each of the activities. On completion of this step, the time
for each of the activities was estimated by personnel knowledgeable in the type of work
being performed. A high level view of the final process, with the subprocesses in time
perspective is shown in the following figure.

New Work Control Subprocess Flow
E - Schedule Work on the Master Schedule

A - Identify/Fix
the Problem
& Communicate
the Recognition

I

B - Determine

Course of
Action

iurt
•Wwtrtu

1

F - Execute the
Work Flan

G - Analyze Performance, Take Action and Communicate Results
Key:
Applies only to Maintenance and Minor Modifications
Same activity flow for Maintenance and Modifications
Different activity flow for Maintenance and Modifications

Organization Design

Design of the organization was heavily influenced by the managers of the three nuclear
stations. These individuals were highly experienced in the workings of the station and the
interactions with the regulators. While the higher levels of the organization were defined
during phase II, the actual definition of the first and second level management
requirements were deferred to the implementation phase. The process definition also
described several roles to implement functions in the activity level process design. During
phase II of the project, the definition and decisions on multiskill teams were made.
Sessions were held with knowledgeable individuals to define which areas would benefit
from eliminating coordination difficulties with multiple hand-offs between teams of
differing craft disciplines. While many areas appeared to be candidates, at the task level
the areas where a multiskilled/multidiscipline approach were most feasible were reduced
to six. These areas represented job functions where the natural unit of work revolved not
around a craft discipline, but around maintenance for a particular type of equipment or
plant function. The detailed organization design to implement these multiskilled teams
was left to the implementation phase.
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Projects Design

The project team had described an end point and had mapped various enablers and
organizational features to help the process achieve its intended result. The question then
remained as to how to move the organization from its existing state to that envisioned by
the project team. The method chosen was an array of individual projects. The projects
were interdependent with each other and with other ongoing initiatives within the
company. Each was designed to move the overall project forward toward the ultimate
vision for the process.
With feedback from the executive sponsors, the implementation projects were oriented
toward putting the new process and its organization in place with only minor changes to
technology. Then, as personnel became more accustomed to operating in the new
process, technology changes were to be introduced as they could be delivered. Each
project had a written charter and set of deliverables. Within the charter, the cost of
implementation was estimated in standard format, with definition of the types of
individuals needed to make the project successful. Portions of the benefits that would be
accrued when the new process was in place were allocated to each of the projects. Some
of the projects, especially those dealing with infrastructure, showed no positive benefit
when taken individually, but were necessary to enable the entire project benefit to be
achieved. Twenty discrete projects were formulated.
Cost/Benefit Analysis and Management Approval

Economic benefits of the project were primarily related to reductions in workforce as
defined in full time equivalents (FTEs). There were also some cost savings associated
with computer software tool changeouts due to license costs. The cost savings as well as
the cost from each of the individual projects were analyzed using a net present value
analysis that invoked the standard Duke Power methodology for project cost/benefit
analysis and approval. A period of seven years was chosen for the analysis model. This
was viewed as a reasonable time to implement the project (approximately two years), and
live with the results (approximately five years), and also let the full capital costs of all
equipment not only be considered once, but also allow for a replacement cycle. The net
present value of accomplishing the project was conservatively estimated at $88 million.
This analysis, the scopes of all individual projects and a proposed schedule was presented
to and approved by the executive management of the Duke nuclear generation department
in July 1993. This approval officially started the implementation phase of the project,
Phase III. The initial projects of Phase III were simultaneously at all stations. It should
be noted that this phase did overlap with the ongoing assessments of Phase II at the
Catawba and McGuire stations.
Phase Ill—Implementation of Projects
Planning for the initial implementation of the work control project began in July 1993 with
initial team staffing in September. As with Phase I and II, personnel were assigned to the
project on a full time basis. Due to the fact that many of the initial projects had common
elements, the projects were co-located and were given focus by a core team including the
overall project director. Implementation of the initial projects, which were focused around

work control subprocesses, was targeted at a window in early 1994 which coincided with
a time during which none of the nuclear stations were scheduled to conduct a refueling
outage.
Process Documentation

The quality program for nuclear power requires that processes and procedures for control
of all phases of operation of nuclear power plants be documented and that this
documentation be followed consistently. Over the years of operation of the Duke Power
nuclear stations, significant quantities of documentation which affected the work control
process had been written and implemented. A common element of the initial projects was
to determine where all this documentation was located, how it should be changed to
eliminate its control of the process and to perform this revision to the individual station
documentation.
Simultaneously, a work process manual (WPM) was compiled. The manual was
constructed to provide control of the work control process for all sites. Final approval and
the effective date of the WPM sections were coordinated to coincide with the
implementation of the initial process changes at each site. Due to varying conditions at
each site, site specific implementation planning required temporary documentation be
included on a site specific basis to control the differences in each sites process. These
temporary documents were phased out as the implementation of various elements of the
process were completed. The department now performs the work control process from a
common work process manual.
Organization Design & Staffing

Organizational design and staffing were also common features of the initial projects.
Project teams, in close coordination with the applicable management, designed the detailed
organization, defining roles and responsibilities for all management roles below that of the
superintendent level, determining staffing levels and types of personnel needed to fill the
roles defined. Several new position types were evaluated to determine their proper salary
structure versus responsibility. Management approved the organization through a series
of interactive meetings and, during the two month period prior to initiating the new
process, selected specific individuals to fill the positions for the organization. Through the
projects' efforts, the organization of each of the three nuclear stations became consistent.
Training Development & Delivery

A large effort of the initial projects concerned the need to train individuals to perform their
jobs in the new process and educate all site employees in how the process worked for
them. Detailed training plans were prepared and instructors worked closely with the
project teams actually detailing the process and preparing written documentation. All site
employees within the work control process were given a one day course in how the
process was to operate. Areas which only interacted with the work control process were
given a shorter overview training. Areas which were newly designed required specific
training for their workers in how they were to function. In total, over 4,000 personnel
were trained in order to implement the new process.
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Change Management

Change management received specific attention in the implementation of the new process.
All management received specific instruction regarding the types of reactions such a
massive change would elicit. Communications were planned and carried out to inform all
personnel of the changes that would take place. Interaction of the project team with
executive and line management was planned and carried out to enable management buy-in
to the changes and solicit management input to the project outcomes.
Technology Changes for Initial Implementation

Prior to the establishment of the work control project, Duke Power had implemented an
electronic work management system. In large part, this system did not require extensive
modification to enable the process to be implemented initially. Several features were
needed and the software was changed to accommodate the process. The key feature for
initial implementation was the programming of a screen to allow simple entry of corrective
problems. Other features were changed later to allow the implementation of the new
scheduling tool. In some cases existing tables in the software were reformatted to allow
data to be collected consistently. Measures for the work process were developed and
agreed upon by the project team and site management. These measures were set up to be
extracted from the work management database and displayed over site local area
networks. Thus, site managers were able to monitor the progress of the process as it was
fully implemented.
Technology Changes for Scheduling Implementation

A major change implemented after the initial projects were in place was the
implementation of the new scheduling tool. The tool in use at the Duke plants was nearly
ten years old, and required a fair degree of technical sophistication to use. For this reason,
less detailed scheduling was used and little detail was actually in place for non-outage
scheduling. The team selected a new scheduling tool to fill the need for a user friendly
tool that would allow detailed scheduling with potential to also use resource loading. The
team selected Artemis Prestige. This tool was then linked through a gateway to the
electronic work management tool. Each of the three sites was equipped with a Unix
server to run the scheduling tool as a client server application. As implemented, an
additional update screen was added to the electronic work management tool. On this
screen the work status is updated by the crew. Each evening, the information which has
been updated is downloaded to the scheduling data base. The schedule is run by the
schedulers in the work control organization and uploaded to the electronic work
management system, which provides updated information to the work crews on a daily
basis.
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Key Changes Brought About by the Work Control Project
Over the course of the project, the evidence of project success rests in the key changes
which the project, in conjunction with line management and staff, have implemented.
Improved Corrective Work Origination
A key improvement in the process concerned identification of work required to correct
equipment problems. The new process allowed individuals to identify work in three ways.
With a work control center (WCC) staffed full time, an individual can enter the WCC and
convey a problem in person. A common site phone number was established to allow the
individual to phone in the problem to the WCC, or the simplified computer input screen
allows the individual to enter all the information in a few keystrokes from terminals widely
available throughout the site. The entry to the simplified screen is the key to allowing the
trouble-shooting teams to attack the problem. When a problem is called or brought in,
this information is fed to the simplified screen at that time.

Single Point of Contact (SPOC)
The improved work origination features noted above are facilitated by having a single
point of contact in place for all corrective work. This SPOC function is housed in the
work control center. Managed by the Shift Work Manager, the personnel staffing the
SPOC are dedicated to correcting emergent work items and keeping them from
influencing the work already on schedule. There are several elements to the SPOC
function.
Trouble-Shooting Teams

Trouble shooting teams are the on shift teams which are the first line of defense on all
emergent work identified at the site. These teams consist of skilled technicians who work
around the clock and have as their primary charge the correction or diagnosis of all
emergent work items. If a problem arises, these technicians review the problem,
determine if it meets the criteria for minor maintenance, determine if plant conditions
allow the problem to be worked and if it is within their skills and qualifications to work the
problem. Whenever possible, the technicians correct the problem on the spot. If
development of a workplan is necessary, the trouble-shooting team, which is one of the
multiskilled teams, performs the planning for the work and then performs this work plan.
When not occupied by emergent work items, the trouble-shooting teams perform
scheduled preventive maintenance work.
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WCC Senior Reactor Operator (SRO)

The WCC SRO is assigned to the work control center to coordinate the Operations
interface for the work process. This SRO provides the initial contact with the operations
shift for problems related to clearance to begin work, tagging of systems, draining of
components. Through this role, this SRO is the maintenance interface for Operations and
provides tagging interface, approval of work, issues keys, fire barrier tags and ensures
control of containment access.
Work Window Manger (WWM)

The work window manager serves in the WCC during his assigned work window,
normally a week for non-outage operation. The WWM is the focal point for problems
that arise during the preparations for and execution of work and is responsible for
successful completion of all work activities within the assigned window. Any problem
that potentially affects the scheduled work is brought to the attention of the WWM. This
person, who is intimately familiar with the schedule of work for the window is in position
to remove barriers to work completion. When the WWM is not in an execution window,
he carries out critique of and planning for his work window on a predetermined activity
sequence.

Multiskilled/Multkraft Teams
Multiskilled teams have been formed to reduce the coordination of work between craft
crews of differing skills. Several areas lend themselves to organization different from that
which might be in place when organizing the work from a discipline basis. The intent in
installing multiskill teams was to organize around natural units of work, eliminating an
unwise division of labor. The project team, using input from personnel involved in the
work, decided upon six areas where multiskilled teams would be most effective. What
was formed initially was actually a multicraft approach to the work. Training and
procedures already in place did not allow easy mixing of skills within one individual. The
ultimate goal of the effort is to use a multiskill approach where feasible. This lets one
individual perform tasks from several disciplines which are specific to the type of work
that is being performed. An example of the approach is in motor-operated valve work.
Here the work crews perform job planning, lift electrical leads, perform rigging, valve
repairs and reassembly, all within the same team and without assistance from other crews
for the base work. If scaffolds above a critical height, asbestos insulation removal or
radiation protection support is needed, other work crews are coordinated on the schedule.
Many hand-offs and complications to the schedule are eliminated by this approach.

Planning
Planning of work has been moved from the central planning organization into the field
work crews. Technicians have been trained in the planning of work to allow this function
to be moved. A central planning organization also exists, under the control of the
maintenance organization. This central function performs planning for outage work and
maintains all of the model work orders when changes are necessary. These work orders
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represent work of a repetitive nature such as preventive maintenance work orders and
repetitive corrective work orders. In order to better prepare technicians to take on the
work of planning, a structured field planner training course has been prepared and is being
offered to technicians as management and the plant work load will allow. The ultimate
goal is to have sufficient planning resources on each work team to enable that team to be
self sufficient in work planning.

Scheduling
Operations Matrix SRO

If the problem is not within the skill set of the trouble-shooting team, or plant conditions
will not allow work at that time, the problem is referred to the operations matrix SRO,
who, with the diagnosis of the problem received from the trouble shooting technicians,
tentatively places the work into an appropriate work window for the schedule. This
individual is responsible to insure that proposed plant alignments meet requirements of
technical specifications and the plant risk matrix, that mode changes and plant evolutions
are appropriately considered and items such as containment integrity, tagging
requirements and grouping of similar work are performed.
Detailed Scheduling

Scheduling effectiveness and efficiency is one ultimate goal of the new work control
process. The scheduling process has been refined and now one schedule controls activities
at the station. All parties who are affected by the station schedule attend to this single
schedule and through a series of coordination meetings agree on their commitment to
work the schedule as published. This commitment is established two weeks prior to the
actual execution of the work. All affected parties receive scheduling information for
review weekly and are updated on the development of the schedule by the work window
managers as they work with the unit schedulers to develop the schedule for their work
windows. By linking the scheduling tool to the electronic work management tool,
information for parts, tools and materials are also made available. A link to inventory
management is in the final stages and will be implemented in 1996. This will allow
ordering of materials for predefined and other work to be automated in the Duke
procurement system.

Performance Measures
Performance measures for the process are extracted from the work management data base
and displayed on the site local area network. The measures are consistent across the three
sites. Each of the measures can be traced to the work groups responsible. Because
scheduling is central to the operation of the process, items which do not complete as
scheduled are discussed as part of each weekly critique and are the subject of attention by
site management. These performance measures serve as sub-tier measures to the site
performance report card, which is tracked for each station.
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Other Ongoing Projects from the Work Control Project
Certified Equipment Database

One of the needs of the process identified by the project team in Phase II was the need for
a consolidated, certified equipment database. This information will serve the planning
function for population of the library of work plans with equipment information. The
information technology work for this database has been completed. A project is now
underway to review and certify the data for this database. This project is estimated to take
two years to complete. A permanent responsibility for data maintenance has been
established at each site. The owners of the data have been established and the duties of
each have been defined. A software and data quality assurance plan has been implemented
for this database.
Electronic Library

An additional project underway to meet the identified needs of the process is the
electronic library project. This certified electronic repository will contain all procedures
and drawings needed for the work control process. This information will be viewable on
line throughout the site. This tool also allows revision and approval of procedures on line.
This application has also implemented a software and data quality assurance plan.

Results from the Project
The Work Control Quality Improvement Project has been a great success for the Duke
Power's nuclear generation department. In the aftermath of the initial implementation, the
SPOC efforts on the front end of the process showed quick success. As the process
implementation has progressed, other key changes such as the multiskilled teams, focused
field planning and the unified risk-based scheduling approach have come to also be
regarded as project successes. All of this has been monitored by the performance
measures established by the project.
The SPOC efforts have resulted in a significant reduction to the burden of planning and
scheduling and have resulted in greatly decreased turnaround time for problem resolution.
All corrective problems are reviewed by the trouble-shooting teams upon notification.
The team maintains as one of their prime directions, the rapid disposition of problems.
Thus, within one shift, all corrective problems have been dispositioned by correction of the
problem, determination that a problem does not exist, or assignment of the problem to a
work window. Due to the excellent work of the trouble-shooting teams, 40-70% of all
problems identified with a week are corrected within that week, most within 24 hours.
The new process has also had quantifiable results in dealing with maintenance backlogs.
Backlogs of work have generally been halved at the stations, with many long term
problems that had existed because of low priority being corrected. All station material
conditions have improved through use of the process. The improved state of station
maintenance has resulted in fewer operator work-arounds, leading to a decreased burden
on the operators and decreased chance for error.

15

Work effort required, and consequently station staffing, has declined as a direct result of
the work control project. Total station staffing is now 25% lower than at the beginning of
the project, while the same or more work has been accomplished through the process.
Statistics show that the number of corrective work requests processed through the system
actually increased 25% during the first full year of the process. This is due to the
increased confidence by station personnel that the process would actually allow the
problem to be corrected.
The overall results from the Duke nuclear system during this time frame have been
outstanding. Overall system capacity factors increased to 82.4% in 1994 and 88% in
1995. Outage durations have decreased dramatically. Each of the last seven refueling
outages have been short outages for the unit, with outstanding results in work quality.
Nuclear safety as evidenced by USNRC violations have decreased significantly and
personnel safety has dramatically improved. The Duke Power nuclear generation
department is positioned to help lead the utility into the competitive future with low cost
nuclear power, produced through outstanding operations and maintenance of the nuclear
system. The executive and line management, station staffs and project team are all to be
credited with bringing about these rapid and dramatic changes.
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BRIAN R. CHURCHILL

Brian Churchill was appointed Director, Bruce B Nuclear Division in
June 1993.

Born in England, Mr. Churchill attended the University of Aston,
Birmingham graduating with a Bachelor of Science degree in Electrical
Engineering in 1965. He is a registered Professional Engineer in the
Province of Ontario.

As Director of Bruce B, Brian Churchill provides leadership of the
divisional nuclear business, covering all facets of operations, maintenance,
engineering, construction, nuclear safety, materials management and
finance.

Prior to his appointment as Bruce B Director, Mr. Churchill was
Director, Bruce Engineering and Construction Divisional (1992); Project
Manager, In-Service Nuclear 1990-92, leader of the successful Pickering 3
and 4 Retubing Project 1987-90; Project Manager, Bruce 1985-87;
Engineering Manager, Bruce 1984-85; Manager of Nuclear Systems 198284; Senior Nuclear Design Engineer, Darlington 1977-82 and Supervising
Design Engineer 1974-77.

BRIAN CHURCHILL fcont'd)
Between 1971 and 1973 Brian Churchill was on attachment with
Consumers Power Palisades plant as a Technical Supervisor. Prior to that
he spent four years at Nuclear Power demonstrator, including two years as a
licensed shift supervisor.

Brian Churchill came to Canada in 1967 following four years with the
CEGB in England.

He is married with two children, and enjoys golf, curling, boating,
fishing, playing bridge with his wife Valerie, and supervising minor
construction projects at the family cottage.

JOHN LOWE

John Lowe is Director, Policy Analysis and Coordination, for the
Energy Sector of Natural Resources Canada. In this capacity he has lead
responsibility for development and communication of broad energy policy for
the Government of Canada.

Mr. Lowe has 15 years experience in energy policy development and
in the economic analysis of energy issues. Before assuming his present
post, Mr. Lowe was Director, International Trade and U.S. Relations, for the
Energy Sector of Natural Resources Canada. In this capacity he served as
Canada's energy negotiator for the North American Free Trade Agreement.

Prior to joining Natural Resources Canada, Mr. Lowe worked for
several years in Canada's Department of Finance, as Chief of Energy
Policy, where he dealt with energy issues ranging from nuclear power to
alternative transportation fuels, and energy research and development. He
also served for three years in the Secretariat at the International Energy
Agency, in Paris.

Mr. Lowe holds MA (Carleton University) and BSc (Acadia University)
degrees in economics. He is married and has four children.
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FEDERAL ENVIRONMENTAL ASSESSMENT PANEL PROCESS
R.A. Edwards and J.M. King
Natural Resources Canada
Ottawa, April 1996

Executive Summary
The Government of Canada inaugurated an environmental assessment process in 1973. Since
that time the Department of Natural Resources or its predecessor, the Department of Energy,
Mines and Resources, and industrial clients of the Department have been major participants
in the process.
In the spring of 1995 the authors, employees of Natural Resources Canada, interviewed
representatives of a number of the department's client industries, environmental groups and
selected individuals with experience and knowledge of the process. The subject of the
interviews was the public hearing section of the environmental assessment process. The
objective was to identify perceived shortcomings of the process as it has operated, and to
propose improvements to future operations.
Twenty-nine interviews were held, involving a total of sixty-nine respondents. The views of
respondents from industrial and environmental groups were strongly divergent on some
subjects, although there was not unanimity of opinion within either group. In some areas,
such as the need for regulated time lines to limit the length of the process, there was wide
agreement.
Interviews were conducted informally. A series of topics were raised, and the interviewee's
views on each solicited. Both industry and non-industry respondents expressed broad support
for the principle of environmental assessment. Industry support is strongly influenced by the
need to conform to societal values with respect to the environment. Industry must meet the
requirements of a credible environmental assessment process to assure buyers that their
operations are being conducted in an environmentally responsible manner.
While respondents from industry and non-industry groups support environmental assessment
in principle, most criticized aspects of the process by which it operates. This report is a
compilation of critical comment, which by its nature focuses on limitations or shortcomings
of the process. It is important to remember throughout that the objective of the investigation
is to suggest improvements to the broadly supported process by which panels conduct public
hearings.
Respondents criticized the public hearing process for being costly, unduly time consuming,
unnecessarily bureaucratic and uncertain in cost, time and outcome. A number of
observations on noted areas of shortcoming are presented in the report, and approaches are
presented to address those that are a function of process administration.

-2Upon consideration of the observations of interviewees, the authors recommend that:

General
Work should continue on harmonization agreements to clarify the application of the Canadian
Environmental Assessment Act, to eliminate duplication of process.
Time lines for elements of the process should be established in regulation. These should
govern all elements of the public hearing process, and should require that it take no longer
than one year from the time of referral to ministerial decision, exclusive of the time required
to produce the Environmental Impact Statement.
Where cumulative impact assessments are required, regional information needed to conduct
them should be provided by government.
The public hearing process should be examined to identify any steps that can be eliminated,
and those that can be run concurrently.
The criteria by which projects are referred to panel hearings should be clarified and
publicized to reduce unpredictability.
Panel reviews should be flexible enough to accommodate subsequent changes to project
proposals. To reduce the risk of duplicating assessments of a project, while protecting the
integrity of the assessment process, policy and guidelines should be established governing
limits of change allowed to project descriptions.

Instructions to Panels
There should be clarification of guidelines limiting the discussion of government policy and
other areas outside a panel's terms of reference.
Terms of reference should be developed in a manner that reduces duplication of effort.
Instructions to panels should clearly define the intent of scoping, and panels should be
encouraged to focus hearings on the issues of significance. Panels should use the results of
the scoping exercise to determine what they wish to have addressed, and should compile
Environmental Impact Statement (EIS) guidelines without further reference to the public.
Instructions to panels should make it clear that proponents should not be required to address
issues at panel hearings that have not been identified in the EIS guidelines.
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Panel terms of reference should specify the level of formality of the public hearing process,
particularly the circumstances under which swearing in and cross examination of participants
would be allowed.

Panel Selection
A roster of qualified individuals should be maintained from which panel members can be
drawn.
Nominees to panels should be independent and free of bias with respect to the project.

Participant Funding
Participant funding should be limited to individuals directly affected by projects under
review.
The purpose and benefits of the participant funding program should be clearly defined. If
the benefits are clear and the program is to continue, recipients should be accountable for a
product that meets well defined specifications. Where recipients do not meet specified
requirements, awards should be recovered by the program.

Reports and Decisions
Panel reports should retain the status of recommendations, and should not be binding on
ministers.
The time allowed for ministerial decisions on a panel report should be limited as part of the
overall discipline on the time required for the hearing process.
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The Government of Canada, in common with provincial governments and those of other
developed nations, has a process for examining the environmental impacts of proposed
economic developments. The federal environmental assessment process, now embodied in
the Canadian Environmental Assessment Act (CEAA), has been in effect for over two
decades.
The Department of Natural Resources (NRCan) has played a major role in the environmental
assessment process, having initiated or participated in many of the public hearings that have
been held in the past. Of the roughly four dozen projects that have been subject to public
hearings, more than half were proposals from the mining, energy or forestry industries.
Users of the federal environmental assessment process have criticized the panel review
process as it has operated over the past years. To determine the nature and level of
concerns, and to solicit suggestions for improving the process, the authors, who are NRCan
officials, interviewed representatives of resource industries, environmental groups, native
organizations, the legal profession and academics having experience with the process.
Interviews were conducted informally. A series of topics were raised, and the interviewee's
views on each solicited. Both industry and non-industry respondents expressed broad support
for the principle of environmental assessment. Industry support is strongly influenced by the
need to conform to societal values with respect to the environment. Industry must meet the
requirements of a credible environmental assessment process to assure buyers and the public
that their operations are being conducted in a sustainable manner.
While respondents from industry and non-industry groups support environmental assessment
in principle, most criticized aspects of the process by which it operates. Some respondents
were concerned that CEAA may be as subject to legal challenge as the Environmental
Assessment and Review Process (EARP) it replaces. This report is a compilation of critical
comment, which by its nature focuses on limitations or shortcomings of the process. It is
important to remember throughout that the objective of the investigation is to suggest
improvements to the broadly supported process by which panels conduct public hearings.
This report first addresses concerns expressed about the overall panel hearing process. It
then moves through the process, element by element, discussing more particular concerns.
In many cases, the concerns or suggestions expressed in the interviews led to suggestions for
modifying the panel review process. These appear in bold type in the relevant sections.
Guidelines or regulations governing panel procedures are now being developed. An earlier
version of this report was submitted to the committee developing regulations or guidelines for
consideration.
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During the course of interviews, respondents commented on specific elements of the public
hearing process, and also made observations about the overall process. General comments
centred on the time required for, and the cost of the process, its efficiency and effectiveness.
Many respondents, primarily from industry, were critical of the process as a whole.
Representatives of industries subject to other regulatory bodies such as the National Energy
Board (NEB) or the Alberta Energy and Utilities Board (formerly the ERCB) often compared
the EARP unfavourably with these and provincial processes. Many industry respondents
saw the value of the process as allowing the public an opportunity to participate in decision
making, and in some cases to allow public venting of frustration.
Unpredictability of the process was a concern expressed by most industry respondents.
Whether in terms of the final outcome or the time and cost requirements of the process,
unpredictability adds layers of uncertainty to an already uncertain regulatory regime. It was
stated, using the example of a proposed wharf extension, that project officers approaching a
Board of Directors could estimate the time required to complete the engineering works, and
the cost of the proposal, within a reasonable (perhaps 10%) margin of error. By contrast,
project officers could not estimate, with any certainty, whether the environmental assessment
would take several months or several years, and whether it could be completed at minimal
cost or at a cost of millions of dollars. An industrial proponent was interviewed whose plant
had modernized some years ago, doubling its capacity, and greatly improving its
environmental performance. He observed that the project would not be possible today. "No
bank would lend money for a major development (of this nature) under the present regulatory
regime."
Respondents from both industry and non-industry groups described the environmental
assessment process as excessively bureaucratic. As the federal process is layered on top of
provincial processes it was also described, mostly by industry, as unduly burdensome, and
seen as not complementary to, or adding value to provincial processes.
Many industry and a few non-industry respondents commented that only a few federalprovincial harmonization agreements had been reached, and all identified the need to avoid
duplication of process. Where linear projects, such as pipelines, cross jurisdictional
boundaries, the need for a single assessment process is particularly acute.
Some interviewees within industry said that the burden of regulatory processes has reached a
level that now inhibits investment. Some respondents from Alberta noted that Japanese
industry representatives are closely observing the operation of the Canadian approval process,
and are apparently unimpressed. This could have negative implications for attracting foreign
investment.
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clarify the application of the Canadian Environmental Assessment Act, to eliminate
duplication of process.

Duration
The time taken for the panel hearing process to run its course, from referral to the Minister
for public hearings to a decision by ministers, is normally one-and-a-half to two-and-a-half
years. Some concepts have been or are being assessed, such as the proposal to develop and
transport hydrocarbons from the Beaufort Sea, which took four years. The assessment of the
Concept for Disposal of Canada's Nuclear Fuel Waste appears likely to take about seven
years. Industry respondents indicated this time interval to be a major uncertainty inherent in
the process. As initial screening of proposals may result either in their approval in a matter
of weeks or public hearings requiring years, the time required for the process is legitimately
considered a significant uncertainty.
The process was seen by virtually all industry representatives as taking too long, and in need
of time lines defined in regulation. This view was shared by a significant minority of
environmental representatives. From this latter group the interesting observation was made
that "community volunteers cannot afford a long drawn out process", and that the duration of
hearings should therefore be curtailed. It was also observed that politicians should announce
decisions within a month of receiving panel reports. A number of respondents observed that
the longer politicians take to make decisions the more they are subject to influence outside of
the panel process.
Some environmental spokespersons felt that industry concerns about the length of time and
the uncertainty associated with the 'open ended' nature of panel hearings were not valid
issues. They asserted that the time taken for the process often results from delays
attributable to political decision making, or from the proponent's actions. It was also
suggested that business uncertainty, and that associated with economic and financial
predictions is greater than the uncertainty of the environmental assessment process.
Industry representatives disagreed with this observation, citing the lack of predictability of
the environmental assessment process as greater than, for example, changes to markets or to
the value of the Canadian dollar. They added that planners can gauge the risk of economic
changes that may occur over periods of months, but cannot reasonably do so for periods of
years.
Respondents noted that other jurisdictions hold public environmental hearings within more
tightly circumscribed time frames, and that CEAA hearings should have time lines defined in
regulation. The NEB process was cited as an example that takes about 8 months from
application to approval, and some provincial processes are completed in half a year,
exclusive of the time required for preparing the environmental impact statement (EIS). Most
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industry representatives suggested regulated time lines of less than a year. The majority of
these recommendations clustered around six months, exclusive of the time required for
preparing the EIS. It was stated repeatedly that time requirements of one-and-a-half to twoand-a-half years, and a process with forty steps, of which nineteen are without time limits, is
unacceptable.
The authors concluded that time lines for elements of the process should be established
in regulation. These should govern all elements of the public hearing process, and
should require that it take no longer than one year from the time of referral to
ministerial decision, exclusive of the time required to produce the EIS.

Cost
In 1992 the Economic Council of Canada stated that public hearings cost proponents up to
4% of the cost of their project. The government incurs costs of 1 - 2 million dollars for
each project. These figures are inexact, as the government scientific and technical review is
dispersed among various agencies, and the fraction of the CEAA operating budget
attributable to each project is unclear. Critics suggest that these figures overstate industry
costs, because they often include costs of activities necessary for development with
environmental costs.
Most industry respondents cited the costs of public hearings, and the uncertainty of the cost
attached to the entire environmental assessment process, as a significant issue. The client
industries of NRCan compete in an international market, where costs of regulation can
directly affect competitiveness.
The environmental assessment process is the forum in which conditions for decommissioning
projects are determined. Such conditions for a mining operation, for example, might include
physical and chemical stabilization of mill tailings, revegetation of mine and mill waste
disposal areas and removal of buildings. Enterprises that must finance their operations using
the project as collateral have difficulty raising funds before conditions and costs of
decommissioning are known.
The cost of regulation is one of the factors considered in making business decisions,
including whether a proposal justifies a financial investment. Both cost and certainty of
regulatory process contribute to decisions on where to invest. These decisions affect
provincial and national economic well-being.
Additional to the costs directly associated with participating in public hearings, the process
has indirect costs. Within the mining sector, for example, proponents have often spent very
large amounts of money on exploration before an ore body, and therefore a project, can be
identified. At this point delays impose substantial costs in both interest paid on past
exploration expenditures and on foregone revenues.
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expended on the process to be a significant issue. They commonly observed that the cost of
the process is a cost of doing business. One respondent stated that companies that find the
process expensive do so because they attempt to apply it as an afterthought, rather than using
the process as a planning tool.
Industry commentators observed that small but worthwhile projects are being removed from
the economy by the risk and cost of bureaucratic processes. One observed that small
operators can run a business like a sawmill, but they do not have, and can not afford to
purchase the expertise to meet the requirements of bureaucratic processes. In effect, only
large corporations are now able to start operations in a sector of the economy that has
traditionally had substantial small business participation.
Environmental groups emphasized the need for comprehensive reviews, but generally did not
express concern about the cost of the process. These concerns are reflected in the sections
on scoping and panel terms of reference.

Process Administration
Both industry and non-industry respondents raised observations on inefficiencies or areas in
which the process is ineffective. Respondents described CEAA as no more clear than
EARP, from an administrative perspective, and some respondents characterized introduction
of the Act as an opportunity missed. An environmental spokesperson observed that CEAA is
not an improvement over EARP; it was written not by planners, but by lawyers, and is "a
monster". Most respondents who commented in this area observed that CEAA was not
likely to be more free of legal challenge than EARP.
Industry representatives familiar with the NEB process all expressed concerns with
EARP/CEAA and a preference for the NEB process. The NEB process was described as
more efficient, more issue oriented and more focused than EARP. An advantage of the NEB
process is that the proponent could question the need for a study required in support of the
assessment. Proponents contrasted this with EARP, where "a study may be done for the
sake of doing it."
A number of industry respondents were critical of the CEAA requirement to conduct
cumulative effects assessments. As the assessment of other existing projects, or those
planned in a region is part of a regional planning exercise, industry spokespersons
characterized this as a responsibility of government that should be undertaken by
government. They pointed out that developers with proposals in a region are not obliged to
provide others with details of their operations or their likely environmental effects, making it
difficult for proponents to judge cumulative environmental effects.
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planning and as a means of putting in context the environmental impacts of the proposal
under consideration.
Where cumulative impact assessments are required, regional information needed to
conduct them should be provided by government.
The negative effects of lengthy, costly and bureaucratically burdensome process on
competitiveness was a recurrent industry theme. The weight of the process may preclude
small projects, discourage small operators and make it difficult to seize transient
opportunities. Industry representatives expressed concern that the cost of the process affects
the competitive position of large operations, where competitors in other jurisdictions enjoy
more streamlined regulatory processes. As one industry representative noted, "It affects
competitiveness when the Canadian process takes years to do what competition can do in six
months." It was stated that opportunities for smaller development projects have been missed
where proponents were unsure of being able to get approval in less than two years.
Proponents also cited instances where modifications to proposals would have been beneficial
to both the environment and project economics but were not advanced because such a change
would have risked restarting the environmental assessment process.
With few exceptions, environmental group representatives did not express concern about the
administrative burden of the process. The effect of the process on competitiveness was not
an issue raised by environmental groups.
The public hearing process should be examined to identify any steps that can be
eliminated, and those that can be run concurrently, without reducing the effectiveness of
the process.

Referral Criteria
The federal environmental assessment process, in common with the processes of most other
jurisdictions, includes a system for differentiating the many projects that do not require
public hearings from the few that do. Initiating departments, or 'responsible authorities' as
defined in the Act, are responsible for the initial screening. This screening decision is made
on the basis of significant adverse or unknown environmental impact, or on public concern
that is judged to warrant referral to a public panel. A clear and transparent process would
allow proponents to prejudge the outcome of screenings.
Most referrals to public hearings are made on the basis of public concern. Environmental
and industry spokespersons observed a need for clearer and more objective criteria for
referral on the basis of public concern.
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screening process have appeared to be unreasonably inconsistent, and illustrated their concern
with examples. The existing discretion in judging public concern is, in some cases, a barrier
to moving projects that should be the subject of hearings into the public forum, and in other
cases has led to public hearings where there was no apparent need. An example of the
former was the proposal for dry fuel storage at the Lepreau nuclear site, for which no public
hearings were held. It is noted that a similar proposal at Gentilly II was subject to hearings.
As an example of the latter, some industry representatives understand that the Rabbit Lake
Uranium Mine was referred to panel hearings apparently on the basis of one letter from a
representative of a nearby Indian band, who did not appear at the subsequent hearings.
The criteria by which projects are referred to panel hearings should be clarified and
publicized to reduce unpredictability.

Terms of Reference
Terms of reference are presented to panels on their appointment. These terms of reference
normally exclude consideration by panels of broad social issues and government policy.
Environmental groups in general criticized the terms of reference presented to panels as
being too narrow. Terms of reference for the panel examining the Second Nuclear Reactor
at Point Lepreau, New Brunswick, were presented as an example. In this case, the terms of
reference specifically excluded discussion of the role of nuclear power in the national energy
supply policy, the policy of building generating capacity for the export of electricity and the
issue of nuclear weapons proliferation.
Critics from non-industry groups argued that, by excluding policy issues from public
discussion, the major decisions on alternatives to projects, and therefore on most of the
environmental effects have been made before the panel is constituted. Many environmental
representatives felt that hearings should be as all-encompassing as possible, and should
specifically include need for and alternatives to the project, and should include relevant
government policy. One respondent from the academic community stated that national policy
should be developed by the public through consultative hearings, not by politicians, but
added that EARP/CEAA hearings were not an appropriate forum for policy development.
Another academic stated that discussion of policy was necessary to place projects and their
rationale in context.
Industry representatives argued that terms of reference should be narrow, and should be
confined to the effects of the specific project at the location proposed. Most industry
representatives noted that broadening discussion at hearings to include government policy
places an unreasonable burden on proponents by expanding the number of issues they must
address. They are not equipped to address national policy issues, and should not be called
upon to do so. It was stated that government departments refer only projects acceptable
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forum.
While there was some disagreement, industry representatives and the great majority of
environmental representatives felt that there should be public debate on policy relevant to
major project proposals. Most industry, and a lesser number of environmental
representatives, acknowledged that environmental assessment hearings are not the appropriate
forum for such a debate. Notwithstanding, environmental groups and some industry
representatives indicated that panels need to entertain discussion on policy, or the public will
not consider the process legitimate and credible. One academic noted that if the public wants
to discuss government policy, such interventions should be heard or the public would not
appear.
It was suggested that those dissatisfied with particular policies are unlikely to acknowledge
their legitimacy, and will attempt to use the occasion of every environmental assessment to
reopen debate on policy. If an appropriate forum is not provided, and panel terms of
reference exclude discussion of policy, then those opposing the policy will oppose the
project, using environmental arguments as a surrogate.
There should be clarification of guidelines limiting the discussion of government policy
and other areas outside a panel's terms of reference.
Some industry representatives expressed concern that a series of largely similar offshore
hydrocarbon projects might all be required to address the same issues. Industry
representatives suggested that the panel process should be confined to projects introducing
new technology and to the first project in an area, with permitting, which they consider a
more efficient process, for more routine projects.
Terms of reference should be developed in a manner that reduces duplication of effort.
Of greater concern to industry is the risk of duplicate environmental assessments for a single
project, where the project description changes prior to completion. This most commonly
arises where projects are submitted for environmental assessment early in the planning stage.
Terms of reference should be written that recognize the evolution of project designs with
time, such that resulting changes do not bring the risk of a subsequent environmental
assessment.
An environmental representative raised the point that there may be a need to reexamine a
proponent's reintroduced proposal if it has been dormant for a number of years, since
societal values and environmental conditions change over time.
Panel reviews should be flexible enough to accommodate subsequent changes to project
proposals. To reduce the risk of duplicating assessments of a project, while protecting
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governing limits of change allowed to project descriptions.

Scoping
Scoping is the exercise by which panels determine the issues to be addressed during the
course of public hearings. Issues that participants feel should be considered are normally
identified either through written submissions or at public meetings. In discussing scoping,
interviewees were asked whether, in their opinion, the scope of hearings was too narrow, and
important issues were not addressed, or whether the scope was too broad, resulting in the
examination of issues by proponents that were of no interest at hearings.
In general, non-industry respondents favoured broadly scoped hearings. A number of panels
were identified, including the Northumberland Strait Crossing, the Lepreau II Nuclear
Generating Station and Saskatchewan Uranium Mining projects, where the scope of hearings
was considered to be too narrow. Subjects that respondents felt should have been included
were, among others, need for and alternatives to the project, and weapons proliferation.
Some non-industry respondents suggested that panels, as independent bodies, should allow
the scope of hearings to go beyond the terms of reference. Some respondents indicated that
relevant government policy is legitimately included within the scope of hearings where it is
necessary to provide a rationale for the project. Another respondent stated that the scope
should include both discussion of alternatives to, and the economic basis for projects.
Industry representatives criticized the scoping process for failing to focus on the issues that
participants in public hearings later wish to discuss. The result is that proponents expend
unnecessary time and effort compiling never-to-be-used information. While environmental
groups criticized the scoping of the Rabbit Lake Uranium Mine hearings for excluding
discussion of larger societal issues, industry criticized the process for being little more than a
compilation of all ideas submitted to the panel, without assessing the value of their
contribution to the hearings. A number of environmental and industry representatives
indicated a need to focus on the intent of the scoping exercise, and to narrow the range of
issues to reflect participant interest.
An industry representative noted that the great majority of issues are identified on the first
day of scoping exercises, yet the process often continues for some weeks. It was stated by
both an environmental and an industry representative that scoping can be used as a punitive
measure by imposing a burden of comprehensiveness on proponents without meaning or
need. Panels were criticized for their tendency to compile a list of all identifiable issues and
include them as assessment requirements.
The purpose of scoping is to identify issues for evaluation and discussion that will permit the
panel to conduct public hearings, assess the impacts of the project and reach conclusions
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have addressed in the EIS and at subsequent public hearings. Panels use this information to
write guidelines for production of the EIS, which are normally circulated in draft form.
Having received and considered contributions from the public on scoping, there is little value
to the panel then seeking public comment on the draft EIS guidelines.
Instructions to panels should clearly define the intent of scoping, and panels should be
encouraged to focus hearings on the issues of significance. Panels should use the results
of the scoping exercise to determine what they wish to have addressed, and should
compile EIS guidelines without further reference to the public.

Public Hearings
With completion of the scoping exercise, the issues are identified for the proponent to
address in writing the EIS. The EIS describes the project, the existing environment in which
the project will be situated and those impacts, identified through scoping, that will be the
subject of hearings.
A number of industry representatives expressed dissatisfaction with the public hearing stage
of the process. They complain that panels often fail to adhere to their terms of reference,
and fail to confine discussion to the issues identified during scoping.
Proponents expressed discomfort with the process when its rules are ignored. The process,
which is without time lines to curtail discussion of extraneous issues, appears subject to
abuse and manipulation. Proponents described the process as unfair when they are directed
to address certain issues at public hearings, then during the course of the hearings are
required to expand the area of discussion.
Some non-industry spokespersons observed that all issues of public interest will be raised by
the public during the course of hearings. Some respondents stated the view that any attempt
to limit discussion would jeopardize the credibility of the process.
Instructions to panels should make it clear that proponents should not be required to
address issues at panel hearings that have not been identified in the EIS guidelines.

Panel Selection
The selection of panels is a subject on which there was broad agreement. Almost all
respondents who commented on the length of time taken to appoint panels spoke critically of
the six to nine month period required for this exercise. It was generally recommended that
the time taken for panel appointments should be shortened and limited by regulation.
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means of facilitating expeditious panel appointments. Suggestions included nomination of
retired judges and academics as appropriate panel members, with the suggestion that judges
in particular are well trained to evaluate evidence presented. Judges were considered by one
respondent to have a high level of respect from the public and to have the ability to keep the
process running effectively.
A roster of qualified individuals should be maintained from which panel members can
be drawn.
Most respondents expressed the view that panel members should be knowledgeable,
competent in disciplines relevant to the proposal under review and have a broad range of
experience. One respondent, representing environmental interests, suggested that panel
members should be acceptable to stakeholders. This suggestion was strongly objected to by
most other respondents, who saw this as having the potential to compromise the unbiased
nature of panels, and by some as an opportunity for opponents to stall the process.
One environmental representative noted that selection of panel members may, through
member's interests or bias, influence the outcome of the hearings. He felt therefore, that
panel selection should be open to public input. One non-industry spokesperson stated that
panel members need to be accountable, and that the public needs to know the affiliation of
members, and "who they are speaking for".
Although a few respondents wish to influence the selection of panel members, the great
majority of those interviewed stressed the need for panel members to be independent and free
of bias.
Nominees to panels should be independent and free of bias with respect to the project.

Process Formality
Participation by the public is fundamental to the EARP, for which reason it was designed and
operated to be open and accessible to the public. The commitment to facilitate public
participation is presented in the preamble to CEAA.
A range of options is available when considering whether public hearings should be informal
or judicial in nature. In judicial or quasi-judicial processes participants would offer
interventions under oath and would be subject to cross examination. At issue is the benefit
to the panel and observers that would arise from more rigorous testing of evidence, and the
discouraging effect that a more legalistic presence would have on public participation.
Representatives of industry and environmental groups expressed concern over the increased
cost and time required for a more legalistic process.
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technical issues. It was stated that the public comment is focused largely on social,
economic and land use issues, and that the public generally is neither technically competent
nor interested in discussing technical issues. At general hearings, proponents cannot properly
challenge technical inaccuracies, and proponents would not wish to be accused of harassing
members of the public. Some industry representatives noted that if technical hearings were
held in a quasi-judicial forum inaccurate evidence could be tested, but most industry
spokespersons felt that the time and expense of a legalistic process did not justify the added
benefit.
Industry and non-industry respondents recognize both the benefits and costs of more legalistic
processes, with several respondents acknowledging that an ideal balance is difficult to
achieve. Both camps favoured an informal over a formal process by a margin of two-to-one,
with a smaller number suggesting a mix of quasi-judicial technical hearings and informal
community hearings. A small number of respondents suggested a hybrid process where
"professional" intervenors, such as consultants, members of organized environmental groups
and expert witnesses, would be subject to cross examination, while the general public would
not.
Representatives of industries subject to the NEB process indicated comfort with the level of
formality of Board hearings. Several considered it useful that the NEB has a formal process
when dealing with professional intervenors (consultants, expert witnesses, professional
groups), but believed an informal approach is best if dealing with affected landholders or
other members of the general public. It was noted that the Board does not appreciate seeing
members of the public who appear as witnesses being abused under cross examination.
Some environmental groups expressed a need to test evidence presented by proponents, while
registering strong opposition to the intimidation of public participants. Some industrial
proponents felt that every statement in an EIS was subject to examination and challenge,
while the public could offer opinion, unsupported assertions and technical information
without substantiation and without comparable testing.
Several people interviewed had served on EARP panels. In response to the stated problem of
contradictory evidence, experienced panel members were emphatic in their view that panels
are able to differentiate between different levels of expertise, and weight their findings
accordingly. Experienced panel members felt that trust and confidence in panel members is
preferable to a legalistic process.
The role and presence of lawyers in the process was criticized by most respondents. The
view was strongly expressed that a more "legalistic" approach would lead to greater
polarization of positions, would tend to make the process more adversarial, more expensive
and would extend hearings without adding value. One non-industry respondent stated that
because the process is already so formal and rigid it does not do the job that was intended.
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expressed the concern that the presence of lawyers, the manner in which they intervene and
the judicial atmosphere they impart to hearings tends to exclude the public. Most
respondents felt that if the fundamental purpose of public hearings is to allow the public,
particularly those directly affected, to voice their concerns, to table questions and to be
involved in the decision making process, then every effort should be made to encourage their
participation.
The most apparent benefits of cross examination are to clarify inconsistencies or resolve
differences in interpretation or fact. Several industrial proponents indicated this to be an
important issue when participants contradict information presented in the EIS. The particular
concern expressed was that panels might give equal weight to expert testimony and
unsubstantiated opinion. Proponents felt that this would be less likely to occur with testing
of statements from participants.
Panel terms of reference should specify the level of formality of the public hearing
process, particularly the circumstances under which swearing in and cross examination
of participants would be allowed.

Participant Funding
For more than a decade funds have been provided to support participants in the public
hearing process. The program is currently funded at a level of about $5.5 million for a three
year period. In administering the program, the Canadian Environmental Assessment Agency
solicits applications for funding, awards funding according to published criteria and may,
under certain conditions, require accountability for expenditures.
Industry and non-industry respondents were strongly divided on the need for, and value of
participant funding. Most non-industry respondents supported the program and considered it
useful in encouraging participation by concerned citizens and underfunded organizations. Of
these, most felt that funds should support directly affected individuals, but not national or
international organizations. Respondents from both groups expressed concern that the
program is used as a source to generate revenue, and that the process "perpetuates the
existence of groups that are experts in public participation, but does not necessarily identify
community concerns."
Participant funding should be limited to individuals directly affected by projects under
review.
On the question of legitimate uses for participant funding, all non-industry respondents
supported its use for administrative purposes, such as typing reports to panels, transportation
to hearings, daycare costs and accommodation while at hearings. Support was broadly
expressed for funding of scientific studies. A small number suggested that the program
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expressed support for using participant funding to obtain legal advise, but no one said in the
interviews that legal counsel should be funded to represent participants at hearings. Several
respondents suggested that government departments should provide technical expertise and
advice to the public, and that this would obviate the need to fund scientific investigations or
independent technical reviews.
Industry representatives generally did not support participant funding. The program was seen
as an inefficient and ineffective way of bringing information to a panel, a representative
comment being that it is "a squandering of resources". They were critical of the program,
describing it as wasteful, lacking accountability, irrelevant to technical reviews, and too often
subject to abuse. A significant minority, located largely in Ontario or Alberta where
provincial funding programs have been in place, accepted the program in principle. They
noted that in the Alberta regulatory process the proponents have some influence on the
disbursement of funds. Industry representatives who found such a program acceptable were
critical of the manner in which the federal program is now operated, and placed firm caveats
on their acceptance. Representatives of industries regulated by the NEB felt that if
participant funding were to be required as part of NEB hearings, the NEB should determine
who should be funded, the amounts disbursed and the criteria for receiving funds.
Some industry representatives objected to the principle of participant funding. Noting that
public hearings are held in affected communities, and that all effort is made to encourage
local participation, one respondent stated that no level of funding, not even for incurred
expenses, was justifiable. Certain costs should be borne by those wishing to appear at
hearings "as the cost of participating in society".
A number of respondents noted what they thought were abuses of the system. Examples
were cited where individuals or groups received participant funding but did not appear at
hearings, or where they appeared but apparently made no meaningful contribution to the
panel proceedings.
Industry respondents expressed concern that the process is seen in some quarters to be a
source of government funds. Participant funding for one project, where over $100,000 was
disbursed to support participation in scoping exercises alone, was criticized as excessive.
Given that scoping is an exercise in which interested groups and individuals identify issues
that concern them, critics thought that the amounts disbursed are unlikely to have been
legitimately spent on scoping.
The purpose and benefits of the participant funding program should be clearly defined.
If the benefits are clear and the program is to continue, recipients should be accountable
for a product that meets well defined specifications. Where recipients do not meet
specified requirements awards should be recovered by the program.
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Respondents were divided more clearly along sector lines on appropriate sourcing of
intervenor funding than on any other issue raised. Non-industry respondents generally
declared funding of the program to be an industry responsibility, citing as example the
'polluter pays' principle, or characterizing it as a cost of doing business. A few identified
the government as the appropriate source of funding, characterizing the program as "a cost of
doing government, not a cost of doing business", and one respondent from each of the
industry and non-industry groups suggested that the costs should be shared between
government and industry.
A non-industry spokesperson suggested that if the proponent were obliged to pay for
participant funding, and the program were expensive enough, the government could use it "to
negotiate with business to do a better job."
The large majority of industry respondents expressed the view that intervenor funding is part
of a regulatory process, and is a public service rather than a business proceeding, the costs
of which should be borne by government. As a matter of natural justice, proponents felt
they should not be forced to pay for interventions that oppose their proposals.

Panel Reports
The panel terminates its involvement in the public hearing process by writing a report
containing its findings, conclusions and recommendations. The panel presents its report as a
recommendation to ministers who are responsible for making decisions in respect of the
project. Ministers release panel reports to the public, and subsequently announce their
decisions.
The major issues raised were the status of the report as a recommendation to ministers, and
the length of time that elapses between presentation of the report and ministerial decisions.
There was widespread acceptance among both industry and non-industry groups of the
present system where panel reports are presented as recommendations, not binding decisions,
and ministers make decisions on whether and under what conditions a project may proceed.
Some supporters of the existing system commented that the findings of panels suffer from the
limitations of the panel mandate, while politicians benefit from consideration of a broader
range of societal issues, including economic factors. In the final analysis, most industry and
environmental representatives recognized that politicians are accountable to the public, which
panels are not, and are the appropriate authorities for decisions of the nature presented by
panel projects.
A small minority of representatives of both groups suggested that panels would benefit from
having greater authority, such as the NEB and the Canadian Radio and Television
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bodies. A few non-industry respondents indicated that panel findings should be binding on
the government, as panels and the process otherwise are seen to lack credibility. A
disadvantage identified with a process where panels would make binding decisions is that an
appeal mechanism, with attendant costs and delays, would be required.
Panel reports should retain the status of recommendations, and should not be binding
on ministers.
A related issue is the time taken by ministers to take a decision on a panel report. Many saw
it as an unnecessarily lengthy delay in an already long process. Environmental
spokespersons saw this time period as one used, primarily by industry lobbyists, to attempt to
influence ministers responsible for responding to panel reports. Respondents from both
groups saw benefit to a more rapid response to panel reports.
The time allowed for ministerial decisions on a panel report should be limited as part of
the overall discipline on the time required for the hearing process.

List of Interviews and Interviewees
St. John's, Newfoundland, March 6, 1995
Leslie Grattan, Team Leader, Environment, Hibernia Management and Development
Company Limited, St. John's, Newfoundland
David Taylor, Site Environment Manager, Hibernia Project Management Team,
St. John's, Newfoundland

Halifax, Nova Scotia, March 7, 1995
Susan Holtz, Environmentalist, Halifax, Nova Scotia

Charlottetown, Prince Edward Island, March 8, 1995
Donald Deacon, (Past Chair, Atlantic Provinces Economic Council), Friends of the Island,
Charlottetown, Prince Edward Island
John Hopkins, (Film-maker), Friends of the Island, Charlottetown, Prince Edward Island
Jim Hornby, (Lawyer), Friends of the Island, Charlottetown, Prince Edward Island

-20Betty Howatt, Past Chair, Friends of the Island, Charlottetown, Prince Edward Island
Carole Livingstone, (Tourism Operator), Friends of the Island, Charlottetown, Prince
Edward Island
Irene Novaczek, Director, Friends of the Island, and Volunteer, Environmental Coalition of
P.E.I., Charlottetown, Prince Edward Island
James Ramsay, (Environmental Consultant), Friends of the Island, Charlottetown, Prince
Edward Island
Kip Smith, (Past-Chair, Three Rivers Industrial Commission), Friends of the Island,
Charlottetown, Prince Edward Island

Fredericton, New Brunswick, March 9, 1995
David Thompson, Director, Conservation Council of New Brunswick, Fredericton, New
Brunswick

Ottawa, Ontario, Morning, March 13, 1995
Keith Conn, Environmental Coordinator, Assembly of First Nations, Ottawa, Ontario

Ottawa, Ontario, Afternoon, March 13, 1995
Alan Glasgow, Director, Environmental Affairs, TransCanada Pipelines, Calgary, Alberta
Daniel Grondin, Head, Environmental Assessment Section, Licensing, Safety, Reliability and
Environmental Services, AECL Research, Chalk River Laboratories, Chalk River, Ontario
John Jenkins, Canadian Energy Pipelines Association (Consultant, TransCanada PipeLines),
Ottawa, Ontario

Hamilton, Ontario, March 15, 1995
Al Schuldt, Manager, Environmental Affairs, Stelco Incorporated, Hamilton, Ontario
Brent Steele, Senior Environmental Engineer, Dofasco Incorporated, Hamilton, Ontario

-21 Toronto, Ontario, Morning, March 16, 1995
David Donnelly, Canadian Environmental Defence Fund, Toronto, Ontario
Rod Northey, Lawyer, McCarthy Tetrault, Toronto, Ontario
Ron Pushchak, Professor, School of Environmental Health, Ryerson Polytechnic University,
Toronto, Ontario

Toronto, Ontario, Morning, March 17, 1995
John Reid, Past President, Canadian Nuclear Association, Toronto, Ontario
Jack Richman, President, Canadian Nuclear Association, Toronto, Ontario
Andy Rickaby, Vice President, Uranium Operations, Denison Mines, Elliott Lake, Ontario
Ian Motherwell, Assistant General Counsel, Law Division, Ontario Hydro, Toronto, Ontario
Ian Wilson, (Energy Consultant), Canadian Nuclear Association, Toronto, Ontario

Waterloo, Ontario, Afternoon, March 17, 1995
Bob Gibson, Professor, Faculty of Environmental Studies, University of Waterloo, Waterloo,
Ontario

Montreal, Quebec, Morning, March 22, 1995
Peter Jacobs, Professor, University of Montreal, Montreal, Quebec

Montreal, Quebec, Afternoon, March 22, 1995
Leandre Aubin, Director, Government Approvals, Hydro-Quebec, Montreal, Quebec
Gilles Berube, Advisor to the Vice President, Environment, Hydro-Quebec, Montreal,
Quebec
Danielle Piette, Program Supervisor, Government Relations, Hydro-Quebec, Montreal,
Quebec

-22Montreal, Quebec, March 23, 1995
Yves Corriveau, Director, Quebec Environmental Law Centre, Montreal, Quebec

Ottawa, Ontario, March 24, 1995
Philip Tsui, Manager, Environment, Regulatory Affairs and Loss Prevention, Mobil Oil
Canada, Calgary, Alberta
Castlegar, British Columbia, March 28, 1995
Jim McLaren, Environmental Manager, Celgar Pulp Company, Castlegar, British Columbia

Calgary, Alberta, March 29, 1995
Ken Crane, Director, Environmental Services, Luscar Limited, Edmonton, Alberta
Don Downing, President, The Coal Association of Canada, Calgary, Alberta
Bernd Martens, Manager, Environmental Services, Prairie Coal Limited, Calgary, Alberta
Roger Shaneman, Manager, Special Studies, Manalta Coal Limited, Calgary, Alberta

Calgary, Alberta, Morning, March 30, 1995
Doug Bruchet, Manager, Safety, Health and Environment, Canadian Association of
Petroleum Producers, Calgary, Alberta
Wishart Robson, Manager of Environment, Petro-Canada, Calgary, Alberta
Ian Scott, Manager, Pipeline Operations and Environment, Canadian Association of
Petroleum Producers, Calgary, Alberta
Cal Sikstrom, Senior Environmental Advisor, Environment, Safety and Industrial Hygiene
Department, Imperial Oil Resources Limited, Calgary, Alberta
John Ward, Supervisor, Environmental Services, Amoco Canada Petroleum Company
Limited, Edmonton, Alberta
Millard Wright, Manager, Environment and Safety, Gulf Canada Resources Limited,
Calgary, Alberta

-23Calgary, Alberta, Afternoon, March 30, 1995
Ted Spearing, Chevron Canada Resources, Calgary, Alberta
Charles Stewart, Manager, External Affairs, Chevron Canada Resources, Calgary, Alberta

Calgary, Alberta, March 31, 1995
Bill Ross, Professor, Environmental Science, Faculty of Environmental Design, University
of Calgary, Calgary, Alberta

Edmonton, Alberta. April 3, 1995
Brad Hamdon, Legal Counsel, Interprovincial Pipe Line Incorporated, Edmonton, Alberta
John Hayes, Manager, Safety and Environment, Interprovincial Pipe Line Incorporated,
Edmonton, Alberta
Tim Shopik, Senior Environmental Analyst, Interprovincial Pipe Line Incorporated,
Edmonton, Alberta

Yellowknife, Northwest Territories, April 4, 1995
Meredeth Seabrook, Assistant, Dene Nation, Yellowknife, Northwest Territories

Vancouver, British Columbia, Morning, April 7, 1995
Terry Janes, Senior Project Engineer, New Business Development, BHP Diamonds
Incorporated, Vancouver, British Columbia
Clem Pelletier, President, Rescan Environmental Services Limited, Vancouver, British
Columbia
Bruce Turner, Project Manager, NWT Diamonds, BHP Minerals Canada Limited,
Vancouver, British Columbia

-24Vancouver, British Columbia, Afternoon, April 7, 1995
Christopher Lemon, Barrister and Solicitor, Ferguson Gifford, Vancouver, British Columbia
Andrew Thompson, Associate Councel, Ferguson Gifford, Vancouver, British Columbia

Smithers, British Columbia, April 10, 1995
Irving Fox, Environmentalist, Smithers, British Columbia
Rosemary Fox, Environmentalist, Smithers, British Columbia

Gore Bay, Ontario, April 21, 1995
Lloyd Greenspoon, Lawyer, Gore Bay, Ontario

Pinawa, Manitoba, April 24, 1995
Phyllis Gillespie, Response Coordinator, Nuclear Fuel Waste Management Program, AECL
Research, Whiteshell Laboratories, Pinawa, Manitoba
Judy Tamm, Environmental Assessment Coordinator, AECL Research, Whiteshell
Laboratories, Pinawa, Manitoba
Sidney Whitaker, Scientific Advisor, Nuclear Fuel Waste Management Program,
AECL Research, Whiteshell Laboratories, Pinawa, Manitoba

Saskatoon, Saskatchewan, Morning, April 26, 1995
Stan Frost, Vice President, Environment and Safety, Cameco Corporation, Saskatoon,
Saskatchewan
Roland Loewer, Communications Manager, Uranerz Exploration and Mining Limited,
Saskatoon, Saskatchewan
Liz Quarshie, Director, Environment, Cogema Resources Incorporated, Saskatoon,
Saskatchewan
John Tosney, President, Cigar Lake Mining Corporation, Saskatoon, Saskatchewan

-25 Edmonton, Alberta, Afternoon, April 26, 1995
Ken Crane, Director, Environmental Services, Luscar Limited, Edmonton, Alberta
Fred Munn, Project Manager, Cheviot Mine, Cardinal River Coals Limited, Hinton, Alberta
Dennis Thomas, Councel, Cheviot Mine, Milner Fenerty, Edmonton, Alberta

Rocky Mountain House, Alberta, April 28, 1995
Martha Kostuch, Friends of Oldman River, Rocky Mountain House, Alberta
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NEW DIRECTIONS IN NUCLEAR WASTE DISPOSAL IN ONTARIO HYDRO
Ken Nash, Director and Peter Stevens-Guille, Manager of Technology
Nuclear Waste and Environment Services Division
Ontario Hydro, Toronto, Canada
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Ontario Hydro Nuclear has financial, environmental, safety and public acceptance business
objectives which must be met to achieve long term sustainable success. Short term objectives
of achieving nuclear excellence in safety, cost and production are vital to this success. Ontario
Hydro's nuclear waste and decommissioning liabilities must be managed within these
objectives. This paper outlines the financial environmental and societal considerations and
responsibility framework for managing these liabilities.
Financial
The financial liabilities for nuclear waste and decommissioning are substantial. Ontario Hydro
estimates it will cost 16B$ to place all its used fuel into dry storage, to dispose of used fuel
material underground, to store, process and dispose of operational low and intermediate wastes
and to decommission its nuclear stations.
To meet these financial obligations, Ontario Hydro has been proactively collecting funds since
1982. Over 1.5B$ has been collected so far. To meet the financial obligations of storing,
processing, transporting and disposing of wastes and decommissioning of reactors costs
Ontario Hydro 0.17 cents/kw hr. This represents about 12% of variable costs of producing
nuclear energy or 4% of our total costs.
Environmental
Environmentally acceptable and safe methods and technologies exist for managing wastes.
Ontario Hydro storage systems have an excellent safety record. Low level waste disposal has
been implemented internationally. There is a growing international consensus that deep
geological disposal of used fuel can be carried out in an environmentally safe way.
Societal
Public acceptance of nuclear is closely linked to management of wastes. Station communities
accept storage of used fuel and L&IL wastes but there is an expectation that progress is made
towards disposal. Social acceptability of disposal in the potential host communities will be key
to the success of managing wastes and the long term sustainability of nuclear power.
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Used Fuel Disposal
AECL have completed an R&D program spanning 17 years on the concept for deep disposal of
used fuel in the Canadian Shield. The total cost on this program has been 700M$, and has
mainly been funded by the Federal Government. An environmental review is now underway
by a federal panel. The panel will make recommendations to government on the acceptability
of the concept and on how to proceed on used fuel management in the future. In preparation
for this hearing the Ontario Hydro Board of Directors approved a strategy for disposal of used
fuel. Ontario Hydro's overall view is:
o
o
o
o

storage systems are safe and could be relied upon for very long periods of time;
there should be a forward proving program on disposal with staged decision making;
the focus should be on finding a socially and technically acceptable site with cautious
investment in R&D until one is found;
as an owner of 90% of used fuel, Ontario Hydro will take the lead in implementing
disposal, utilizing AECL as a technological resource. Ontario Hydro will incorporate
the needs of Hydro Quebec and New Brunswick Power.

Ontario Hydros' views on responsibilities stem from three principles:
o
Those who created the waste are responsible for its safe management, including finding
acceptable solutions for storage and eventual isolation and disposal,
o
Government is responsible for independent regulation including defining and ensuring
due process is followed.
o

Waste producers and governments are accountable to society and for involving
stakeholders in finding acceptable solutions, and in defining acceptable regulation and
process.

This division of responsibilities is important for a number of reasons:
1.

Regulation must be completely independent of waste ownership, the more independent
the better. This is essential in developing trust in the system. It avoids real and
perceived conflict of interest and minimizes concerns related to trust in the system.

2.

Government must not become the owner of used fuel. This could happen if the
government is made responsible for disposal and could result in a burden on taxpayers,
it would be a conflict of interest with the regulatory role, and raise significant concerns
about efficiency of management.

3.

Storage, isolation and disposal requires management on an integrated system basis.
The options range from perpetual on-site storage, centralized storage above or below
ground, and eventual disposal. The selection of the preferred option is strongly
influenced by societal needs which may change over time. In 1978 when AECL started
their R&D program, the best option was considered to be geological disposal in the
CNAPREST.KN
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Canadian Shield. The Federal Panel is now assessing acceptability of the AECL
proposal and charting a course for the future. Over the timeframes associated with
managing used fuel societies views on acceptability may change.
4.

Ontario Hydro's objective is to manage used fuel in a safe, environmentally, socially
and financially acceptable way. The needs of regulator, government, public, customers
and affected communities must be met. The affected communities include: generating
station communities for on site storage; transportation communities; host communities
for disposal. The eventual solution must systematically balance and satisfy the needs of
all affected communities.

5.

Experience in other countries has been problematic where the government have taken
the role of regulator and responsibility for disposal, particularly in the U.S.
Significantly better results have occurred in Sweden where the utilities are responsible
for all phases of waste management including disposal.
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Marc Vielle is Senior Economist with Commissariat a I'Energie
Atomique and Institut d'Economie Industrielle.
Marc Vielle works in the macroeconomic team which builds and uses
macro-energetic models. These models allow to assess different energy
policies like those presented in this symposium.
He is Doctor in Economics at Paris I-Pantheon-Sorbonne University.
He worked as a researcher for 3 years at the Laboratoire ERASME of Ecole
Centrale de Paris and University of Paris I, where he participated in the
construction and utilization of the macroeconomic model HERMES-France.
During that period he built the model MIDINETTE which analyses the
electric and electronic sectors. He also participated in CEA to the
construction and the utilization of several economic-energetic-environmental
models: MICRO-MELODIE, GEMINI-E3, GEM-E3 and PRIMES. He
published several articles in the field of macro-economic modeling in
reviews such as Economie et Prevision, Revue d'economie, Revue de
I'Energie. He was lecturer in Economics at Paris 1 University and Ecole
Centrale de Paris and is now lecturer in Economics at University of
Toulouse 1.

TWO ECONOMIC, ENERGETIC, AND ENVIRONMENTAL ASSESSMENTS OF THE
FRENCH NUCLEAR PROGRAM
Marc VIELLE
Economist
CA9800016
Institut d'Economie Industrielle & Commissariat a PEnergie Atomique
IDEI - Universite des Sciences Sociales Place Anatole France 31042 Toulouse Cedex France

The French nuclear program : an exceptional contribution to the supply of electricity
In France, nuclear power generation contributes decisively to energy supply. In 1994, nuclear
power generation production was 341.6 TWh, i.e. more than 75% of the total electricity
generation, with a total installed capacity of about 58.5 GW. In France nuclear power is far the
most competitive source of base load electricity generation (see table I). In 1994, the nuclear
sector (including research, plant construction, the nuclear fuel cycle and electricity generation)
represented F. Fr 104 billion, i.e. 1.5% of the French gross domestic product (1). Moreover,
the French nuclear industry exports electricity. In 1994, 66.9 TWh mainly from nuclear
production were exported, which contributed F. Fr 15 billion to the credit side of the balance
of payments. For 1994, the exports of Framatome are assessed at about F. Fr 8 billion,
corresponding mainly to the manufacture of two power plant in China (Daya Bay 1 and 2).
Cogema, the French nuclear fuel operator, sold nuclear materials and services for F. Fr. 9.5
billion. So, nuclear activities contributed more than F. Fr. 32 billion to the balance of payments.
It is also evident that nuclear power has contributed to reducing emissions of atmospheric
pollutants in France.
Table I : Electricity generation cost in France
cF93/kWh

Nuclear
Coal1
Gas2

Investment Operation
13.6
5.6
11.3
5.8
5.9
2.4

Fuel
4.5 - 6.2
11.7-17.7
21.1-27.4

R. and D.
Total
0.4
24.1 - 25.8
—
28.8 - 34.8
29.4 - 35.7

Source: DGEMP-DIGEC (1993)
Discount rate : 8% - Operating time: 6000 hours/year - Commercial commissioning on 2003
1
Circulating Fluidised Bed Combustion 2 Combined Cycle Plant

This paper presents two studies (2), (3), which try to assess the economic, energy and
environmental impact of the French nuclear program. First, the two models used are described
briefly and then each study is discussed separately. The main results are summarized in the
conclusion.

Micro-Melodie and Gemini-E3 : Two Macroeconomic Models
Micro-melodie (4) and Gemini-E3 (3) are two macroeconomic models that were developed by
the Commissariat a l'Energie Atomique. Each of the models incorporates a detailed
representation of the energy sectors/products, with a classification adapted to the energy
sectors and a specific representation of them. In the two models, electricity is described
separately on the basis of a technological representation where the load curve is a major

component. The links between the energy sectors/products and the macroeconomic part have
been established with great care. Concerning the macroeconomic framework, the two models
are based on different specifications. Micro-Melodie is mainly based on neokenesian
specification, with simultaneous neoclassical demand and supply. Gemini-E3 is a general
equilibrium model based on Walarasian theory and works mainly as a comprehensive tool
devoted to performing cost-benefit analysis of various policy scenarios. Another major
difference is the geographic area: Micro-Melodie gives only a description of the French
economy; Gemini-E3 is a worldwide model in which three areas are taken into account:
France, other members of the European Union and the rest of the world.
MICRO-MELODIE

Zone : France
Sectors/commodities: 3 Electricity, Fossil Fuel, Others
Running period : 1970-2015
Economic Background : Neokeynesian theory and neo-classical theory
Production function :

Translog
Technological for electricity

Households' Demand : Translog
Atmospheric Pollutant emission : CO2, SO2 and Nox

GEMINI-E3

Zones : France, Other European Countries, Rest of the World
Sectors/commodities : 11 of which 4 for energy (Coal, Gas, Electricity, Oil and refined
Products)
Running period : 1985-2010
Economic Background : Walrasian Theory
Production function :

Nested CES
Technological for electricity

Households' Demand : Linear Expenditure System
Atmospheric Pollutant emission : CO2

Two different assessments of the French nuclear program
France without nuclear power
In this scenario we assumed that France did not invest in a massive PWR program. If a
program for replacement of nuclear power plants by fossil fuel fired power stations had been
initiated in 1970, the first unit would have been brought into service in 1977. The date of
commissioning would have been in the period immediately after the increase in crude oil prices
and thus the fuel used would have been coal.
Brief description of the coal scenario
In order to secure a relatively high level of independence in energy supply, the French
authorities would have had to develop coal mining. Taking into account the technical
characteristic of coal deposits in France, an increase in output of coal of 5 Mt per annum in the
Lorraine region for electricity generation was envisaged, while the remaining coal needed
would have been imported from those countries which generally supply coal to France.
Initially, all of the coal fired units would have been constructed with grate furnaces. We
assumed that all coal fired units, with the exception of the four units constructed in the
Lorraine region, would have been fitted with effective desulphurization equipment, in the form
of flue-gas scrubbers, operating at 90% efficiency. Fluidized bed technology would have been
introduced progressively between the year 2000 and 2005. The cost of investment for a coal
fired power was adjusted in order to take into account the various impact arising from the
development of a major program for the production of electricity from coal (see table II).
Large scale plant construction would have reduced the cost by 7% before 1975 and by 9%
after 1975. The consequence of an increased number of units per site was assessed at 3% cost
reduction. A higher capacity per unit would have entailed a cost reduction of 4% after 1975.
By contrast, difficulties in connection with siting would have increased the cost by 3% before
1975 and by 5% after 1975, and installation of desulphurization equipment would have led to a
20% higher cost after 1975.
Table II: Impact of a massive program for the production of electricity from coal upon the
cost of investment in installed capacity

Impact of large scale production
Number of units per site
Technical series
Difficulties of siting
Desulphurisation (90%)
Total

Before 1975
-7%
-3%
0%
3%
0%
-7%

1975 onwards
-9%
-3%
-4%
+5%
+20%
+9%

On the other hand, the nuclear option is characterized by high levels of industrial investment in
the nuclear fuel cycle. A proportion of these investments (approximately F. Fr 33 billion at
1994 values, mainly for the construction of UP2 and for prospecting) had already been
committed prior to 1970 and may be classified as investments in the operation of graphite gas
units. However, the major part of the investment in the nuclear fuel cycle took place after
1970. In our coal scenario, this expenditure (calculated at F. Fr 110 billion) would not have

been required. For nuclear power plants, the total cost of investment from 1970 to the present
time was estimated at F. Fr 420 billion on a plant-by-plant basis. For the period from 1970 to
1994, the total cost of the nuclear program was estimated at F. Fr. 530 billion. The coal
option, like the nuclear option, must be considered initially in terms of investment in the fuel
cycle, i.e. including the cost of increased coal production in the Lorraine region and the
extension of harbor capacity. The new harbor infrastructure and the new coal mines require an
investment of F. Fr. 50 billion. To provide the same net capacity, 62 GW of coal fired capacity
would have been required for replacing 64 GW of nuclear capacity (since approximately 2 GW
are required to supply the Eurodif plant). This investment would have totaled F. Fr. 335
billion. For the same net capacity, the total cost of the program for the production of electricity
form coal would have been F. Fr 385 billion.
Table III: Investment in the coal and the nuclear option (FF billion at 1994 values')

Mines
Harbor
Processing
Enrichment
Manufacture
Reprocessing
Power Plant
Total

Coal option
8
42

335
385

Nuclear Option
3
2
34
2
69
420
530

We assumed a 10% increase in the international coal price for the period from 1980 to 1986.
Increased demand of coal in France at a time when the international market was restricted
would undoubtedly have led to an increase in energy prices. In response to the increased coal
demand in France, the worldwide demand on the international steam coal market have
increased by 20%. For the period after 1995, our assumptions of coal prices are based upon
US $ 44 per tonne of coal by the year 2010.
Energetic impact
Figure 1 shows the actual past development development of the structure of electricity
production in France. Figure 2 shows how this structure would have developed in France
without nuclear power. In terms of electricity supply, the situation in a nuclear free France
would have been comparable with the situation in the United Kingdom, with 70% electricity
produced from fossil fuel plants and approximately 30% produced from nuclear and
hydroelectric plants. At present, the price per kilowatt-hour of electricity under the coal
scenario would be some 15% higher. The increase in electricity prices would have reached
20% in 1986 (before the decrease in the international price of coal). By now, the price of
electricity would be highly sensitive to fluctuations in the price of coal. Consequently, by year
2000, the price of electricity would increase by 16%. In a nuclear free France, the increase in
electricity price would lead to a decline in electricity consumption and to the replacement of
electricity by other forms of energy. In the energy sector, this decline in consumption would be
due mainly to the absence of the Eurodif plant, which accounts for an annual electricity
consumption of 20 TWh. In the industry, the impact of higher electricity prices would vary
according to the industrial sector concerned. The impact on other sectors would be extremely
limited. In the residential sector, heating would also be most affected by the electricity prices.

In particular, high electricity prices would lead to much less growth in central electric heating,
with an estimated decline in electricity consumption of 10 TWh. The net exports of electricity
would be close to the level of supplies delivered under contracts based upon long term cost
differentials. In a nuclear free France, the comparative advantage of the French electricity cost
would be considerably reduced, which would lead to total discontinuation of net electricity
exports (63.4 TWh in 1994). In 1994, the total drop in national electricity production would
have been close to 115 TWh, while the final energy consumption would have decreased by 28
TWh.
Figure 1 : Structure of electricity production. France with nuclear power.
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The overall structure of the final energy consumption in a nuclear free France would have been
close to the present pattern. The same can certainly not be said of the primary energy balance.
The fossil fuel consumption in France would have been almost 60 Mtoe higher than the current
value, with coal for electricity production accounting for the major proportion of this figure.
Independence in energy supplies, as shown in figure 3, would currently be approximately 20%
(as against its actual level of nearly 50%), which is close to the figure for 1973.

Figure 2 : Structure of electricity production. France without nuclear power.
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Figure 3 : Independence in energy supplies (%)

Macroeconomic effects
The structure of the economy (see table IV) would have been modified by the following three
factors: decreasing investment in the electricity sector and the fuel cycle, rising electricity
prices, and a substantial reduction of the independence in energy supplies.

Table IV : Nuclear Free France - Macroeconomic Impact.
1975
1995
1980
1985 1990
GDP
0.0
-0.4
-1.6
-1.3
-1.3
Imports
-0.1
0.1
-0.1
0.3
0.1
Exports
0.0
0.2
-0.4
-0.2
-0.4
Consumption
0.1
0.1
-0.9
-0.9
-1.1
-0.5
Investment
-1.9
-2.4
-0.7
-1.3
-0.4
Price of Consumption
0.9
0.4
0.7
-0.4
Source : Micro-Melodie, Percentage deviation to reference scenario.

2000
-1.3
-0.1
-0.2
-1.2
-0.5
0.7

2005
-1.6
-0.3
-0.2
-1.4
-1.7
0.8

2010
-1.6
-0.3
-0.2
-1.6
-1.3
1.0

Chronologically, the first of these factors having any impact would be the decreasing
investment in the electricity sector resulting from the discrepancy in the cost of investment per
Kwe between installed nuclear capacity and coal fired capacity and resulting from the reduction
of total net capacity required (which in itself, would result from the reduced demand for
electricity). The macroeconomic impact of this factor would be equivalent to a keynesian
multiplier. In general terms, there would have been two main consequences, namely a
significant reduction of economic activities (see Table IV) and a reduction of the pressure on
the trade balance towards the mids- 1970s. The remaining two factors would have a significant
effect from the early 1980s onwards, with their sudden impact exacerbated by the fact that this
was a period of high prices on international coal markets. Higher electricity prices would have
increased the production cost of firms, which would then have passed on these increased cost
to the consumer in the form of higher prices. Households would have been affected by the
increase in the cost of domectic electricity itself, and by the increased price of goods and
services involving electricity. In wage negotiations, these increases would have been offset only
to a limited extent by increased earnings, since index linking would have been limited by a
significant rise in unemployment. By the present day, there would have been a 0.8% reduction
in purchasing power. By the year 2000, this reduction would reach 1.2%. The main effect of
this loss of purchasing power would have been a decline in household consumption (1.1% in
1995), which would have had a negative impact on economic activities (-1.3% in 1995).
Nearly 100 000 jobs would have been lost. Reduced independence in energy supplies has a
negative impact on the trade balance. This annual negative impact would have been almost half
of the deficit actually recorded for the cif/fob trade balance. The decrease in final energy
demand (investment and consumption) would have had a positive impact on the external trade
balance (by reducing imports and releasing capacity for exports), but this would not, in itself,
have been sufficient to offset the major increase in national energy cost. The cumulative deficit
over the period from 1981 to 1990 would have exceeded F. Fr. 110 billion at 1994 values.
Over the decade from 1991 to 2000, this cumulative deficit would reach F. Fr. 210 billion. At
present, the impact of the French nuclear program (in terms of economic activities,
employment and external trade) is generally positive. If this program had not been
implemented, the impact might be compared with that of an oil crisis, with a long term increase
in the price of oil by US $ 20 per barrel.
Environmental impacts
We consider now the consequences of the French nuclear program in terms of emissions of
atmospheric pollutants. In the coal scenario considered, these gases are generally emitted by
the generating plant. However, the significant economic changes by use of coal for electricity

production would certainly have had some impact on the emissions, particularly through the
substitution of energy sources by other sources for the overall energy demand. All emissions of
atmospheric pollutants (including indirect or induced emissions) have been recorded. However,
we have taken no account of changes in the primary energy balance of foreign countries, such
as Germany or Italy. The current amount of sulphur dioxide emissions would be higher by 230
kt per annum - an increase of 18%. This increase (which, after all, may be regarded as
relatively modest) is closely linked to the assumption that effective desulphurization measures
would have been applied to all coal fired power plant units constructed (otherwise, the sulphur
dioxide emissions would have reached 11 400 kt per annum - an increase of 100%). At
present, the amount of nitrogen oxide emissions would be higher by 510 kt per annum, an
increase of 29%. In a nuclear free France, these extra nitrogen oxide emissions would reach
720 kt per annum by the year 2000. The amount of carbon dioxide emissions (390 Mt per
annum in 1989) would be exceeded by 230 Mt per annum. By the year 2000, these extra
emissions would recah 340 Mt per annum (see figure 4), which amounts to 6 Gt of carbon
dioxide emission over the next twenty years, calculated on a cumulative basis.

Figure 4 : CO2 Emission in France million tonnes of carbon dioxide
• France • France without nuclear

Nuclear Moratorium
In this study we assume France adopted a nuclear moratorium based on the scenario that
France had decided to cancel all investments in nuclear plants starting from year 1985 and to
progressively decommission existing facilities so as to obtain a complete denuclearization in
2015.

Effects on the energy sector
We assume that the net exchanges of electricity (70 TWh in 2015) are gradually reduced and
that they will exactly balance by the year 2000. All remaining nuclear power plants (37.4 GW)
will then be dedicated to French consumption. The use of the model Gemini-E3 yields the
following results. The national demand of electricity is reduced by about 50 TWh (-8%) in
2015, with a price increase of about 17% (see figure 5).

Figure 5 : Percentage variation of electricity price
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Concerning production, the canceled nuclear plants are substituted by coal and gas plants (see
figures 6 and 7). By the year 2015, the installed capacities will be reduced by 13 Gwe. Coal
would replace nuclear for base demand, coal capacities would increase by 50 GW, gas
capacities would only increase by near 5 GW in 2015.
Figure 6 : Thermal capacities baseline scenario.
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Figure 7 : Thermal capacities moratorium scenario.
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By the year 2015, the structure of thermal electricity generation will be 75% for coal, 25% for
gas, compared with the reference case (86% for nuclear and 14% for gas).
Macroeconomic effects
The results (see table V) are mainly explained by two factors : the increase in the electricity
price and the devaluation of the French Franc. The increase in the electricity price will induce a
substitution of electricity energy by others (coal, gas, oil and refined product) and a change in
other factors of production (labor, capital and other non energy inputs). Furthermore,
households will reduce their electricity consumption by 7%. The second factor is related to the
increase in imported resources for electricity generation (gas and coal) which induces an exante deficit of the trade balance. This deficit will be obliterated by a devaluation of the French
franc (5.5% against the ECU and the US $ by the year 2015). The export of French products
(except electricity) will be promoted by the devaluation and the total export will increase by
5% in 2015, while at the same time the imports will increase by 0.5% by the year 2015, mainly
because the energy imports increase.
On the whole, the reduced efficiency of the economy will generate a loss in the welfare of
people, whose consumption will be reduced by 2.6% in the year 2015. The GDP will be
reduced by 2% in the year 2015.

Table V Nuclear moratorium - Macroeconomic Impact.
1985
1995
2005
2015
Variables
France
GDP.
0.0
-0.3
-0.5
-2.0
0.0
-0.2
0.5
-0.3
Import
0.0
1.3
5.0
1.4
Export
Consumption
0.0
-0.6
-0.9
-2.6
Investment
0.0
-1.5
-6.0
-1.3
Source : Gemini-E3, Percentage deviation to reference scenario.
Environmental impacts
As for the coal scenario, the environmental effects of this scenario can be determined. This
being done only concerning carbon dioxide emissions. Environmental effects are also very
sensitive (see figure 8), with an increase of French CO2 emissions of 280 Mt of carbon dioxide
in 2015. In Europe the increase would be equal to 62 Mt in 2015, in Rest of the world
emission would decrease by 47 Mt due to the decrease of GDP (-0.1 % in 2015). The current
worldwide carbon dioxide emissions would be exceeded by 100 Mt in 1995 and by 300 Mt in
2015.
Figure 8 : Variation of CO2 Emission million tonnes of carbon dioxide.
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Conclusion
As environmental matters become the focus of increasing concern, the implementation of a
major nuclear power program has allowed France to enjoy the benefits of a comfortable
position. In France, the emissions of carbon dioxide per capita are among the lowest in the
industrialized world.
In terms of economic impacts, the most obvious consequence of this program is the stability of
the electricity prices resulting from the increasing self-sufficiency of France in energy supplies
(from 22% in 1973 to 51% in the year 1994). Besides, the two studies, which use two different
models, show that nuclear industry has a positive impacts in terms of the welfare of people,
measured by the consumption of household goods. Thus we can say that the French nuclear
11

industry has improved the French economic efficiency, has increased the common welfare and
has significantly contributed to the abatement of atmospheric pollution.
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Abstract
Fiscal constraint, globalization of markets, and accelerated technological change have resulted in a
new focus on the cost-effectiveness of government activities and, in turn, on methods of policy
evaluation. An exploration of regulatory problems, and the use of regulation as a public policy
instrument, reveals a commonalty of experience in all industrialised countries. This paper
provides a brief synopsis of the Government of Canada's perspective on cost-effective regulation.
To understand cost-effective regulation, this paper examines the principles of regulatory reform
which underlie the current strategy of the federal government (collaborative decision-making
mechanisms, methods of clear policy evaluation, and well defined lines of accountability). It
discusses the nature of, and rationale for, government regulation, the reasons for regulatory
reform in the economy, and the principal aims of Canadian regulatory reform and regulatory
policy assessment. It does so by specifically addressing the role of cost-benefit analysis in the
process of regulatory assessment-a method which involves systematically identifying, and
quantifying where possible, the social benefits and costs associated with alternative public policy
actions—with a particular focus on regulation which affects the Canadian nuclear industry.

Preamble1
In Canada, issues pertaining to atomic energy fall under the exclusive jurisdiction of the federal
government.2 In 1946, safety and security concerns following World War II led to the passage of
the Atomic Energy Control Act,3 which established the role of the Atomic Energy Control Board
(AECB) in protecting the national interest in atomic energy regulation. The mission of the AECB
today, "to ensure that the use of nuclear energy in Canada does not pose undue risk to health,
safety, security and the environment," is accomplished by "controlling the development,
*
2
3

The authors wish to thank Dr. Jatin Nathwani for his valuable comments on an early draft of the present paper, as well as
Mr. Todd-Jeffrey Weiler for his insightful remarks and assistance.
Ontario Hydro v. Ontario (Labour Relations Board) [ 1993] 3 S.C.R. 327; D.L.R. (4th) 457.
R.S.C. 1985,c.A-16.

application and use of nuclear energy in Canada, and by participating on behalf of Canada in
international measures of control."4
Along with other highly regulated industries, the nuclear industry shares concern for the quality
and effectiveness of the regulation that affects it. This includes four primary types: (1) regulation
governing prices of the product; (2) international anti-proliferation protocols; (3) occupational
health and safety of nuclear workers; and (4) safety of nuclear power reactors (including source
materials, waste, and operations).5 Price regulation, being a question of provincial policy, is not .
discussed in this paper, nor are the international treaties negotiated by the Department of Foreign
Affairs. The focus, rather is on those areas of nuclear industry regulation administered by the
Atomic Energy Control Board.
While the AECB exercises authority over the various terms and conditions of permits and licenses
it issues, the regulations it may design are subject to the approval of the "Governor in Council."
The authority of the "Governor in Council" to make regulations is mandated by statute and
exercised by the cabinet of the federal government. This guarantees that the AECB does not act
independently of the policy directions set by the Government of Canada. It also makes the AECB
subject to the same general policies and guidelines as other federal regulating bodies. The reform
and administration of these general regulatory policies and guidelines is the focus of this paper.

Introduction
This paper addresses the Government of Canada's perspective on cost-effective regulation. We
begin by exploring why regulation is used as a public policy instrument as well as the common
problems that all industrialized countries have encountered because of the extensive utilisation of
regulation. The principles of regulatory reform which underlie Canada's current federal
government strategy — the need for collaborative decision making mechanisms, methods of clear
policy evaluation, and well defined lines of accountability - a r e then examined.
Fiscal constraints, globalization, and accelerated technological change have made the costeffectiveness of government activities much more critical to the nation. In this paper, specific
emphasis is placed on the role of cost-benefit analysis in the process of regulatory assessment, a
method which involves systematically identifying, and quantifying where possible, the social
benefits and costs associated with alternative public policy actions. We will pay particular
attention to three theoretical challenges to valuing costs and benefits in the nuclear energy
industry: public risk perception, valuing human life, and measuring environmental benefits.
The flow of the paper is as follows:
•
•

Section I discusses the character of and justification for government regulation;
Section II considers regulatory reform in the economy, the existing weakness within the
system, and the challenges facing the current process of regulatory reform;

Atomic Energy Control Board, 1995, Page 3
Nuclear Energy Agency OECD, 1983, Page 38.

Section III details the aims of Canadian regulatory reform, focusing on the Government of
Canada's Regulatory Policy;
Section IV discusses policy assessment and the usefulness of cost-benefit analysis,
highlighting some difficult issues regarding the analysis of nuclear related regulations; and
a concluding section briefly summarises the main points of the paper.

Section I - Why do governments regulate?
a) The rationale for government intervention
Like expenditure and taxation, regulation is a fundamental tool of public policy. It is used by
government decision-makers to address a variety of social and economic issues and affects
virtually every aspect of the lives of Canadians. For instance, governments employ regulation:
•
•
•
•

to promote health and safety;
to prevent both unfair competition and unequal access to goods, services and markets;
to protect common and natural resources and allocate the use of public property; and
to protect institutions and organizations that are deemed to be culturally or economically
important to Canada.6

All successful regulation responds to identifiable social or economic problems. Protecting the
public interest is the primary motivation for most government regulation. Government
intervention for any of the reasons described above (whether by regulation, or by an alternative to
regulation) operates by changing the behaviour of the central players in such a way as to reduce
the risk and/or social costs associated with the problem being addressed. Regulations are,
therefore, often described in terms of the types of behaviour that they seek to change:7

6
7

•

Economic Regulations - are set in the context of economic markets and seek to improve
efficiency by changing the way firms set prices, introduce new services or products, or
deal with competitors. Regulation usually involves such issues as price determination
and/or market entry. It may also focus on aspects of the framework within which
economic activities are conducted, including competition, contract law, bankruptcy rules,
treatment of intellectual property, financial practices, or specific industry activities.

•

Social Regulations - are set in the context of social issues and often have a cross-cutting
impact on the economy. These regulations deal with safety, health, the environment and
the quality of life of Canadians. They stem from social values concerning the rights of
individuals and groups, and they seek to change the production and distribution conditions
under which goods and services are produced, as well as product or service quality.

Treasury Board Secretariat, 1994, Page 2.
For further discussion of the definition of regulation, sec A. Alexandra ff and R. Schultz, 1985 and J. Strick, 1994.

•

Administrative Regulations - deal with the efficiency of government operations and seek
to improve the effectiveness of government actions. These regulations deal with the
administration, allocation and collection of government financial resources, with the
management of information involving individuals and firms, and with issues of
government-private sector relations.

b) A theoretical perspective on what regulation seeks to accomplish
Economists, who have the unnerving tendency to look at all problems as issues of market failure,
argue that there is a good rationale for government intervention when "externalities" exist that
have not been priced, when there are problems of concentration of market power, or when there
is insufficient information available to all market players to make an efficient choice.8
In cases of market failure, social costs are passed from identifiable parties to the general public.
These costs can be registered in the destruction of public goods (i.e. goods that are not owned
explicitly by individuals, e.g. a lake or clean air), or in situations where actions cannot be
attributed to a single agent. The social and economic outcomes would not be optimal if those
suffering the negative consequences were not compensated, which requires that the responsibility
for any compensation costs be imposed on the project decision-makers to induce them to act
responsibly. Without government intervention, society's resource allocation decisions would
generate too many polluted lakes.
To illustrate the use of regulation to correct problems in the market, ponder what monopoly
utilities (such as cable, telephone, or electricity companies) would do with prices if managers had
carte blanche to increase profits. Again, the socially optimal outcome would not emerge if prices
were set too high, or the supply of goods or services artificially restricted. Competition law is the
classic example of government regulation to address this problem. For regulated industries, pricesetting boards or provincial government directives perform the same function.9
Governments also regulate goods and services, such as drugs, banking operations, securities
markets or hazardous consumer products because it is difficult, if not impossible, for average
consumers to have adequate, up-front information about the efficacy of every product.
Government regulation becomes crucial when the consequences of ignorance in this context are
severe, (i.e. trial and error learning about potentially hazardous products is not feasible without
creating "excessive risks" to personal health or finances, or the environment).
This economic classification of regulation fits the Canadian nuclear industry well. Consider the
safety of radio-pharmaceuticals (a Health Canada responsibility), the protection of workers from
These ideas can be illustrated with some hypothetical cases involving questions of "externalities":
• a lake is polluted by a factory's run-off, killing fish, waterfowl, and the local fly-fishing industry; or
• a wealthy and reputedly risk-loving entrepreneur wants to build an experimental nuclear power plant in a residential
neighbourhood.
For a rigorous and informative discussion of the economic rationale for government intervention in the economy, see R.
Boadway and D. Wildasin, 1984.
The Canada Labour Code is arguably intended to serve the same purpose of balancing market power within the labour
market.

radiation hazards, nuclear reactor licensing, or the prices of electricity. Each of these areas fits
within the previously described framework. For example, the nuclear energy industry involves
building and operating reactors that pose a potential risk to the health of the employees, the
citizens in the communities they serve, and to the environment in the case of an accident. In
addition, such facilities operate in markets with traditionally few competitors because of the
excessive capital costs (leading to a local monopoly or oligopoly).
c) A more precise definition of regulation
Before discussing regulation further, it is important to be more precise about what it is.
Regulations may be generally defined as government-created rules which modify the behaviour of
individuals and firms and which are enforceable through penalties for non-compliance.10 A
regulation describes a set of actions which are required or prohibited and clearly states the
consequences if the rule is not observed.
This definition implies that it is necessary for the regulator to be able to observe and attribute
actions to specific parties. For instance, expanding on the example of the polluted lake,1' in order
to correct the pollution problem we may wish to design a regulation to prohibit the dumping of
any chemicals into the identified lake, or alternatively to impose a fee for every unit of pollution
discharged into the water to fund amelioration of the damages. The penalty for non-compliance
might entail the imposition of fines, or even the closure of the offending factory. If there is one
lake and one factory, it is relatively easy to link the problematic action, the cost of damages, and
to identify control options. If there are two or more factories, the regulator must incorporate the
impact of the cumulative actions of multiple actors into the solution strategy. The regulator needs
to know who is dumping chemicals and if possible, how much. As stated above, in the ideal case
the specifics of the regulation, as designed by the regulator, should reflect the means most likely
to correct the behaviour leading to the problem in question.
The next section will present the challenges facing our regulatory system and begin to address
why we must amend the last statement to read: the specifics of regulation should reflect the
means mostly likely and affordable to correct the problem in question.

Section II - Why focus on cost-effective regulation?
a) Is there a need to change the way government regulates?
"We regulate in order to improve public welfare. Yet. ironically, regulations — if
ill considered or poorly designed—set our welfare back, by making it much more
difficult for business to generate the productivity improvements on which

This is based on the definition employed by the Economic Council of Canada (1979) in their report "Responsible
Regulation: An Interim Report" published by the Minister of Supply and Services, Ottawa, Canada. For further detail see
W.Stanbury, 1992.
Supra note 8.

improvements in our standard of living depend... When regulation is as pervasive
in our economy as it now is, bad regulation is something that we cannot afford."
Regulations and Competitiveness, A Report of the House of Commons' Standing
Committee on Finance, February 199212
Regulations, however well intentioned, can have significant impacts on Canadian businesses and
the economy. It is currently thought that federal regulations annually cost Canadians about $30
billion (an estimate with a wide margin of error), or the approximate equivalent of one-fifth of
federal government budgetary expenditures.13 Estimates for 1995-96 place the number of people
working in inspection and regulation fields at close to 20,000 and the operating costs of
regulatory programs was some $1.8 billion;14 these would be substantially larger if the
administration of tax regimes were also included.
Regulations can create serious market distortions. For instance, if a regulation makes it difficult
for new firms to enter a given market, the resulting barriers to entry will give an advantage to
existing firms and may cause resource inefficiencies which ultimately hurt all Canadians.
Similarly, regulations which are enforced sporadically or inconsistently can result in strategic firm
behaviour to avoid compliance thereby causing further distortions.15
Since 1978, the page volume of Canadian federal regulations and statutes has approximately
doubled to 120 megabytes and 65 megabytes of computer storage respectively. While regulatory
inflation (defined simply as the growth of regulation) is not bad in and of itself, it is certainly the
case that where regulation has costs that exceed benefits it lowers productivity, lowers the
standard of living, costs jobs, and also increase mortality and morbidity.16
It should be acknowledged that much federal regulation uses detailed, prescriptive language which
can quickly become outdated and inflexible to the demands of rapid technology change, or to
changes in the economy. Inflexible regulation limits innovation and poses a disincentive to
research and development in Canada. For example, in the late 1980s, the rigorous technical
standards in regulation pertaining to the safety of baby cribs were not sufficiently flexible to allow
for an innovation for wheelchair-using parents. A new design, which met the safety goals, would
have allowed the crib's side panel to slip underneath the crib bed without disassembly. Regulators
did not anticipate this innovation, resulting in a significant delay in the introduction of an invention
which would have enhanced both child safety and the quality of life for disabled parents.
Regulatory reform is necessary to address such weaknesses in our current regulatory regime.

12

Treasury Board Secretariat, 1993, Page 1.
Based on an extrapolation of Thomas Hopkin's estimate in the cost of regulation in the United States of America found in
"The Cost of Regulation", 1992.
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Treasury Board of Canada data available from the authors. See also Stanbury, 1992, Page 23A: 15 for earlier estimates.
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See J.T. Scholtz, 1984; J.V. Rees, 1988.
*" For further discussion, see Treasury Board Secretariat, "Tackling Regulatory Inflation: The Canadian Approach", 1995.
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b) What external challenges are driving regulatory reform?
In addition to these weaknesses in our regulatory system, there are a number of new challenges
arising from the growth of technology and the continued opening of international markets. The
1992 government response to a parliamentary committee report, Regulations and
Competitiveness, identified the following key challenges facing Canada:
•
•
•
•
•
•

an increasingly global market place in which business survival depends on timeliness and
quality;
the difficult fiscal situation facing all governments;
increasing concerns about internal trade barriers;
a rapid pace of technological change;
a public that is cognisant of health and environmental issues; and
more sophisticated business and labour communities.17

Perhaps the most consistently identified motivator for reform for all aspects of government
systems is the attention to fiscal constraints and debt obligations. Revenue generation through
escalating taxes has little support among citizen-taxpayers. Increasingly, political rhetoric at all
levels focuses on the need to find efficiencies and to re-evaluate spending priorities. The
cumulative cost of regulation on citizens and businesses requires a thorough assessment.
As a federation, Canada faces the additional challenge of co-ordinating regulatory actions across
the federal government and between levels of government. Geographic, linguistic, and political
differences between provinces complicate any attempt to reduce overlap and duplication of
programs that have become thoroughly entrenched in the political and legal systems. Indeed,
Canadians have shown considerable interest in not rationalising the roles between governments,
while insisting that we co-operate better.18 Ten provincial authorities and the federal government
operating in closely related fields adds unnecessary bureaucracy to the regulatory process, results
in barriers to internal trade, and may seriously threaten Canadian competitiveness.
Internationally, competitiveness is a central theme of discussions on regulatory reform. Capital
and information mobility feed globalization, and this in turn has focused attention on the need for
governments to consider new approaches to achieving their regulatory goals. The majority of
OECD member nations now have reform programs in place. For many, the strategic issue is how
to better manage regulatory systems, in some cases, built up through decades of piecemeal action.
There is also the international movement toward eliminating barriers to trade (both the WTO and
NAFTA contain obligations to avoid erecting barriers) which increases pressure to break down
regulations that favour domestic firms.19 As a trading nation, Canada has an interest in
positioning itself as a country with a sensible regulatory regime. To this end, Canada participated
17

Treasury Board Secretariat, 1993, Pages 1 -2.
This can be evidenced in the many rounds of constitutional negotiations which have taken place over the past two decades,
none of which have laid to rest the shape of the Canadian federation. This experience seems to confirm the familiar
refrain that Canadians (and their political leaders) know they want something different from government; they just don't
know what it is that they want.
' ^ See, e.g.: J. Braitewaite, 1993; or T.J. Weiler, "What Colour is Your Margarine?" [unpublished] available through Internet
URL: http://www.cyberus.ca/~tweiler/papers.html.
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in the design of the 1995 OECD Recommendation on Improving the Quality of Government
Regulations,20 the first international standard on regulatory quality.
Regulatory reform is necessary to address the new challenges facing the Canadian regulatory
regime.
Having identified the significant challenges facing the Canadian system, we will turn to the
Government of Canada's perspective on cost-effective regulation and how we combine the
notions of behavioural change or regulatory compliance and concern about the cost of the
implementation of regulations.

Section III - What is cost-effective regulation, and what is the Government of
Canada's perspective on it?
a) First and foremost — a compliance focus
Regulators are asked to take a compliance-oriented approach in thinking about programs. Why?
Because that is what regulating is all about. It is not about criminal behaviour, by and large;21 it is
not about the number of enforcement actions taken in any given period. Regulation is about
getting Canadians (and others affected) to act in the public interest and to avoid certain otherwise
perfectly legal behaviours leading to unsatisfactory results. The main criteria for assessing
whether a regulation had the desired impact is to determine whether in fact regulatees complied
with the regulatory requirements, and were able to do so at reasonable cost.
Regulators are encouraged to focus on those factors and conditions conducive to promoting
compliance, and then to select the most cost-effective mix of tools to enforce or to encourage
compliance.22 As alluded to in the description of regulation,23 effective regulations are those that
are carefully designed to address a specific problem. A broad degree of consensus among
regulators, regulatees and other affected parties on how to frame regulatory issues and objectives
will lead to "smarter regulation" — where regulation is indeed the appropriate response. A good
consensus should result in higher compliance rates and the realisation of higher social gains.
Regulatees are more likely to comply with the rules if they:24
1. perceive rules to be fair;25
20
2

!

22
23

^
2

^

See Appendix A.
See, generally: L.S. Fairbairn, 1993.
Infra note 32.
Supra note 11.
Based on a study conducted by D. Millar entitled Psychological Factors Influencing Compliance (a Study for the Federal
Statutes Compliance Project) 1985.
For example, by having regulatees participate in rule formation; getting consensus on the goals for regulatory systems;
ensuring regulatees agree that rules will be effective; building in flexibility to allow regulatees to achieve goals in
alternative ways; providing clear and feasible direction; being sensitive to differences in context; and ensuring equal
impact of rules on regulatees.

2.
3.
4.
5.
6.

perceive enforcement and monitoring of rules to be fair;26
have good knowledge of the rules;27
are committed to rules;28
feel personally responsible for compliance; and
believe there are benefits for compliance and costs for non-compliance.

Second, regulators can promote compliance by developing and maintaining effective relationships
with regulatees. Regulators will be able to affect regulatees1 behaviour if regulatees feel that they
are active participants in the regulatory process and not the recipient of a series of "command and
control" dictates from a regulatory body unresponsive to the concerns of the industry.29
b) Cost-effective regulation is regulation which meets the Government of Canada's
Regulatory Policy
Regulatory reform in Canada, as a response to identified weaknesses and new challenges, has
manifested itself in a strategy for "regulating smarter".30 Recognising that managing risks on
behalf of the Canadian public and allocating rents through intervention in the economy are
complex tasks and important responsibilities, the Treasury Board Secretariat has adopted policies
to promote good governance across government departments. Consistent with the principles of
the 1995 OECD Recommendation on Improving the Quality of Government Regulation?1 the
Canadian regulatory reform strategy endeavours to promote decision-making and policy design
concordant with democratic principles. This approach has dialogue with affected parties and the
public as its corner stone, and is centred on openness, transparency and political accountability,
with an additional emphasis on effective analysis of the impacts of regulatory proposals.
The objective of the Government of Canada's Regulatory Policy is to ensure that the use of the
government's regulatory powers results in the greatest net benefit to Canadian society, in other
words, cost-effective regulation.32 When regulating, authorities must ensure that they comply
with six general policy requirements:
1. A problem or risk exists, federal government intervention is justified and regulation is the
best alternative.
2. Canadians are consulted, and they have the opportunity to participate in developing or
modifying regulations and regulatory programs.
3. The benefits outweigh the costs to Canadians, their governments and businesses, and in
managing risks, resources are used where they do the most good.

^°
29
30
31
32

For example, by treating regulatees consistently; being sensitive to regulatees' motives; reacting appropriately to violations
according to their seriousness; and take into account the record of compliance.
This requires regulatees to be educated in regard to not just the rules, bul the underlying rationale. Also they have to
know how well they have complied with requirements.
Regulators can work towards this by having regulatees participate in rule development; getting them to publicly commit to
following the rules; encouraging self-regulatory behaviour (i.e. they take on personal responsibility); ensuring regulatees
are aware of their level of compliance; and ensuring there is some stigma to non-compliance.
See, generally: B. Mannix, 1994.
SeeJ. K. Martin, 1995.
Ibid., J.K.Martin 1995.
Treasury Board Secretariat, "Regulatory Policy 1995", November 1995.
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4. Adverse impacts on the capacity of the economy to generate wealth and employment are
minimized and no unnecessary regulatory burden is imposed.
- information and administrative requirements are limited and imposed costs are as low
as possible;
- the special circumstances of small business are considered; and
- parties proposing equivalent means to conform with regulatory requirements are given
positive consideration.
5. Intergovernmental agreements are respected and full advantage is taken of opportunities
for co-ordination with other governments and agencies.
6. Systems are in place to manage resources effectively. In particular to ensure that:
- the Regulatory Process Management Standards are followed;
- compliance and enforcement policies are articulated, as appropriate; and
- resources have been approved and are adequate to discharge enforcement
responsibilities effectively and to ensure compliance where the regulation binds the
government.
In other words, cost-effective regulation is regulation which is flexible, focused on ends rather
than means, focused on high priority problems, based on a partnership model (with other
governments and regulatees), and is the result of an open and transparent development process.
Furthermore, it is regulation where the overall benefits clearly exceed the costs.
c) Costs matter
Despite the fact most recognise we are in a period of fiscal constraint and global competition, it is
probably worth stating the obvious, namely that costs do matter. Regulatory programs are
established to meet goals (usually quite generally stated) established by Parliament. In the desire
to act in the public interest, it is easy for public officials to fall into the trap of focusing only on the
benefits in the specific area covered by the legislation being administered. This is a problem
because, in a society and economy with limited resources, there are always trade-offs to be made.
Resources, whether government or private sector, used to address one problem cannot be used
elsewhere.
It is critical that we, as regulators, remind ourselves that the most important factor behind a
healthy population is income and wealth. There is a well established correlation between income
and health, that is, members of wealthier societies have longer life spans.33 By allocating large
amounts of public funds to risk reduction in one field we may be inadvertently raising the risks in
another. For example, eliminating certain pesticides may reduce the number of related cases of
cancer associated with that product, but the action may cause lower yields, higher prices and
Wildavsky, 1980 argues that it is economic growth and not government intervention that plays the most important role in
improving life expectancy and health. Hadley and Osei,1992 using US census data determine that the relationship
between income and mortality expressed as the income elasticity, that is a change in mortality from all sources related to
changes in income, can be stated as a 1% change in income reduces mortality by approximately 0.05% on the average.
Huber 1984, Page 37, states "for a forty-five year old man working in manufacturing, a 15 % increase in income has about
the same risk-reducing value as eliminating all hazards - every one of them in the work placc.It appears that money is the
ultimate transferable safety permit, and...finally, if wealth is so important in the risk market, perhaps we should be less
quick to accept unnecessarily expensive risk control strategies."
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ultimately poorer health in those who can no longer afford the higher priced food stuffs.
Likewise, spending several million dollars on an aspect of a nuclear safety system that will further
reduce an already infinitesimally small risk of a mishap may divert funds from activities with a
higher return to national wealth and thus national health. Viscusi estimates that in the USA
regulations that cost $30 million to $70 million (US) per life saved will have a net adverse effect
on mortality because of the offsetting increases in risks created by these expenditures.34
Our counterparts in the US Government Office of Management and Budget believe that the range
is somewhat lower in keeping with the earlier work of Keeney, who has developed a model for
estimating the number of fatalities by induced expenditures or costs related to costly regulations
and programs designed to save lives.35 Keeney estimates that for every $7 million (US) in cost,
there is a statistical death. Moreover, Keeney estimates that, given the presence of income level
inequalities, a loss of disposable income of $100 leads to an increase in the annual risk to
individuals in low income classifications (<$5,000) by a factor of approximately 200% over that
of the higher income classification (>$40,000).
Looking at risks from the perspective of cost per life saved shows wide discrepancies. For
instance, the Office of Management and Budget has found that the range is $0.07 million to $132
million (US)36 for regulatory initiatives in the USA. The Harvard School of Public Health has
estimated, on the basis of their work on some 200 life saving government interventions (designed
to advance human health), that an additional 60,000 people could be saved each year if resources
were simply allocated to the more cost-effective interventions. Alternatively, the USA could save
upwards of $31 billion per year while saving the same number of lives it does presently.37
The bottom line is that regulation which is not cost-effective is a killer.

Section IV - What is the role of cost-benefit analysis in ensuring cost-effective
regulation?
a) Cost-benefit analysis
Cost-benefit analysis (CBA) is a process of identifying and quantifying, where possible, the costs
and benefits associated with a particular policy proposal. A cost-benefit analysis "enables decision
makers to determine if a project (in this case a regulatory proposal) is justifiable, serves to identify
marginally valid proposals, and serves to weed out undesirable or non-economic proposals where
costs to society may exceed benefits."38

34
35
3

"

37
38

W. K. Viscusi, 1994, Page 94.
Keeney, 1990.
Table 1, "Risk-cost Trade-offs For Selected Regulations, Page 36 of the "Regulatory Program of the United States
Government" (1988-1989) states regulation regarding unvented space heaters is thought to cost $70,000 per statistical life
saved while regulation regarding a DES ban in cattle feed costs $132,000,000 per statistical life saved.
Harvard School of Public Health, March, 1995, Page 15-16.
J. Strick, 1994, Page 12.
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To perform a CBA, one must begin with a well defined action proposal. This action is then
systematically appraised to determine the direct and indirect benefits and costs associated with its
implementation. The practitioner will ask a series of questions:
•
•
•
•
•

what are the costsftenefits;
to whom do the costs^enefits accrue;
over what time frame do the costs/benefits extend;
where do the costs/benefits occur geographically; and
in what form will the costs/benefits be realised?

Undertaking a good CBA is not a trivial task. Regulators are often plagued by lack of
information on impacts, lack of good risk probabilities, unquantifiable benefits and costs, and
difficult policy issues. Consider just some of the questions regulators have to cope with on a dayto-day basis: what is the value of pristine air; what is the value of fair and equitable treatment of
individuals; what value has national unity; and how should one take into account the obviously
real "public discomfort" about risks they may well have grossly over-estimated? Moreover, the
distribution of costs and benefits does matter, which places regulatory decisions directly in the
middle of value judgements.
Despite such difficulties, the CBA is required by the Government's Regulatory Policy for good
reason. It is only through this logical process that regulators can know whether they are acting in
the public interest (as difficult as that may be to define at times). Actions imposing restrictions on
the behaviour of citizens should be undertaken only in a considered fashion, and in the public
interest, properly construed.
b) The CBA is as much a process as a quantitative methodology
The CBA in Canada's regulatory system cannot be accomplished strictly in offices in Ottawa.
Analysis must be "reality-checked" and generally much of the benefit and cost information must
come from the regulated community. The CBA also provides a framework for discussion with
regulatees which, if done well, will ultimately promote their acceptance of the implemented
solution. Indeed, the Regulatory Policy now mandates the use of the Business Impact Tesfi9
when major regulatory proposals will affect business operations. In essence, however, this boils
down to a requirement that regulatory authorities engage in an explicit dialogue regarding the
impact of regulatory proposals on business operations.
In addition, a CBA advances the regulatory reform's goals of transparency, openness and political
accountability because:
•

•"

requiring departments to use objective, rational criteria to assess policy increases
transparency and openness as a cost-benefit assessment can be performed by any
practitioner familiar with the concepts; and

This is a mechanism, facilitated by computer software, whereby a regulator engages in full consultation with potential
regulatory stakeholders. See: Treasury Board Secretariat, "Using the Business Impact Test Effectively", 1995.
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•

cost-benefit estimates will affect political accountability since they can be drawn on in the
appraisal of implemented programs. A formal evaluation, once a regulation is in place,
will determine if departments correctly anticipated the impacts of their programs on jobs,
markets and individuals in their CBA.

c) Issues in CBA for nuclear regulation
As the Treasury Board publication Benefit-Cost Analysis Guide for Regulatory Programs (1995)
indicates, there is a significant difference between saying that something could go wrong and
knowing that it will go wrong.40
Canadians face a multitude of risks everyday: reckless driving, natural disasters, crime, or even a
nuclear accident. Government, through its agencies, can be effective in reducing certain types of
risks and, as a general principle, it is reasonable to reduce risks until such time as the costs are
greater than the benefits from doing so. But accomplishing this ideal in the context of the
regulation of the nuclear industry entails unique problems —problems which vary markedly with
the type of regulation.
First, the area of occupational safety and health (OSH) is by far the easiest to tackle conceptually
because its regulation is undertaken with a reasonable degree of certainty regarding the risk
probabilities, and because the practical issues fall into relatively well-known territory. That is,
there is little conceptual difference between OSH nuclear regulation and regulation against more
"classical" OSH risk situations. However, there remains challenges associated with determination
of the long term effects of exposure (e.g. new evidence leading to consideration of tightening
exposure limits).41 Also, the inevitable trade-offs of cost versus morbidity and mortality are
always difficult to address.
The second area is much more difficult: namely, the regulation of nuclear reactor and waste
safety. Obvious problems include the degree of technical difficulty in formulating risk assessments
(complex interactive systems and the human factor make it next to impossible to identify and
quantify all possible risk scenarios), the limited evidence available from accidents to formulate
overall risk assessments (although the probability of catastrophes is obviously low), and the
difficulty in assessing the benefits associated with disaster prevention. Approaches such as
ALARA (as low as reasonably achievable), which is the prevailing philosophy underlying nuclear
reactor regulation in North America,42 are fairly easy to explain but rather difficult to implement.

4® Treasury Board Secretariat, "Benefit-Cost Analysis Guide for Regulatory Programs", 1995, Page 73.
^ ' The Atomic Energy Board of Canada has included the Radiation Protection Regulations, (AECB/92-4-1), as an initiative
in the 1996 Federal Regulatory Plan thereby indicating its intention to make changes to radiation exposure limits. The
initiative states that it "will bring Canadian regulations into line with the latest recommendations of the International
Commission on Radiological Protection (ICRP). Review and analysis by the Commission of recent information on the
health effects of radiation have indicated that radiation dose limits should be lowered." (Page 230)
42
D. Okrent, 1987.
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i) Risk Perception by the Public
We will now turn to a more systematic review of the issues. Dr. C.E.S. Franks has observed that
"no major modern industry began with such hopes as nuclear energy, and no major industry has
engendered such great fears. "43
As risk is a constant feature of people's lives, we are continually making risk assessments. We are
bombarded with information, much of it contradictory, which we must sort through in making our
daily decisions. For instance, fire retardant fabrics reduce the risk of injury but fire retardants are
thought to be carcinogenic. Alcohol is constantly targeted as dangerous to one's health but
moderate consumption is linked with positive health benefits and indeed red wine has been linked
to a reduction in the risk of heart attacks.44 In addition, public perception of risk can vary quite
dramatically from risks as they are measured. An example is air travel versus automobile travel.
Few individuals realise that the most important risk consideration when flying on a reputable
airline is not how many kilometres are travelled but how many times the aircraft takes off and
lands. By focusing on accidents per air mile travelled, air travel appears astoundingly safe in
comparison to automobile travel. Nonetheless, studies show that riding in a car with a safe driver
on good highways in good weather is actually statistically safer than an airline flight if one is
travelling a distance less than 750 km.45
When individuals are well informed and take on risk voluntarily there is little reason for the
government to intervene. In fact, there is evidence to suggest that individuals will adjust their
behaviour in the face of government risk reduction programs in such a way that the level of risk
reduction is less than targeted. This theory (risk homeostasis theory may be considered a
psychological equivalent of rational expectations theory in economics) implies, for instance, that
car safety improvements will encourage drivers to take more chances and the number of accidents
will tend to remain relatively constant.46 If the public is not well informed about levels of risk
involving situations where risks are assumed voluntarily, there could in fact be an increase in
accidents (e.g. child-resistant package and poisonings), a substantial decrease (e.g. the temporary
reduction in accidents when Sweden changed to left-hand drive cars from right-hand drive—the
rates went back to normal once everyone figured out that safety had not in fact been
compromised), or no change at all (e.g. ABS brakes do not affect the accident rate). This has
important implications in the design of both OSH regulation—which depends to a considerable
degree on worker and management behaviour-and for nuclear safety regulation which has to
cope with the "human factor" in regulating operating procedures.
In the nuclear OSH area, science, the education of workers and management, and smart
regulation can combine to provide cost-effective programs as they have in other OSH areas.
While, as with most OSH areas, "engineering" solutions will normally be preferred to
"behavioural" solutions (e.g. minimal exposure built into the workplace as opposed to protective

43
44
45
46

C.E.S. Franks, 1985, Page 1.
L. Laudin, 1994, Page 135.
Ibid. Laudin, 1994, Page 58.
G. J.S.Wilde, 1994.
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equipment), both workers and management must assume a significant amount of the responsibility
for ensuring a safe working environment. Attitude and knowledge count for a lot.
Situations in which risk is imposed on the public in an involuntary manner justify government
involvement to protect the public interest. Where citizens' perceptions of risk differ widely from
technical estimates, governments may face pressure from two potentially irreconcilable positions,
the concerned public and the industry expert.47 Indeed, there is good evidence that the public
systematically over-estimates small likelihood occurrences, and under-estimates high probability
events.48 More importantly, however, there is evidence that the public thinks not so much in
terms of risk probabilities, but rather in terms of potential "hazard" (i.e. negative consequences).49
These observations are particularly poignant for nuclear reactor safety, where the likelihood of
catastrophe is extremely low but the potential consequences enormous.
The public, of course, will not be concerned only about a catastrophe like Chernobyl but also with
overly complex and worrisome issues such as the long term hazards associated with fission waste
products, or the threat of terrorism.
Finally, communication is particularly difficult because of the lack of good science education in
Canada and a healthy scepticism over whether scientists, engineers, or economists like ourselves
actually know what we are talking about.50
AH this is to say that a classic CBA will always be a much easier task in the OSH area, and a real
challenge for both industry and the regulating body when addressing the risks to the public
associated with nuclear technology. The reality is, of course, that trade-offs are made in nuclear
reactor safety, and should be made, to ensure that society's resources are put to the best possible
use in reducing the risks they are subject to.
To place things in perspective, it is perhaps useful to consider that the probability of a large
asteroid striking the earth and doing considerable damage sometime during our lifetime is
estimated to be in the order of 1 in 3125.5l Since society has devoted close to no resources to
that particular risk, it may be telling us something about society's consistency in addressing the
risk-cost trade-off for catastrophes.
ii) The Value of Life
Most people would agree that the protection of life is a goal worthy of public investment. We
often hear individuals arguing that as long as one life is saved by a public program then the cost is
justified, no matter how great. However, is it reasonable to argue that we should spend money
47

See, generally: B. Evanson, 1995; P.K. Howard, 1994; R.A. Kagan, 1989 citing L.M. Friedman, Total Justice, New York,
Russell Sage Foundation, 1985; A. Painter, 1992; P. Slovic, 1987.
48
Ibid. P. Slovic, 1987. See also S. Breyer, 1993.
^
Ibid.
5® A 1994 study conducted by Optima consultants to investigate consumer interest in the biotechnology industry found that
education was one of the most influential variables affecting the public's attitudes on biotechnology. Similar evidence
demonstrating a divergence between expert opinions and that of the public can be found in P. Slovic, 1987.
^' L. Laudan, 1994, Page 142. Calculation based on the assumption of an eighty year average life span.

16
for as long as lives can be saved? Risk of death can never be reduced to zero and such a position
implies that society ought to spend all its resources on reducing risk of death. This is obviously
not viable. Public policy makers are left in the precarious position of having to determine the
appropriate level of investment in risk reduction.
Several recent studies have begun to lay out a framework and establish principles for managing
risks in the public interest.52 Keeney asserts that "it is a fact that economic costs and risk of loss
of life must be traded off in many risk problems. It is not unethical to trade off economic costs
and risk of loss of life."53 In fact, Thoreau states in 1852 that "the cost of a thing is the amount of
what I will call life which is required to be exchanged for it, immediately or in the long run".54
Valuing human life is a controversial aspect of the analytical approach to policy assessment. It is
true, however, that life is finite and certain conditions may prematurely end it. There are a variety
of estimation techniques that one may employ to assess this value. Obviously the value of one's
life to oneself is extremely high (however, it is demonstrably not infinite as illustrated by the
research behind the risk homeostasis theory, or simply observation of human behaviour). The
question of interest to social scientists is what is the value consistent with the behaviour of typical
individuals. Mishan (1971) suggests four methods that one might employ to attain a monetary
estimate of the value of a human life:
1. Estimate the present discounted value of a deceased individual's expected future earnings.
2. Estimate the present discounted value of the losses to others of a deceased individual.
3. Use the average government spending per life saved on past public decisions involving risk.
4. Calculate the value of the premium a worker is willing to accept to compensate for
increased risk as a measure of their own value of life estimation.55
The first three of the above methods focus on certain or identified lives. The researcher has to be
able to target the exact individual at risk. Current thinking in risk literature has moved away from
discussions of preventing the death of identified individuals to reducing the statistical probability
of death to large numbers of people or saving statistical lives. As in method four above, the basis
for this approach is the valuation that individuals place on small risks of death. Since statistical
lives involve small risks and are nameless, it is understandable that estimates of the value of a
statistical life are usually lower than that of an identified life.56 In addition, there are contingent
valuation techniques to estimate how much people are willing to pay for additional safety features,
and how much one would charge to give up safety features of products purchased.
The most widely used procedure for estimating the value of a statistical life is to pair workers'
occupational classifications to a measure of risk using statistical data on fatalities collected
through insurance sources or statistical gathering organizations.57
52
53

"

55

^°
57

See JCHS, 1993; Nathwani and Narveson, 1995; Keeney, 1995; and Tengs 1995.
Keeney, 1995.
Nathwani, et al 1996 develops this point. One may wish to consider life as a measure of things or as an economist would
express it, lifetime is made the numerative for risk of loss of life. This implies that if we are able to budget a fraction of
available resources to the improvement of the quality of life through improved regulation and safety improvements, then
the challenge to decision-makers is to develop regulations that use the least resources for'the largest public gain.
E.J. Mishan, 1971.
For further discussion see W. K. Viscusi, 1992.
Ibid. Mishan, 1971.
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Not suiprisingly different techniques result in different estimates for a statistical value for a life.
Indeed, different studies using the same techniques result in different estimates, depending on the
period and data source analysed. However, the results usually fall into a range of some
$3 million to $7 million (US).58 Interestingly, if one devoted the entire Canadian GDP to saving
the lives of all those who will die this year, only about $3.7 million per death could be spent.59
There is no single number for the value of a statistical life that could ever be fully justified, of
course, so analysts normally use a range to see if their regulation makes sense. There is no
Government of Canada policy on the issue, but we normally recommend performing a sensitivity
analysis using $3, $5 and $10 million as the value. It should be noted in passing that this range
covers the level Viscusi recommends $7 million (US) to ensure "conservative" decisions.
Victim identifiability and the catastrophic nature of events are important considerations when
using any number as an estimate of the "value of statistical lives." First, the public usually values
identifiable victims higher than the estimates for statistical lives.60 In the context of nuclear
reactor safety, that translates into using significantly higher values when considering the potential
impact of catastrophes on identifiable communities. Similarly, experiments have shown that
people systematically assign higher values when more people are involved. To see that this is the
case, simply consider media reports on plane crashes. Even though they represent a minimal threat
in comparison to the number of people who die in large numbers (but normally few at a time) in
car accidents, they receive considerably more attention. For nuclear safety, if the public thinks
that a large catastrophe will potentially kill large numbers of people, then they will think it is
appropriate to devote considerably more resources to safety measures than one might expect on
the basis of the low probabilities involved. Personally, we believe that typical people show
considerable wisdom in this matter, an area not well explained by theoretical models of economic
man.
One implication to note, however, is that if this analysis is reflected in decision-making then the
dollars per life saved on nuclear reactor safety will be greater than the dollars per life saved in the
OSH area. Unfortunately, there have been few studies from which to obtain any reasonable range
of values to use for analysing the benefits for avoiding catastrophic events, or at least one which
appears to reflect social values.
When these difficulties are combined with the genuinely difficult task of estimating the overall risk
reduction associated with any particular action, it becomes clear that we cannot turn such
decision-making over to a computer — deciding to do X because it had the highest expected
benefit-cost ratio. Frankly, the benefit and risk calculations will usually have too much
58

^
""

W. K. Viscusi, 1992, Pages 51 -74.
This estimate is derived by dividing an estimate of the gross domestic product for the nation by the number of estimated
deaths expected to occur in Canada in a one year period. These numbers are reported annually by Statistics Canada.
This is due to what S. Breyer, 1993 identifies as the "ethics aspect." The author explains that "the strength of our feelings
of ethical obligation seems to diminish with distance. That is to say, feelings of obligation are stronger (or we have
different, more time-consuming obligations) toward family, neighbours, friends, community and those with whom we have
direct contact, those whom we see, than toward those who live in distant places, whom we do not see but only read or hear
about." (Page 36)
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uncertainty built into them to use formal optimisation techniques. However, everyday judgements
must be made whether a particular action is warranted. And costs do matter as indicated earlier.
Perhaps the "test" for regulator and regulatee alike must be whether, if something did go wrong,
they would still argue that, even with the aid of hindsight, they had made the right decision given
the available information.
Hi) Measuring Environmental Benefits
Environmental considerations for project approval by government have received increasing
attention in recent years. Environmental assessments are targeted at studying project impacts
prior to implementation. Unlike investigations in the occupational health and safety areas where
probabilistic data does exist for the majority of work related diseases and accident risks,
environmental benefits/risks are not widely available for theoretical and practical reasons.
From a theoretical perspective, it is unclear how one should appropriately value the loss to society
of potentially negative environmental impacts. How does one value the loss of species or an
ecosystem? How do we begin to anticipate the loss to society of reductions in biodiversity?
What are the implications of major environmental damages? And at a more fundamental level of
questioning, is there sufficient evidence to accurately predict what these damages will be?
This issue is particularly significant for the atomic energy industry because the scope of potential
damage of a catastrophic accident are severe. Economists have, with some success, attempted to
value environmental resources using variants of the willingness-to-pay approach. However, such
an approach has serious limitation when the magnitude of impacts is large. It is not obvious that
the value that society is willing to pay to preserve a million acres of forest is one million times
what it will pay to save an. acre of virgin timber from destruction (that is, based on a purely linear
extrapolation). If we were analysing an incident that would affect most of New Brunswick, the
figure one arrives at by adding up property values, lost species and resource values, is not likely to
reach what we would be willing to pay to prevent the loss of the whole province at once. In other
words, size of losses matter or the whole is greater than the sum of the parts.
In addition, we must consider timing and the implications for intergenerational impacts (from a
distributional point of view, who is bearing risks and the potential for future costs?). The benefits
of nuclear power are concentrated in current generations, that is over the life of the reactor. Yet,
future generations should also benefit from reduced environmental impact of this method of
electricity generation, compared to more environmentally destructive means. However, the risk
of environmental damages are also borne by future generations who will inherit any long lasting
damages associated with waste storage, and they will certainly inherit the responsibility for
managing that waste.
It should be noted in passing that some argue that the impacts on future generations should not be
"discounted" to present value terms (i.e. the principle that a dollar tomorrow is worth less than a
dollar today).61 Unfortunately such ideas are simply wrong since the timing of any statistical lives
Cropper, et al 1993 observe that discounting is an empirical fact that is reflected in the answers people give when asked
how much they would pay to save a life at a future date compared to one now. People discount future risks at the same
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saved or costs avoided are important. There is a momentous difference between saving 3 billion
lives today and 1 life every year over an infinite time horizon. The latter is a larger number than
the former but no one is going to choose it as a policy option, nor should they. Discounting, by
the way, is quite consistent with principles of sustainable development that have been endorsed by
the Government of Canada and reflected in the Canadian Environmental Assessment Act which
affects nuclear safety decision-making.62
In practical terms, the investigation of environmental impacts is expensive and time consuming.
The distribution of benefits is not well known, benefits are difficult to measure in the first place,
and there is a great deal of uncertainty. And while our information is often incomplete, public
policy decisions need to be made. The case of nuclear issues is complicated by the fact that the
probabilities of mishaps are extremely small, sometimes approaching zero but the costs of such an
accident are correspondingly extremely large.
It is necessary for regulators, the public and the industry to confront these issues, taking
advantage of the existing relevant literature which helps us to conceptualise them. At the end of
the day, we require a realistic and considered decision-making process and sound human
judgement. Exact specification of costs and benefits is not exhaustive and one needs to be
satisfied with "sensible," open and transparent decision-making procedures instead of
mathematical certainty. In short, we develop processes that allow us to make the best decisions
we can. These involve consultation and information sharing to facilitate the development of a
reasonable degree of consensus. This approach is captured in the Treasury Board's Regulatory
Policy, and what we mean by cost-effective regulation.

Section V - Conclusions
This paper has examined some of the issues of regulation that affect the nuclear industry in
Canada. Central to our discussion, was the argument that the development of cost-effective
regulation involves a clear, coherent approach to assessing alternative courses of action in an open
and transparent process. This assessment process, completed in the development of any
regulation, must involve the regulatees and other affected parties to ensure acceptance of the
inevitable trade-offs. Cost-benefit analysis, as a formal methodology, will be the easiest to
implement, and in all likelihood the most successfully employed, in the area of occupational safety
and health.
However, even with respect to nuclear reactor safety regulation, questions of costs and benefits
must be identified and addressed. The inherent difficulties in valuing the safety or environmental
benefits of a regulatory decision does not mean that trade-offs will not occur —only that they will
not be as deliberate as all of us might like them to be.

62

rate as money. Keeney 1995, goes on to assert that discounting future loss of life "does not imply that we value future
lives less than our own" but instead is a responsible and logical way to treat all lives regardless of time of occurrence.
S.C. 1992, e. 37, s. 2.
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Annex A
OECD Regulatory Checklist
The following checklist can be used to evaluate the quality of both proposed and existing
regulations:
1.

Is the Problem correctly identified?

2.

Is government action justified?

3.

Is regulation the best form of government action?

4.

Is there a legal basis for regulation?

5.

What is the appropriate level (or levels) of government for this action?

6.

Do the benefits of regulation justify the costs?

7.

Is the distribution of effects across society transparent?

8.

Is the regulation clear, consistent, comprehensible, and accessible to users?

9.

Have all interested parties had the opportunity to present their views?

10.

How will compliance be achieved?
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Virginia Power's Surry Nuclear Power Station where he worked for seven years as a
Start-up and Test Engineer, Licensing Coordinator and Supervisor of Construction
Engineering. He accepted his present position in 1991.

Among Mr. Miller's presently assigned duties is the coordination of Virginia
Power's Cost Beneficial Licensing Actions Program. He has made presentations on the
topic at industry meetings and has interfaced with industry groups, other utilities, and
the Nuclear Regulatory Commission regarding Virginia Power's CBLA efforts.
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Virginia Power
Virginia Power has two nuclear plants, North Anna and Surry Power Stations, which
have two units each for a total of four nuclear units. Virginia Power's service area
includes 2/3 of Virginia and 80% of the population, plus the northeast corner of North
Carolina. Our nuclear generation capability is approximately 3,400 MW which
represents approximately 31 % of Virginia Power's capacity.
Background
In 1992, the Nuclear Regulatory Commission (NRC), our governmental nuclear
regulator, solicited comments from the nuclear industry to obtain their ideas for reducing
the regulatory burden on nuclear facilities. This action was subsequent to an initiative
undertaken by the Commission in response to a Presidential memorandum. The
memorandum requested selected Federal agencies to review and modify regulations
that would eliminate any unnecessary burden of governmental regulation and ensure
that the regulated community is not subject to duplicative or inconsistent regulation.
The NRC established a programmatic effort to address the reduction and elimination of
regulatory requirements that are marginal to safety by implementing an ongoing periodic
regulatory review and by the formation of a Regulatory Review Group and other task
teams aimed at assisting licensees in identifying and eliminating requirements that are
marginal to safety. Virginia Power has interfaced with the NRC's regulatory reduction
task teams, as well as industry groups and other utilities, and has supported industry
advocacy groups in their efforts to evaluate and comment on regulations that may be
marginal to safety and would be candidates for modification or elimination.
In consideration of the "new" regulatory climate, Virginia Power developed an internal
program to evaluate and assess the regulatory and self-imposed requirements to which
we are currently committed and to pursue regulatory relief and/or internal programmatic
changes where possible and appropriate. The goal of this program is to realize both
O&M and capital cost savings as well as to promote greater productivity and efficiency
through the elimination of unnecessary work activities and the reallocation of these
resources to more safety significant areas. The criteria used to select requirements for
this program are that public safety must be conserved and the commensurate cost
savings of eliminated or reduced requirements must be significant. To accomplish our
goal, we developed and implemented a program that has proven to be very successful
and directly applicable to the entire nuclear industry. To date, over $22 million of onetime savings have been obtained, as well as $2.75 million in annual savings.

Virginia Power's strategy for reducing regulatory requirements marginal to safety can be
summarized as follows: 1) identify regulatory requirements, 2) assess the requirements
for regulatory reduction, 3) prepare and submit requests for regulatory relief, and 4)
evaluate NRC and industry efforts in the regulatory reduction area.
I. Identification and Assessment
The first item was to identify the requirements to which we have committed that seem
unnecessary or provide little safety benefit and evaluate them as potential regulatory
reduction items.
To determine which items to consider, a four tiered approach was invoked.
Interdepartmental Functional Reviews - Determine duplicative or unnecessary
functions / activities by internal functional reviews.
Licensing / Departmental Interviews - Interview each department and each
station to generate list of regulatory reduction possibilities.
Significant Outage Time Activities - Identify time consuming activities at the
nuclear stations encountered during outages and evaluate for potential regulatory
reduction.
Review NRC. Other Utilities, and Industry Groups' Activities - Review the
regulatory reduction efforts being pursued by other groups for applicability to our
facilities.
Departmental managers performed functional reviews in their areas of responsibility to
identify activities that are not cost effective or productive and do not promote safety.
These reviews were used to find ways to cut O&M costs in general, and to pursue
appropriate items through regulatory reduction efforts.
In addition, departmental interviews were conducted with departmental supervision and
employees to brainstorm for activities that they were required to perform but for which
they could see no direct benefit. The interviews were comprehensive and included eight
different departments and the management at both nuclear power stations.

Station Management was also requested to identify the activities that require significant
outage time for assessment to determine if any of the items were conducive to
regulatory relief. Numerous items were identified for consideration, and once the
potential cost beneficial licensing actions (CBLAs) had been identified, they required
assessment to determine if they were suitable to pursue for regulatory relief.
We also review the efforts of the NRC, other utilities and industry advocacy groups for
regulatory reduction ideas that may be applicable to our facilities. We are not hesitant
to contact other licensees regarding their efforts or to request their submittals for review
and use.
II. Assessment
The second item was to assess the regulatory requirements identified and prioritize
them for consideration. The potential regulatory reduction items were prioritized by the
following criteria:
Safety Significance - Items selected must be safety neutral.
Cost Savings - We estimate that each commitment change, Technical
Specifications change exemption request or request for rulemaking
requires extensive cost to both the licensee and the NRC to adequately
address the issue. This expenditure is factored into the cost/benefit
consideration of the regulations that are selected for exemption. Items
that will save more than $100,000 over the remaining life of the plant are
given the highest priority.
Regulatory Significance - To minimize controversy with the NRC staff,
items with lower regulatory significance have been chosen.
Plant Specificity - We have preferred items that are site or licensee
specific to submit to the NRC.
Generic Applicability - Certain items with generic applicability have been
discussed with and referred to industry advocacy groups. In some
selected cases, rulemaking was initiated.
Schedule - Items with near term benefit are more desirable.
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The CBLAs were also selected based on type, e.g., commitment change, Technical
Specification change, exemption request, and request for rulemaking. Commitment
changes are generally the simplest to prepare and the easiest for the NRC to review,
while requests for rulemaking are the most difficult and time-consuming.
III. Preparation of Submittals
The third item was preparation of our submittals to the NRC. After a list of prioritized
items was generated, Virginia Power began more intensive review of a subset of
regulatory reduction items ("focus items"). This has provided a more manageable work
load for both the utility and the NRC. Once most of the current focus items are
submitted to the NRC, new focus items are assigned. While these items are being
developed into submittals, the NRC is reviewing those already submitted.
IV. Interface with the NRC / Industry
The fourth item was to interface with the NRC and the nuclear industry for additional
insight into their efforts. Virginia Power has kept NRC project managers and other NRC
staff (including the NRC's Cost Beneficial Licensing Actions staff) apprised of upcoming
regulatory reduction focus items and schedules, including how they are being prioritized
with other licensing work. Status meetings with the NRC are held at least quarterly and
more frequently when necessary. The purpose of the status meetings is to review the
regulatory reduction program in concert with other regulatory significant items. No
submittals have been made without the full understanding of the NRC of the issue.
Virginia Power has had several status meetings with industry advocacy groups on the
regulatory reduction effort. Also, several generic items that have been identified have
been referred to these groups for their consideration (e.g., graded QA pilot program,
commercial grade procurement).
Many ideas have been shared with other utilities and organizations. Virginia Power has
had numerous visits from other utilities and industry groups interested in our program
and has provided information as requested.
Virginia Power has also made numerous presentations on our program at various NRC
and industry meetings.

V. Management Support
The effectiveness of the regulatory reduction effort of Virginia Power has been positively
affected by the involvement of senior management. This support has also fostered an
attitude of change within the company, which is essential for every aspect of this effort.
In addition, senior management has briefed the program to NRC senior management
including the Commissioners.
VI. Cost Savings Impact
Our program accomplishments to date have saved the company $22 million in one-time
savings and $2.75 million in future annual savings. CBLAs that have been submitted to
and are presently being reviewed by the NRC will result in an additional $100,000 in
one-time savings and $1.6 million in annual savings.
Cost savings realized for CBLAs approved by the NRC in 1995 are $5.2 million in onetime savings and $1.1 million in annual savings.
VII. Innovativeness
Utilities have always been subject to state and federal regulation. In the past, they have
generally acquiesced to whatever requirements were imposed by the regulators be it
through onsite inspector comments or general industry regulatory requirements. The
mindset of utility management has previously been to implement whatever requirement
was proposed to maintain harmony with the regulators. However, President Bush
challenged the federal government in 1991 to review the regulations in their areas of
responsibility to determine if they were really necessary. The NRC performed this
review and determined certain requirements were not needed and could be eliminated
as they were unnecessarily burdensome and/or were marginal to safety. The NRC
temporarily implemented a CBLA staff to address regulatory reduction.
Virginia Power followed the NRC's efforts in the regulatory reduction area closely and
decided to develop an internal program to reevaluate the myriad requirements to which
we had previously committed. A program has been established to reevaluate the
requirements from a cost benefit perspective and to determine whether the
requirements are still appropriate in today's nuclear environment.
This program was implemented in an innovative fashion in that the following items were
considered and incorporated:

•

Involvement of all nuclear personnel - Departmental and station representatives
were interviewed to obtain their ideas on which requirements in their areas were
considered to be unnecessary or required an inordinate amount of resources for
the benefit obtained. Each department had an opportunity to contribute ideas.

•

"Advertisement" within the company - The program has been promoted by
management in their individual groups as well as by senior management in
company mailings and presentations. A monthly CBLA status update is also
provided in the Nuclear Business Plan Goal Performance Report. Through these
efforts, employees have been encouraged to develop an attitude that challenges
regulatory requirements that provide questionable safety benefits. Companywide advertisement of the program has also resulted in the receipt of ideas from
groups outside the nuclear portion of the company.

•

Regulatory interface - Virginia Power has met with the NRC chairman,
commissioners, project managers, the Regulatory Reduction Review Group, and
the CBLA staff. The NRC has been very supportive of Virginia Power's program
and has endorsed our program to the industry. This interaction has strengthened
our working relationship with the NRC.

•

Industry interface - Virginia Power has also met with numerous utilities to discuss
our program implementation. We have also supported industry groups such as
NEI and EPRI and made presentations at numerous industry meetings.

•

Sharing results - Virginia Power has shared our ideas with other utilities and
industry groups. We have met with interested utilities to describe our program
and have provided copies of our submittals to over fifteen other utilities for their
use.

VIII. Productivity and Efficiency
Productivity and efficiency are direct benefits of the regulatory reduction program at
Virginia Power. This program eliminates unnecessary, resource intensive activities that
provide little or no safety benefit. It then allows these resources to be redirected to
more safety significant areas. In this manner, resources are utilized in the most
productive means possible, i.e., where there is a direct safety and operational benefit,
and overall efficiency in the workplace is consequently promoted.
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The commensurate cost savings from eliminating unnecessary activities allow
expenditures to be more efficiently expended in areas of greatest need.
IX. Program Attributes
The outstanding attributes of Virginia Power's program are as follows:
•Cost Savings -

$22 million in one time savings and $2.75 million in
annual savings to date.

•Safety -

Saved resources, in both funding and manpower, may
be redirected to more safety significant areas for
overall safety enhancement.

•Long-term Viability -

Cost control measures such as this program promote
long-term viability for Virginia Power's nuclear stations
by maintaining O&M and capital costs at competitive
levels.

•Applicability -

The program is directly applicable to the entire
industry.

•Employee Morale -

Elimination of unnecessary, cumbersome activities
enhances job satisfaction.

X. Conclusions
In this new era of competition, downsizing, and spiraling O&M costs, efficiency and
productivity are foundational to long-term viability, but not at the cost of a reduction in
nuclear safety. A regulatory reduction program that relieves monetary and operational
burdens on both the licensee and the regulator, without compromising safety, must be
pursued. Working in concert, the nuclear industry and the regulator can strengthen
industry performance through the proper allocation of limited resources to the areas of
greatest safety significance. This can best be achieved by eliminating requirements that
serve no safety purpose, such that both parties can appropriately focus on nuclear
safety and performance excellence.

JAMES D. HARVIE (JIM)
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COST-BENEFIT CONSIDERATIONS IN REGULATORY DECISION-MAKING

J.D. Harvie
Director General

ATOMIC ENERGY CONTROL BOARD
Ottawa, Canada

INTRODUCTION
The Atomic Energy Control Board is investigating the feasibility of developing methods for
factoring cost-benefit considerations into its regulatory decision-making. This initiative
results, in part, from the federal government policy requiring cost-benefit considerations to
be taken into account in regulatory processes, and from the recommendations of an Advisory
Panel on Regulatory Review in 1993, submitted to the Minister of Natural Resources
Canada. One of these recommendations stated:
"that mechanisms be developed to examine cost-benefit issues and. work towards some
consensus of opinion among stakeholders: a task force on the subject could be an appropriate
starting point"

INITIAL ACTIVITIES
The AECB initially engaged a consulting company, Price-Waterhouse, to carry out some
preliminary work, and an exploratory meeting was held with representatives of licensees and
other interested parties on March 29th, 1994. Subsequent efforts to set up the recommended
task force of stakeholders were not successful, since the nuclear industry insisted on
conditions for its participation which the AECB could not accept.
Since all parties maintained a strong interest in the subject, another project was initiated
under the AECB Regulatory Research and Support Program to investigate further the
feasibility of including cost-benefit considerations in the regulatory decision making process,
and in particular to obtain information on the use of such considerations by other regulatory
agencies, both in Canada and in other countries. The results of this project have been
reported in the AECB report INFO-0566, which was also prepared by Price-Waterhouse.

FORMATION OF WORKING GROUP
It was decided to invite a group of experts, from both within and outside the industry, to
attempt to draw up proposals for factoring cost-benefit considerations into regulatory
decision-making. While these experts clearly could not dissociate themselves entirely from
the companies where they were employed, the intent was to invite people with expertise to
offer rather than people who would represent specific interests. The main objective of the
group was to prepare a report containing proposals which would be the basis for AECB
consultation with stakeholders and other interested parties on the subject. The terms of
reference of the working group are attached as appendix 1.
This approach was not without its critics. On the one hand, some nuclear industry interests
whose representatives were not invited to participate were displeased, criticized the process,
and attempted to link the initiative to other unrelated issues. Equally, Energy Probe, in a
letter to the President of the AECB, was critical that the group appeared to be "dominated by
a small group of like-minded people, and apparently excludes local citizens groups
representing the public at risk and environmental public interest groups." It suggested that the
process "has been unduly influenced, behind closed doors, by the regulated industry and its
friends."
Despite these criticisms and external influences, it was decided to proceed and attempt to
produce a workable set of technical proposals which could be distributed to, and commented
on, by all stakeholders in the process and other interested parties to obtain feedback prior to
implementation. This would of course include the entire industry regulated by the Atomic
Energy Control Board, workers in the industry and their unions and professional societies, as
well as groups representing public interests and individual members of the public.

SUBSEQUENT PROGRESS
At the initial meetings of the group it proved to be necessary to clarify the types of decisions
that are made by the AECB in the regulatory process. These range from formal legal
decisions on regulations or licences, to the myriad of detailed decisions taken by AECB staff
members on the adequacy of licensee actions or submissions. It became clear that for some
of these decisions cost-benefit considerations could have a role in the decision-making
process, while for others such considerations would play little or no role.
It also became clear, from discussions inside and outside the group, that there was a wide
variation in expectations on application of cost-benefit considerations in the regulatory
process. While some appeared to envisage all decisions made by AECB staff to be subject to
a formal cost-benefit analysis before being implemented, others perceived this to be
unworkable, given the large number of routine day-to-day decisions, and envisaged costbenefit to be one of several tools available in certain situations to contribute to the decisionmaking process.

Notwithstanding these difficulties, the group was able to function in a constructive fashion,
and agreement has been reached on a relatively brief proposed policy statement, and a guide
to address where and how this policy could be applied is being developed.
The group expects to complete its work by the fall of 1996, and produce documented
proposals for a policy and guide. These would form the basis of an AECB Consultative
Document which will be circulated to all stakeholders and interested parties. Following the
process of consultation, recommendations will be made to the Board on establishing an
AECB policy and publishing an AECB guide on the subject.

PROPOSED POLICY
A proposed wording for the basic policy on the subject is as follows:
"When regulatory decisions are made with respect to nuclear activities, the costs and benefits
shall be given appropriate consideration."
This simple statement of principle affirms the role of cost-benefit considerations, without
putting inappropriate constraints on the decision-making powers of the AECB.
Two areas were identified where there would be mandatory consideration and documentation
of cost-benefit considerations.
1) All proposed new regulations must be subjected to a Regulatory Impact Analysis, in
accordance with the policy of the government. This analysis includes examination of the
costs and benefits associated with the regulations.
2) Similarly, any new Regulatory Policy Statement issued by the Board would be subjected to
a cost-benefit analysis, to the extent practicable. Since such policy statements are issued
relatively infrequently, such an analysis should not put an unacceptable burden on the
process.
Costs and benefits would not be considered in decisions related to enforcement of the legal
requirements of the Atomic Energy Control Act (or its successor), or of Regulations issued
in accordance with the act (except perhaps on methods of enforcement). For example, the
Physical Security Regulations, issued pursuant to the Act, are legally binding requirements,
and the AECB does not have discretion in their enforcement. Similarly, decisions related to
enforcement of Regulatory Policy Statements, such as those specifying requirements for
special safety systems (AECB Regulatory Documents R-7, R-8, and R-9), would not
normally be subjected to cost-benefit analysis.
The general principle stated above would govern all decisions taken by the AECB, and
affected parties could of course submit their views on costs and benefits for consideration

with respect to any regulatory decision. However, for the vast majority of decisions, it is not
envisaged that a formal cost-benefit analysis would be undertaken, since this would make the
process much too cumbersome for all parties.
Nevertheless, the group concluded that, in cases where an affected party believed that costbenefit aspects should be an important factor in a decision, there should be a process by
which a more formal analysis could be requested and, if agreed to by the Board, carried out.
In such cases, it is envisaged that the AECB would appoint a staff member or an external
consultant to review the study and produce a statement on the validity of the predicted costs
and safety benefits associated with the decision.

COSTS AND BENEFITS
It was concluded that the costs associated with a decision should include the financial costs
borne by all parties, including licensees, the AECB, and the public, as well as health and
safety costs, including doses to licensee staff or the public resulting from implementation of
the decision. However, only costs which would be incurred by a reasonably competent,
efficient organization would be considered, since it would be inappropriate to have a decision
on a safety improvement influenced by unnecessarily high costs caused by inefficiency.
Similarly, the safety benefits would include reduction of doses to.licensee staff or the public,
as well as reduction of risk to workers, the public, or the environment due to operational
upsets or accidents.
It is recognized that some costs are difficult to assess. For example, while the health and
safety costs of small releases of tritium to a lake may be trivial, there may be costs related
to public anxiety, or benefits related to avoidance of such anxiety, that are impossible to
evaluate. This is one reason why cost-benefit analysis must be considered as only one tool in
the decision-making process.
It is of course necessary to use a relationship between financial costs and benefits in terms of
reductions in dose, risk, or negative social or environmental impact. While this is a
controversial subject, it must be addressed if a meaningful policy is to be developed.
The group discussed employment as both a benefit and a cost. A decision causing an increase
in employment can be perceived as a contributor to job creation and hence as a benefit to
society. Conversely, arguments were made regarding the calculated loss of life expectancy
associated with each person-hour spent in construction and maintenance activities, resulting
in a theoretical safety cost of each person-hour at work. Since these aspects involve
judgements about the value to society of employment, and are related to considerations of the
safety of people who are not at work, it was concluded that these should not be included in
the process, unless work of an unusually hazardous nature is involved.

APPLICATION
A fundamental consideration is that any AECB policy on cost-benefit considerations cannot
constrain in any way the decision-making authority of the Board. While it is accepted that
costs and benefits should be given appropriate consideration, the Atomic Energy Control
Board must retain the authority to establish acceptable standards for safety in the nuclear
industry, and to insist that such standards be satisfied. If the costs of meeting reasonable
safety standards are too high, the industry is not viable.
The weight given to cost-benefit considerations would clearly depend on the extent to which
the costs and benefits associated with a decision can be predicted, and on the level of
confidence in the predictions. The level of confidence in risk estimates is dependent on the
extent to which predicted frequencies of occurrence of events are based on actual experience
or reasonable extrapolations therefrom, and on the extent to which predicted consequences
are based on experience or realistic experimental simulations.
For events with very low expected frequencies, it is difficult to obtain a high level of
confidence in risk estimates, since experience shows that the real frequencies are often
dominated by factors that have not been recognized. However, even with considerable
uncertainty in the estimates, cost-benefit considerations may be relevant if the conclusions of
the analysis point clearly in one direction.
Some decisions lend themselves better to cost-benefit considerations than others. In the
former category would be decisions related to safety improvements for events with a
significant and measurable frequency of occurrence. On the other hand, it is difficult to see
how cost-benefit could be a factor in decisions on approval of personnel for licensed
positions in operating stations. Some decisions, such as setting of dose limits in accordance
with international standards, might well be taken regardless of the cost-benefit implications.
Equally, urgent decisions to correct serious safety problems would not be delayed by costbenefit analyses.
A further example would be a decision to require that a probabilistic safety analysis be done
for a new plant design. While the costs of doing the analysis are predictable, the benefits
could range from zero for a well-designed plant, to the identification of important
shortcomings in safety which require correction. It is impossible to know the outcome, and
hence the benefits, at the time that the decision to require the analysis is taken.

CONCLUSION
The proposed policy and guide on cost-benefit considerations in regulatory decision-making
should furnish a useful tool which would, along with other relevant tools, form part of a sound
regulatory decision-making process. Following release of an AECB Consultative Document and
appropriate input from stakeholders and other interested parties, it is intended that
recommendations be made to the Board on implementation of an AECB policy in this area.

TERMS OF REFERENCE OF COST-BENEFIT WORKING GROUP

1)

The objective of the group is to produce documented proposals for factoring costbenefit considerations into regulatory decision-making, including
a) identification of types of decisions for which cost-benefit will be a consideration,
and types for which it will not,
b) a process by which the cost to a licensee of implementing a regulatory requirement
can be reliably estimated, including both monetary costs and costs to the safety and
health of workers and the public, and implications for the environment,
c) a process by which the benefits of implementing a regulatory decision can be
reliably estimated, including benefits to the safety and health of workers and the
public, and implications for the environment,
d) a process by which the costs and benefits of a regulatory decision can be
meaningfully compared.

2)

The group will be made up of people with expertise relevant to the subject. Members
will be free to consult with others as they see fit.

3)

The working group may invite non-members to make presentations at its meetings to
obtain a sufficiently wide range of views on the subject.

4)

The working group will prepare a report containing its proposals, for consideration by
the AECB. It is intended that this report be the basis for AECB consultation with
stakeholders and other interested parties on the use of cost-benefit considerations in
the regulatory decision-making process.

5)

The group will be chaired by a representative of the Atomic Energy Control Board.
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THE CANADIAN INITIATIVE TO BRING THE INTERNATIONAL THERMONUCLEAR
EXPERIMENTAL REACTOR TO CANADA
Robert A. James,
Project Manager - ITER,
Canadian Fusion Fuels Technology Project,
Mississauga, Ontario

Introduction
The International Thermonuclear Experimental Reactor (ITER) is the next step in fusion research. It is
expected to be the last major experimental facility, before the construction of a prototype commercial
reactor.
The Engineering Design Activities (EDA) of ITER are being funded by the USA, Japan, the Russian
Federation, and the European Union, with each of the major parties contributing about 25% of the cost.
Canada participates as part of the European coalition. The EDA is due to be completed in 1998, and the
major funding partners are preparing for the decision on the siting and construction of ITER.
The Canadian Fusion Fuels Technology Project (CFFTP) formed a Canadian ITER Siting Task Group to
study siting ITER in Canada. The study indicated that hosting ITER would provide significant benefits,
both technological and economic, to Canada. We have also confirmed that there would be substantial
benefits to the ITER Project. CFFTP then formed a Canadian ITER Siting Board, with representation
from a broad range of stakeholders, to champion, 'Canada as Host'.
This paper briefly outlines the ITER Project, and the benefits to both Canada and the Project of a
Canadian site. With this as background, the paper discusses the international scene and assesses Canada's
prospects of being chosen to host ITER.
The ITER Project
ITER is designed to demonstrate that an ignited, self-sustaining fusion reaction can be produced in a
magnetic-confinement tokamak machine. The reactor will be of essentially commercial size, producing
fusion power of 1500 MW. However, the machine will operate in a pulsed mode, at low capacity factors,
so it will be uneconomic to include a steam turbine and generator. The heat produced will be discharged
to the lake.
The Engineering Design Phase is due for completion in 1998. Ordering long lead-time components and
site preparation could start as soon as 1998, with actual construction following by about 2000.
Construction should be complete by 2008, and ITER will have a twenty year operating life. Construction
cost is estimated at $10 billion, and operating costs over 20 years a further $10 billion.
Incentive to Host ITER
The Canadian Fusion Fuels Technology Project (CFFTP) is funded by the Federal Government and
Ontario Hydro, to seek opportunities in the fusion business for Canadian companies. The ITER Siting

Task Group, formed by CFFTP, undertook an intensive study of both Canada's capability to act as host to
ITER, and of the benefits and obligations that would arise.
The major conclusions of our study are as follows:
•

The Ontario Hydro owned nuclear sites at Bruce and Darlington are uniquely suited as sites for ITER.

•

87,000 Canadian jobs would be created, of which 78,600 would be in Ontario.

•

$8 billion of foreign spending would occur in Canada (mostly in Ontario), over 30 years.

•

There would be an $11.8 billion increase in GDP, of which over $10 billion would be in Ontario.

•

Government expenditures would be exceeded by incremental tax revenues, arising from foreign
spending in Canada.

•

Canada's investment would be risk-free due to the fact that the economic benefits are independent of
the outcome of the research activities.

•

ITER would require all available tritium from Ontario Hydro, as well as significant amounts of
power. Hydro's revenues would be in the order of $2 billion, helping to maintain competitive
electricity rates.

Canada Offers Low-Cost Sites
Canada is a very attractive option for ITER countries. Canada's CANDU reactors are currently the only
source of tritium fuel needed by ITER. Although both the American and Russian weapons programs have
produced tritium in the past, aging production facilities in both countries are currently being shut down,
and each country has indicated that it will not have tritium for ITER. Canada's unique experience in the
design, construction, and operation of tritium systems is a distinct advantage.
Because of favourable seismic conditions, the low cost of power, the strength of the grid, and other
economic factors, Canada can provide the lowest cost site for ITER. Because of extensive existing
infrastructure, the costs to Canada of making the offer are relatively low, while the value to ITER is high,
at an estimated 15% or the total project cost.
The Canadian Initiative
The ITER Siting Board comprises representatives of Ontario Hydro, major industrial firms, universities,
labour organizations, industrial associations, and regional and provincial governments. All these major
stakeholders have expressed strong support for a concerted effort to have ITER sited in Canada.
In the summer of 1995, the ITER Siting Board forwarded a proposal to the Federal Government,
documenting the fact that favourable locations exist in Ontario, specifically at the Bruce and Darlington
nuclear generating sites. The proposal indicated Ontario Hydro's willingness to make these sites
available, and the economic and other benefits which would accrue to Canada should it be successful in
seeking to host ITER. The proposal resulted in the Federal Government informing the other funding
parties of Canada's interest in hosting ITER. This resulted in the Canadian ITER Siting Board making a
presentation at the last ITER Council meeting, in Germany, in December 1995.

Canada's presentation seemed to be the catalyst for a flurry of international activity.
The International Scene
The ITER Council established a Special Working Group (SWG) to recommend a process for reaching a
decision on siting and construction of ITER. The SWG is expected to report back to the ITER Council in
July, 1996. The process is likely to require the parties to engage in "Explorations" from July, 1996 to
July, 1997. During this period, potential host countries will be required to formally declare their interest
in hosting ITER. By mid-1997, the choice of sites will be reduced to just the two leading contenders.
"Negotiations" will then take place between the ITER parties and one, or perhaps both, of the two
countries remaining in contention. A siting decision could be made by mid-1998.
Russia lacks some of the essential infrastructure and the financial resources to mount a bid to host ITER.
Russian officials have indicated that they will not offer a site, and have informally offered support to
Canada. The Russian contribution to ITER is unlikely to be more than ten per cent.
The US fusion program has gone through a significant budget cut. There is now competition for limited
funds between the US national program and US participation in ITER. Consequently, the US is only
expected to be able to contribute about ten per cent to ITER's construction cost, and will not be offering a
site.
European support for ITER remains high, although its position on siting is not yet clear. There have been
initiatives to host ITER in at least four countries: France, Germany, Sweden and Switzerland. At the time
of writing (May, 1996), only the French bid looks as if it may proceed, and even that is not certain. The
European organization requires a formal declaration of interest, from the government of any European
country that wishes to remain in contention. It anticipates choosing one or more sites by the end of 1996,
to champion in the final site selection process. It would appear to be in their interest to have at least one
serious competitor to the Japanese offer, so they may put forward either the French or Canadian sites, or
possibly both. If Canada is not selected as a European nominee, it does not preclude an independent
Canadian bid.
Japan is extremely committed to ITER going ahead, and that it be built in Japan. Japan is likely to suggest
each of the major parties contribute an equal share of the fusion core and, in order to secure a Japanese
site, Japan will pay all other construction costs. This amounts to Japan paying some 70% of the total
construction cost. At first sight, this seems an overwhelming position. However, construction and
operation costs in Japan will far exceed those in any other country. Labour rates and living costs are
substantially higher than in Canada, and the cost of electricity (a significant operating cost) is three and a
half times the Ontario Hydro rate. It is not yet clear what offer Japan will make with respect to operating
costs but, based on current knowledge, we continue to believe the other partners would all minimize their
total (construction plus operating) costs, by choosing a Canadian site.
In addition to straight economics, the partners will be concerned about a number of socio-political factors.
Perhaps the most significant is the fact that, by choosing Canada, the parties would prevent any one of the
major players assuming a leading role in the project, and subsequently assuming dominance in fusion
technology.
In short, we expect Canada to be a serious contender, when the formal bids are on the table.

The Next Steps
The Canadian ITER Siting Board and Task Group are busy preparing a Framework Agreement to be the
basis of a Canadian bid. This Framework Agreement will be presented to the three potential Canadian
contributors, namely Ontario Hydro, the Ontario government, and the Canadian government. We shall
keep abreast of international developments, and closely follow the deliberations of ITER's Special
Working Group, on the siting process. The timing of our bid will depend on the SWG's findings, and
subsequent decisions by the ITER Council. The ITER Council, although clearly an influential body, does
not have the mandate to reach binding agreements on siting and construction. That will require treaties,
signed on behalf of governments. The next year or two will be a busy, but exciting time.
How Can I Help?
Canadian industry and, in particular, members of the Canadian Nuclear Association are significant
stakeholders in the Canadian ITER Initiative. The economic and technological spin-offs are many and
wide ranging. By now I hope you will be asking yourselves, 'What can I do to help bring ITER to
Canada?'. The answer is that the federal government has been supportive in a low key, somewhat noncommittal way. This is not the way to win big international prizes like ITER. Canada has the capability to
make sure ITER is a scientific success, and a showpiece of international cooperation. We need to
demonstrate our capability and will to the international community, and that can only be done if our
government shows leadership. Make sure our government knows we will fight for ITER, and we expect
no less from our elected representatives.
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The environmental and health related impacts of different energy systems, including those
associated with the production of electricity, are emerging as significant issues for the coming
decades. This interest is highlighted by the current debate about health effects of pollution,
environmental damages due to acidification of forests and lakes, concerns about the safety of
nuclear power plants and radioactive waste management, and the potential risks of global climate
change induced by increasing atmospheric concentrations of carbon dioxide and other
greenhouse gases.
The need to design and implement sustainable strategies in the electricity sector has been
stressed in many international fora such as the Senior Expert Symposium on Electricity and the
Environment (Helsinki, 1991), the United Nations Conference on Environment and Development
(UNCED, Rio de Janeiro, 1992) and the 15th Conference of World Energy Council (Madrid,
1992). The Agenda 21, adopted by UNCED, emphasises that environment and development
concerns should be integrated into the decision making process. The Second Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC), prepared in 1993, 1994 and 1995,
highlights that mitigation options for alleviating the risks of global climate change should be
comprehensively assessed and that adequate policies should be implemented in order to promote
the most efficient technologies for reducing greenhouse gas emissions.
In the electricity sector, the essential goal of sustainable strategies is to provide the energy
services required for supporting economic growth and improving quality of life, especially in
developing countries, while minimising the health and environmental impacts of human
activities. All fuel chains for electricity generation involve some health risks and lead to some
environmental impacts. This fact, together with the needs of many countries to define their
energy and electricity programmes for the coming decades, has provided the basis for a growing
interest in the application of improved data, tools and techniques for comparative assessment of
different electricity generation options, particularly from an environmental and human health
viewpoint.

OVERVIEW OF THE DECADES PROJECT
In order to promote international co-operation in efforts to meet this interest, the joint inter
agency project on data bases and methodologies for comparative assessment of different energy
sources for electricity generation, called DECADES, was established at the end of 1992. Nine
international organizations agreed to join their efforts towards a common objective, namely: to
enhance capabilities for comparative assessment of different energy chains in the process of
planning and decision making for the electricity sector. The participating organizations are:
the European Commission (EC), the Economic and Social Commission for Asia and the Pacific

(ESCAP), the International Atomic Energy Agency (IAEA), the International Bank for
Reconstruction and Development (IBRD/World Bank), the International Institute for Applied
Systems Analysis (IIASA), the Nuclear Energy Agency of the OECD (OECD/NEA), the
Organization of the Petroleum Exporting Countries (OPEC), the United Nations Industrial
Development Organization (UNIDO) and the World Meteoroligical Organization (WMO).
Other international organizations such as the United Nations Environment Programme (UNEP)
and the World Health Organization (WHO) are contributing to the project within their area of
expertise.
A Joint Steering Committee (JSC) constituted by representatives of the participating
organizations is responsible for designing the scope and objective of the project, giving guidance
on the definition and achievement of the tasks, and reviewing the progress of the work and the
outcomes. A Project Secretariat, comprising representatives of the four Vienna-based
organizations (IAEA, IIASA, OPEC and UNIDO), under the lead responsibility of the IAEA,
ensures the co-ordination of activities carried out in the framework of the project. This paper
outlines briefly the scope of the project and highlights its main achievements and outcomes. The
lessons learnt from this joint undertaking provide some relevant guidance on the ways and means
to develop comparative assessment tools and to assist Member States in implementing
comparative assessment in policy making for the power sector. In particular, they illustrate the
benefits of international co-operation in this regard.
All the organizations participating in the project have a mandate and expertise in the field of
energy and electricity system analysis and health and/or environmental impact assessment. The
inter agency co-operative framework implemented for carrying out the project has been an
important factor contributing to its success and effectiveness. This framework has allowed to
pull together a broad range of information and know-how, as well as to reflect and integrate view
points from experts with different scientific backgrounds. The information sharing and exchange
has enhanced not only the quality of the outcomes but also their credibility and usefulness for
Member States, through helping to ensure that all energy sources - nuclear, fossil and renewable
- are treated consistently and objectively.
The Steering Committee for the project recognized that there is a very broad range of topics to be
addressed, but that not everything could be covered in the project, which was defined for some 3
years, taking into account the limits on available manpower and financial resources. Therefore,
it was decide to focus on high priority tasks that could contribute to building enhanced capacity
for implementing comparative assessment in the decision making process. Moreover, it was
decided to limit the scope of the project to the electricity sector. Besides the need to focus the
efforts on realistically achievable targets, the choice of the electricity sector was motivated by
the importance of this sector in terms of sustainable development.
Three major tasks were included in the work programme adopted for the DECADES project:
•

establishment of data bases and information systems to support comparative
assessment;

•

development of an integrated software package for electricity system analysis and
planning (DECPAC); and

•

training and support to Member States in implementing comparative assessment.

The work carried out on collecting and making available comprehensive information for
supporting comparative assessment of electricity generation options has included three main
tasks: a survey and compilation of existing information and data bases on electricity generation
technologies; a systematic collection and consistency checking of data on technical and
economic parameters and health and environmental aspects of different energy chains for
electricity generation; and the establishment of a computerized data base containing all of the
data and information that were collected.
The Reference Technology Data Base (RTDB) was developed and implemented by the
beginning of 1995. Already, it has been distributed to a large number of selected users for
testing and evaluation. The database runs on personal computers and allows the user to access
and display numerical, textual and visual information and to print reports on the main
characteristics of electricity generation technologies and fuel chains. RTDB constitutes a large,
although not exhaustive, inventory of technologies currently used and under development at
different levels of electricity generation chains using fossil fuels, nuclear power and renewable
energy sources. Several hundreds of technologies contained in the data base are characterized by
a detailed set of parameters, covering technical performance, costs, atmospheric emissions,
wastes and other environmental burdens. The user's network provides a mechanism for checking
the consistency, and for complementing and updating the information. Feedback from
experience is giving guidance on enhancing the capabilities of the computer structure and
interface in order to meet better the requirements of analysts and decision makers.
In parallel with the establishment of RTDB, some 15 countries have been given assistance and
support in implementing Country Specific Data Bases (CSDBs), using the RTDB computer
system to store information on their electricity chain facilities. Altogether, the data bases
established by these countries cover more than 1,000 technologies.
Data bases alone, however, are not sufficient for carrying out comprehensive comparative
assessment of electricity generation strategies. Such duties require analytical tools providing
capabilities for energy system analysis and impact assessment. In the field of methodologies,
three main tasks were undertaken within DECADES:
•

preparation of a report describing already available computer tools for comparative
assessment of electricity generation options and strategies;

•

the development of a new software package for electricity system analysis and
planning (DECPAC); and

•

the preparation of a reference book on enhanced electricity ;system analysis for
decision making.

The first task was completed by the end of 1994 and a report was prepared based upon
information provided by software developers from different countries and international
organizations. The report is expected to be updated every two or three years in order to reflect
the progress and new developments in the field of energy/electricity models.

In the second task, a new software package (DECPAC) for electricity system analysis was
developed, with extra-budgetary financial support from the United States Government. This
software provides enhanced capabilities for integrating technical, economic, health and
environmental aspects into electricity system expansion planning. The software package is
linked with the DECADES data bases (RTDB and CSDBs) and allows to analyze the costs,
airborne emissions, solid wastes and other health and environmental burdens of different
electricity generation strategies. The core features of DECPAC are derived from the Agency's
WASP and ENPEP models for energy/electricity system analysis, which have been thoroughly
proven through worldwide use. However, the specific objective of DECPAC is to provide
planners with an easy to use tool for carrying out decision support studies for the power sector.
Therefore, its design focuses on user friendliness of the graphic interface, enhanced
environmental analysis capabilities, extensive reporting capabilities, and short running time for
optimizing electricity generation system expansion strategies over a period of several decades.
Some twelve teams from different Members States have already tested the application of
DECPAC for carrying out case studies. The initial experience with the uses of DECPAC has
shown that the software is very useful to analysts and planners in the power sector, and that it
meets a real need.
The IAEA plans to continue maintenance and updating of the databases and software, and to
provide training and support in the use of these tools. The first training workshop was held late
in 1995, two will be held in 1996, and additional workshops are planned to be organized at
national, regional or interregional level. Also, user's groups will be established in order to
promote exchange of information and know-how between users and to give feedback to the
software developers.
In the third task mentioned above, work was started late in 1994 on a reference book on
integrating economic, social, health and environmental issues into policy making for the power
sector. Experts participating in various technical meetings of the DECADES project had
recommended that such a book was needed, and the Steering Committee gave its endorsement.
The work is led jointly by the IAEA and the World Bank, with important contributions by other
DECADES organizations and national experts; the book is expected to be completed by mid1996 and published early in 1997. Issues such as integrated resource planning, external cost
valuation and internalization, and multi-criteria analysis and decision aiding tools are addressed.
It is intended to help policy makers in designing a comparative assessment framework adapted to
their specific requirements and objectives and in selecting appropriate computer tools for
carrying out decision support studies.
Last but not least in the DECADES programme of work and achievements, more than twenty
country case studies on comparative assessment of alternative strategies and policies for the
electrical power sector have been carried out. These studies are supported by the IAEA through
a Co-ordinated Research Programme (CRP). The co-operation that has been established through
this CRP, involving experts from different countries and having different scientific backgrounds,
has proven to be extremely valuable and effective. In particular, the co-operation and exchange
of experience between different teams who are confronted with similar difficulties, such as data
collection, technology description, fuel chain definition and electric generation system analysis,
resulted in identifying and implementing common approaches for solving the problems. The
participation of experts in the fields of electricity system analysis, macro-economics and
environmental impact assessment led to a recognition of the need to reconcile various concerns

and priorities - e.g., alleviating local and global environmental impacts and also addressing
economic, social and security of supply issues - within a comprehensive assessment of
alternatives. The publication of the final reports from the case studies, after their completion by
mid-1996, will provide guidance to other countries on the use of comparative assessment in
decision support studies.
The results obtained so far within the DECADES project are very encouraging and demonstrate
the effectiveness of joint efforts by international organizations and national experts and
institutes. The high interest of experts from Member States - in particular from developing
countries and countries in transition has confirmed the success of the project up to now. This
success provides a sound basis for looking ahead to some possible new directions, expecting that
the participating organizations will support continuation of the project.
Of course, there still remains some work to complete fully the project as it was envisaged by the
Steering Committee. First of all, there is work to be done to complete some 10 publications,
including full documentation of the data bases, user's manuals for the software, and reports on
the case studies. Also, the reference book, on enhanced electricity system analysis for decision
making, should be completed by mid-1996. Secondly, as mentioned above, it is planned to
organize a series of regional seminars and workshops in order to promote the use of the tools that
have been developed, and to give training and support on their use. Thirdly, it will be necessary
to have continuing maintenance, updating and enhancement of the data bases and the DECPAC
software. Already, based on feedback from users, it is seen that there is a need to improve the
capabilities for modelling intermittent renewable energy systems, for treating co-generation
plants that produce both electricity and heat as outputs, and for modeling multiple-fuel power
plants (e.g. using both oil and gas, or coal and oil).
There are also some issues that have been excluded up to now, but that could be addressed in a
second phase of the project. As stated at the beginning of this paper, the Steering Committee
decided that the first phase of the DECADES project, which has been largely completed, should
focus on the electricity supply sector. However, demand side management also is very
important. Thus, it could be useful to define a further programme of work that would add
demand-side technologies to the data bases, and to incorporate analysis of demand-side options
into the DECPAC model. In this regard, there has been a close-co-ordination with the project on
establishing an "Environment Manual for Power Development - EMP", which has been managed
by the World Bank. The results from this project could provide a basis for making the suggested
enhancements to the DECADES tools.
Up to now, the DECADES project has focused on the calculation of costs, emissions, wastes and
other environmental burdens for different energy chains and electricity generation systems.
However, this does not systematically address the health and environmental impacts that may
result. The next phase of work could aim towards developing estimates of such impacts, in order
to give a more complete comparative assessment of different energy sources. The IAEA has
done some work on establishing a data base on Health and Environmental Impacts of Energy
Systems (HEIES), but more work is required in order to produce a tool that can be used in the
comparative assessment process. Also, advantage could be taken of the work that has been
carried out by the European Commission, in co-operation with several national research
institutes, on the external costs of energy systems.

Finally, a new Co-ordinated Research Programme will be initiated in 1997, as a framework for
promoting a number of studies, using the tools that have been developed, focusing on specific
high priority issues, for example the cost-effectiveness of different energy systems and
technology measures for mitigating emissions of greenhouse gases and other environmental
burdens.

Who Should be Interested in the DECADES Project:
The DECADES project is aiming mainly towards providing data and
and a framework for analysing and processing these data, which can
decision support studies at the national, regional or international level.
particular interest to a wide range of users, at the national, regional and
field of energy, electricity, health and the environment.

background information,
be used in planning and
The outcomes will be of
international level, in the

Economists, engineers and scientific experts from universities and research centres will find
DECADES a useful source of information on methodological approaches, and quantitative and
qualitative data, which they may use for their research work and studies. Also, the DECADES
software offers an easy to use tool, and supporting data and information on different energy
systems, that could be used in energy planning courses at the university level. Regional
development banks and economic commissions could use the DECADES outcomes in their
preliminary assessment of specific projects in the electricity sector. For international
organizations, the main interest of the DECADES outcomes is that they will reflect a broad
consensus on reference data and methodological approaches which could serve as a basis for
analysis and studies in different countries and regions. Moreover, these organizations could use
such tools within their programmes of technical assistance to developing countries.
Developing countries will find the project outcomes of relevance for planning and implementing
sustainable electricity system expansion strategies. These countries, that are experiencing the
highest rates of growth in electricity demand and rapidly increasing environmental problems,
need reliable information and easy to use tools in order to design and implement economically
competitive and environmentally sound strategies for electricity supply. The generic data
provided by the DECADES project, as well as the computer structure for collecting, storing and
processing specific national data, will be useful in the process of establishing a country specific
framework for electricity planning. The methodologies that will be reviewed and demonstrated
within the project could also serve as a basis for comprehensive and coherent approaches, that
could be adapted to each specific national context.
Industrialized countries, most of which already have sophisticated approaches for comparative
assessment in the process of electricity system planning, also could be interested in the databases
and screening tools developed within DECADES, for use in bench marking and complementing
more comprehensive models which might, in some cases, be difficult to use in the preliminary
screening phase of the planning process.

COMPARISON OF ENERGY SOURCES
A major milestone of the DECADES project was the convening, in October 1995, of the
International Symposium on "Electricity, Health and the Environment: Comparative Assessment
in Support of Decision Making", in which some 200 experts from 53 countries and 16 different
organizations took part. Some of the main results reported in the Symposium are summarized
below.
In opening the symposium, IAEA Director General Hans Blix surveyed the overall global energy
scene. He noted that fossil fuels are expected to continue to dominate global energy supply, with
solar power, wind power, biomass and other renewables projected to play minor but valuable
roles. Nuclear power's contribution, which now stands at about 7% of the world's commercial
energy and 17% of its electricity, is projected to remain significant. He further pointed out some
of the complexities facing today's energy planners and decision makers, particularly in the
electricity sector. They must take into account a range of factors related to the entire fuel cycle
of the energy source - including their technical and economic performance and their impact on
health and the environment. While costs remain a key factor, they must be measured in many
comparative ways - including assessing the costs of chronic under-supply of electricity in many
countries.
Dr. R. Stern, World Bank, noted that primary energy consumption in developing countries is
expected to equal to that in OECD countries by the year 2000, and by the year 2030 to be 2.5
times greater than OECD consumption. The World Bank estimates that the investment needs of
the electric power sector alone will be of the order of US $150 billion per year. Financing this
investment will require a mix of national resources and international capital. The World Bank
recognizes that the most appropriate mix of policy mechanisms and technology choices will
depend on the situation of each country, its resource endowment, and the inevitable trade-offs
required to achieve economic and environmental objectives. For many countries, natural gas is a
very attractive fuel. The difficulty is that gas is not always available where it is needed; hence,
gas trade via pipelines or as liquefied natural gas (LNG) is essential. This will require large
investments, a great deal of international co-operation, and a long time for development. Dr.
Stern noted that the burning of natural gas produces relatively low amounts of CO2 compared to
the burning of coal. However, the greenhouse gas effect of unburned natural gas (methane) is
some 30 times greater than that of CO2; therefore, roughly a 5% leakage rate in a gas pipeline
would negate the benefits in CO2 abatement achieved by substituting gas for coal in a power
plant.
Dr. L. Olsson, World Meteorological Organization (WMO), reviewed issues related to energy
and climate change. Production and use of energy has a complex impact on the environment,
including an impact on climate, and the need for energy (e.g., for heating and air conditioning) is
normally directly related to climate and weather. Also, many energy related activities, e.g.,
production of energy from biomass, hydropower, and other renewable sources, are based on
resources that are extremely sensitive to climate. Global concern over potential climate change
has increased the need for environmental impact assessments. In order to ensure a fair judgment
of various energy systems, it is of utmost importance to make relevant information available, and
it is essential to take a non-biased attitude in assessing scientific, technological, and socioeconomic development. The DECADES project is making an important contribution towards
this objective.

Developing countries, particularly those in the low income category, are concerned about cost
more than anything else, according to Dr. H. Khatib of the World Energy Council. Therefore,
they try to utilize available local fuels, irrespective of their quality, whenever possible. Also,
priority is given to technologies requiring low investment, which may lead to the use of local
technologies having less efficiency than state-of-the-art technologies. In most instances, these
countries cannot afford the extra investment to install pollution abatement systems. However,
developing countries are becoming increasingly concerned with environmental questions, and
they are trying to reduce pollution, in particular where it is causing local impacts. The two
largest developing countries, China and India, have populations of 1175 million and 900 million,
respectively, or a combined population of 2075 million which is almost half the total of all
developing countries. The growth potential of electricity supply in both countries is very high,
and both have large coal reserves. Therefore, both countries will continue to depend on coal as
their major fuel for electricity generation for decades to come. Indeed, all developing countries
with reasonable levels of commercially viable coal reserves will favor coal as their main fuel for
electricity generation. To minimize the environmental consequences of more coal burning, clean
coal technologies need to be promoted in developing countries.
Electricity's share in OECD energy use is expected to increase from 18% to over 21% by the
year 2010. Electricity is an important source of CO2 emissions in the OECD, accounting for
33% of total energy related CO2 emissions in 1993. Thus, in spite of the commitments taken in
relation to the Framework Convention on Climate Change, total emissions from electricity
production in OECD countries are expected to grow, since electricity demand is projected to
increase by some 2.1% per annum up to 2010. However, the emissions will depend on the fuel
mix, which differs greatly among OECD countries at present. Norway, for example, currently
generates 99% of its electricity from renewable energies; Denmark uses coal for 87% of its
electricity and the United Kingdom, United States, Australia, and Germany also rely on coal for
the majority of their electricity generation. France, on the other hand, relies on nuclear power for
some 75% of its electricity supply, while Italy generates the majority of its electricity from oil.
Dr. N. Pop-Jordanova, Former Yugoslav Republic of Macedonia, argued that the standard
approach of analyzing direct health caused by exposure to physical and chemical agents should
be extended to include consideration of psychological effects (e.g., stress, anxiety, fear). Her
research showed that there is a great difference between the real and perceived health effects
from energy systems. Objective and transparent information from comparative assessment
studies could help to reduce this difference.
All energy technologies involve some degree of health risk. Dr. S. Morris, World Health
Organization Collaborating Centre on Health and Environmental Effects of Energy Systems
(Brookhaven National Laboratory, USA), noted that despite many studies on the relative health
effects of different methods of generating electricity, the results do not appear to have affected
actual investment choices. However, due to the increasing public concern about health and
environmental aspects of power generation, it may be expected that such studies would have a
greater influence on future decisions. It is thus important that the comparative assessment
approaches are capable of providing decision makers with scientifically correct and
understandable information. Thus, scientists and analysts still have a long way to go in order to
provide the type of comprehensive information that is needed by decision makers. More has to
be done in investigating comprehensively transboundary and global issues such as greenhouse
gas emissions and impacts; assessing long term effects that might arise from chemical and
radioactive waste disposal; and exploring all potential impact pathways. The uncertainties that

still prevail in data and in results from modeling studies make it impossible to give definitive
answers to all questions. Therefore, there is a need for more co-operation and exchange between
analysts and decision makers in order to transfer adequate information and useful results from
analytical studies to those responsible for policy making.
The ExternE project of the European Commission (EC) has shown that it is difficult to achieve
full comparability between different fuel cycles, since each one has unique impacts and the
assumptions adopted in the quantification can affect their comparison. Some fuel cycles have
very long term impacts, notably global warming impacts from fossil fuel cycles and the
radiological impacts of long-lived isotopes from the nuclear fuel cycle. Both the monetary
values and the methodology for weighting the distribution of risks to the population and over
time and space remain controversial, which adds to uncertainty. Despite some unresolved issues,
the study has made important advances in: evaluating damages over very long time and space
scales; reporting them in a consistent manner for different energy cycles; identifying the
remaining uncertainties; and highlighting important parameters in the decision making process.
A life cycle analysis of electricity generation chains in Switzerland showed that nuclear power
emits some 100 times less greenhouse gases than hard coal chains and 10 times less than solar
systems. For fuel cycles other than fossil, the power plant contributes only a minor amount to
greenhouse gas emissions, while the other steps of the chain are responsible for the major share
of emissions, owing to energy consumption and material production in these steps. In the Swiss
context, expected technological improvements will reduce greenhouse gas emissions by some
30% for the coal fired and nuclear systems, and by a factor of five for solar systems with the
introduction of amorphous silicon panels.
A similar life cycle analysis carried out in Japan found that coal, oil, and gas systems emit
respectively some 270, 190 and 180 grams of carbon per kWh of electricity generated. On the
other side, hydropower, nuclear power and solar photovoltaic power emit respectively some 5, 6
and 35 grams of carbon per kWh. Technological improvements are expected to reduce
significantly the greenhouse gas emissions from electricity systems. Combined cycle gas turbine
plants fueled with liquefied natural gas (LNG) will emit 140 grams of carbon per kWh as
compared to 180 grams per kWh with currently used natural gas fired plants. The progress is
expected to be even more significant for nuclear power and photovoltaic systems. Advanced
nuclear reactors with a closed fuel cycle will emit some 2 to 3 grams of carbon per kWh (versus
6 grams per kWh with current nuclear technology) and photovoltaic systems using amorphous
silicon cells will emit 8 grams of carbon per kWh (versus 35 grams per kWh with photovoltaic
power plants now in operation).
Four issues appear to dominate public concerns about energy sources, although the magnitude of
the risk of each is controversial, either because the experts do not agree or the public does not
trust the experts, in the view of Dr. R. Wilson, Harvard University (USA). The four issues are:
the probability and effect of a severe nuclear power accident; the health impact of paniculate air
pollution; the effect of increased CO2 emissions from burning fossil fuels on global climate
change; and wastes from the nuclear fuel cycle. Dr. Wilson stressed that severe accidents can
and do happen in energy systems, and that nuclear power's overall safety record is excellent.
The effects of fossil fuel use on public health are primarily those of air pollution, especially from
emissions of very small particles and sulfates. He noted that many studies show that CO2
concentrations in the earth's atmosphere will rise to two or three times the historical levels within
the next century. Although there remains considerable controversy about what the effects will

be, it generally is agreed that we are making a large change in an important climate parameter
(CO2) which could affect the entire earth. Nuclear power, whose CO2 impact is negligible, has
the potential to replace at least a significant share of fossil fuels for electricity generation. With
regard to wastes from energy systems, Dr. Wilson noted that many experts are of the opinion that
nuclear power is the only energy system for which society has any idea of a sensible long term
solution. Coal wastes are not perceived by the public as a major problem, yet these wastes
contain radioactive materials with half lives comparable to long lived nuclear wastes.
Furthermore, the volume or weight of wastes from coal production and burning dwarfs that from
the nuclear fuel cycle. In the United States, for example, about 800 million tons of coal are
mined in the country each year, producing some 120 million tons of ashes and 20 million tons of
sulphur compounds when it is burned for electricity generation.
Results were reported from some 20 comparative assessment case studies sponsored by the
IAEA as part of the DECADES project. The studies sought to identify electricity generation
strategies that would meet the objectives of environmental protection, in particular reduction of
atmospheric emissions at acceptable cost. Overall results showed that significant reductions of
emissions and other environmental burdens can be obtained by improving the efficiency of
existing facilities at different levels of the energy chains, including the fuel conversion and
transportation steps. The rehabilitation of existing power plants, in particular by adding
pollution control technologies, is often a cost effective measure for mitigating environmental
impacts. Improving the overall efficiency of energy systems by promoting co-generation is
identified as a very cost effective option in many countries, especially where heat distribution
networks already exist for district heating. In those studies where it was considered, nuclear
power appeared to be cost effective for reducing emissions of SO2, Nox and CO2. For example,
some studies showed that, although CO2 emission reduction targets could be achieved without
nuclear power, its use would lead to significantly lower costs. In general, the studies showed
that the possibilities for CO2 emission reduction in the electric power sector would be very
limited without the use of nuclear power.
Studies in Sweden have compared the effect on CO2 emissions from three different policies on
energy taxes and subsidies. The main differences were between the tax systems introduced in
1990 and 1994, as well as some difference in the policies on subsidies for the energy sector. The
results showed that the changes in energy policy would lead to CO2 emissions being reduced in
2005 to 20% below what they would have been if the 1990 policy were still in use. However,
beyond 2005, i.e. from the start of the planned nuclear phase-out and beyond, CO2 emissions will
rise drastically regardless of which policy (1990 or 1994) would be in effect.
In Pakistan, a study carried out under the DECADES project involved two possible paths of
development of electricity generation, one that envisaged a reasonable growth in nuclear power
capacity and the other postulating a moratorium. The two cases were compared in terms of their
associated emissions of pollutants such as SO2, Nox, CO2, methane and radioisotopes, taking into
account the full energy chains of each supply option. The study showed that the increased use of
nuclear power in Pakistan would not only be cost effective but also would be helpful in reducing
environmental impacts from electricity generation in the country.
In Romania, a comparative assessment of alternative electricity supply strategies showed that the
least cost plan for expansion of the electricity generation system would use combined cycle
natural gas fired power plants. The case with expanded use of nuclear power showed total costs
(up to 2015) that were some 2.6% higher than the least cost plan; however, the use of nuclear

power would allow emissions of CO2 and Nox to be reduced by 70% and 80%, respectively, up
to 2015, relative to the lease cost case.
In France, a study examined nuclear power's economic and environmental impacts. It found that
if France had not developed its nuclear power programme, the price of electricity would be some
15% higher than what exists today, and would be highly sensitive to fluctuations in the price of
imported coal. Sulphur dioxide emissions would be 18% higher than the current levels, and
other atmospheric emissions would be higher by an even greater amount.
In Canada, Ontario Hydro has included comparative assessment as an integral part of its decision
making process. Externality values (i.e., social costs, such as health effects that are not always
fully reflected in the price of electricity) have been established for Ontario's fossil fired power
stations and for the full life cycle of its nuclear power stations. Preliminary data showed that the
externality values for fossil power stations ranged from a low of 0.06 Canadian cents per kWh to
a high of 1.66, with an average of 0.40. For nuclear stations, the estimated externality costs
ranged from a lower of 0.0015 to a high of 0.12 cents per kWh.
A comprehensive study in Germany analyzed possible paths for the future development of the
national energy system, with the objective of identifying strategies for reducing CO2 emissions
by 30% up to the year 2005 and 50% up to the year 2020. The possible role of nuclear power as
a mitigation measure was analyzed by four separate 50% CO2 reduction scenarios, including one
with a buildup of nuclear capacity. The study concluded that a 50% CO2 reduction by the year
2020 is feasible, and that it can be attained with technologies that are already available or known
to become available in the next 30 years. The 50% CO2 reduction target could be achieved
without the use of nuclear energy as a carbon free energy carrier, although at considerable cost.
The expanded use of nuclear energy would allow the target to be reached with significantly
lower costs of energy supply.

CLOSING REMARKS
The international symposium underscored the importance of comparative assessments in support
of decision making in the electricity sector. It further identified a number of areas where greater
global co-operation is needed in order to improve the base of information and the analytical tools
and methodologies for conducting comparative studies. Through its programmes and activities,
the IAEA is playing a leading role, in co-operation with other organizations in the DECADES
project, to examine areas in which international expertise and support can best be applied to
assist national policy and decision makers in objectively and comprehensively assessing their
energy systems and strategies.
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ABSTRACT

Tube degradation in certain recirculating nuclear steam generators has provided a market for steam
generator replacement. Prior to this need, B&W supplied over 200 steam generators for CANDU
nuclear plants. With this experience, and implementing extensive research and development
improvements in material selection, design enhancements, and new manufacturing and analytical
methods, B&W has supplied or secured orders for the replacement of 26 steam generators. Along
with plans for new replacement orders, B&W will continue to supply steam generators for future
CANDU plants. This paper will review the progression of B&W's CANDU experience to meet the
replacement steam generator market, and examine the continuous improvements required for today's
increasingly demanding nuclear specifications.

- 1-

INTRODUCTION

Babcock & Wilcox (B&W) has supplied over 220 recirculating new steam generators for pressurized
heavy water reactors (PHWR) and pressurized water reactors (PWR) around the world, from its
Cambridge, Ontario facility. Initially these steam generators were supplied exclusively for CANDU
nuclear power plants, however recently the market has broadened to include replacement steam
generators for operating nuclear power plants which have had difficulties with steam generators
supplied by others.
This paper will review the evolution of the steam generator product and market, key technical
features of the evolution, how B&W successfully applied CANDU developed technologies to the
replacement steam generator market, and finally the future projections for this market.
Based upon B&W's CANDU operating experience and more recent successes with the delivery of
replacement nuclear steam generator contracts, B&W sees a strong future market for this CANDU
derived product, well into the next century.
History:
The B&W strategy for steam generator design enhancement has been evolutionary rather than
revolutionary. Evolutionary changes have been based upon research and development coupled with
worldwide operational experience. Design improvements are not necessarily a consequence of
earlier design deficiencies but rather are intended to improve both performance and reliability.
The B&W commitment to the nuclear product line started with the very first Canadian nuclear steam
generator designed and developed for the first Canadian power demonstration reactor in the 1950's.
These first nuclear steam generators were horizontal units of a U-tube U-shell configuration. These
units ultimately evolved to the more common standard "light bulb" configuration used up to the
current times. The light bulb configuration refers to a vertical U-tube straight shell heat exchanger
section beneath a larger vertically oriented steam drum section. The classical light bulb recirculating
steam generator is shown in Figure 1. This design was first utilized on the Pickering "A" Plant for
Ontario Hydro which was ordered in the 1960's and put into operation in 1971. Following the
Pickering Plant the next major CANDU commitment was the Bruce Nuclear Station on Lake Huron.
This unit utilized eight (8) vertical U-tube straight shell heat exchangers; however in this station four
(4) such steam generators were attached to a common horizontal steam drum.
Even before fabrication of the Bruce steam generators and drums were completed by B&W the first
AECL 600MW steam generators were ordered. These units were once again a vertical U-tube
straight shell design with a vertical steam drum mounted above.
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The most recent Ontario Hydro nuclear installation is the Darlington station for which steam
generators were ordered in early 1980's and first went into service in 1989. The most recent CANDU
units have been supplied to Romania and Korea The designs again utilized the light bulb
configuration for the steam generator and in fact incorporates many of the current design features
utilized in replacement steam generator offerings.
All of the CANDU steam generators supplied by B&W are summarized in Table la.
With the award of the Darlington contract for sixteen (16) replacement steam generators it was clear
that the next domestic CANDU order could be quite some time in coming. Therefore, in the early
1980's B&W took an active approach to seeking out new markets for steam generator expertise and
found potential markets in the replacement of steam generators originally supplied by others.
Following some initial disappointments where potential customers were unwilling to move away
from the original equipment manufacturer for their replacement equipment, B&W successfully won
the Millstone 2 replacement steam generators for the Northeast Utility customer in Connecticut.
Following this first success B&W was again rewarded with replacement steam generator orders in
1992 for installations in the United States for Florida Power & Light, Duke Power, and Rochester
Gas & Electric, for a total of sixteen (16) steam generators. Most recently, B&W has obtained a
contract for eight (8) replacement steam generators for Commonwealth Edison. All of these
replacement steam generator contracts are summarized in Table lb.
Steam Generator Operating Problems:
By far the greatest problem with operating nuclear steam generators has been leaking (or
compromised) tubes which have required repair by plugging or sleeving (patching). When a
sufficiently large number of tubes have been repaired, utilities are faced with the decision to actually
change out entire steam generators. Mechanisms which lead to degradation in the tube wall up to
and including penetrations are - leakage (including wastage), denting, pitting, stress corrosion
cracking both ID and OD, and fretting (vibration of tubes against each other or tube supports). The
relative frequency of these various failure mechanisms have changed somewhat over the years as
both manufacturers and utility operators take actions to address the problems. One way of
comparing various steam generator designs with respects to tube life is to plot the number of repairs plugs, sleeves, or repairs, versus tube years of operation. This information for a number of steam
generator design/manufacturers is shown in Figure 2. The data shows that B&W (Cambridge) steam
generators have one of the lowest repair rates in the industry and about an order of magnitude fewer
repairs than the other larger suppliers in the industry.
The excellent B&W experience of an exceedingly low repair rate for steam generator tubes is due
to a careful consideration of a number of factors relating to tube life. To ensure long tube life it is
absolutely essential that the design of the components, materials and fabrication techniques, and
finally, the in-service operating water chemistry environment must be matched. The next section
of this paper reviews the key design, manufacturing, quality assurance, and operating conditions
necessary for reliable nuclear steam generator performance.
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Design:
Tube Bundle Enhancements:
The most critical components in steam generators are the tube bundle and tube bundle support
structures. B&W has qualified both Alloy 800 and Alloy 690 as acceptable tubing materials.
Presently lattice grid tube supports, a Flatbar U-bend Restraints System (FURS), drilled preheater
baffles and a thermal plate, all fabricated from 41 OS, are used for tube support in various regions of
the tube bundle for CANDU steam generators. These same features are employed for replacement
steam generators, except feedring design is used for feedwater introduction, rather than the integral
preheater used in CANDU units.
Tube Material:
Major considerations applicable to tubing include thermal hydraulic performance, structural strength,
material chemistry, fabrication requirements, morphology and associated stress corrosion cracking
(SCC) resistance.
Thermally Treated (TT) Alloy 690 has been demonstrated to have superior reliability relative to Mill
Annealed (MA) Alloy 800. Alloy 690TT tubing has increased strength and conductivity relative to
Alloy 800MA.
Alloy 800MA is currently the tubing material of choice for most CANDU steam generator's and all
German PWR steam generator's. Alloy 800MA is an excellent alternative to Alloy 690TT but
although Alloy 800MA has performed well in-service, studies assessing its SCC resistance have
identified a variability in the corrosion performance of nominally identical alloys.
Superior laboratory and in-service corrosion performance have demonstrated that Alloys 800MA and
690TT are excellent choices for steam generator tubing service.
Nevertheless, Alloy 690TT consistently outperforms Alloy 800 in most test environments, and for
this reason Alloy 690TT is the tubing material of choice for replacement steam generators (RSG's)
throughout the world. However, based on the continuing excellent service history of Alloy 800MA,
the above observations do not seriously diminish the possible use of Alloy 800MA as a viable
alternative steam generator tube material.
Tube Supports:
The tube supports used in recent CANDU steam generators consist of lattice grid supports within
the straight region of the tube bundle (Figure 3). This structure provides tube support by means of
tightly toleranced 41 OS stainless steel flatbar strips. Within the preheater section of CANDU steam
generators tubes are supported by an assembly of 41 OS baffle plates and a thermal plate which are
vertically spaced above the tubesheet by tie rods.
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Recent material improvements have been made on detailed components of lattice grids which serve
to further extend reliability and qualify components for in-service corrosion and one cycle of
chemical cleaning every five years.
Future steam generators units will benefit from significant improvements in analytical methods used
for thermal hydraulic and Flow Induced Vibration (FIV) analysis of the tube bundle region. B&W
has performed 3-D thermal hydraulic simulations of several CANDU units, as well as predicting
sludge deposition rates and profiles throughout the steam generator.
Pressure Boundary:
Several changes to CANDU steam generator pressure boundary features are planned for future units
(Figure 4). These changes are intended to improve inspection, design life and in some cases reflect
new design requirements. The most significant of the pressure boundary changes is the inclusion
of a fully welded primary divider plate capable of sustaining large break "Loss of Coolant Accident"
(LOCA) loads and meeting all ASME requirements for design and transient service loads.
Within the industry, there is substantial experience with Alloy 600 and 347 stainless steel divider
plates with both curved and flat designs. In some cases manufacturing problems such as cracking
were encountered during welding of the divider plates into the primary heads. However, in service,
the welded-in divider plate designs have had a good operating history.
B&W has incorporated flat Welded-In Divider Plates (WIDP) into replacement steam generator
designs at McGuire 1 and 2, Catawba, Byron, Braidwood and Ginna nuclear stations. The detailed
analysis of these WIDP designs for PWR applications has recently been completed showing
compliance with all design specification and ASME code requirements. The experience gained
during the design of these divider plates is directly applicable towards CANDU steam generator
applications.
In addition to the redesigned primary divider plate several pressure boundary enhancements are
proposed to permit increased steam generator inspection. The additional pressure boundary
inspection openings facilitate inspection of every tube support structure including the U-bend region,
lattice grids, preheater baffle plates and thermal plate (Figure 4).
Steam Separator Equipment:
High performance steam/liquid separation equipment is a vital component for the reliable, long term
performance of recirculating steam generators. The continual evolution of moisture separators has
lead to the present high capacity Curved Arm Primary (CAP) separator and secondary cyclone
separator designs. The B&W steam generators for Darlington first used the CAP design which was
further improved for the Cernavoda steam generators which acquired the model number CAP-2.
This first improvement refined the return cylinder lip. The CAP-2 design was proven in the first
B&W PWR replacement steam generators at Millstone Unit 2 where the moisture carryover at full
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power was measured as being less than 0.03%. This moisture carryover measurement matched that
previously determined from full scale full load testing performed at the Babcock & Wilcox Alliance
Research Centre thereby confirming the validity of laboratory tested performance.
Due to PWR market demands for ever increasing steam flows for replacement steam generators, a
new model of the CAP separator is available for CANDU applications. This latest CAP-3 design
has been successfully tested up to the test facility flow capacity of nearly 60,000 lbm/hr of steam
loading per separator. In order to maximize circulation ratio, one of the main design goals of the
latest CAP development effort was to reduce overall hydraulic resistance. This goal was achieved
by altering the configuration of the curved-arm primary separator head, in which not only was
pressure drop reduced but moisture carryover performance improved while maintaining insensitivity
to operating water level, circulation ratio and operating pressure ranges. Water level insensitivity
provides the designer maximum flexibility in establishing water level control programming which
is essential for CANDU plant operation. The new CAP-3 moisture separator has been installed in
the replacement steam generators for McGuire 1 and 2, Catawba, Byron, Braidwood and Ginna PWR
stations.
Manufacturing Consideration:
Fabrication of RSG's required the development and implementation of a significant number of new
manufacturing processes and procedures. Changes compared to CANDU fabrication methods were
required due to new design features, and customer specification requirements. Along with these
changes B&W also implemented advanced manufacturing technologies into our shop to further
improve the quality produced and enhance productivity to meet shorter delivery schedules.
The new challenges for RSG fabrication started with material and weld consumable procurement.
Compared to previous CANDU contracts, specific chemical composition limits, mechanical
properties limits, and extended postweld heat treatment (PWHT) qualification times were imposed.
The result of these constraints is that the material suppliers must produce materials to a much tighter
window than the basic material specification allows.
The RSG primary head was the most visible design change compared to CANDU units. Compared
to CANDU the RSG head requires 100% ID cladding with stainless versus none on CANDU. The
RSG design has a full penetration welded-in 1690 divider plate versus a carbon steel floating divider
plate on CANDU. The RSG also utilizes stainless steel "safe-ends" on the primary nozzles versus
carbon steel on CANDU.
Welded-in divider plate fabrication methods were developed as a R&D project prior to starting
production and included full scale mock-ups. The size of the divider plate weld made distortion of
the primary head a very serious concern. This concern was eliminated through the use of a restraint
system plus a balanced welding sequence. The welded-in divider plate fabrication methods
developed were successfully implemented on the production work and to date a total of twenty two
(22) welded-in divider plates have been completed.
- 6 -

Fabrication of the tube support systems (lattice grids and U-bend supports) was an area where new
manufacturing technology was introduced to meet the tight tolerances on critical components.
Specialized tooling, machine fixtures, and cutting tools were developed as a R&D project. New NC
equipment was also purchased specifically for the machining of these components. This program
was very successful with tighter manufacturing tolerances being maintained on tube support
components along with increased productivity.
A design requirement that pushes the limits of current technology is that of crevice length after
hydraulic expansion of the tubes in the tubesheet. Tube expansion must not extend past the
secondary face of the tubesheet as this condition could result in the tube needing to be plugged. The
design criteria is to minimize the length of the crevice as measured from the tubesheet secondary
face to the point where full expansion is achieved. This requirement is further complicated by the
fact that the eddy current measurement techniques used to confirm crevice length have an accuracy
tolerance band that is close to the preferred maximum crevice length. To meet this requirement,
extensive R&D work has been done and specialized set up and measurement equipment was
developed to produce the desired crevice length. Significant in-process controls are currently needed
to maintain a tight control of the hydraulic expansion process. R&D work is still ongoing to further
improve the hydraulic expansion process from a manufacturing perspective of process control and
productivity.
In summary, the RSG design has required significant changes to be implemented in our
manufacturing processes. By performing extensive fabrication development work these changes
have been implemented such that high quality work is being done and with an increase in
productivity.
Quality Assurance Considerations:
The move from CANDU to RSG's brought significant changes from a Quality Assurance
perspective. Both have the same basic QA program requirements but the US RSG market required
a full ASME N-Stamp necessitating an audit by an ASME Survey team. The CANDU requirements
only require an audit by Provincial Regulatory authorities. The interpretation of the requirements
by ASME Survey teams and by USA utilities is considerably more stringent necessitating a number
of QA program enhancements in the areas of document control, design control, process control,
procurement control and personnel training and qualification.
Involvement in the US RSG market also necessitated putting in place a system internally and with
suppliers to meet the requirements of Regulation 10CFR21 which requires notification to the US
Nuclear Regulatory Commission of deviations which could constitute a substantial safety hazard.
Another unique concept of the US nuclear program is Commercial Grade Dedication. Non-ASME
Code safety-related parts for steam generator internals must either be procured from a vendor with
a full nuclear QA program meeting regulation 10CFR50 Appendix B or must go through a planned
evaluation program called Commercial Grade Dedication to be used in safety-related applications.
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Changes had to be made in other areas as well. Clean room standards had to be upgraded. A
program had to be put in place for detrimental material control where all substances coming in
contact with the steam generator eg. cutting oils, marking crayons, tapes, etc. are analyzed and
controlled.
Technical inspection and NDE techniques had to be developed and upgraded to address features such
as the extensive use of stainless steel clad materials, dissimilar metal nozzle safe-ends, 1690 tube
inspection, and inspection of electropolished surfaces.
Another significant requirement was the development of a program to perform preservice (baseline)
ultrasonic and eddy current examinations to ASME Section XI requirements. This involved
developing new techniques, an enhanced program for personnel qualification and the procuring of
equipment for automated scanning and data acquisition.
All of these innovations have been successfully implemented and are now available for feedback into
the CANDU program if required.
R&D:
The key design features and manufacturing processes described above are the result of a long term
R&D program directed at nuclear steam generator performance and reliability. The Research and
Development program is broken into a number of key areas - steam separator development, tube
material selection, erosion/corrosion studies, stress analysis technique, thermal hydraulic
performance analysis techniques, welding, manufacturing processes, non-destructive testing
developments, and steam generator repair and maintenance techniques. Many of these programs are
long term in nature, involving the operation of model boiler and autoclaves over many years. The
results of these programs, coupled with operating experience on both B&W and other steam
generators, has allowed us to evolve the current design of steam generators to the point where it has
been the design of choice for many customers seeking replacement steam generators.
B&W Supply of Replacement Steam Generators:
The first replacement steam generators supplied by B&W were for the Millstone 2 plant of Northeast
Utilities. This order was secured in 1987 and went into service in 1992. The project for B&W
involved the supply of two lower heat exchanger sections, as well as the steam separators to be
installed in the original steam drums which were to be reused. The overall B&W design met all of
the customer technical requirements as well as being offered with a very competitive price and
delivery. This was the first time in the United States that a replacement steam generator order had
gone to anyone other than the original equipment manufacture. B&W came through on its
commitments. All performance of the RSG's met or exceeded specifications. For example, the
maximum permissible moisture carryover in the steam was 0.2% per the specification; while the
actual measured carryover at the site was 0.023%. The next prospects for replacement steam
generators occurred in 1991 when many US Utilities were facing prospects of replacement. Many
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members of the EPRI steam generator owners group realized that there were efficiencies to be
realized if they somehow banded together for the order of replacement steam generators. Therefore,
a group often (10) US utilities banded together to form the Joint Procurement Corporation (JPC).
The idea of the Corporate entity was to allow for the joint purchases. The group was assembled with
a management committee, a technical committee, and a commercial committee. The technical
committee assembled the group's generic technical specification, and each utility supplied the plant
specific data from their own plants. Some utilities were looking for replacement steam generators
for more than one reactor. The specification which was assembled covered 17 reactors owned by
the 10 utilities. The commercial committee came up with a standard purchasing document, with
suggested terms and conditions which all utilities could agree to. Included in these standard terms
were warranty requirements which far exceeded anything seen in the nuclear industry to that time.
The JPC enquiry package was sent out to five (5) steam generator suppliers in the latter part of 1991.
Proposals were received in January 1992. By that time it was becoming apparent there would be
difficulties with "group purchases" and so it was agreed that each utility would purchase directly.
Nevertheless the technical and commercial committees would still reach a group recommendation
based on their reviews of the proposals. The group renamed itself the "Steam Generator
Replacement Group", which is the non legal group name rather than the legal entity JPC. This steam
generator replacement group assessment rated B&W #1 both technically and commercially. As a
result of this process, contracts awarded to date are as follows:
Commonwealth Edison
Rochester Gas & Electric
Florida Power & Light

Byron 1, Braidwood 1, and Zion 1 option agreement
Ginna
St. Lucie 1

In addition to these firm orders which have been delivered or are in the state of manufacture, a
number of other option agreements have been negotiated. In addition to these contracts resulting
from the steam generator replacement group process, B&W has also secured orders for twelve (12)
replacement steam generators from Duke Power Corporation.
Project Status:
The replacement order received in 1992 severely taxed the B&W facility - engineering, procurement,
manufacturing, and various support groups. In many of these departments staffing levels increased
by a factor of two or more to support the new contracts. The contracts awarded in 1992 have either
shipped as in the case of Rochester Gas & Electric and some of the Duke units, or are well on their
way to completion, as is the case for the Florida Power & Light and Commonwealth Edison plants.
Today in B&W's shops the most recent order, for eight (8) steam generators for Commonwealth
Edison, is currently tracking several months ahead of schedule. B&W has recently revised the
contract delivery date for these steam generators to be approximately seven months earlier than the
original delivery requirement. This was at the request of the customer who has a potential need to
conduct the steam generator replacement outage earlier than originally planned.
- 9 -

B&W has now completed the bulk of the backlog, to our customers satisfaction, and are looking
forward to future replacement orders.
Future Markets:
Within the next decade B&W anticipates that steam generators will be replaced in approximately
25 reactors in the US and a number of other international locations. B&W fully expects to secure
at least three quarters of the replacement steam generator market in the US and any additional new
or retrofit associated with CANDU plants.
All of these considerations lead to an expected demand of between 80 and 100 steam generators over
the next ten years.
In the early 1990's many steam generators were replaced for plants which had operated only 7 to
10 years. In these cases the replacement steam generators needed to be advanced, highly
maintainable units, with capabilities such as power upgrades.
In the late 1990's new expectations are emerging. The steam generators likely to be replaced in the
next several years are in older plants which have not been deteriorating as quickly. Deterioration
of steam generators can vary significantly in rate, depending on several conditions, most important
of which is operating temperature. Some of the older plants operated at lower temperatures than the
newer models, hence steam generators deteriorated more slowly. Now the owners are facing
dilemmas of replacement or letting the plant operate as long as economical followed by early
shutdown. The older plants are seen as much more difficult to license for power uprates and so this
is not likely to be a requirement.
Considering the above B&W views the future market to be one requiring simple, straight forward
one-for-one replacement steam generators, which are very reliable, require very little maintenance
and will be provided inexpensively on a relatively short schedule.
B&W was successful in the early 1990's by providing highly customized replacement steam
generators to clients with relatively new plants. B&W is now refocusing efforts to the new client
who is looking for a more standardize, relatively low priced, short delivery type steam generator.
Based on recent extensive experience in replacement steam generator orders B&W is ideally suited
to meet these changing requirements.
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Conclusion:
Babcock & Wilcox nuclear steam generators have evolved a great deal from the first units supplied
for CANDU plants in the 1950's, to current steam generators supplied for replacement projects in
US pressurized water reactors. This evolution has been based upon a combination of research and
development and operating equipment feedback. Today B&W is one of the premier suppliers of
replacement steam generators in the world. Based on most recent experience in supplying
replacement steam generators to a number of US utilities, B&W will be the premier supplier of
replacement steam generators for the future as well.
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TABLE la: CANDU Steam Generator Design Descriptions

Reactor Size

In-Service
Date

Length(m),
Weight
(tonne)

#Tubes/Steam

NPD 22MWe

1962

1 Horizontal U-Shell,
Horizontal Drum

4'/2m
30T

2869

1-600
(S-R)**

Vertical Baffles

Fossil Boiler

Douglass Pt.
Indian Plants 220MWe
(MLW Design)

1966

8 Horizontal Drums, 10
Vertical U-Shell
SG's/Drum

8m
*

1958 (195 in
each U-Shell)

M-400

CS Drilled Plates, No UBend Supports

Fossil Boiler

Kanupp 137MWe

1972

6 Vertical Lightbulb

10m
45T

1355

M-400

CS Lattice Grids, Flat Bars
in U-Bends

IMP

Pickering A
4 Reactors 515MWe

1971

12 Vertical Lightbulb

14m
73T

2600

M-400

CS Lattice Grids, Flat Bars
in U-Bend

IMP

Bruce A
4 Reactors @ 760MWe

1977

8 Vertical U-Tube
2 Horizontal Drums

15m
160T*

4200

1-600
(S-R)**

CS Broach Plates, Scallop
Bar U-Bend Supports

IMP

Pickering B
4 Reactors @515MWe

1983

12 Vertical Lightbulb

14m
73T

2600

M-400

CS Broach Plates, Offset
Scallop Bar U-Bends

IMP

Gentilly 2
Pt. Lepreau 1
Embalse, 3 @ 680MWe

1983

4 Vertical Lightbulb

19.2m
215T

3550

1-800

SS Broach Plates, Offset
Scallop Bar U-bends

GXP

Bruce B
4 Reactors @ 885MWe

1983

8 Vertical Lightbulb

15m
136T

4200

1-600
(S-R)**

CS Broach Plates, Offset
Scallop Bar U-bends

GXP

Darlington
4 Reactors 881MWe

1989

4 Vertical Lightbulb

22.3m
355T

4664

1-800

SS Lattice Grids, Flat Bar
U-bend Supports

CAP

Cernavoda
2 Reactors @ 680MWe

1996

4 Vertical Lightbulb

19.2m
215T

3530

1-800

SS Lattice Grids, Flat Bar
U-bend Supports

CAP
2-13B

Wolsong 2, 3 & 4

1996

4 Vertical Lightbulb

19.2m
215T

3530

1-800

SS Lattice Grids, Flat Bar
U-bend Supports

CAP
2-13B

SG's/Reactor
Configuration

Generator

Tube
Material

Tube Support Type

Separator
Type

Difficult to pinpoint weight due to separate SG's and multi-unit drums.
In CANDU steam generators, Alloy 600 tubing was stress relieved with the complete steam generator vessel in a furnace. This practice, combined with relatively high mill
anneal temperatures specified, has resulted in excellent performance of the tubing from a corrosion point of view.

TABLE lb: PWR Replacement Steam Generator Design Descriptions
Length (in),
Weight
(tonne)

#Tubes/Steam
Generator

Tube
Material

2 Vertical Lightbulb

62'5"
543T

8523

1-690 TT

SS Lattice Grids, Flat Bar
U-bend Supports

CAP-2

McGuire 1 & 2,
Catawba
3 Reactors @ 1225MWe

4 Vertical Lightbulb

67'9"
404T

6633

1-690 TT

SS Lattice Grids, Flat Bar
U-bend Supports

CAP-3

St. Lucie (FP&L)
I Reactor 892MWe

2 Vertical Lightbulb

62'9"
543T

8523

1-690 TT

SS Lattice Grids, Flat Bar
U-bend Supports

CAP-2

2 Vertical Lightbulb

62'11"
316T

4765

1-690 TT

SS Lattice Grids, Flat Bar
U-bend Supports

CAP-3

4 Vertical Lightbulb

678"
404T

6633

1-690 TT

SS Lattice Grids, Flat Bar
U-bend Supports

CAP-3

Reactor Size
Millstone 2
1 Reactor 902MWe

Ginna (RG&E)
1 Reactor® 517MWe
Byron & Braidwood
2 Reactors @1175MWe

In-Service
Date
1992

1996

SG's/Reactor
Configuration

Tube Support Type

Separator
Type

Figure 1: Pickering "A" SG Arrangement
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Figure 2: Nuclear SG Tube Performance To End of 1994
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Figure 3: Lattice Bar Tube-Support Grid
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FAC RESISTANT
PRESSURE BOUNDARY
MATERIAL

CAP-3
PRIMARY CYCLONE
SEPARATORS

FLATBAR U-BEND
RESTRAINTS

LATTICE GRID
TUBE SUPPORTS

FOUR - 4*
INSPECTION OPENINGS

ALLOY 800 OR ALLOY B90
TUBE BUNDLE

TWO - 6'
PREHEATER/HOT LEG
INSPECTION OPENINGS

FAC RESISTANT PREHEATER
IMPINGEMENT PLATE

TWO - 2.5" PREHEATER
INSPECTION OPENINGS

THREE - 4'
TUBESHEET HANDHOLES

FULLY WELDED
ALLOY 690
PRIMARY DIVIDER PLATE

Figure 4: Advanced CANDU SG Arrangement
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ABSTACT
This paper discusses problems encountered in the integration of the first nuclear power plant in Turkey. Past
activities and the current situation is reviewed, special problems associated with the AKKUYU project are
discussed, and topics such as optimal size selection, policy for nuclear fuel cycle, choice of reactor type, and
regulatory matters are discussed.
It is concluded that the introduction of a well-planned, long-term, economically viable nuclear power
program into a developing country is a difficult task, which can be accomplished only through effective
organization.
1- INTRODUCTION
In developing countries, a continually increasing demand for electric power requires extensive investigation
into the most economical and most convenient method of electricity generation.
In the past 20 years, on average, the rates of increase of total electricity consumption was 7% per year in
developing countries and 3% per year in industrialized countries. If similar trends of increasing electrical
consumption on an overall worldwide basis continue as expected, conventional energy resources used to
generate electricity, i.e. hydro and fossil fuels, will be rapidly depleted. Moreover, fossil fuels (coal, oil and
natural gas) which now provide almost, two-thirds of the world's electrical energy, contribute significantly to
environmental pollution. Therefore, energy resources other than fossil fuels are needed, and nuclear systems
offer an effective option.
According to the OECD Nuclear Energy Data published in June 1993, the total electricity demand in the
OECD should continue to grow at about 2% per year until the year 2010, which means a total increase of
some 40% between now and then. In OECD, the net nuclear generation is expected to increase from 1628
TW/h in 1992 to 2023 TW/h in 2010, an increase of almost 25%. These projections show that nuclear
energy generation in OECD countries will not diminish over the coming decades.
When South-East Asia is considered as a whole (Taiwan, Japan and Korea), the development trends show that
nuclear power generation in the region will soon reach the same level of the OECD's European and North
American regions. It is believed that the increasing importance of nuclear power in this part of the world will
stimulate new efforts in (he traditionally developed countries of Europe and North America, and nuclear
power will regain the position of providing an increasing fraction of new generating capacity in the
industrialized countries. This position will increase the rate of growth in the world as a whole and, indeed,
will open the doors for the introduction of nuclear power to several new countries.
2-GENERAL BACKGROUND AND PAST ACTIVITIES
2.1- General Background
The per capita electricity generation in Turkey is considerably lower than that of other European countries.
The rate of expansion being achieved by Turkey is comparable with those found in countries regarded as
engaged in rapid development of the industry. During 1980-1990 the average energy production growth rate
was about 1 1 % .

In 1994 the total installed capacity of electric power plants was 20,492 MW with a gross energy generation of
99,039 Gwh, and the consumption per capita was 1300 Kwh/year. The contribution of the different sources
in this production are as follows: Coal 37%, Hydro-power 36% Natural gas 17% Petroleum 9%. In 1994,
26% of the electrical power was produced by imported fuels (see Table 1).
It is expected that, during 1994 -2000, the rate of production growth will be about 8% in average, and with
diminishing hydro and lignite resources, Turkey will soon be included in the category of countries which are
faced with an ever - growing fuel import level (1).
2.2- Past Activities
Turkish institutions have been involved in efforts to implement nuclear energy for the last 25 years. The first
attempt was made by the "Electrical Resources Survey and Planning Department" (EIEI) in 1970. Based on a
feasibility study by an advisory group (headed by the author) a 400 MWe CANDU nuclear power plant was
chosen, and the offer obtained from AECL was presented to ETIBANK, which was responsible for the
electric generation in Turkey at that time. This project did not proceed because of the foundation of Turkish
Electric Authority TEK in 1971, which took over the responsibility of electric power generation.
TEK has been involved, with the help of international consultants, in the process of preparing feasibility
studies and of choosing a suitable nuclear power plant for Turkish grid since 1971. Extensive work in 1970's
was carried out in the adoption of the nuclear option for Turkey, licensing the AKKUYU site and inviting
bids for this site from all international vendors. Following the initial evaluation, TEK entered into detailed
negotiations with ASEA-ATOM and STAL-LAVAL for a 660 MWe BWR power station. It was requested
that the vendors secure 100% financing. The project did not succeed because of financing difficulties.
A third attempt was made by the Turkish Atomic Energy Authority (TAEK) in 1982, and extensive work in
mid 1980's was carried out in the selection of a reactor type. Offers obtained from well known international
vendors by TAEK were handed to the ministry of Energy and Natural Resources (ETKB).
Based on Turkish conditions, the preferred unit size was in the 600 to 1000 MW range, and bidding was on a
turnkey basis with suppliers responsible for overall project and construction management. Firm price foreign
supply and unit price for site related scopes were obtained (see Table 2). It was requested that the financing
for the base cost of the plant should be secured by the vendor. Based on the TAEK licensing policy, only the
commercially available reactors with suitable reference plants would have been appropriate. Reactors which
were not licensable in the home country of the vendors, and reactors which were prematurely absolute did not
meet the requirements.

NNC's offer of 2x300 MWe MGCR was refused by TAEK as being prematurely absolute, and the initial
evaluation confirmed the applicability of CANDU 635 MWe and KWU 970 MWe PWR, which satisfied
financial requirements, to the AKKUYU site from technical and commercial points of view. Also, a letter of
intent was given to GE for a future project of 2x1185 BWR in a new site at SINOP at Black Sea side at North
Anatolia.
TEK entered into detailed negotiations with AECL and with KWU for the application of these two reactors to
the AKKUYU site, and two separate bays at this site were evaluated for each of these reactors. Upon
Turkey's change of the financing basis to BOT (Build, Operate and Transfer) model, KWU withdrew and
AECL continued efforts and signed a preliminary agreement for this project. The project, however, did not
proceed because of die difficulties encountered in the guarantees required by Turkey on the financial credit
secured by AECL.
This attempt, which involved extensive work in the mid 1980's, was very significant and was almost
successful. But, had a major draw back associated with the difficulty of handling three different types of
reactors in Turkey from the point of licensing, operation, and technology transfer[2].

3-ANALYSIS OF THE PROBLEMS ENCOUNTERED
3.1- National Interdependence
Integration of nuclear power development is very much related to the general policies regarding utilization of
energy resources. Therefore, an attempt should be made to formulate the outlines of the national
conventional fuel policy before embarking on a nuclear power program.
The introduction of a well planned, long-term, economically viable nuclear power program to a developing
country, is a difficult task which can be accomplished only through effective cooperation between different
authorities such as planning, financing, power supply and licensing institutions, and through an effective
organization. The introduction of the first nuclear power station in a developing country would require
vigorous governmental support. Top political leaders must have faith in the project and the country must
have political stability, which was not the case in Turkey.
3.2- Policy for Nuclear Fuel Cycle
One of the basic considerations which have to be taken into account in the choice of reactor type is a policy
for nuclear fuel cycle. The most fundamental decision to be made is between natural and enriched fuel.
The choice of enriched fuel system carries with it the penalty of committing to the purchase of enriched fuel
or enrichment resources from a foreign supplier and commercial enrichment services at the present time exist
in only a few states. Most developing countries, taking into account some political difficulties, do not wish to
be entirely dependent for fuel supplies on one supplier for several decades. The conclusion is that in
considering enriched fuel utilization, it is essential to examine seriously the future availability, possible
sources, reprocessing and waste management requirements, and to evaluate actual costs of the fuel cycle
processes according to the fuel cycle policy of the country.
There are a number of reasons, such as availability of uranium ore deposits and desire to develop local
nuclear industry, which may greatly sway a country towards a natural uranium reactor system. A highly
irradiated natural uranium fuel element has no value except its plutonium and will not require reprocessing
for economic reasons and may be stored in the reactor site for future use. Plutonium in stock may be very
useful in the future, allowing for fast reactor requirement or recycling in thermal reactors. In the latter stage,
according to the country's fuel policy, it would be necessary to make arrangements for reprocessing in order
to permit plutonium separation or make arrangement for final disposal of used fuel elements. The current
storage practice developed in Canada is very suitable for developing countries as a safe interim measure for
the management of used fuel up to 100 years.
It may therefore be wise to select a policy for nuclear fuel cycle before the choice for a reactor type. For
Turkey's vast thorium resources used in conjunction with a suitable reactor system, may offer the prospects
of energy independence for centuries. Fuel cycle considerations was not taken into account in the earlier
attempts in Turkey.
3.3- Optimal Size Selection
For the first reactor in a developing country, optimal size selection is very important. Cost considerations
favour larger unit sizes, but there are some difficulties into the integration of a large nuclear power plant in
the relatively small grid of a developing country. The normal rule of thumb is that the largest unit should be
less than 15 % of the system size.
The installed electric power capacity in Turkey will be about 30,000 MWe in the year of 2000. Therefore, a
1400 MWe nuclear unit could be integrated to the Turkish system. But, it is generally recommended that a

relatively smaller unit be chosen for the first nuclear power plant in a developing country. The advantages of
smaller sizes and multiple units are:
-

Less capacity required for the same planning reliability;
Less spinning reserve for the same operational reliability;
Large units may adversely affect interconnected system stability;
Small units give more planning, financing and operating flexibility.

It may be concluded that 2x700 MWe multiple units station is more suitable than one 1400 MWe unit for
Turkey.
3.4- Choice or Reactor Type
Reactor type selection is a very difficult task for a developing country which requires greater reliability of
operation than a developed country. A criteria which must be applied is that a developing country should
limit its considerations to designs which have already been constructed, licensed and operated successfully in
some other country's system. The installation of a nuclear power station makes little sense if it does not fit
into a long range nuclear power program. The first nuclear power reactor should not become prematurely
absolute, and future stations should be based on a reasonable extrapolation of the incurred experience of this
technology. Innovative reactors which incorporate new technologies and new materials can only be acquired
with risks such as excessive delays being encountered in getting the nuclear power plant built, the
consequences of failure during operation, or worst an extreme accident. The only protection against such
risks is to confine procurement to proven equipment and manufactures. Judgment of "Provenness" can only
be based on actual operating experience with the unit.
3.5- Other Considerations and Analysis
Among the other considerations which should he taken into account in the choice of a reactor type are the
potential for local participation in the projects, financing terms and training possibilities. If the first order is
regarded to be only one in a series for essentially the same reactor system, it is clear that the possibilities of
local participation will increase with each project [3].
The earlier attempts for the integration of nuclear power development in Turkey were not successful for the
following reasons:
- The project was not included in the five year development plans, therefore, it was not integrated in the
national energy program;
- Nuclear power was not clearly justified in relation to other alternatives for energy production;
- There was not a general agreement for the introduction of nuclear power in Turkey, therefore, the
cooperation between different institutions was not effective;
- Top political leader did not have faith in the nuclear power nor did they have enough power;
- The negative impact to nuclear power development from the 1986 Chernobyl accident.
4-CURRENT ACTIVITIES AND ORGANIZATION
4.1- Institutional and Organizational
Most of the work involved in planning and building a nuclear power station is identical to that for a
conventional station. Therefore, it is essential to have a power agency who has the necessary experience oil
conventional power stations. In Turkey, matters related to electric power are the concern of the Ministry of
Energy and National Resources (ETKB). Turkish Electric Authority (TEAS) and States Hydraulic Works
Department (DSI), which concern respectively with Thermal Power stations and hydro-power development,
are two very powerful entities within the ETKB. State Planning Organization (DPT), which is under Prime
Minister's office, has the responsibility for development plans for Turkey. It receives its input for electricity

planning from TEAS. Therefore, Turkey possesses power agencies who have enough experience in
commercial power stations.
The establishment of legal provisions and technical bases, necessary to provide that nuclear installations can
be constructed and operated without undue risk to the public health and safety, through a competent and well
established regulatory authority is perhaps the most important problem for a developing country.
Atomic Energy Commission (AEK) established in 1956 was reorganized by a new law in 1982 as Turkish
Atomic Energy Authority (TAEK), under the auspices of Prime Minister Office. This agency is in charge of
regulating the nuclear industry, for development of a nuclear policy for Turkey as well as research,
development and training in this field. TAEK operates three research centres (2 in Ankara, 1 in Istanbul) and
has approximately 600 employees with of them engineers or scientists. The organization of TAEK is shown
in Figure 1.
Many universities in Turkey have courses related to nuclear science and engineering, approximately 200
students are enrolled in these studies.
Hacettepe University in Ankara has a nuclear engineering department and trains both undergraduate and
graduate students in nuclear engineering, about 25 students are presently enrolled in this study.
Institute for Nuclear Energy of Istanbul Technical University was established at 1961. This graduate school
has been operating a TRIG Mark II research reactor since 1978 and has gradated about 250 graduate students
since 1961. About 60 graduate students (15 Ph.D. and 45 master) are currently enrolled to the courses.
These two universities are the resources for TEAS and TAEK in the course of the project.
In 1982 there was a Nuclear Power Department at TEK, with about 25 well trained engineers. Presently,
TEAS, the new organization which replaced TEK, has a small "Nuclear Power Plant Group" reporting
directly to the TEAS General Manager, which is not adequate for launching the program. It is expected that
an independent "Nuclear Power Plant Department" will be established again. The mechanism of making a
start with nuclear power supply is shown in Figure 2.
4.2- Regulatory Basis For Licensing
In discharging its responsibility for public health and safety, the Government should ensure that the
operational safety of a nuclear reactor is subject to surveillance by a regulatory body independent of the
operating organization. This body is Turkish Atomic Energy Authority (TAEK) in Turkey.
It is necessary to provide a regulatory basis and a licensing procedure of which the main components are:
- Setting the necessary organization;
- Setting the basic safety principles and criteria for authorization;
In Turkey the regulatory documents are :
- Turkish Atomic Energy Law of February 9, 1982, No.2680.
- Licensing procedure of Nuclear Installations, Decree of 1983 No.7405.
- Regulations for Radiation protection, Decree of 1985 No.9801.
Other regulatory documents such as code of regulation necessary for setting forth the safety principles and
licensing criteria which, have the force of law, and Regulatory Guides which describe methods that are
acceptable by the regulatory body does not exist in Turkey.

In this connection, it appears necessary to cooperate closely with the licensing authority of the reactor
supplier country. According to the policy set-up by TAEK at 1982, "the proposed reactor should be
licensable in the supplier country1, most of the safety documents of this country could be used.
In 1984 KWU's offer (970 MWe PWR) was extensively investigated by using the German safety codes and
guides and was discussed with KWU experts during the contract negotiations. Following some corrections
and additions, the licensability of this reactor for Akkuyu was confirmed.
A primary objective of the IAEA is to help developing member countries in providing safety rules
comparable to those of advanced countries. In this respect, IAEA safety series could be used, and with help
of IAEA experts it might be possible to enable this function.
The procedures, which are to be followed in order to put a power plant in operation in Turkey, are as
follows:
Presentation to the regulatory authority of a site report, in which all the safety related characteristics of the
site are evaluated, including the environmental aspects, leading to the issuing of site license by TAEK. This
license is the statement of the suitability of the site for the considered reactor. During 1976, the site license
was issued for the AKKUYU site for PWR and CANDU reactors.
Presentations of the Preliminary Safety Analysis Report (PSAR), in which all die safety aspects of the nuclear
power plant are presented, leading to the issuing of Construction Permit by TAEK. Towards the end of the
construction, the Final Safety Analysis Report (FSAR) is
presented to TAEK. In which the proof is given that all the relevant safety considerations have been taken
into account before the operating license is given by TAEK (see Figure 2). Conditions on fulfillment of
particular requirements could be attached to the operating license.
4.3- Current Situation
It is expected that in the year 2000, the total installed capacity will be 29,247 MW, corresponding to a total
production of 148,966 Gwh, and consumption per capita will be 1878 Kwh/year.
The indigenous resources of Turkey are the hydro-power potential of 122,000 Gwh/year and the lignite
potential of 105,000 Gwh/year. In the year 2000, about 36% of these potentials will be recovered, and 33 %
of the electrical power will be produced by imported fuels.
It is expected that during 2000 - 2010, electrical power production growth rate will be about 7,5% and
installed capacity and total gross production at the year 2010 will be respectively 60,034 MW and 313,913
Gwh, and consumption per capita will reach about 3267 Kwh/year when the recovered percentage of hydroelectric potential will be about 70% and the lignite potential will be almost used up. Therefore, the
contribution of imported fuels in electric power production will be about 45 % [4].
It appears that it is necessary to introduce to the grid 2000 MWe of nuclear power generation between the
years 2005 and 2008. The estimated potential contribution of the various energy sources in die electrical
power production will be as the followings : Lignite + Coals 30%, natural gas 25%, hydro-power 25%,
nuclear power 4 %, petroleum 3 %.
The 7th five year plan (1995-1999), which is under preparation now, indicates that work should be started for
the implementation of about 2000 MWe of nuclear plant between as soon as possible.
The current activities for the nuclear plant in Turkey started once again in October 1992, when TEK
requested a preliminary proposal from all nuclear vendors. The responses from vendors show that AECL is

again in a position to offer CANDU-6, Westinghouse and ABB-CE have offered AP-600 and BWR-90
respectively, and NPI offered Konvoi PWR-1400.
In 1994, TEAS, which replaced TEK, decided to invite bids from all international consultants for the
advisory works of AKKUYU project. Following initial evaluations, TEAS signed a contract with KAERI
and associates at February 1995.
The key issues according to ITB are :
Phase I- Comparison of commercially available reactors, and recommendation on type, size and
organizational requirements (this report is already issued to TEAS);
Phase II - Preparation of bid documents for the implementation of a nuclear power plant at AKKUYU
site(this phase in underway and ITB completion date is July 31, 1995).
Phase III - Assist TEAS in the evaluation of bids.
Phase I and Phase II are already completed by the consultant. TEAS is presently reviewing the ITB and is
scheduled to issue it to the vendors in May or June 1996.
The recently formed (February 1996) coalition government in Turkey has placed the implementation of
nuclear power plant in (he coalition protocol and also in the government program submitted to the parliament.
4.4- Estimated Cost of Generating Electricity
The cost analysis performed in this paper is prepared according to IAEA and OECD-NEA's recent references
[5] [6].
The plant types considered for this study include 1x700 MWe CANDU, 2x700 MWe CANDU and 1x1385
MWe Siemens PWR.
Base specific cost for 1x700 MWe CANDU and 2x700 MWe CANDU are estimated respectively
1850$/KWe and 1540 $/KWe. For 1350 MWe gross, Siemens-PWR reported case cost is 2400 $/KWe [6].
Since this price is not competitive with other PWR's, an estimated base cost of 1750 $/KWe for an exported
plant is used in this analysis. The specific construction cost of 600 MWe Coal plant is estimated 1400 $/KWe
[5].
Other parameters used in the calculations are given in Table 3 and the results of the analysis are given in
Table 4 [7].
4.5 - Public Understanding
In parallel with the recent sociopolitical changes taking place in Turkey, public interest in nuclear power has
risen drastically.
With the anti-nuclear movement having been developed by left groups and
environmentalists, local demonstrations have become intensified, and doubt and criticism about nuclear plant
safety has increased.
To efficiently and effectively cope with this challenge, the government departments working closely with
utilities, universities, research institutes and other nuclear related organizations should place more emphasis
on public acceptance of nuclear power.

5. CONCLUSIONS
It is expected that TEAS will invite bids for the AKKUYU Nuclear Power Plant in 1995 from international
vendors, and the process of implementing a Nuclear Power Reactor in Turkey will start once again.
This time two nuclear power plants, of about 1000 MWe each are included in the long range energy plan up
to 2010 and political leaders are supporting the construction of nuclear power in Turkey.
The institutions relevant to the nuclear implementation are already in place in Turkey. But, the organization
of some institution such as Licensing Division of TAEK and the Nuclear Power Plant Department of TEAS
should he strengthened and a close cooperation between TAEK and TEAS should be achieved in order to
ensure that all aspects of the nuclear program are fully covered.
In Turkey nuclear electricity is economically justified, and past negotiations confirmed the applicability of
two proven reactors, namely AECL-CANDU 6 and KWU-PWR 970 We, to the AKKUYU site from
technical and commercial points of view.
Turkey needs to start a national nuclear energy program with self reliance in energy and with versatility in
fuel cycle options. Considering also operational flexibility and the estimated cost of electricity, it seems that
2x700 CANDU power station is more suitable than one 1350 MWe PWR for the start of the nuclear power
plant program in Turkey.
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1994

1996

2000

2005

2010

Thermal Power (MW)

10414

11595

16725

23785

36985

Hydro-Electric Power (MW)

16078

10954

12522

18602

25059

Installed Capacity (MW)

20492

22549

29247

42387

60034

Power Demand (MW)

12915

15235

20990

30445

43590

59

48

39

39

38

Reserve

(%)

Thermal Production(Gwh)

63347

71023 104368 150758 236558

Hydro-Electric Production(Gwh)

35692

39108

Total Production (Gwh)

99039

44598

63778

77355

110131 148966 214536313913

Contribution of The Various Energy
Sources:
Lignite+Bituminous Coals(%)

37

36

37

33

30

Hydro-Power

36

36

30

30

25

Natural Gas (%)

17

20

26

27

25

Petroleum (%)

9

9

6

4

3

Nuclear Power

0

0

0

3

4

Imported Power

27

28

33

37

45

Demand (Gwh)

60095

Reserve Capacity (%)

94605 130350 189630 271450

24

16

14

16

44852

52619

Hydro security Production (Gwh) 27895

29798

Dry years Total Production (Gwh)91242

100821 137821 195610 269177

Security reserve (%)
Table 1

14

7

33453

13

6

Evolution of Turkish Electrical Power System

11

3

7

Vendor

Type

Power
MWe(l)

Total Cost
Millions of

USD
AECL(Canada)
Asea Atom(Sweden)
Framatom(France)
KWU(Germany)
NNC(U.K.)
GE(US)
Westinghouse(US)

986
943
951
896

CANDU635
BWR 990
PWR
1000
PWR 970
MGCR 2x300
BWR 1185
2x1185
PWR 625

36,0
34,1
36,2
34,7
57,8
39,3
35,3
49,1
41,2

1037
1402
2452

749
910

940

Estimated Cost of
Electricity
Mills/Kwh.

(1) For CANDU Load factor 66%,Others 60%.
Table 2

Proposals of Different Vendors (Date, January, 1983)

Parameters
Amortization Life
Interest rate
Escalation rate
Real Discount rate
Construction Period
Load factor
Fuel Cost

Table 3

Nuclear Plant
1350 MWe

Nuclear Plant
2x700 MWe

Nuclear Plant
700 MWe

Coal Plant
600 MWe

30 years

30 years

30 years

6%
5%
5%

6%
5%

6%
5%
5%

25 years
5%
4,5 %

7 years

72%
1368 $/kg
enriched-U

5%
7 years
75 %
89 $/kg 89
Natural-U

5%

7 years
75 %
89 $/kg
Natural-U

5 years
73 %
64 $/ton

Parameters Used in the Calculations

Power Plants

Capital

O&M

Fuel

Tota

600 MWe Coal Plant
1x700 MWe CANDU
2x700 MWe CANDU
1350 MWe PWR

20,5
35,0
30,0
37,9

8,5
7,6

23,2

52,2
46,5
45,5
53,7

Table 4

11,6

7,5

3,9
3,9
8,3

Estimated Costs of Generating Electricity (U.S. Mills of 1994)
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