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INTRODUCTION TO CNA PROCEEDINGS

This year's CNA/CNS Annual Conference theme, session topics and list of invited
speakers were developed by a dedicated team drawn from across the Canadian nuclear
industry. The issues to be addressed at the Conference were therefore relevant to power
producers, nuclear vendors, uranium and equipment suppliers, consultants and financiers.
The papers included in these CNA Conference Proceedings are not necessarily the
Speaker's actual spoken text but rather are detailed outlines of the presentations or
expanded papers from which the Speaker's remarks were drawn. On behalf of the
Conference Organising Team I sincerely hope that you find the these Proceedings to be a
useful collection of ideas, information, and viewpoints which will assist you in managing
your part in our vital and dynamic industry.

Ron Oberth
Conference Chair, Ontario Hydro

The past year has been a very successful one for Canadian nuclear technology. The sale of
two CANDU reactors to China was completed, and AECL and MDS Nordion reached
agreement to build two Maple reactors for medical isotope production. Wolsong Unit 2 in
Korea was completed and achieved criticality. Also completed was Cernavoda Unit 1 in
Romania. Canada's dominant role in the supply of uranium will be assured, with the
successful completion of the Environmental Assessment of the McArthur River mine in
Saskatchewan, and other new mines in the approval process. Difficulties encountered at
the Pickering nuclear station resulted in bold actions by Ontario Hydro that should return
the station to its traditional global performance levels. This 37th Annual CNA Conference
provides you with factual information on both these, and other topics, showing that our
nuclear industry is truly "Powering Canada's Future".

Murray J. Stewart
President and CEO, Canadian Nuclear Association

Ontario Hydro was proud to be the sponsoring CNA member company for this year's
CNA/CNS Annual Conference. It is very appropriate that this year's conference was held
in Ontario in which we face both challenges to our nuclear power program, and
structural changes to the electricity industry. The this year's annual CNA/CNS conference
provided an important opportunity for industry leaders and participants to exchange ideas
and information to the benefit of all. On behalf of Ontario Hydro Chairman Bill Farlinger,
President and CEO, Al Kupcis, and Executive Vice President and Chief Nuclear Officer
Carl Andognini, I trust that you found/will find this year's CNA Annual Conference and
these Proceedings to be relevant and useful to your work in the nuclear industry.

Bryan Murdoch
Sponsoring CNA Director, Ontario Hydro
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Can Nuclear Compete in the New Marketplace?

Dr. O.A. Kupcis
President and CEO

Ontario Hydro

Ontario Hydro has been preparing over the past three years for a fully competitive electricity
market. Competition is inevitable and essential. We believe that all electricity customers
eventually will be able to pick and choose their electricity supplier.

Change will occur because external pressures are building on the electric utility industry. All
of the jurisdictions around us in the U.S. and Canada are swiftly moving toward competition.
Our customers are also increasingly demanding choice, which they are now receiving in the
natural gas, telecom, and other recently deregulated industries.

Customers will benefit as competition will tend to lower prices and force electricity providers
to offer more innovative customer programs and services. We think Ontario Hydro will also
benefit, since we would have new markets to sell into and new businesses to enter.

Competition will spur Ontario Hydro to continue to increase productivity and reduce costs.
This is especially important to our nuclear operations, which represent about 60% of our
generation capacity and our assets. Our focus is on nuclear performance, especially safety, and
operating performance.

The management of performance at our nuclear units has been well below our expectations,
and past programs to address this have been slow in turning performance around. Peer
reviews have pointed out how far we have to go to correct the problems at our nuclear
stations.

We have taken strong measures to turn performance around. We are just finishing a
comprehensive assessment of our people, our plants and every aspect of process performance
at each one of our nuclear stations, led by a nuclear recovery team with a great deal of
experience in turning performance around for other nuclear utilities. We will put an
implementation plan quickly in place to redefine, redirect and renew our nuclear operations.
By the year 2000, we will once again be operating our nuclear facilities at world class
standards.

This is critically important, since all forms of electricity generation will be competing with
each other on the basis of cost in newly-opened markets. Can nuclear compete? It's
interesting that a majority of electric utility executives across North America are ambivalent
on this question in a recent survey - 33 percent said nuclear cannot compete, and 23 per cent
are not sure. At Ontario Hydro we count ourselves among the 44 percent who believe that



nuclear can and will be competitive. Because the performance of our nuclear units will have
a major effect on the future health of Ontario Hydro, we simply cannot afford to fail.

Strong performance in our nuclear stations will give Ontario Hydro competitive advantages in
the new market. Among utilities in the marketplace to the south of us, Ontario Hydro has the
lowest marginal costs - partly because of our nuclear operations. The environmental benefits
of nuclear will also continue to be an advantage, as governments become increasingly
concerned about global warming and other types of pollution. There are few large-scale
alternatives that have so few environmental effects as nuclear power.

In summary, the electric utility industry is changing radically and rapidly, with competition
forcing a strong emphasis on improving performance, controlling costs and increasing
productivity. Ontario Hydro's nuclear power plants must respond by improving performance
so that they will be competitive against other forms of generation. Ontario Hydro will again
attain world class nuclear performance, ensuring our success in the new marketplace.
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Meeting the Global Challenge

Reid Morden
President and CEO

Atomic Energy of Canada Limited

Canada's nuclear future will be shaped abroad where populations and economies are
growing and the demand for electricity is increasing. A successful export strategy that
subjects us to the unforgiving test of a living market will ensure we are competitive when
Canadian electricity demand picks up in the future.

The benefits of nuclear energy and the advantages of CANDU® are clear and compelling.
AECL is continuing its marketing efforts to realize its goal of selling 10 reactors in 10
years.

The future of nuclear energy will depend not only on our technology but must meet the
test of public acceptance. Most of us are engineers, scientists, business people or project
leaders and we have not focused on public opinion and public debate. This has left the
field open to antinuclear activists who have perpetuated a number of myths about nuclear
energy.

Our industry has a good story to tell and we must find a way to reach the general public
with that story. When the public is in receipt of accurate information, it makes decisions
based on reason, not on emotion.



CA9700905

Canada as a World Uranium Supplier

Bernard Michel
Chair, President & CEO

Cameco Corporation

In 1996, Canada produced one-third of the world's uranium, maintaining its dominant role as
the largest supplier on the globe.

Bernard Michel, Chair, President and Chief Executive Officer of Cameco Corporation, the
world's largest publicly traded uranium producer, will outline the history of uranium mining in
Canada, reviewing some of the factors that have contributed to the country's historical
position of strength.

He will also look at some of the factors that will allow Canada to maintain its position as a
powerhouse of fuel for the nuclear market of the 21st century.

Large, high-grade uranium reserves and a stable and predictable institutional framework in
which to operate mines are key to Canada's continuing success. Nevertheless, Canada must
not become complacent, Michel warns, because, in spite of its national assets, Canada's
competitive position as a uranium supplier will be challenged continually by competitors as
they seek an increasing share of a growing market.
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PARTNERING

EQE

CANADA'S NUCLEAR FUTURE

The challenges facing the North American electric utility industry are well documented in the face
of industry deregulation, electricity commodity trading, the amalgamation of utilities into larger
entities, the joint venturing of electricity and gas utilities, and the commodity trading of electricity.
These common challenges are being exasperated by additional pressure on public utilities (such as
the Canadian provincial utilities and the Tennessee Valley Authority to privatize to add competition
and reduce dependence on governments.

Many of the responses to these challenges have included a highly integrated strategy depending on
strategic partnering in many forms to pull together organizations with common objectives and
complementary resources to resolve problems.

Partnering vs Partnership

The term "partnering" is often misunderstood with the legal entity of a partnership. Partnering is an
evolving relationship that could one day lead to a partnership or joint ownership as the relationship
and the complexity of the projects being undertaken increase as illustrated in Figure 1.

It is important to develop good working relationships as a vehicle towards eventually proving that
a partnership is in the best interest of the two organizations. However, it is extremely important also
to differentiate and realize that the relationship two organizations currently enjoys may just be a good
working relationship and having not crossed the partnership barrier.

Outside of the utility industries, many common well known companies have made partnerships and
partnering a major strategic thrust of their business as illustrated in Figure 2. Within the utility
business, many of the international projects are successful because of the elements of partnering
developed as part of the strategy to win in the developing countries of the world. The lack of a local
infrastructure to take the responsibility and risk associated with any of the upfront features has
naturally attracted partnering. Cononcepts and business relationships have evolved to provide a
package to the ultimate customer which has turnkey or EPC (engineering, procurement and
construction) responsibility and risk. This is extremely important as project financing tends to drive
these projects significantly and the financial institutions are looking for this single point
responsibility to be tied to the financing package.

In order to understand the evolution of the partnering process, it is important to understand the final
evolution point to this stage which is "partnership" between the two organizations.
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Partnering:
Evolution to a Partnership
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Partnership

Partnership will evolve when both organizations invest knowledge, assets, capital, personnel and
facilities jointly to be more competitively joint than apart.

The benefits anticipated by this major commitment include increased financial strength and
resources, improved risk management, and greater opportunity to grow through innovation.

If the partnership is based on trust, a winning attitude, mutual commitment and common
expectations then incentives can be utilized to enhance the relationship's performance.

The implementation process must encompass both short term and long term goals so that both
organizations can readily identify and feel good about the direction that the partnership is going and
that the financial, risk and growth objectives which were drivers for the formation of the partnership
are realized.

The working relationship as it evolves through the various phases of partnering have to converge in
a trusting mutually beneficial attitude by both organizations resulting in a minimal amount of second
guessing and a willingness to support each other with objective points of view.

The ability to set up common goals to monitor the end result and be satisfied that both organizations
can track the successes and identify the corrective measures during the life of the agreement is
extremely important.

As the relationship evolves, a requirement will develop to converge systems and practices within
both organizations. It is extremely important when faced with a project or task that the best people
from either organization are positioned on a project team. Disparities in pay scales, quality system
practices, engineering standards and many other practices and company systems all lead to additional
effort which should be directed instead towards the project goals and challenges.

As the partnership evolves, the free exchange of relevant technologies and standards as well as joint
research and development will enhance the partnership and make it succeed.

Having looked at the ultimate relationship, ie: a partnership, the partnering philosophies and
development of relationships between organizations should evolve naturally based on growing
mutual improvement and results based on the strength and the working relationship and the
partnering principles being utilized to develop that relationship.
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The Chrysler Example

A well known example is the approach that Chrysler has taken with its suppliers. Chrysler's supplier
management evolved between 1989 and 1994. The development of supplier relationships which
bring the supplier into the team during the conceptual and specification preparation phase of a
project (such as a new vehicle development cycle) develops supplier accountability for design,
prototype and facility investment while developing incentives to continually improve the output,
production and cost performance to Chrysler.

The complex evaluation of supplier performance, SCORE (Supplier Cost Reduction Effort), results
in a continuing upgrading and enhancement to the supplier management process as well as providing
the critical feedback to the suppliers and joint preparation of strategies to deal with the product issues
at hand.

The results of this program have been dramatic:

1. Increase in sales between 1987 and 1996 (see Figure 3)

2. Increase in net income between 1987 and 1996 (see Figure 4)

3. 40% time reduction in a new vehicle development cycle.

4. A S75M savings on vehicle development costs for recent vehicle model launch and
a 15% vehicle launch savings for the 1998 model over similar costs in 1993.

5. A reduction in the number of suppliers and end contracting costs.

6. Chrysler has seen an increase in market share and profitability. The market share
increase of 2.5% from 1987 to 1994 has resulted in the highest market share the
company has seen in 25 years.

7. Increasing stock prices (see Figure 5).

The profits per vehicle have increased from approximately $250 in the 1980's to $2,110 in 1994.
This has all been accomplished despite several product recalls and recent labour unrest.
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Partnering for Canada's Nuclear Future

Chrysler Stock Price

Electric Utility Partnering

The application of partnering to the challenges being faced by the electric utility industry should
start with a look at the traditional vendor/utility relationship which had been the model in the 1970's
and 80's.

The utility has multiple vendor relationships possibly with divergent goals from either the project
goals or the utility's motivation in proceeding with the project.

The tender process and subsequent evaluation is a lengthy process which is tied to the supply of the
products detailed in the technical and commercial specification which is the basis for the project at
the risk of the utility.

The vendor utility relationship goes through many emotional and trust peaks and valleys during the
evaluation of the tenders and the subsequent contractual process partly because of the strict rules of
confidentiality and fairness which limit the openess of the dialogue of the two parties.

It is difficult to factor in long term benefit into the tender process so the results of the considerable
effort in forming a contract result in a short commitment to each other.

The duplication of resources provides a critical inefficiency especially if there is a time limitation
on the delivery of the product or service.
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As mentioned in the introduction, the deregulation of the North American electric industry has a
significant impact on the utilities including increased competition among themselves and an
emphasis on cost reduction as a way to improve the relative competitiveness of the utilities to one
another.

Also, the competitive bid process is being recognized as being costly. This which reduces the
flexibility of the utility to respond to changing situations, requires a large effort by the utility to
maintain the relationships necessary to deal with issues such as security of supply, meeting policy
requirements for numbers of bidders and to extract the necessary information from vendors by
communicating with a larger number of vendors in this constrained dialogue process.

The effects of this traditional approach have been further impacted as the Canadian nuclear utilities
move away from an engineering and construction phase to an operating emphasis. The number of
companies in Canada with specific CANDU expertise, have reduced over the years and it is apparent
that it is in the best interest of both the utility and the vendors to be more proactive in developing and
maintaining key relationships.

B&W Partnering Experience

Babcock & Wilcox (B&W), since 1980, has used a variety of contracting and partnering forms to
develop global strategy to the supply of its products, both fossil and nuclear steam generating
equipment.

A strategic mix of consortium, strategic alliances, and joint ventures have provided the impetus for
B&W to lead in worldwide market share in many of the categories including the supply of nuclear
replacement steam generators to the United States since 1992.

With the projected growth of the installed capacity in China alone to increase 140 GW in the next
10 years, Babcock & Wilcox, in 1982, formed a joint venture with the Beijing Boiler Works to
establish a manufacturing facility in this critical market. The principles developed in that
manufacturing joint venture have been applied and improved upon, such that manufacturing joint
ventures now exist in Indonesia, India, Egypt, Mexico and Turkey (see Figure 6). It is coincidental
that many of these countries are also critical CANDU countries.

The Chinese joint venture manufacturing operation in Beijing is now three times larger than the
Canadian manufacturing facility in Cambridge, Ontario however only represents 15% of the installed
boiler manufacturing capacity in China. The facility has doubled in size just to maintain that market
share. The critical market decision to form a joint venture in this country has allowed B&W to play
an active role in the market without over exposing the company in any one country.
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Major fossil boiler contracts, such as Suralaya in Indonesia which comprised 3x600 MW coal fired
turnkey plants, were secured through a consortium to supply the boiler island, turbine generator and
shared facilities of the power plant. B&W scope was approximately four times larger than the
traditional boiler pressure part scope that B&W would have been satisfied with ten years earlier. The
customer, which was the utility in Indonesia, had a project structure with clear accountability to the
consortium members lead by B&W and was an innovative evolution from B&W's supply of the
previous four Suralaya units.

In the nuclear field, a strategic alliance with Hanjung in South Korea has resulted in the supply of
steam generators and all the critical heat exchanges to the Korean Wolsung Units 2, 3, and 4 while
addressing the capital requirements for increased Korean scope in these critical projects. This
strategic alliance has also been resurrected for the China project at Quishan where B&W is a
subcontractor to Hanjung for the supply of steam generators and critical heat exchanges following
the Wolsung example. The program includes the contracting of these critical key components to the
CANDU plants because of insufficient Canadian EDC financing. This freed up the EDC funding
for other activities which have benefited all of the other CANDU suppliers and AECL in the process
despite diluting B&W's scope.

B&W Locations Worldwide

B&W Gama,
Turkey
1990
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Utility Partnering

The new approach for potential for utility and supplier relationships in the utility industry can
provide benefits for the utilities which include:

1. Well defined project scope
2. Defined resources for the duration of the project
3. Open book approach to risk sharing
4. Access to relevant or first-of-a-kind technologies
5. Reduction in duplication of resources
6. Reduction in the number of suppliers and associated administrative costs
7. Increased flexibility to change scope schedule and schedule other project parameters

The benefits, of course, to a supplier such as Babcock & Wilcox include:

1. Reduced sales, proposal and rebid costs
2. Well defined scope with upfront input from the supplier
3. First-of-a-kind and other risks are shared
4. Incentive programs are opportunities for improved performance and schedules
5. Lower costs resulting from more efficient staffing and personnel utilization
6. All this results in a more competitive offering by the supplier for future success.

This new approach would start with integrated customer supplier teams which would collaborated
early in the project which will result in a shared open input to the development of the specification.
This shared planning phase will evolve into more productive work being completed at the start of
the project execution phase than the tender and reactive process that was the norm ten years ago.

The collaboration also includes shared resources, risks and rewards resulting in shared solutions.

The long term relationship of a multi year or even multi site and potentially multi-product nature will
result in significant continuous improvement opportunities. The partnership principles which B&W
has applied in various forms would include:

1. Trust

The use of open book estimates and relating back to actual costs from previous
contracts greatly enhances the buy-in from both sides as to the real cost of the
proposed project.

The principles can include: limited audit rights, agreed upon profit margins, and
confidentiality to ensure that there is a perception of security in the dealings that will
evolve into the personnel relationships.
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2. Management Committee

The performance and cost goals would be established and modified as the
relationship evolves. Short term and long term priorities will be maintained resulting
in opportunities for closure to projects sooner resulting corrective actions to optimize
and improve the efficiency of the next project.

The complexity of new undertakings would be developed within the management
committee so that objectives and structures are put in place to help initiate these new
initiatives.

3. Core Team

The identification of a core team with a mandate on an individual project to chose the
best of each organization will help integrate design and planning phases and to create
cost estimates and schedules which will reflect a high assurance of project
performance.

The team will have access to many different benchmarking standards and statistics
and by sharing these, again the risk is managed better.

4. Risk Sharing

The pooling of risk and shared overrun and underrun that runs through defined
incentive programs all lead to significant risk realization and reduction.

There is an open atmosphere for the discussion of first-of-a-kind issues and buy-in
from both parties in the implementation of this first-of-a-kind technology that will
result in better project performance over its lifetime.

The lessons learned process should be open and honest resulting in defined
improvements which should be then the basis for the initial evaluation in the next
lessons learned.

5. Terms of Payment

Cash flow is important in every organization. By jointly ensuring that no negative
cash flow is encountered during the project, unforeseen cash cost of money
duplication will be avoided.

6. Period of th e Agree in ent

The real cost savings can be achieved through multi-year or multi-site arrangements.
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The experience within the utility industry with self monitoring programs exemplified by B&W and
Pacific Gas & Electric's partnerships on continuous performance measurement. This measurement
looks at the following factors as they inter-relate for every project.

1. Safety and environment
2. Performance limits and guarantees
3. Joint cost management
4. Scope development
5. Regulatory, community and labours
6. Schedule
7. Coordination and management effectiveness.

Similarly Duke Power has a Supplier of Excellence Program which could be compared to the
Chrysler Scope program as a method of recognizing and continuing to develop supplier confidence
within the utility itself.

Nuclear Outage Case Study

It is useful to apply these principles to an example based on a traditional nuclear plant outage cycle
compared to a similar outage cycle using the partnering model.

The outage cycle shown in Figure 7 would include a tendering period consisting of the development
of a specification and tender package over a three month period. The preparation of the proposal by
the vendor and the contract review could take another three (3) months. This results in an efficiency
of maybe 30% towards productive output expended resources applied to this process from the
process which can be applied to the actual planning and preparation for, in this case, a utility outage.
This may leave a very tense planning phase of one month in employing the combined resources of
both the utility and supplier of 20 people resulting in a two (2) month outage execution with a total
resource leveling of 50 people.

If that were compared to a typical partnering outage cycle management as shown in Figure 8, a total
of four to six senior people would be employed for three months looking at relationship management
issues, initially to secure a partnering arrangement and on subsequent outages, dealing with the
lessons learned and other activities associated with the relationship.



Partnering for Canada's Nuclear Future Page 12

Traditional Outage Cycle
60

V)

a ,<«_o

4 0

20

5 6 7 8 9 101 2 3 4

Figure 7

Partnership Outage Cycle
60

VI

o
S2 40

a,
o

"I
= 20

5 6 7 8 9 101 2 3 4

Figure 8



Partnering for Canada's Nuclear Future Page 13

The planning would commence immediately towards the outages preparation with a similar outage
performance of two (2) months.

Figure 9 illustrates the Outage Preparation Cycle. Figure 10 shows a comparative output toward the
actual execution of the outage based on the earlier start to direct outage planning by the combined
resources of the supplier and the utility resulting in a net 10% higher productive output in person
months than the traditional model.

The costs to the project of the personnel employed over that period of time as shown in Figure 11
(at an assumed cost of $2,000 per person per month) has resulted in an approximate 20% savings in
cost by utilizing a partnering approach.

By adjusting the quality of the production output to factor in availability of key personnel (as a
function of demands on this time as the outage approaches) the impact on productivity is more
positive as shown in Figure 12.

The overall result is a 30% efficiency improvement to the utility, reduced risk due to more
productivity being employed before the outage, availability of key personnel at both the utility and
the supplier to be involved in planning exercises way ahead of the outage further improves
communications where in the traditional sense a lot of key planning is done at a time when key
personnel in both organizations have internal issues to deal with as well as the external planning
issues.

In conclusion, Henry Ford was quoted as saying "Coming together is a beginning, keeping together
is progress, working together is success".

The future of the electric utility industry in North America will depend on the ability of organizations
to work together and chose smart partners and the opportunities for the Canadian Nuclear Industry
will depend upon the establishment of mutually inner-dependent relationships today.
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1. Introduction

Through its wide variety of utilization in electricity generation, medicine, agriculture and
many other industries, nuclear energy is contributing greatly to the development of human
civilization and to the increase of general welfare. Moreover, nuclear power recently is
taking a position as a clean and reliable power source.

Nuclear power has played a key role in the economic development of Korea since 1980s by
securing a long-term stability of both power supply and low electricity cost.

Korea now takes pride in the successful achievements of its nuclear power projects. Two
examples of our achievements are that Yonggwang 3&4 project gained the "Project of the
Year Award" in 1995 and that Wolsong Unit 1 ranked first in the world three times for its
excellent operating performance.

This presentation is aimed at introducing the status of nuclear power in Korea as well as the
future prospects for nuclear energy.

2. Current Status of Nuclear Power in Korea

Nuclear Power Status

Since the commercial operation of Kori unit 1 in April 1978, the first Korean nuclear power
plant, the development of nuclear power generation in Korea has been rapidly growing, and
as of the end of 1996, the nuclear power generation reached 36.0% of the total power
generation in Korea.

As of May 1997, eleven(ll) nuclear units, which comprise ten(10) PWRs and one(l)
CANDU, are in commercial operation as shown in Table 1.
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The Yonggwang unit 4 began commercial operation in January 1996, three months ahead of
the original construction schedule.

Particularly, in 1995, Yonggwang units 3&4 gained the "Project of the Year Award" from
"Power Engineering International" magazine for their excellence in design, construction and
operation.

Through Yonggwang units 3&4, Korea has made a remarkable achievement in technology
self-reliance and the standardization of nuclear power plant.
Presently, nine(9) additional nuclear units consisting of six(6) PWRs and three(3) CANDUs
are under construction with two more nuclear units at the planning stage as well. Once these
nine units are successfully completed as scheduled by 2005, the total installed nuclear power
will be 18,720 MWe. The ratio of nuclear power generation will then be 27.5% of the total
power generation in Korea.

Nuclear Power Operation

As a result of great efforts for the improvement of the safety of nuclear power plant, the
performance of Korean nuclear power plants has shown remarkable improvement in
comparison to the world average.

A comprehensive program with both short-term and long-term goals has been utilized to
improve plant capacity factor. The short-term plan involves reducing the number of plant
trips caused by human error and equipment failure, shortening the refueling outage period
and improving the quality of facilities.

KEPCO has set a company-wide goal of "One Cycle Trouble Free" program which is called
"OCTF". As a consequence of several remarkable improvements, the number of unexpected
plant trips has been reduced steadily from 7.5 in 1985 to 0.9 occurrences per reactor in
1996.



Kori unit 4 recorded a 423 day OCTF operation from 1995 to 1996, the longest operation
duration without a reactor trip in Korea, and Kori unit 3 has also demonstrated OCTF
operation.

It is also noteworthy that the Kori unit 1 which has operated for the longest duration
[nineteen(19) years] in Korea, recorded a 365 day OCTF operation from 31 March 1996 to
30 March 1997.

Long-term efforts include improving the operability of equipment & systems, and
operational management as well as ensuring operational feedback in the design of plants
under construction.

In 1996, the average capacity factor of Korean nuclear plants was 87.5%, the highest record
since the commercial operation of Kori unit 1 in 1978.

[Figure 1] Trend of capacity factor by nation
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This achievement is due to a number of factors as follows;
• reduction of unexpected plant trips

- improvement of maintenance & inspection technology
- training of operation and maintenance staff

• improvement of maintenance quality and minimization of forced outages
- increase of on-line maintenance work items

• adoption of an extended fuel cycle for PWR plants
- a fifteen(l 5) month operating cycle for 600MWe class

plants, and an eighteen(18) month fuel cycle for 950MWe
class plants started in 1993

• the age of the nuclear power plants
(7 of 11 Korean NPPs have been in-service 10 years or less)



Nuclear power Construction

Nuclear power construction in Korea can be divided into 3 stages as follows :

In the first stage, nuclear power plants were constructed on a "turn-key" basis by foreign
contractors. The local Korean contribution was limited to the area of raw material supply,
participation in civil works, and so forth. Two PWRs and one CANDU were constructed
under this "turn-key" approach.

In the Second stage, KEPCO started non turn-key base contracts with foreign prime
contractors under KEPCO's project management based on experience from the first-stage.

KEPCO took overall responsibility for the project management with assistance from foreign
contractors in supplying NSSS, T/G equipment and A/E services. Domestic companies
partially participated as subcontractors in a scope of engineering services and equipment
supply. Six(6) PWR units of 950 MWe were constructed under this non turn-key base
approach, consequently strengthening Korea's own capability in supervising nuclear power
projects construction.

[Figure 2 ] : Nuclear Power Construction by Stage
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The third stage commenced with Yonggwang Units 3&4.
KEPCO contracted with Korean Electric Power Group (KEPG) as prime contractors and
the foreign companies as their subcontractors in an effort to achieve technology self-reliance
of nuclear power plant. KEPCO has directly managed the overall project including
construction management, direct procurement of equipment & materials, and start-up
activities.



KEPG participated energetically in plant design and equipment manufacturing with the
assistance of foreign subcontractors who supplied technology transfer in designated areas.

All Korean contractors involved in the nuclear power program have improved their
respective capabilities through technical on-the-job participation in their disciplines of
nuclear power technology, which was transferred to Korea through separate contracts.

[Figure 3 ] : Project Structure
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• KEPCO : Korea Electric Power Corporation
• KOPEC : Korea Power Engineering Co.
• HANJUNG : Korea Heavy Industries & Construction
• KNFC : Korea Nuclear Fuel Co.

The success of Yonggwang 3&4 project has proven Korea's technical capability to design
and construct a nuclear power plant and laid the foundation to expand its business to the
global market. Nowadays, KEPCO is vigorously promoting designing and constructing
Ulchin 3&4, Yonggwang 5&6, and Ulchin 5&6 by utilizing Korean national resources in
cooperation with KEPG.

On March 19, 1996, KEPCO was also designated as the prime contractor of the LWR
project by Korean peninsular Energy Development Organization (KEDO), a consortium of
the Republic of Korea, U.S. A and Japan.



CANDU Status in Korea

On-power refueling and flexible power management are some of the advantages in
contributing towards the high capacity factor for CANDU compared with other reactor
types.

Wolsong Unit 1 began commercial operation in April 1983 and has achieved an average life
time capacity factor of 85%.

[Table 2 ] World record in Capacity factor of Wolsong 1
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Wolsong Units 2,3&4 are 700 MWe class PHWRs which are identical to, and being
constructed next to Wolsong Unit 1. KEPCO signed contracts with AECL for Wolsong 2 in
December 1990 and for Wolsong 3&4 in September 1992. AECL is responsible to supply
the A/E and NSSS contract under KEPCO's overall project management including direct
construction management and start-up services.

Wolsong 2 is currently under the final stage of commissioning toward the commercial
operation date, 30 June 1997, despite experiencing some severe equipment failures such as
control valves, ion exchange column screens and boiler feed water pumps. However, AECL
and KEPCO worked expeditiously and cooperatively to overcome these difficulties.

First Criticality was achieved on 27 January 1997, with First Synchronization on April 1.
Full power was reached on April 28, highlighting a very successful Phase C program.

Compared with all other CANDU-6 plants, Wolsong 2 has the distinction of achieving the
shortest time for "fuel load to criticality (83 days)" and "criticality to 100% full power (92
days)".

We anticipate the declaration of the commercial operation by 30 June 1997 as scheduled.

Wolsong 2 will be recorded as the nuclear power plant which will enable nuclear installed
capacity in Korea to exceed 10,000 MWe on its Commercial Operation. Also this unit will
achieve the shortest duration of "first concrete to in-service in fifty-eight months (58)"
among CANDU-6 plants in the world to-date.

Wolsong unit 3 with the Commercial Operation on 30 June 1998, is now less than 12
months behind Wolsong 2, despite having started the "first concrete" about eighteen (18)
months after that unit. The turnover of systems to Commissioning is satisfactorily underway,
with Fuel Loading scheduled for this November.

Wolsong unit 4 is in the bulk installation phase, and is expected to meet the Commercial
Operation date of 30 June 1999.



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.

In November 1994, KEPCO and AECL signed a Memorandum of Agreement for CANDU
export to third countries, establishing a framework for future cooperation. Both parties are
cooperating jointly in exploring third country markets for CANDU export and in
participating in CANDU projects in such countries. Based on the spirit of agreement and
close cooperative construction experiences on Wolsong 2,3&4 projects between AECL and
KEPCO, Korean entities are proceeding in joint participation with AECL for the Akkuyu
Project in Turkey and Qinshan Project in China.

Also KEPCO is strengthening the interplant technical cooperation through an agreement
with CANDU utilities such as Hydro-Quebec and New Brunswick Power Corporation.

3. Future Prospects of Nuclear Energy

Long-term Power Development Program

The Long-Term Power Development Plan established in December 1995, covers the
national power development plan for 15 years from 1995 to 2010.

According to this plan, the annual growth rate of electric power demand is expected to be
5.8% on average between 1995 and 2010, and the total generating capacity including all
resources will increase from 32,180 MW in 1995 to about 1.6 times by the year 2000, 2.1
times by 2005 and 2.5 times by 2010.

Power source diversification, site selection problems, financing and the environmental
protection issues must all be taken into consideration in determining a proper composition of
power resources.

By 2010, a total of twenty-eight (28) units of nuclear power plants will be in operation with
the installed capacity of 26,330 MWe, representing 33.1% of the total installed electricity
generating capacity.

The total power generation will also increase from 182,130 GWh in 1995 to approximately
1.4 times by the year 2000, 1.8 times by 2005, and 2.2 times by 2010. The total power
generation in 2010 will be 408,190 GWh, of which the nuclear power plants will contribute
45.5%.

Improvement ofKSNP Design

KEPCO is continuously developing the Korean Standard Nuclear Power Plant (KSNP)
based on experience of construction and operation of Yonggwang 3&4 to improve the



construction economy of the nuclear power plants. KEPCO will incorporate the lessons
learned through the construction of a series of KSNPs.

KEPCO is actively endeavoring to improve the general plant arrangement and implementing
an environment friendly design.

Major activities of this program will be as follows :
• Comprehensive improvement in the general arrangement.
• Optimization of the design of building, system, and bulk

installation.
• Expansion of the automatic operation of facilities.
• Improvement in construction methods.
• Improvement in the operability and maintainability

4. Conclusion

Even though existing natural energy resources are limited, energy consumption in Korea has
continuously increased along with economic development and improved living standards.

As a diversified energy resources, nuclear power has contributed and will continue to
contribute significantly to the development of Korean industry as a stable energy resource.

We hope to expand our nuclear power development program without delay, while making
every effort to enhance nuclear safety based upon public acceptance.

One of the merits of nuclear power is a low lifetime cost. However, there is an increased
competition from oil & coal-fired plants and it is becoming increasingly difficult to gain
public acceptance for the future nuclear power plants. Also, the regulatory requirements for
nuclear safety have been strengthened and intensified since the two nuclear incidents at TMI
and Chernobyl.

In this regard, I propose that each organization within the nuclear industry should try to
reduce the cost of nuclear energy generation by eliminating the inefficiencies involved in
licensing, design, construction and operation areas in order to successfully accomplish our
goals.
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International CANDU Opportunities

R* Allen Kilpatrick
Vice President, Marketing and Sales
Atomic Energy of Canada Limited

There are tremendous international opportunities for CANDU sales. To realize these
opportunities, Atomic Energy of Canada Limited must continue to address a number of
key challenges. The sale of two CANDU 6 reactors to China in 1996, again demonstrated
AECL's ability to be successful in a highly competitive export market.

There are three key factors, competitiveness, financing and public acceptance, that
continue to influence the level of success in international markets. AECL is committed to
enhancing our products and services to gain and maintain a competitive edge. Efforts to
reduce costs without in anyway compromising on safety must continue. Financing for
nuclear export sales is a complex issue for a country the size of Canada. New and
innovative models for financing reactor sales must be developed to meet customer
demands for options such as build, own, operate and build, own, operate and transfer.

Public acceptance is a critical factor for our domestic and foreign activities. Levels of
public support influence government decisions on sustaining R&D funding and financing
for reactor sales. In market countries, levels of public acceptance can clearly impact on
the decision to install new or additional nuclear capacity. The globalization of the anti-
nuclear lobby has been a key to their success. To counter the spread of misinformation and
inaccurate information by such groups, it seems logical that the nuclear industry pursue a
much more integrated and cooperative approach to many of the generic public acceptance
issues that face the industry.

AECL is continuing to pursue promising market opportunities in a number of countries.
Considerable effort is being directed towards countries such as China, Korea, Turkey and
Romania. Work is continuing on more medium term prospects such as Indonesia,
Philippines, and Thailand.
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Financing the CANDU Sale

Eric Siegel
Senior Vice-President

Export Development Corporation

1. Introduction

• EDC Mandate and Structure
• Track Record
• Where we do business
• Support to Small Business

2. Qinshan III Transaction

• Specifics (Scope and participants)
• Transaction Timeline and Key Dates
• Inter-lender coordination

3. Lessons Learned

• Commercial and financial negotiations occur in parallel requiring joint
strategy and close coordination of financial and commercial parties

• Loan Discussions prior to contract signature
• Importance attached to obscure wording of past MOU agreement
• Disparate Processes and Strategies of other ECAs
• Importance of close contact with Canadian Embassy
• Role of financial advisors
• Government to Government backdrop
• Prime Ministerial Visit and politicization of transaction
• Critical importance of endgame strategy
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It is a pleasure to present this paper to this conference of esteemed peers. This, the 37th
Annual Conference of the Canadian Nuclear Association/Canadian Nuclear Society, gives
clear evidence that our industry is alive and well, serving the domestic and international
markets competitively, safely and constantly striving for better ways to provide the
valuable resource of energy that drives our economies.

As many of you know, AGRA is an international engineering, construction, environmental
and systems technology company with over 5,000 employees worldwide. We have
tremendous experience in thermal and hydro power through our subsidiary AGRA
Monenco; HVDC transmission through our 50% ownership of Teshmont Consultants; and
in nuclear power, with our 50% ownership of CANATOM. We are active members of
Canada's international exporting community and look forward to continuing our strong
relationship with all of you in the future.

Part of the underlying fundamentals which help drive successful business deals are
negotiations. As everyone knows, societies have been engaged in negotiations since the
dawn of time. The voyageurs who discovered Canada traded goods for pelts; your
children negotiate to stay out late on a Saturday night and of course, many of us, while
trying hard, negotiate ourselves around the often challenging and undulating lies of a golf
course.

Today, while the links may offer a more enjoyable challenge to negotiate, I am going to
speak about successful international negotiations. Without question this is a topic which
affects us all and one which offers no right answer, no one solution and no perfect
direction on the pathway to success. International negotiations offers a myriad of
complexities from different legal and political systems, language and religions, cultures and
traditions. As these interact and in most cases collide, they create a horizon filled with
potentially explosive and destructive outcomes. These elements make success in
international negotiations just that much more delicate to create.



Today I am going to outline three areas of discussion and thought. I want to focus on a
general framework or the context of a typical negotiation; second I will highlight some of
the integral and practical components that relate to this model and third, I want to throw
out a number of other items which often aren't spoken about but exist and should be built
into your strategies.

First, the Framework.

Within the public realm of academics and theorists, there are a multitude of papers and
discourses on negotiating: like for instance the zero sum game. For this paper, I have
chosen to include the framework outlined by Arvind V. Phatak and Mohammed Habib,
both of the Department of International Business at Temple University in Philadelphia. For
future reference, their article, The Dynamics of International Business Negotiations
appears in the May 1996 edition of Business Horizons.

As everyone is aware, negotiations include a great deal more than just the issues dealt with
at a negotiating session. They often also include a broader framework or context in which
a negotiation will occur. Phatak and Habib highlight what they refer to as umbrella
contexts, those being environmental and immediate. The environmental context refers to
the forces in the environment that are beyond the control of either party involved in
negotiations ~ like legal and political pluralism, currency fluctuation and foreign
exchange, government controls and bureaucracy, instability and change, ideological and
cultural difference and the influence of external stakeholders.

The immediate context includes factors in which you, the negotiator have some level of
control over. There are five such areas: relative bargaining power of negotiators and the
nature of dependence, levels of conflict underlying potential negotiations, the relationship
between negotiators before and during negotiations, desired outcome of negotiation, and
the impact of immediate stakeholders. As you can see in this illustration, the complexity
of international negotiation requires you as a participant to take nothing for granted.

You must be prepared to open your eyes and ears. You may have to be flexible and bend
or change some of your long held opinions and traditions. If you do not, you will find
success much harder to discover. These elements all play in a negotiation process, each to
a differing level and each with a different emphasis.

As you can see, the figure outlined by Phatak and Habib is complex and intertwining.
Some of the items are self-evident like currency and political issues. Within the
framework of the model, I want to augment some of the items. While the model doesn't
identify the particular weighting of any one aspect, in my view there are a number which
irrespective of uncontrollable events are primary to your negotiations. I want to focus on
three items: 1) culture, 2) knowing your customer's organization and building relationships
with them to be better positioned to negotiate, and 3) how your proposal should be
included as part of your negotiating strategy. I also want to add an item which is not
identified by Phatak and Habib, confidentiality.



CULTURE
Understanding the native culture of the people you are negotiating with is paramount. In
North America, we approach negotiations by sitting down at a table, hammering out a
deal, going for dinner and then building the lasting personal relationships. This is not the
case in Asia. It is an inverted relationship. You must first invest in building and
maintaining the relationship long before any negotiating begins. Even though this is one of
the critical elements to conducting business in Asia, it is more often than not, the same
one that we only learn from by experience instead of trying to work at it from the
beginning.

For instance, the President of our associated company CANATOM visited Indonesia to
make a pitch to the government on nuclear power plants. He was informed prior to his
meeting that his Indonesian audience would smile, nod their heads and seem as though
they were attentive and ready to accept his sales pitch. However, what this really meant
was that he had "heard" you, and may not even agree with you or even understood what it
was that was said. Body language and mannerisms are critical to understanding where
you stand. In this instance, he came away totally convinced that he did make an impact,
that his Indonesian counterpart was ready to agree with the pitch. Well, sure enough,
even though you would have been convinced by the response of the Indonesian: focused,
intent on listening to the pitch, positively shaking his head, smiling throughout, he didn't
understand what was going on. He saw it as the very early beginnings of getting to
understand who this person was and in building a relationship. We saw it as a door
opener to get in and make a sale.

This is important to recognize because when you finally make it all the way to the
negotiating table, you will find these types of things will occur and you must be prepared
and aware of how to react and deal with them.

The other element of culture is your body language, how you conduct yourself
consciously and unconsciously. This is important. When you get frustrated it shows.
Even if you don't think it is obvious, you may raise your voice in frustration as
negotiations are slowing. Your impatience shows. It irritates your counterpart, confuses
them and then leads to an impact on the overall negotiation. These two elements are part
of the cultural difference which the model highlights. It is incumbent upon you to learn
about it, plan to deal with it by including it in your strategy from the start.

KNOW YOUR CUSTOMER TO BETTER NEGOTIATE
There are two elements to knowing your customer: understanding what makes them tick
and building the relationships that will lead to a better understanding. These are very much
linked and speak to two of the areas in the model on relative bargaining power and
relationship to the negotiator.

Often, we are short on intelligence on our clients in overseas markets. You should invest
heavily in gathering key information on your client, the "what makes them tick plan".



These should be the assumptions on which you base decisions, and not your personal
opinion or the view expressed in the business section of your local paper. "Knowing your
customer" is probably an overly used cliche in the business world, but that's because its
true. The Golden Rule of marketing is to know your customer, have a blue print of his
organization, its make-up, its driving principles and philosophies, its decision-making
structure. Know what they view as a risk or non-starter in negotiation. Identify what they
would be able to "give away" and be comfortable doing it to help both of you have a
successful negotiation.

As part of identifying issues where your customer could be flexible, if at all possible, try
not to bring your negotiations to a single issue. If you do, you set up a winner or loser
situation, which is never a good thing when negotiating, especially in Asia where they will
drive a hard bargain but at the end of the day ensure everyone is a winner. So, leave a few
issues, make a package deal and invest in understanding what's important to them — which
means it may not always be money. By understanding your customer's needs, you will be
able to better deal with a number of critical issues, and both of you will be able to proclaim
victory.

For instance, lets say that your client is haggling over price. For him, you need to reduce
your price. For you, you can't reduce your price because you need to include risk when it
comes to delays in customs for delivery of your products, knowing it will never arrive in
time. Knowing your client well enough, you can say to him you will reduce the price if he
accepts responsibility for dealing with customs and accepts delivery of your product when
it arrives at customs instead of directly to him. In this way, you trade away risk and his
price is reduced, a win win situation. This trade off process can bring substantial upside in
international negotiations, but only will work if you know your customer well enough to
do so.

Clients are looking for the most value for the least cost and you are looking for supplying
the least product and service for the most cost. It is critical to know your client to ensure
you succeed in negotiations.

RELATIONSHIPS WITH YOUR CUSTOMERS
Building relationships with your clients are essential. Befriend these people. Its not good
enough to have the best product and technology. For good or bad, there is a growing
acceptance in the market place that the majority of companies have the highest technical
level possible, that we are all on the same playing field. You need to differentiate yourself
from everyone else by investing in service and relationships. You must invest in these, not
just give lip service to them. When its time to make the tough choices in a joint venture or
contract negotiation - you have a substantially better outcome if you and the person you
are dealing with have developed a trust between you. Equally, you should employ the
information you know about the customers needs and flexibilities to demonstrate the
goodwill which will further demonstrate why he trusts you and why doing a deal with you
will work.



Building your relationships require you to know the key players in any organization. You
need to know who the gate keeper is, who can say yes and even more important, who can
say no. Once you know how they operate you can invest your precious time and effort
into building the right relationships with the right people.

As you develop your relationships you have an avenue to illustrate what you are all about.
Be the innovator. Be the one who doing business with is the easiest. Be proactive, supply
information ~ both laterally and on a referral basis. They will know you are paying
attention to their needs, even when it may not relate to the projects on which you are
specifically working with them, but ones that are strategically important to them.

Pay close attention to the dos and don'ts, the colour and type of presents for them,
everything is important. All of these are indicators of how important your clients are for
you. Your actions exemplify the importance you place in building the relationships, the
corner stone of all future personal and business relations.

The international business world is changing. At one time it was what you knew that
ensured you were successful. Then it was what you knew and who you knew that made
you successful. Now it has evolved one step further - who knows you. Your success
internationally will be directly proportional to how effective your relationship building
becomes.

A final element of knowing your customer is to openly acknowledge you may not be the
best messenger to negotiate. By this I mean you engage a local agent or representative to
help act as a liaison with the client. It is foolish to go any where in a strange country
without some form of local advice, either from a national of that country or a close
associate of the client who knows local procedures and protocol. Do not short change
yourself in interpreting the different approaches which cultures and traditions bring. This
could make your international experiences difficult.

PROPOSALS
You may ask yourself the question, why am I now talking about proposals and what do
they have to do with negotiating? Well, the proposal really sets the tone for future
negotiation. Your proposal will of course respond to the requirements of the bid, it will
be high quality, offer the lowest price and it will outline your expertise for the project.
But, it should also set the tone for negotiation, setting out the way you think, giving your
counterparts a chance to understand how you work. As well, the way in which you as a
short listed company respond to a client will also set the tone. For instance, if you are able
to deliver a fast turn around on revisions of specs, if you behave in a proactive and
constructive manner, your counterparts will see your enthusiasm and interest in building
the relationships to work together. It may sound odd, but every element from start to
finish is a part of the negotiating process.



CONFIDENTIALITY
I am now going to tread outside of the model framework to talk about a sensitive issue -
confidentiality. What I mean by this is the security of your information - faxes, couriers,
conversations, note pads, computer disks and hard drives. All of these contain pertinent
information on your positioning during a negotiation and are hot commodities. I don't
want to cast yours or my relationships with others in a poor light, but do not be naive
about the stakes involved in negotiations, especially when some include billions of dollars.

Be smart. Think about where you are speaking, ie: the washroom, a restaurant, a lounge
or an air plane. How many times have you been able to get a good stock tip while sitting
quietly in an airport lounge ~ except maybe on Bre X.

Be strategic with what you do. Take your notebook and anything which is critical to your
negotiation with you. If you have a portable hard drive, take it with you. If not, keep the
critical components on a disk, in your pocket.

Think about a secure way of communicating by fax or e-mail directly to your notebook
with inscription. But, that sometimes is not even enough. My message is simple.
THINK, use good judgment. You do not want to compromise your negotiating position.

NUCLEAR

Now that I've set out a framework for negotiation, let me say that negotiations on nuclear
projects are even more complex and longer than more familiar forms of project
negotiation. This makes the need to understand the elements even more important,
especially the ones which fall under the heading of patience. Nuclear projects have a
longer development cycle making the capitalization of interest an issue, resulting in more
external stakeholders like banks and loan agencies working to protect their investment.

So, after all of this, you can see the challenges are great, but so can be the rewards. Know
your customers, build and maintain those relationships, persevere to make your
negotiation work and above all, try to have some fun doing it.

Good luck and thank you for listening.
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The Competitiveness Of
U.S. Nuclear Power Plants

Under Market Prices

Roger W. Gale
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Washington International Energy Group, Ltd.

The U.S. nuclear power industry is very concerned about what the coming competition will do to
its potentially stranded costs. Now another worry has raised its head—what will market prices be
and can nuclear power plants compete in this highly competitive, price-driven environment? The
answer is that some will and some won't. Often perceived as a monolith, in the nuclear power
industry, like others, there are winners and losers. Despite very impressive improvements in O&M
costs and output in recent years, we have found from a recently completed study that with a very
reasonable set of market price and O&M cost forecasts, about 40 percent of the nuclear power
capacity in the U.S. is vulnerable to shutdown because costs are higher than expected prices. This
does not mean that all these plants will shutdown but that unless performance improves and even
some of the best performers are able to cut costs to match their region's low projected prices,
some will not make the grade.

The analysis is based on conservative estimates of the performance of plants and the prices those
plants will compete against in the region they sell their output. The analysis assumes that
operation and maintenance (O&M) costs will stay at the levels of 1993 to 1995 for all plants. It
assumes that electricity prices will remain stable until 2005 despite a widespread assumption that
prices will decline. It assumes a 10-year period (including internal preparation) for extending
reactor licenses, even though there is a common belief that it may take longer. The analysis also
assumes that there will not be any major capital expenditures in the foreseeable future. And, it
assumes that extensive stranded cost recovery will be permitted so that utilities will be able to
operate generating stations on a marginal cost basis without the burden of associated debt and
other legacies of the past. Even with these conservative assumptions, a number of nuclear plants
are vulnerable to shutdown.

These findings have taken many by surprise, probably because of the optimistic assumption that
market prices wouldn't be very much different than rates obtained through the regulatory
process—in spite of much evidence to the contrary. For example, our 1997 annual survey of
electric power industry executives, sponsored by the Washington International Energy Group and
the Canadian Electricity Association, found that only 44 percent of the respondents believe that
nuclear power can compete in the coming environment. This study put numbers to this expected
price drop and found that many well operated plants are now believed to be vulnerable to
shutdown because annual O&M costs per kwh may be higher than market prices in the region
they are located.



We started by a cost analysis of the U.S. nuclear power industry which evaluated how well the
owners of individual plants were performing with factors under their control. This is a somewhat
unusual approach compared to most nuclear cost studies that concentrate on external factors over
which owners and operators have little or no control. The time period was from 1990 to 1995
because this coincides with about the time when the fruits of industry initiatives to take control of
costs and output became evident on a sustained basis. For most nuclear plants, the 1990s have
been a period of sustained improvement.

The cost and output performance analysis included the 71 nuclear sites (consisting of 107
individual units) for which data are available for 1990 to 1995. These divided fairly
unambiguously into three categories, 32 sites in a group of top performers, 22 sites in a group of
good performers, and 17 sites in a group of poor performers. Although much has been written
about substantial improvements in cost reductions and increasing output of nuclear power plants,
these have not been shared by all units. When including all sites, non-fuel O&M costs trended
down an average of 4.4 percent from 1990 to 1995. However, for the top performers, this figure
was nearly 27 percent, for good performers, about 15 percent, and the for poor performers this
cost increased over 26 percent. Similar changes occurred for capacity factor—substantial
improvement for the top performers, some improvement for the good performers, and a lower
capacity factor for poor performers in 1995 than in 1990.

But cost and output performance is only one side of the equation when competing for customers.
Among the 54 sites that are top or good performers, 20 are vulnerable to shutdown because
projected annual production costs are higher than projected prices in the market. Because many of
these units have excellent capacity factors that approach a maximum level, they have little
opportunity to improve their performance through increased output and will, instead, have to
reduce operating costs without sacrificing performance.

In addition, all 17 sites that have a poor performance record over the past several years are
vulnerable to shutdown, again because production costs are higher than the market price each will
face. Some of these sites may be able to improve performance and survive. These 37 sites
represent 40 percent of the nuclear generating capacity in the United States, providing just over
40,000 megawatts (mW) of generating capacity that produced nearly 250,000,000 megawatt
hours (mWh) of electricity annually in the 1993 to 1995 time period. These sites are vulnerable to
shutdown because the market price each is likely to face in their particular region will be less than
their annual production costs, even if prices remain level—which most experts believe is unlikely.

Important regional concentrations are evident in nuclear site shutdown vulnerabilities. The vast
majority of sites are in the Northeast and Midwest, and are frequently among the older units.
These are the regions with the highest population density as well which accounts for the clumping
of plants. For example, all of the six sites in New York; all seven sites in the Ohio-Michigan area;
over 60 percent of the capacity in Minnesota-Iowa-Nebraska area; about half the capacity in New
England and the mid-Atlantic region; and somewhat less than half in Illinois-Wisconsin are
vulnerable to shutdown.



Expected regional prices vary considerably—an important reason why planning for the
competitive era cannot stop with individual plant or site analysis. Simulated annual mid-peak
prices for 1997 range from $22.25 per mWh in New England, to under $15 per mWh in the
Nebraska-Iowa-Illinois (except for the northern tier) where the cheapest coal-fired output tends to
be located. This explains why many plants in the Midwest are vulnerable to shutdown, in spite of
good operating performance. By contrast, some New England, mid-Atlantic, and Florida sites,
where average operating costs for non-nuclear generation may be relatively high for various
reasons, are judged to be competitive, in spite of comparatively high O&M costs.

What would be done to replace electric generating capacity if these nuclear plants are shut down?
Obviously, not all of the lost megawatts would have to be replaced and those that were replaced
would come from a variety of sources. For perspective, consider what would happen if all of it is
replaced by natural gas. (Over the past decade, about 60 percent of new capacity has been natural
gas.) If all 37 sites close down, there would be opportunities for up to 1.55 trillion cubic feet (tcf)
of natural gas use per year in electricity generation, which is equivalent to approximately 45
percent of the natural gas used for electricity generation in 1995. Realistically, increased demand
for gas would be lower since several fuel sources will be called on and improved efficiency in the
electric industry will reduce the need for a one-to-one replacement and will compete against other
facilities.

The analysis went beyond economic performance and market competition, and analyzed a number
of other external dynamics to determine if they would affect shutdown. These include shortage of
capacity for on-site storage of nuclear waste, further delays in off-site storage and disposal, the
need to renew the NRC license, decommissioning requirements, and low safety performance as
rated by NRC. When combined with other problems, these may lead an owner to shut down a
facility. However, none of these in isolation is likely to force the decision. The bottom line is that
cost and market economics will drive the future for the nuclear power industry.

The study looks only at actual operating costs and assumes stranded cost recovery and other
means of reducing corporate debt are not direct factors in affecting the shutdown decision on
individual plants. The report assumes that whether or not stranded costs are recovered, plants will
have to sell output at marginal or market-based prices. Of course, poor corporate performance
may negatively affect nuclear facilities. These results also assume that there will not be:

> safety problems requiring long term or permanent shutdown at a facility;

> costly generic retrofits;

> complete political gridlock on resolution of waste management; or

> onerous financial requirements imposed by the NRC in responding to the move to
competition.
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"Competitiveness in Canada's Nuclear Industry"
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Human Resources & Corporate Relations
Cameco Corporation

Our theme this morning is "competitiveness in Canada's nuclear industry". I am going to take a
very specific focus on this subject, looking at an area where Cameco has had some experience —
and one which may be of increasing interest to others within Canada's changing nuclear industry.

My focus will be on competing for the investment dollar as a publicly-traded Canadian nuclear
company. I am going to take a particular look at how Cameco has had to adjust to meet the
competitive demands of the investment marketplace.

Cameco has gone through a classic transformation from a government-owned entity to a publicly
traded company . . . and in the process, we have changed profoundly. As part of that, today we
undergo much closer public scrutiny than ever before and, as a result, we have become more
open, more candid and provide much higher levels of disclosure.

Furthermore, as a publicly-traded company, we are compared to, and compete with, a broad
range of other public companies — both in Canada and internationally — and both within and
outside of the nuclear industry. We are much more conscious of being competitive in how we
present ourselves and in how we our perceived. We look at ourselves and how we do things very
differently than we did as a state-owned enterprise.

The privatization process involved about three years of preparation prior to the actual sale and
public listing of shares — and some years of adjustment afterward. But I believe that Cameco is a
much better company today because of the journey we've taken — a better investment, a better
employer and a more socially responsible corporate citizen. While Cameco's story is necessarily
unique and our own, I hope that there may be elements of it which you might find useful in
looking at your own situations whether you are currently publicly traded or anticipate that you
might be.

One more thing . . . I am in a good position to tell this story as my career with Cameco extends
through the "before" period and the "after" period . . . and I had a front line role to play, on the
communications side, during the privatization process. I joined one of Cameco's predecessor
companies in 1981 when it was a Crown corporation and ten years later I was managing the
investor relations function which I did for about two years following our IPO. The function
continues to report to me and Cameco is fortunate to have a very effective manager in place,
Alice Wong, who previously had worked at Cameco as a market analyst.
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I am a survivor of the privatization process and one who has been able to grow and benefit from it
— in fact, there are a lot of us like that at Cameco. This is a good news story.

But let me start at the beginning.

Cameco was formed in 1988 by the merger of two uranium companies — the provincially-owned
Saskatchewan Mining Development Corporation and the federally-owned Eldorado Nuclear
Limited. The intent of the two governments was to create a large, dynamic uranium organization
with an obvious competitive edge. The idea was that this company would be seen as an attractive
investment and the two governments would have an opportunity to divest their ownership.

Let me explain a little about Cameco's business. Essentially we are uranium miners and
processors. We operate and own two-thirds of the world's two largest high-grade uranium
mines, located in northern Saskatchewan. Through wholly-owned American subsidiaries, we also
produce uranium from operations in Wyoming and Nebraska.

In addition, we are one of the four commercial suppliers in the western world which refine and
convert uranium into UF5, which is ultimately processed into the fuel used in light water reactors.
We are the only commercial converter of uranium for fuel for the Canadian-built Candu reactor.

In 1996, Cameco increased its market share of sales to about 15% of the western world's L^Og
consumption and more than 20% of conversion requirements. In other words we are a major
supplier of fuel for many of the world's reactors.

I have stressed the company's role in the uranium business but Cameco also mines gold and has
just recently developed a large gold deposit in Kyrgyzstan in central Asia. We also conduct
exploration for gold and uranium internationally and have offices and projects in most of the gold
and uranium prospective regions of the world.

However, we are and will remain primarily a uranium company - and our future is secured by the
company's substantial ownership position in Cigar Lake and McArthur River, the richest uranium
deposits in the world, both located in northern Saskatchewan and both soon to become the
world's leading uranium production centres with Cameco as the operator.

It is interesting to take a quick look at Cameco's financial condition pre and post privatization. In
1990, the year before privatization, our sales were S316 million. Earnings, excluding a one-time
gain, were $34 million. In 1988, when the company had been formed, our debt totalled $650
million but we were able to reduce that to $348 million by the end of 1990. We also reduced our
workforce from 1,650 to 1,200 people in the two years prior to privatization.

By 1990, we were still carrying a pretty heavy debt load, but we were a profitable company, in a
business where the potential for price increases for our commodity was strong — our two
government owners considered us a good candidate for privatization which did occur in July,
1991.
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Today, six years later, Cameco sales have almost doubled, to $591 million in 1996. Our net
earnings last year were $137.5 million — a fourfold increase over six years earlier -- and long-term
debt was down to $200 million. Cameco shares, which were originally issued at $12.50 in July,
1991, rose as high as $75 last year and yesterday closed at $xxxx.

Both the federal and provincial governments have divested their shares over time so that now only
the Saskatchewan government owns 10% of Cameco.

Shareholders who bought shares at the issue price in 1991 have earned today a compound rate of
return of about xx.x% since then, assuming they reinvested their dividends in Cameco stock.
Jointly, the federal and provincial governments have realized $1.4 billion on their investment in
Cameco. The Saskatchewan government's current 10% holding in Cameco is currently worth
about $250-275 million.

This all sounds wonderful but our journey hasn't always been smooth. As a nuclear company we
faced a number of special investment challenges along the way. Let me take just a few minutes to
describe some of the more important ones to you and how Cameco dealt with them.

1. Public Perception of Nuclear Power

One of the biggest hurdles, of course, was the public's perception of the nuclear industry.
By the public, I really mean investors — including both retail investors and sophisticated
portfolio analysts or fund managers. But this audience was no more familiar with the
nuclear industry than the general public.

However, I should point out that the investor audience is unlike the general public in other
significant ways.

One is that they are not afraid of numbers or statistics - in fact, the more the better. They
even welcome concepts such as comparative risk which can be a very difficult one to
grasp.

Secondly, they are highly motivated to learn because they anticipate a direct economic
benefit.

Thirdly, they have a high degree of antipathy toward the media and toward the more
sensation-seeking environmental groups.

Fourthly, they also tend to be well-educated and male - all good demographics for a group
to be pro-nuclear as has been revealed by so many of the nuclear industry's public opinion
polls over the years.

Still, even this audience shared one of the public's most common assumptions which was
that nuclear power was a 'sunset' industry - with a very limited present and a declining
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future. Despite the relatively high media profile of our industry, the facts about nuclear
power are not widely known. Cameco has worked hard to become a source of reliable up-
to-date information about the nuclear industry—everything from the number of reactors,
to the percentage of electricity generated by nuclear power plants, to reactor construction
plans.

These facts became the bread & butter of all Cameco presentations, culminating in the so-
called "road show" which launched the sale of Cameco shares in Canada in 1991.
However, the groundwork had been laid throughout the previous year as we conducted a
pre Initial Public Offering (IPO) information campaign to a targeted audience with the
help of the underwriters who had been selected by our government owners.

Other classic misconceptions about nuclear power included, of course, safety and
environmental concerns which we tackled head on and made effective use of comparative
data to argue the case that nuclear's record was and is exemplary when measured against
the performance of the chief competitors.

We also faced the other familiar nuclear issues - such as our responsibility, moral or
otherwise, for nuclear weapons production, for nuclear waste and even for excessive costs
due to too much regulation from too many levels of government. Needless to say, it's only
a nuclear company that has to face these kinds of questions from investors... the steel
companies are not held accountable for weapons production, nor are the oil and gas
companies held responsible for the wastes generated by their customers' power plants.

While misconceptions about nuclear created some early challenges for our privatization
efforts, they contributed to the need for Cameco to develop high-quality, clear, lucid
presentations because we could not make any assumptions that the audience shared a
common information base . . . as they might have done had we been, for example, another
copper company.

2. Lack of Peer Group

These were not, of course, the only communications challenges that Cameco faced in the
early years as a publicly traded nuclear company. One that took us a little bit by surprise
was the degree to which Cameco had to provide information about our competitors in the
uranium mining industry in order that our analysts and investors could develop a sense of
perspective about the uranium mining industry around the world.

Unfortunately for Cameco, our leading competitors are either state or privately owned,
hence with no requirements to meet the levels of disclosure that we must. The result is
that information about uranium mining is not readily available . . .certainly not when
compared to other base metals . . . and it fell to Cameco to bridge this information gap.

Cameco is just one of many stocks that an analyst or fund manager may be following and
they are understandably reluctant to take on the additional cost and time demands to
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follow only one player in an industry. Even our industry associations and uranium industry
newsletters are relatively obscure and/or very expensive.

This forms a part of the next challenge to investors considering the nuclear industry and
that is the problem of disclosure limits.

3. Problems of Disclosure Limits

It is difficult to know where to draw the line in the extent of disclosure we provide to
satisfy the investment community—they always want more than they have. We must be
careful to not provide information that might give our competitors an advantage. This is
particularly true of production costs, sales volumes and realized prices . . . in other words,
the very facts that most publicly traded mineral commodity companies readily provide.

Most investors understood why we do not fully disclose, but we do get complaints from
some portfolio managers that we do not provide the extent of disclosure they are used to
getting from other mining companies. We believe that this extra investment risk is not
positive for our stock price but pays other dividends to the company.

4. Competition from Non-Nuclear Investment Alternatives

I have described how Cameco undertakes the task of information provider with respect to
not only the uranium mining industry but to some extent, even of the nuclear industry. We
are in the business of consistently and comprehensively explaining ourselves to a wide
range of constantly changing Canadian, American and international investors. With
millions of dollars at stake and no special loyalties to any investment, they can be
demanding and fickle.

They force us to compete far beyond our own industry peer group and as a public
company, we now are measured against many other major public companies in North
America.

We must fight for investor attention and favor in a wide open marketplace where you are
judged by everything you say, everything you print and by what is said about you.

We have to know how companies like Rio Tinto Zinc or the Royal Bank, or Bombardier,
for instance, present themselves as an investment opportunity, because they will set a
standard to which we will be compared. Our presentations, our annual and quarterly
reports to shareholders, our policies on corporate governance and executive
compensation, are all open to scrutiny. We must be conscious of the best current
practices among a wide range of public companies in these areas and measure our own
performance against these ever rising standards.

I believe this comparison to a broad range of competing companies is especially difficult
for a nuclear company to accept.. . but equally, is also especially beneficial. It is my
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observation that the nuclear industry too frequently measures itself only against its peers
within the relatively small and tightly-knit nuclear world. Cameco is beginning to
benchmark more and more of our operations against non-nuclear peers and we are going
to be a stronger company for that exposure.

I should point out that for our investors, we also need to explain our gold strategy and this
has not been without its own complications. We expanded quickly into the gold business,
and in a major way thanks to our one-third acquisition of a gold property in Central Asia it
has come into production in the last few months . Like everything else, we have to justify
and explain our gold venture to a wide audience, we have to do it publicly and we have to
do it often. In these post BreX days, that commitment cannot be taken lightly.

6. Role of the CEO

My last point about the challenges of going public as a nuclear company is the major
impact this decision will have on the time, energy and focus of the company's senior
management and in particular, the chief executive officer. Investor relations is a CEO
function at Cameco and I believe, that is true in most companies. Concern for shareholder
value becomes a primary CEO concern and that concern will permeate the organization.

The most successful CEOs think like shareholders, protecting them from surprises and
anticipating their concerns. In addition, the most effective CEOs are great communicators
who convey integrity, trust and expertise. Ultimately they are consummate marketers who
know how to sell the company, its vision of the future and its unique role in the present.

After all, people are going to entrust them with their money and that is a very onerous
responsibility.

Conclusion:

So what is the conclusion of my remarks today?

I believe strongly that nuclear can compete for the investment dollar wherever nuclear makes
good economic sense. It will take some work to get an organization into shape for the investment
marketplace. And nuclear power has to show it is a competitive source of energy; one that can
generate profits. Wherever that is the case, it then becomes a matter of effectively communicating
that message.
In many ways, each of us in the nuclear industry is already well prepared for the communications
challenge because we have become familiar with — indeed, accustomed to — scrutiny and
criticism. We are not, as a rule, thin skinned and this is an advantage when becoming part of the
world of publicly traded companies.

Our industry's high profile can be an advantage, too. It assures a certain curiosity level among
institutional and other investors — an interest that can be leveraged to attract investors. In some
ways, the lack of awareness of the economics of nuclear power makes this industry seem like a
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new opportunity to investors. And there is nothing investors like better than getting in at the
beginning of an investment opportunity.

Today, Cameco continues to expand its operations and its workforce — at year end we employed
about 1,350 people. We have been increasing our market share of world uranium production and
expect to be able to continue to do so. We are becoming a significant producer of gold and have
plans to increase our gold production.

But at the core we have the same focus as 10 years ago when we were created. I'll close with a
look at a few slides that tell the Cameco story succinctly. Using McArthur River as an example,
when assessed on the basis of contained value-per-tonne-of-ore, no other mineral deposit in the
world compares.

• not in uranium . . . .

(Even if Key Lake were beginning its productive life today, rather than moving toward its
depletion, its value per tonne—at $650—would pale beside McArthur and Cigar.)

not in gold

not in base metals

These are two very rich deposits and they clearly make the Cameco story much easier to tell.

Privatization is something that some of you in this room may experience over the next few years.
Or possibly, deregulation may introduce some aspects of the new competitiveness that I have been
describing. The challenge may seem a little daunting, but we at Cameco have made the transition
successfully. We would like very much to welcome more nuclear industry players into the world
of the publicly traded.

Thank you very much for your time today.

D
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INTRODUCTION

[IF UNDER "COMPETITIVENESS IN THE MARKETPLACE"]

Canada's uranium mining industry - currently centred in Saskatchewan — is one of the
most efficient and effective in the world. As a result, it is also one of the most
competitive in the world.

The proof for this may be found in Canada's dominance among all uranium producing
nations with respect to the primary production, or mining, of uranium as a feedstock for
the nuclear power industry. Canada presently supplies nearly one-third of the western
world's uranium, and is home to the two largest uranium producing complexes in the
world today — Key Lake and Rabbit Lake.

Canada's uranium mining industry enjoys a competitive advantage over those of other
nations for many reasons. Key among these have been the exceptional grades and
reserves of its major mines. That is, we have been blessed with projects of superior
ore grade and reserves.

Key Lake, for example, has recorded an average grade of over 2% U3O8 over its nearly
15 years of production, and has provided more than 200 million pounds U3O8 to its
owners — Cameco and Uranerz — and through them, to the market.

Rabbit Lake will have had an average grade of over 1% over its longer lifetime and will
have produced approximately 180 million pounds U3O8 by the time mining is completed
early in the next century.

Such grades are considered high as the world average at the time of their discovery
was only 0.1% U3O8.

To have mined these "high-grade" deposits successfully, the uranium mining industry
has had to overcome a number of technical challenges. Open-pits had to be designed
and lakes dewatered. Innovative underground mining methods and systems had to be
developed. Detrimental components in the ore had to be removed. Radioactive
tailings had to be contained and managed. Worker exposures to radiation sources had
to be minimized. The technical challenges have largely been overcome, as they have
been elsewhere in the nuclear industry.

However, the successful mining of the deposits at Key Lake and Rabbit Lake has also
had to overcome a number of non-technical challenges. Workers and materials had to
be transported over large distances and difficult terrain into northern Saskatchewan.
Difficult winters had to be made bearable. The mines and mills had to be built in areas
where there had been no settlements not speaking of any prior industrial development.
A workforce had to be trained, educated and transported to site.

It is largely on this last point that I wish to focus my comments. The uranium mining



industry, like others in the nuclear industry, needs a workforce that is capable of
handling the demands of working in a modern, technically advanced work environment.
The challenge that the uranium mining industry has faced, and continues to face, is
that it must continuously create the workforce it requires while dealing with daunting
demographics, rising expectations and evolving political demands.

The Challenges of Daunting Demographics
The Saskatchewan uranium mining industry makes every effort to first hire, train and
promote people who are "residents of Saskatchewan's north." In many ways, the
northern area of Saskatchewan is unique from other regions of the province:

it is a vast and sparsely populated area covering half the province but with only
3% of its population (just some 35,000 people);

many of its residents are geographically and economically isolated in
approximately 50 small communities;

it has a very young population as almost 50% of its residents are under the age
of 20;

it has a growing population while the remainder of the province is generally
static;

some 85% of its residents identify themselves as being of aboriginal ancestry,
and it is home to 25% of all aboriginal people in Saskatchewan;

it has a high incidence of poverty and dependence on government assistance
(25% or nearly twice the provincial level);

a large percentage of its residents are functionally illiterate (36% or more than
twice the provincial level);

it has a very high unemployment rate — on average more than three times the
provincial rate;

three-quarters of all male workers are employed in part-time or seasonal jobs
and earn only 53% of their southern counterparts; and

mining, forestry, fishing and trapping provide a disproportionate percentage of
employment opportunities.

What this means for the uranium mining industry is that at a time when it is seeking
nearly 700 new employees it is:



drawing from a potential labour force that is very young and not sufficiently
skilled;

attempting to hire from a population that has less academic education, fewer
trades and industrial skills, and a smaller corps of university-educated
professionals compared to the rest of the province; and

it is competing for workers in an employment market more restricted in size and
range of opportunities than the province as a whole at a time when many of the
jobs it offers require a high skill and/or academic level.

Adding to the challenge is the fact that with the rapidly increasing population, there is
an increasing number of northern youth with high school diplomas, but unfortunately
lacking in necessary science and mathematics prerequisites for further training and
education in mine related fields.

Notwithstanding these challenges, northern people are becoming the permanent core
of the workforce in our industry, and the needs of northern workforce are beginning to
drive the types and amounts of training being undertaken in the north. Aboriginal
people and institutions in particular are playing a much larger role in education,
training, social programs and economic development in Saskatchewan's north.

The Challenges of Rising Expectations
Saskatchewan's uranium mining industry has always battled expectations.

Modern, high-grade uranium mines such as Key Lake were supposed to open in the
early 1980s with 50% northern employees. Uranium was also supposed to remain
above $40 US per pound. Neither happened.

While the price of uranium has not met these initial expectations over the years, the
uranium mining industry largely has, as throughout 1996, northerners averaged just
under 50% (49%) of the northern mine workforce. In total, more than 1,000 northerners
work at mine sites, double the numbers of only four years ago. The mines at which my
company is involved, contributed over half of these employees to the total. Cameco,
our operator, should be commended for their success in this regard.

Such success, however, has contributed to raising expectations in the north as to the
ability of the uranium mining industry to continue to provide an ever increasing number
of employment opportunities to northerners.

In 1993, for example, recommendations from a federal-provincial environmental
assessment review panel called for new mines to open with 70% northern employment
and to increase the percentage to 80 within three years of operation. Such



employment conditions were also to apply to the industry's contractors and sub-
contractors.

And while we are to some degree victims of our own success, we are also victims of
both the increasing northern population and the increasing participation of aboriginal
governments and institutions in the economy.

More and more northern residents are entering the workforce and looking for work, and
more and more of them are putting pressures on the aboriginal governments to find
them that work. The uranium mining industry, one of the largest and perceived to be
richest employer in the north, is being called upon to do more by those who see the
high levels of poverty, welfare dependency, and unemployment in northern
communities.

In the past, new mines meant new jobs, and good jobs. Today, however, most of the
new mines in our industry will either be replacing existing mines which are nearing the
end of the productive lives (such as McArthur River and Key Lake) or extending the
lives of current mines (such as the Dominique-Janine Extension at Cluff Lake). The
mines are big in a sense of uranium production but small in terms of tonnage and
require only a small number of employees. As such, the new mines are mostly
dramatically increasing the duration of employment opportunities rather than creating
new, permanent jobs.

The new mines of today are also representing a shift back to underground mining
operations. Few people in the general population are prepared to work underground,
and it is believed that proportionally even fewer aboriginal people have the experience
or network necessary to pursue opportunities to work underground. Couple this with
the introduction of high-tech remote mining methods in new mines such as McArthur
River and the reality of our industry's workforce requirements are not meshing at all
with heightened northern expectations for new jobs.

There are also high expectations around our industry as we are good employers with
respect to wages, particularly when compared to the other natural resource based
industries in the north.

Average annual incomes for trappers are often less than $1,500, while those for
fishermen are about $6,000. On the other end of the scale are jobs in the mining
industry where annual incomes on average exceed $40,000 — four time greater than
the average annual income of a worker in the tourism industry.

The uranium mining industry has attempted to "manage" northerners' expectations by
participating with federal, provincial and aboriginal governments and post-secondary
educational institutions in an unique effort to meet labour market demand. Beginning in



1993, a long-term training strategy, the Multi-Party Training Plan, was implemented to
address training and employment needs for the new and proposed mine developments.

This 5 year, $10.5 million training-for-employment plan is now in its fourth year, and to
date has awarded 382 certificates and seen 280 trainees employed in the workforce
(nearly 75%).

At the end of the third year, 94% of all enrollments have been students of aboriginal
ancestry. The plan provides courses in technical programs, skills training,
apprenticeships and adult basic education, and 77% of successful trainees (232) have
found full-time employment at northern mine sites.

Mine site jobs have included supervisors (12), technicians (37), trades people (35), mill
operators (53), equipment operators (50), truckers (12), miners (2), and labourers (31).
Such efforts have increased the level of northern representation in supervisory and

professional/technical positions by over 50% since 1990.

The Challenges of Evolving Political Demands
One may think that with this record, the uranium mining industry would be basking in
the glow of its success in hiring, training and promoting employees from northern
Saskatchewan.

If you did, you would be partially correct.

Some in our industry have received recognition for their efforts in creating employment
opportunities in northern Saskatchewan. The Multi-Party Training Plan is being
heralded in more and more quarters as a model for building skills and developing the
workforce Saskatchewan needs for the start of the new century. Some even grudgingly
admit that a $40,000/year job is a good job.

Some have even started to accept that hitting the target of 50% northern and aboriginal
employment in our industry was the result of a tremendous effort, and that doing better
will be more difficult. Even the federal-provincial panel reviewing McArthur River
recognized this to some degree and lowered their northern employment targets to a 1 %
increase per year until we reach 67% northern content.

At the same time however, we are being asked to get tougher on who may be
considered a "northerner," to fire those who may move to the south to gain access to
better schools for their children, and to increase the wages for all those working on the
mine site, such as kitchen helpers or security guards, to match those earned by miners.

We are also being asked to pay a portion of our revenues to aboriginal peoples in
recognition of their "traditional rights" to the land under which are mines are found.



These are not rights associated with land ownership, or even treaty rights of land
tenure, but are nonetheless meant to be respected and compensated for by someone
prior to new mines, such as McArthur River, being built.

Fortunately for the industry, there is recognition by the federal-provincial environmental
assessment review panel and both levels of government that the issue of "revenue
sharing" needs to be resolved in a political forum rather than as part of the approval
and development process of individual mines.

Hopefully, there is also a recognition that uranium industry in Saskatchewan is paying
the highest royalties and taxes under any regime in the world.

How the industry Has Responded to the Challenges

A more in-depth presentation of the ongoing revenue-sharing debate affecting our
industry would consume more time than the 20 minutes I have been given to speak. I
would like therefore to close my paper with a summary of the innovative ways and
means our industry has responded to the "non-technical" or socii-economic challenges
of the last few years. Included among these are:

the fly-in/fly-out work schedule, which was largely pioneered in northern
Saskatchewan, which allows northern, aboriginal employees to maintain their
residence in their home community and still practice their traditional lifestyle, if
desired, while also providing the opportunity to earn a good living working in the
mine;

the application of vacation privileges in combination with weeks off to further
cater to traditional but seasonal activities of our aboriginal employees, such as
hunting, fishing and trapping;

the Multi-Party Training Plan, of course, in which all participants go through five
phases ending with full-time, permanent employment (assessment, pre-
employment preparation, skills training, job training and employment);
the development of northern, aboriginal contractors through the awarding of
progressively larger and more complicated contracts, by waving certain contract
requirements based on the character and past performance of the contractor,
such as bonding, and by sizing contracts to levels appropriate to the skills and
resources of northern contractors;

contracting with regional aboriginal authorities for the provision of potential
employees through screening and referral services;



the proactive identification of northern businesses with the capabilities for
providing goods and services to the minesites;

awarding major contracts on criteria which include the ability of a primary
contractor to subcontract to northern contractors, and in all contracts the
percentage of northern business that will result;

monitoring all contractors so as to ensure that they employ northern labour
wherever possible;

actively participating in committees whose mandates are to ensure that northern
people have the opportunity to receive the education, training and access to
employment which is required for them to pursue careers in the mining industry
at all levels (the Mineral Sector Steering Committee, the Northern Labour Market
Committee and the Northern Apprenticeship Committee);

contributing to the upgrading of a major northern highway which serves several
minesites and northern communities, and in so doing not only improving the
quality of the road, but also creating additional work for northern road
construction companies;

the negotiation of collective agreement provisions which support company efforts
at maximizing aboriginal employment at the minesite (eg. every second
apprenticeship vacancy at Key Lake is to be awarded to an employee of
aboriginal ancestry);

the maintenance of a "Northern Affairs Office" in major northern communities to
provide a readily accessible source of information on employment and
contracting opportunities;

the encouragement of "north-south", or aboriginal and non-aboriginal, joint
venture companies to bid on mine related work (eg. Northern Resource
Trucking, a successful joint venture originally between the La Ronge Indian
Band and Trimac which has recently expanded its shareholder base to include
other First Nation and Metis communities); and

the careful and regular monitoring and reporting of northern recruitment, training,
advancement and contracting efforts.

Conclusion
The modern uranium mining industry in Saskatchewan has been working with
northerners, governments and educational institutions for nearly 20 years to bring
about one of the highest levels of northern and aboriginal participation in an industrial
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sector in the country.
It has accomplished this notwithstanding the challenges noted in this paper — those
arising out of the demographics of the region from which it makes all efforts to draw its
workforce, the continuously rising expectations as to what can be delivered with
respect to employment and business opportunities, and the at times difficult demands
from evolving aboriginal political institutions.

This accomplishment comes out of a commitment in the industry that has often been
set out from the very top of our organizations. Such a commitment has been, in my
view, instrumental in driving the search for innovative ways and means to meet the
targets, and provide meaningful employment and business opportunities for the now
more than 1,000 northerners employed in our industry, 85% of whom are of Indian or
Metis ancestry.

I started this presentation by saying that one of the primary reasons the Saskatchewan
uranium mining industry is the dominant primary producer in the world is the grade of
its deposits. Key Lake, Rabbit Lake and Cluff Lake are all considered "high" grade
deposits and all have contributed to Canada's ranking as the number 1 producer of the
uranium in the world. Even though these deposits are coming near the end of their
productive lives, they will be ably replaced by a new generation of "ultra-high" grade
deposits.

New projects such as McArthur River (average grade of 15% U3O8), Cigar Lake
(average grade of 9% U3O8), McClean Lake (average grade of 3.5% U3O8) and Midwest
(average grade of 4.5% U3O8) will do much to ensure that Canada remains the world's
top producer for many years to come.

Without doubt, the grade and size of these new deposits will contribute to the
competitiveness of our uranium mining industry. But, so too will our workforce. It is
ultimately for this reason that our industry is prepared to find innovative ways to build a
workforce out of a challenging environment. People make our mines work. People
make our mines competitive. And, our people help us overcome the technical
challenges our industry faces.

It remains worthwhile then, for our industry to respond to the non-technical challenges
we face. After all, it is nice being number one.

Thank you.
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FROM PARTNERSHIP TO THE LEARNING COMMUNITY

Peter Skinner
National Projects Director

Understanding British Industry

In this short paper, I propose a future agenda for partnerships between education and business
by which they may develop as brokers in learning and develop a prospectus for education and
training from within the community.

The proposition is based on the following assumptions:

• Any organization which is still developing is a learning organization, whether it is a
company, a school or the community in general.

• There is an aging workforce. This is not a reference to the demographic time bomb
which, in a time of recession has become something of a damp squib, but a recognition
that the number of people retired will represent a significantly higher proportion of the
population. Many will pursue learning as a form of leisure.

• The number of people in work will still require training because technologic development
will gather pace.

• The cost of training for small companies is roughly equivalent to the profit margin.

• There is no evidence that central government can mange complex local problems, i.e. the
inner city.

• Communities will need to develop and demonstrate increasingly sophisticated training
and education infrastructures to attract inward investment from government e.g. City
Challenge: from industry, e.g. the Raleigh triangle, North Carolina or major media
events, e.g. the Olympics.

• Different groups in the community live in separate enclosed ghettos of experience and
understanding.

• The beginnings of such an approach can be seen in Education Business Partnerships.

Certain issues

• Partnership is an approach to solving problems which seeks to make things better, not
more complicated, more costly or to build hierarchies or bureaucracies.



Problems will not be solved if:

• one partner decides to impose the agenda on the other, either by inflicting a brutalist
model (doing something to), or a patronizing model (doing something for) the other
partner;

• partnerships exist to absorb government funding;

• partnership processes are ignored to concentrate simplistically on outcomes;

• there is no agenda for the future

• all partner groups, including schools, are not learning organizations committed to the
development of staff

An effective partnership will need to:

• exemplify respect for the education experience and expertise of all partners

• recognize that all partners are stakeholders in partnerships with rights as well as
responsibilities.

• put learning at the heart of the partnership

An agenda for the future:

• sees learning as the oxygen of partnership and community development and the school as
the focus

• uses the community as a learning resource

• respects teachers and trainers as the managers of learning and uses their skills as
facilitators in community development

• encourages all members of the community to make their expertise, experience and
knowledge available as 'associate teachers'

• creates a network of understanding within a community and encourages a richer
interchange of ideas

Partnerships should create a community prospectus by listing all the local training and learning
opportunities and by acting as a broker to put those in need of expertise in touch with those
who have the necessary skills to offer. There should be no system of payment, but the
creation of a local training economy based on the exchange of training and skills. Everyone
will know what's in it for them. The community will target its funding at what it cannot
provide from its own resources.



If everyone contributes to such a scheme, resources will grow out of synergy. People will be
able to explore beyond the understanding of the culture they inhabit at home, at work or in
their schools to a more complete education.

Facilitation is the key to community change.

The future will require a wider agenda, but time is beginning to press.

THE TEACHER INTERNSHIP PROGRAM

The Teacher Internship Program (TIP) seeks to bring into the total education/life experience
of the teacher encounters with some of the discontinuities of change and shifts in the
workplace. This, the school extends into the community, and the community provides an
essential blurring of the boundaries of what constitutes school.

Internships are an extremely effective form of personal and professional development and have
a positive impact on the curriculum and delivery of programs to students and staff in
provincial schools. The Internship experience also ensures that teaching in our schools is
based on a view of life as an integrated whole, in which people, things, events, processes and
ideas are interrelated. The initiative involves primary, formative and transition year teachers
being placed in their community (i.e. business, industry, service agencies, etc.) for up to five
days.

The experience gained from internships provide teachers and administrators with a range of
opportunities that:

• enhance and/or reshape Ontario's Common (Grades 1-9) and Secondary School
Curriculum - including guidance and career counseling policies and programs.

• develop relevant and active learning experiences for students of all abilities.

• broaden their understanding of the role of business/industry within the community.

• evaluate present practice in the light of the actualities of the workplace and
discover new possibilities for program and management.

• develop stronger, more vital relationships between education and community.

• inform community-based organizations about existing and future directions in
education.

• enlarge and enrich the context(s) for learning.

This workshop will guide both teachers and administrators through the four key stages of a
community-based internship.
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The Emerging Big Picture: The External Factors Affecting the Outlook
for

the Canadian Nuclear Industry

Mike McCracken
Chief Executive Officer

Informetrica Limited

At the present time, no new nuclear capacity is being planned in North America, and much
of the policy attention is directed towards the problem of "stranded assets" as the
electricity generation industry deregulates.

A number of "driving forces" are at work: low inflation, high real interest rates, slow
economic growth, deregulation, and rising environmental concerns. Within the energy
sector there are also uncertainties regarding the demand for electricity, alternative
supplies, the costs of energy, privatization, safety factors, and specific moves to
deregulate. How will these play out over the next twenty-five years?

One approach to dealing with such uncertainties is to consider a number of alternative
scenarios - equally plausible - that help to highlight the uncertainties. Four such scenarios
are adumbrated in this paper, along with a discussion of the necessary actions to develop a
preferred scenario.

The scenarios examined include.
(1) The "Swedish" Process - active decommissioning of existing plants in response to
public demands for non-nuclear generation of electricity.

(2) Muddle - Do Nothing Until? - A scenario with no new nuclear capacity, but a
continuation of existing capacity as long as possible. New capacity needs are met by non-
nuclear generation.

(3) Expansion of nuclear capacity for Canadian needs as part of an orderly development of
new capacity.

(4) More aggressive expansion of nuclear facilities, to serve the North American market
and to reduce GHG emissions.
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Global Electricity Strategy Judith B. Sack

The Twilight Zone

Some days, when I contemplate (or have forced on me) the
rate of change in electricity, it seems as if the electric indus-
try has entered some kind of time warp. A "Twilight
Zone," if you will — where everything is somehow differ-
ent. While there is money to be made, new lessons to be
learned, and new worlds to conquer, it's somehow in an-
other dimension.

But it is an exciting time: a new world emerging, another
one dying, and armies of analysts, bankers, consultants and
managements trying to make sense of the change. Trying
to envision the utility of the future. Creating the logic, de-
signing the strategies to operate in a world where reality
has been distorted.

In this Twilight Zone, with my apologies to Rod Serling,
there is more than sight and sense. It truly is imagination
that makes the difference. Or, using a more business-like
term: intellectual capital. The ability to see a different
perspective, the causes and effects, the interrelationships
and the endgame.

Surviving in this Twilight Zone will take real skill and real
vision. In the old world of electricity, choices were few.
One could build or cancel a plant under construction..
Choose nuclear, gas, or coal. Fight the regulators and the
environmentalists or go along to get along. But beyond
that, one management could do little to distinguish them-
selves from another.

Not any more. Now the stakes are bigger, and so are the
options. A commodity generation business or a multi-
utility customer service business? A global or national
player, or a niche regional company? And, depending on
the starting point (as a tiny vertically integrated company
with a large stranded asset, for example), none of the op-
tions may be viable. Then what?

I've written a great deal on my view of the future, including
the vertical integration of fuel suppliers downstream into
generation — the convergence of gas and electricity in the
production and supply business. "But what about distribu-
tion?" a client asked recently. What will distribution be
like in the future?

I've made general comments about multi-utilities and dis-
tribution customers as a channel for higher profit margin
goods and services, but I've spent less time on distribution
than on production and supply. There are a couple of good
reasons for that. Distribution, which most observers see as
a permanently regulated wires business with an energy
services arm, seems mundane. Clients are more interested
in generation, where the bulk of competition, assets, and
problems currently exist.

But I have to be honest. The second reason is not so noble.
It's easier for me to envision and articulate the endgame in
production and supply. Describing a competitive wires
business and a high-tech, high-profit margin consumer



business is much harder. But I believe that will be the bat-
tleground of the future — where management will earn
their salaries with creative strategies or end in ignominious
defeat.

So what will distribution look like in the next century —
three years from now? I personally do not believe that the
wires business will remain forever regulated. I know that is
the current wisdom, that the network will continue to be a
regulated, retum-on-investment, low-risk, low-return busi-
ness.

The current wisdom has several other aspects:

• That services will be available in the unregulated domain
(the energy services business) — everything from supplying
the commodity to home security.

• That these services will be competitive, and that addi-
tional services will have higher profit margins than the
basic service.

• That only certain customers will be profitable, those with
incomes and usage levels sufficient to pay for more goods
and services.

• That the U.K. experience indicates metering for univer-
sal retail competition is at worst chaotic and at best unprof-
itable — the cost of metering can exceed the annual reve-
nue from the provision of supply.

I know all this is the current wisdom, but I don't believe it.
As I've already suggested, about this time my ability to
articulate why falters, but let me forge ahead.

I think there are two serious problems with this scenario,
and several minor ones. The two big ones are technology
and a concept I'll call interactive change. The minor ones
can generally be lumped in the category of what we don't
know about the business.

Before I discuss these problems in more detail, let me first
make a few general observations. In thinking about the
future of distribution, I started with two basic questions:

• What is the value of a distribution franchise?

• What is the value of a customer?

Good questions, and ones that a creative analyst should be
able to answer.

In theory, of course, the value of a customer is the value of
the revenue stream he generates, less the costs of producing
those revenues. The value of a franchise is the aggregate
value of the customers.

In theory, that should be relatively easy to determine. But
there are more than a few problems:

• It requires a calculation of revenue per customer. Actual
revenue in prior periods is obviously not a problem, nor is
actual customers supplied. But no one has any good sense
of either the extent to which prices will fall in a competitive
environment or the potential erosion of the customer base
once customers can choose suppliers freely.

• It requires a calculation of cost to generate those reve-
nues. I continue to believe that one of the real problems
facing this industry is just how much it doesn't know about
its costs.

• Everyone believes there will be some transition period.
However, the length of that transition is debatable (I think
it will be shorter rather than longer — that markets always
triumph over regulation). And the legality of a defined
transition period and the collection of a CTC (the universal
transition charge that permits recovery of stranded assets)
may yet be challenged.

• On the positive side, no one knows the amount of reve-
nue that may come from new services. Indeed, just what
products and services are (a) possible; (b) likely to receive
high acceptance by the market; and (c) capable of being
provided by the stub utility distribution company are all
unknown.

• In addition, this is the industry that didn't believe in
price elasticity and still doesn't know how to price or mar-
ket its product. Knowledge of customer preferences, mar-
ket clearing prices, and realistic profit margins will deter-
mine value in a distribution franchise.

As an analogy, a telephone directory services product
available across most of the U.S. allows a user to have a
requested number dialed automatically for an extra charge.
The charge is high and highly variable depending on the
service provider. Usually I am more than willing to pay for



convenience, but even I refuse to ante up the 50 cents my
local service company charges for this service — which I
can't believe could cost more than a few cents, if not a few
mills, to provide. Poor pricing policy is one symptom of a
utility mentality, yet the telephones have been open to com-
petition much longer than the electrics.

So the standard methods for valuing either a customer or a
franchise fall sadly short for the electric distribution busi-
ness. But this is just the beginning of the problem. I be-
lieve that those who are trying to develop winning strate-
gies for the disaggregated, market-oriented electric-
ity/utility services business suffer from a lack of imagina-
tion.

Envisioning the End Game

In trying to envision the distribution endgame, I think those
who survive to look back on the process will be shocked by
the effects of two major trends that are being essentially
ignored in the current debate — technology and the inter-
action of forces and events that will change the business
beyond recognition.

Technology

First, technology. Just as in the case of generation, I be-
lieve substantial changes in technology are being ignored or
underestimated in distribution. Ten years ago, it was
nearly impossible to even discuss rationally with a utility
person the possibility that IPPs were a valid entrant into the
generation business. (I remember once speaking to a group
of senior management from the US electric industry and
nearly being pelted off the podium when I suggested that
IPPs could produce cheaper, more reliable power more ef-
ficiently than the regulated monopoly.)

Several levels of denial had to be broken, among them:

• IPPs actually had the expertise to build and operate a
generating plant. Many utility executives argued that the
system would fail if IPPs were allowed to build plant —
that the reliability could only be assured if the vertically
integrated monopoly was the only player allowed to gener-
ate, transmit and distribute power to the people.

• IPPs were more than just a financial house of cards.
The original industry doctrine held that IPPs could produce
power more cheaply only because their financing structure

was more highly leveraged. On the infamous level playing
field — with equal leverage — the industry held that a ver-
tically integrated, regulated monopoly would be even
cheaper than an IPP.

• IPPs could actually produce the operating efficiencies
that they claimed. After all, utilities knew that good engi-
neering practices required downtime and maintenance, so
plant could not operate at availabilities claimed by the IPPs.
Back-up services would raise the cost, and utilities would
unfairly be left as supplier of last resort

• And perhaps most important, proper incentives wonder-
fully concentrate engineering ingenuity and business strat-
egy. When one is playing with his own or shareholder
money and one's job is on the line, much more will be ac-
complished than when risks are borne and penalties paid by
customers.

I think the same recognition needs to be applied to distri-
bution. The impact of new technology in distribution will
be immense. This technology is borne of the same parents
that spawned advances in generating plant (heat rate effi-
ciencies that increased from 10,000 BTU to 6,500 BTU, for
example) so that smaller, more economic gas turbines un-
dercut ever larger coal and nuclear plant — similar to the
revolution in telecommunications. Unfortunately, the tech-
nology about to be unleashed in distribution has been
largely ignored.

I am not a technology expert — I'm not even a technology
freak — but I do have a few foggy notions of how it might
all unfold.

First, today's paradigm holds that the wires and pipes busi-
ness will forever be a regulated monopoly. (I remember
just a few short years ago when the same was said about
generation.) But many of the conditions that spawned
competition in generation exist, to some extent, in distribu-
tion.

Distributed Generation — The Electric Equivalent of
Cellular

In generation, barriers began to fall when self-generation
became economically viable. A function of, among other
things, technology advances, it reversed the economies of
scale that fostered centralized power generation and instead



gave leverage to large industrial customers who could gen-
erate cheaper power on their own premises.

In distribution, a technology known as distributed genera-
tion is becoming economical at smaller sizes: this means
that leverage will extend beyond large customers as lower-
usage customers will also able to bypass the wires business.

Just as in cellular, this holds the promise (or more aptly,
the challenge) of completely restructuring the wires busi-
ness. In developing countries where building the wiring
infrastructure for a communications system is a vast under-
taking — a function of a poor-quality current system and
the lack of universal service — cellular has already proved
to be economically preferable to a wires-based phone sys-
tem. I believe the same will hold true in electricity.

In developed countries with relatively modern infrastruc-
ture and universal service, it may appear that electricity
distribution must be forever a regulated wires business. But
the technology designed to penetrate rapidly growing
emerging markets like China and India will soon be
transmitted to other markets where it can be cost-justified.

Utilities facing large stranded assets that believe they will
be able to impose a sizeable "competitive" transition charge
on their distribution customers for the next 5 or 10 years
may find this next dimension a bit too close for comfort

The costs of distributed generation may be high relative to
an existing wires-based system, but cost is often not the
most important issue, as demonstrated by the increasing use
of cellular phones. Cell phones created a new service —
unrestricted communications — which became an impor-
tant competitor to the local wires monopoly. The same
happened with IPPs in generation, and I believe the same
will happen in distribution.

For me, the mantra that distribution will be separated into a
wires-based monopoly and a competitive energy services
business is a constricted view. Rather, I believe the lines
between them will first blur and then disappear, as various
energy services will require technology more advanced than
the wires business currently has installed.

As a simple example, the metering technology required to
support real-time pricing and other competitive new prod-
ucts and services may not be economical (or in the best

interests of the wires-based monopoly), but a Competitive
Energy Provider (CEP) may view the technology as a loss
leader if it locks in the sale of the service (again, the anal-
ogy to the early — and even the current — cellphone busi-
ness is apt).

Another example would be services that do not yet exist
Take the concept of remote appliance control — where you
call home and turn on the furnace (air conditioning) on a
cold winter's (hot summer's) day. The technology to
penetrate that presumably higher-profit-margin and com-
pletely untapped market may well be more sophisticated
than what is available today, a hybrid of the wires and the
energy services business.

As these and other new products and services become
available, the monopoly distribution business could come
under attack as profitable niche markets are carved out of
the core business — again, just like what happened in gen-
eration, telephones, airlines, and virtually every other mar-
ket where a real monopoly has been eliminated.

The Interactive Process

The way technology becomes available and how niche mar-
kets are created will be important to the future structure of
the distribution business. I believe it will be an interactive
process— by which I mean that each action will create an-
other action, making it is very difficult to envision the end-
game.

Looking back, it will probably all seem like a logical proc-
ess similar to what happened in the computer business —
the mainframe evolved into the PC, leading to the Internet
and now to network computing through a TV (all within
the span of 20 years, by the way). Each was a logical step
from the previous one, but envisioning the Internet even
five years ago would have been an impossible stretch for all
but a few visionaries.

I believe the phases in the growth of the distribution busi-
ness will be similar. A fragmented business will emerge
where intellectual capital will create new approaches, new
products, new services and incentives to operate differently.
Simple things like new billing procedures (beginning to be
recognized as distinct from the distribution function) could
provide a competitive edge; so could more complicated
processes like new techniques to maintain or upgrade the
networks (again, just beginning to be recognized as sepa-



rate from the wires business), providing cheaper (or more
efficient or more reliable or higher quality) service.

As each of these functions is stripped away from the core
business, what is left? If network maintenance is gone,
along with billing, and if system control is part of the
transmission or system operator function, is there really a
monopoly distribution business? For me, the answer is no.
In ten years, more or less, I believe all aspects of electricity
will be competitive. It may take longer for all parts of all
customer classes to experience the benefits (or problems)
that are entailed. But I think it will take less than ten years
for management and shareholders to experience the prob-
lems (or benefits) that will arise from such a dramatic re-
structuring.

Problems and Benefits

Unfortunately for the now-regulated monopolies, I think
they will encounter more problems man benefits. But there
will be many opportunities for those starting out without
the baggage of the existing distribution system (outdated
management information systems, less than state-of-the-art
billing systems, employees and processes that are not cus-
tomer-oriented, and managements with very little informa-
tion on the costs and profitability of various business seg-
ments). Starting fresh, without the preconceived ideas that
imbue the current regulated monopolies, can be an enor-
mous advantage.

For example, the current paradigm in the regulated mo-
nopoly holds reliability to be all important And it may be.
But what reliability means to the customer may be different
than what it is to most utility guys. Customers don't know
if a power failure is caused by generation deficiency,
transmission shortage or distribution failure. But they do
know they have to reset the clocks in the micro, VCR, and
a half-dozen other inconveniences. Sometime soon, some
creative type at a power marketer or the next iteration of a
competitive wires company will offer a technology (maybe
even as a loss leader) to reset those clocks, as part of a
package including power supply and high-tech wires to
support other products and services. The customer may
well experience this as improved reliability.

This underscores one of the biggest problems and oppor-
tunities in distribution, and a reason for the success of
competitive generation — the ability to recognize and im-

plement new technology, unburdened by the drag of older,
undepreciated technology that must be written off if not
recovered. New generations of wires-based technology that
provide more capability and more products and services
than current distribution equipment will be a real challenge
for the regulated distribution monopoly. I expect the same
cream-skimming that first plagued and then sunk genera-
tion into its currently "financially challenged" state.

For managements and shareholders, these will be great
challenges. Size will be important — a large customer base
to spread the costs of the new technology will be an advan-
tage. Faster depreciation of the wires will create higher
cash flows but subpar earnings growth and more "dividend
restructuring." Either low payout ratios (good) or asset
securitizations with resultant high cash flows to reinvest in
new technology (even better) will help in the transition to
the future. But companies with high payout ratios (bad) or
small companies without full recovery of stranded assets
(even worse) may discover the Darwinian theory of evolu-
tion is painful indeed.

Subsidiary Issues — What We Don't Know

Throughout this process, we are beginning to recognize
that we don't know very much about the electricity industry
and that what we thought we knew is, in many cases, no
longer true. In generation and transmission, at least some
of the issues are being analyzed and new competitors are
providing an education in costs and profits. But distribu-
tion is still completely uncharted territory.

We certainly don't know what the customer wants. We
don't know what he'll pay for what he does want. We
don't know what the product options are. What it costs to
provide service now. What it will cost to provide service
under the new rules — i.e., what marketing costs may be to
keep old customers and what the costs and rates of turnover
may be in new customers. Analysis of the income state-
ment would usually be helpful in understanding this, but
under current industry accounting conventions, I'm not
sure such an analysis would really be useful.

We don't know the value of a customer — his profitability,
individually or as a class. Yet power marketing is the game
everyone wants to play, which implies that energy services
to commercial and larger customer groups are expected to
be most profitable. Most everyone appears to have written



off the generic residential customer as unprofitable. Yet in
both airlines and phones, the individual customer has been
a real battleground. From calling programs for "Friends
and Family" to low family fares for vacation destinations,
small customers are the focus of huge, expensive ad cam-
paigns. Perhaps the core residential customer is worth a
second look.

It's not surprising that the current regulated distribution
monopolies focus on power marketing and commercial and
industrial categories — they need to keep the value of cur-
rent assets from disintegrating. Essentially, a power mar-
keting approach says that the value will be in the supply
business (an assumption I'm not willing to make). For
those with huge unrecovered generating assets, that may
make sense, at least until upcoming asset sales provide real-
time market data on what generation is worth and what
people are willing to pay for it.

So that bring me back full circle to the value of a customer
— what is it? Earlier, I discussed some theoretical ways to
answer the question and some of the problems with them.
Let me now take an easier approach, based on real market
values.

If we assume that the market sets realistic values, then
M&A transactions to date provide a starting point. But
some transactions (in the U.S. and Spain, for example)
have included vertically integrated companies, so generat-
ing assets must be adjusted out. In Australia, the U.K. and
much of Latin America, transactions — whether through
privatization of government-owned assets or hostile or
friendly bids by investor-owned companies — have in-
volved pure distribution assets. These numbers, shown in
the table, provide some very interesting insights.

Distribution Acquisitions Worldwide

Region
Price Paid per
Customer Dates

Australia
UK
Latin America

$3,0OO-$5,0O0
$950-$ 1,500*
$200-51,000

1996
1994-1997
1992-1996

Source: Morgan Stanley 'Excluding National Grid

First, the wide variation implies uncertainty about the value
of a customer. Second, the numbers per customer include
the value of both wires and supply, at least for the next few
years, until supply is fully competitive in markets such as

the UK. Third, changes over time and by market have
some interesting implications.

It is beyond the scope of this piece to investigate other data
that may explain some of this variation. But some obvious
candidates come to mind. The profitability of different
regulatory structures (RPI-x incentive versus rate-of-retum
cap), inherent underlying growth rates, other regional is-
sues like the windfall profits tax in the U.K., the state of the
wires equipment, the need for new investment and new
build-out in rapidly growing countries, cash flow potential,
and earned ROE's are just a few.

But even in the early stages of the game, several interesting
questions fall out of this thought process:

• Are current ROE's on distribution too low, given the
uncertainties about the future of this business.

• If the optimal number of customers in the distribution
company of the future is really north of 5 million (see our
report dated March 18,1997, A Second Look At Conver-
gence), what will be the shape of the value curve for cus-
tomers over time?

• Why haven't more gas LDCs been merged?

I don't have answers, but some thoughts come to mind. To
the first point, low current ROE's on distribution mesh with
the accepted paradigm — that the wires business as a
regulated monopoly should have a regulated (read: low)
ROE. The supply business may provide higher returns, but
no one yet knows its potential profitability. This simply
means that new valuation tools are necessary, a point to
which I'll return in a moment.

Projected Value of Customer Over Time

« •

Time



To the second point, it seems to me that a bell curve will
describe the value of the customer over time. As the end-
game becomes clearer, the value of access to customers will
increase — but only to a point. As M&A activity contin-
ues, the more valuable franchises (the larger ones, the ones
with higher per capita income, the higher-profit-margin
residential, etc., will be the first to be acquired. Over time,
the acquirers (or, as Kit Konolige calls them, the carni-
vores) will achieve critical mass. The less attractive char-
acteristics of the remaining wallflowers (Kit's herbivores)
will become obvious. Perhaps most important, as the car-
nivores satiate their appetites, the value of an incremental
customer declines. So over time, the value curve will fall
off sharply. The trick will be to accurately judge the in-
flection point and be gone before it occurs.

To the third point, the gas LDCs generally sell at higher
multiples than the broad group of most likely carnivores;
they are relatively small (and don't fall in the category of
defining transactions); they are still heavily regulated; and
they don't have the same penetration as electricity and tele-
phone do of their local market. In addition, their acquirers
fall into two categories. Those in the midstream and up-
stream gas business don't see the value in a customer fran-
chise (and don't understand the impact that gas-fired dis-
tributed generation may have on the value of an LDC fran-
chise). And those in other distribution businesses are not
yet sure of the real value of convergence. I think both of
these views will change over the next few years.

So What Does It Mean?

How does the investor make money out of all this? I be-
lieve the first requirement will be to revise the tools of
valuation for the business. As Kit Konolige argues, this
industry needs to be valued on cash flow. Not earnings and
not dividends, book value or yield. This will require a lot
of work, as the cash flows first must be determined — not
an easy task. Then, determining the reinvestment rate, the
stability of the flows, and the value of existing assets will
all be necessary. Furthermore, different management skills
will be necessary to operate in this new world, and inves-
tors must begin to pay for that expertise.

Will the majority of the companies known as utilities today
find their way out of the Twilight Zone? To mix my sci-fi
metaphors, do they have what it takes "to go boldly where
no man has gone before?" Do they (or the analysts and

investors who currently own them) have the skills and
imagination to do so?

To be able to envision the future under such different con-
ditions is not a skill often paired with those needed for suc-
cess in today's utility world. I remember when Enron re-
viewed its organization 10 years after deregulation of the
gas business and calculated that of the 80-odd managers in
the executive ranks in 1984, only nine, if my memory
serves me, were still there 10 years later.

I think the electrics will find the path harder that the gas
companies did. The electrics in much of the world have
been vertically integrated companies, while at least in some
regions, the gas business was already vertically disaggre-
gated before the restructuring began. The financial prob-
lems — the disconnect between the book and market values
of the assets — are greater for electricity companies. The
financial strength, at least in terms of dividend payouts and
equity ratios, is less. And, in my experience, management
is more risk averse. (The LDCs have had to compete
against oil and electricity, for example. The electrics have
no such advantage and may have the disadvantage of being
unable to imagine a competitive world for either transmis-
sion or distribution.)

For the shareholder, this provides both great risk and great
opportunity. Our U.S.-based electric and gas analysts have
just published a report entitled The New Integrated Energy
Industry that forecasts 10% earnings growth for select
companies over the next several years — as carnivores for-
age, herbivores diet, and both recapture and redeploy capi-
tal. But in addition to the carnivores and herbivores iden-
tified by Kit, there may be a third group lurking in the
weeds — the inedibles that will find no one to want them.

Over the next few years, as companies recapture capital
through securitization and accelerated depreciation, there
will be great opportunities in the redeployment of that
capital into other higher-growth situations. For those that
can go boldly where no one has gone before, there will be
an exciting, profitable future. There will be those that fail.
Others will achieve growth rates beyond their wildest
dreams. But that is as it should be. In the death and de-
struction of any great enterprise there are those that benefit
and those that do not. The difference between them, in this
electric Twilight Zone, will be their imagination.
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Turkey Point Nuclear Plant...a FPL Turnaround Success Story

Thomas F. Plunkett
President, Nuclear Division

Florida Power & Light Company

During the mid- to late-1980s, the Turkey Point Nuclear Plant failed to achieve the
standard of excellence desired by FPL and required in today's post-TMI commercial
nuclear industry environment. These were years when the plant experienced several
events which adversely affected operating performance and resulted in numerous
regulatory enforcement actions. In June of 1987, Turkey Point was placed on the NRC's
"Watch List" for troubled plants, where it remained for almost three years.

During this period, FPL undertook a number of initiatives to improve operations at
Turkey Point including: personnel changes, procedural upgrades, programs to improve
teamwork and accountability, etc. However, FPL management and the NRC continued to
identify procedural breakdowns and failures in complying fully with regulatory
requirements. By the autumn of 1990, the plant was still experiencing equipment
problems, maintenance and engineering backlogs, high employee turnover, poor morale,
and high cost.

In 1991, a new management team instituted a culture change to correct these problem
conditions. The new culture stressed conservative operations, maintenance for the long-
term, employee accountability, open relationship with regulators, and proactive
communications with the news media and public. This culture became the foundation for
a massive turnaround. Overall performance began to show significant improvement.
Progress continued through Turkey Point's Emergency Diesel Generator upgrade in
1991... a project requiring a lengthy shutdown of both units. Then, on August 24, 1992,
Hurricane Andrew hit Florida and the Turkey Point Plant, disrupting its operations and
severely impacting the personal lives of plant employees. This adversity prolonged, but
did not dampen, Turkey Point's turnaround program. Some of the dramatic improvements
realized at Turkey Point since 1990 include: a 75% unplanned auto trip reduction, a 41%
decrease in collective radiation exposure levels, a 30-day reduction in average refueling
outage durations, an equivalent availability factor which has averaged 90% over the past
three years, et al. Of note, is the fact that Turkey Point achieved these improvements
while significantly reducing staffing levels and operating costs.

Testimony to Turkey Point's successful turnaround was received in 1994 when the NRC
awarded the plant its first of two consecutive SALP "1.00" ratings. Recognition was also
received from Nuclear News which in 1995 proclaimed Turkey Plant the most improved
nuclear power plant on the basis of its capacity factor improvement. Early this year,



Turkey Point was one of two plants recognized by the NRC as being a "Superior
Performer".

Today, Turkey Point continues its quest for excellence by "raising the bar". All indicators
of safety, operating and regulatory performance continue to trend favorably. Emphasis is
now on improving plant economic performance as FPL management anticipates the
possibilities of entering a competitive environment. Many future challenges remain, but
FPL is confident in the ability of its Turkey Point management team to build on their
successes of the past six years to retain its status as a "Best In Class" nuclear operation.
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MOX Fuel: A Contribution to Disarmament

U.S. Utilities' Response to DOE's
Plutonium Disposition Decision
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Introduction

• Two key words associated with the objectives we are addressing at this conference
and , in particular, this session are "cooperation" and "collaboration".

• This conference has been an excellent opportunity for fostering cooperation; especially
so, recognizing the varying perspectives represented by all the speakers — as always a
full debate and an open airing of opinions goes a long way in helping us to find the
path to meeting our mutual objectives.

• I will be speaking principally as Chairman of the NEI Plutonium Disposition Working
Group. As such, I will provide a U.S. industry perspective, not just a utility
perspective.

• The principal areas I will address in my comments include:
- remarks providing some thoughts on the challenge at hand
- the role of the NEI Working Group
- specific remarks related to the Utility perspective
- some views on collaboration

• Overall, what we will suggest is a focus on plutonium disposition through unparalleled
cooperation and collaboration.



The Challenge at Hand

• Perhaps our greatest challenge will be to keep sharp focus on the overall objective we
are working on — that objective has been stated in a variety of ways, all of which are
essentially the same:

- Decrease non-proliferation risks to preserve global security now and in the
21st century;

- Or, as the NAS indicated, eliminate the "clear and present danger" associated
with excess weapons grade plutonium.

• The U.S. recognizes that Canada has been talking about this "clear and present
danger" for many, many years.

• We must stay focused on our overall objective.

• Many issues will have to be addressed along the way to meeting our objective:
- storage of materials at various stages
- conversion of weapons plutonium
- transportation
- the role of immobilization
- the role of MOX fuel
- fabrication facilities for MOX fuel
- licensing issues for commercial nuclear reactor use of MOX fuel
- geologic repository
- and others

• We cannot let these individual "issues" become the program objectives in and of
themselves -- this is all about one thing: "Disposition of excess weapons plutonium
and non-proliferation"-- and we should work together to accomplish this important
objective in as timely and effective a manner as possible.

• Let me note Canada's efforts in pursuing multilateral agreements among the U.S.,
Russia, and Canada for use of CANDU reactors for disposition of surplus U.S. and
Russian plutonium. Prime Minister Jean Chretien early on and often has led these
efforts and as a result the Canadian program has been recognized by the U.S. DOE in
its Record of Decision.

• There will be considerable discussion on some issues; for example,
- Construction of a MOX fuel fabrication facility, as one important issue,

should be clearly recognized as a means to the end ~ with the end objective
being the timely and effective disposition of plutonium.

• Our challenge is to stay focused on the end objective. Moreover, as others have said
both here and at other similar forums, we must not only see it through, but greatly
accelerate the pace.



NEI Working Group

• At NEI we believe we have taken a significant step toward total nuclear industry
collaboration on this issue.

• NEI formed a Plutonium Disposition Working Group in October 1996
- It was formed as a "committee of the whole" ~ meaning that any member of

NEI has been welcomed to be a part of this committee.
- The Working Group includes 30 member companies:

- 11 nuclear utilities, including Ontario Hydro
- All fuel fabricators supplying U.S. reactors
- All the European fabricators of MOX fuel

• Our working group is in support of the conclusions of the NAS when we say we are
committed to move forward on a timely basis with the MOX option. Moreover, we
support the conclusions of others who suggest that the use of MOX fuel is the
preferred method for disposing of most of the weapons plutonium, in line with the
"spent fuel standard" and non-proliferation objectives.

• But we recognize that immobilization has a role in the program for certain limited
quantities of plutonium where that approach is more practical.

• In short, the working group and NEI fully support the dual track program.

• One of the early efforts of the working group involved the development of a mission
statement to guide our efforts and define the basis for our areas of common
agreement.

• We established a four point mission statement:
- 1st point — Disposition of weapons plutonium -- Promote the

development and implementation of U.S. policies that achieve safe, effective
and timely disposition of surplus U.S. and Russian weapons plutonium

- 2nd point — Mixed oxide fuel as a preferable alternative ~ Advocate,
consistent with U.S. nuclear non-proliferation objectives, the use of mixed
oxide fuel as a preferable alternative for the disposition of surplus U.S.
weapons plutonium

- 3rd point — Resolve generic regulatory and legal issues — Coordinate
industry initiatives to resolve generic regulatory and legal issues associated
with the fabrication, transportation and utilization of MOX fuel

- 4th point — Facilitate communication — Facilitate the communication of
scientific, technical, regulatory and economic information among industry
participants and among the nuclear industry, the U.S. government and the
public



Our intention is for this NEI group be a single voice to the NRC, DOE, and
Administration, and Congress where appropriate and helpful, and where we
can speak with a single voice.

- We are already cooperating and collaborating. We recognize, however, that
we will have business differences, yet we are united in our resolve to rid the
world of excess plutonium.

- In an earlier era, engineers and scientists ~ through the Manhattan project-
created the nuclear technology, in line with the objectives of that time. We,
the engineers and scientists of the nuclear industry -- under NEI — would
like our legacy to include our having helped to accomplish what has been
referred to as the "un-Manhattan project" « the disposal of weapons
materials and the promotion of non-proliferation objectives.

- Since Canada played a role in the Manhattan project, it is only fitting that
Canada be a part of the Un-Manhattan project.

- We are already carrying out that role through a number of actions.

- In January, a few of us met with each of the NRC Commissioners to provide
a short briefing on the efforts of the Working Group.

- On February 21, we supported a workshop involving the NRC, DOE and the
industry which provided a forum for discussing the current experience in the
use of MOX fuel in commercial nuclear reactors.

- On March 26, we also supported a similar workshop at which all the
European MOX fuel fabricators presented their experiences in licensing and
fabricating MOX fuel.

- Moreover, we have formed several subcommittees working on such topics as
communications, regulatory support, nonproliferation, and procurement
issues.

The U.S. Utility Perspective

• The electric utility industry in the U.S. is going through dramatic change. We are
faced with addressing simultaneously:

- Industry restructuring
- Economic deregulation, and
- Full competition

• Our principal focus must remain on safe, reliable and economic operation of our
nuclear plants, with continuous improvement in our safety culture, never being
satisfied with today's level of performance.



As a nuclear utility, looking to the future in this environment, and making observations
regarding the potential use of MOX fuel, we make the following observations:

- MOX fuel technology is a mature and proven technology with a good record
of performance in comparable LWR' s in Europe.

- MOX fuel has energy value which could benefit the electricity consumer and
taxpayer.

- Europe's existing capability could be used to quickly implement plutonium
disposal in LWR's, in parallel with construction of a U.S. MOX fabrication
facility.

Overall, U.S. utilities believe the technology is acceptable, but that there are
institutional issues associated with fabrication, transportation, and storage, which must
be addressed to assure a reliable fuel supply, and issues associated with operation and
licensing which must be addressed to assure reliable operation of MOX fuel in U.S.
nuclear plants.

Moreover, we must meet the interests of our stakeholders, including:
- Our customers
- Our communities, and
- Our shareholders

Note on Collaboration

• Short term parochial interests must be subordinated to our mutually accepted overall
objective:

- dispose of plutonium as safely and rapidly as possible
- directly or indirectly assist the governments of the U.S. and Russia in

accomplishing this objective
- "absolute collaboration"

• The complexity of the issues demands collegiality to resolve all the institutional and
technical problems.

• The United States Department of Energy has been sponsoring a trilateral project called
Parallex in which the Russian Federation and the United States would irradiate small
quantities of their surplus weapons plutonium in Canada's National Reactor Universal
at the Chalk River Laboratory (NRU/CRL).

• My company formed and led the efforts of the Project PEACE team -- A team
consisting of ComEd, Duke, BNFL, Cogema and EdF, collaborating in response to the
DOE initiative. We have acted as very effective single, "one voice", team, while
remaining open to collaborating with others. Most of all, we are keeping focused on
the overall objective. When the first quantities of weapons plutonium are being
burned in a commercial nuclear reactor, we will all be winning, we will be disposing of
weapons materials. Our short term objective should be to get to that point as safely
and quickly as possible.



• There is no current U.S. MOX fuel fabrication capability. In order to proceed with
plutonium disposition through MOX in the most timely manner, European experience
and excess MOX fuel fabrication capacity should be used. The Europeans have
manufactured and burned over 400 tons of MOX fuel since 1963. Additionally, MOX
fabrication capacity additions already underway in Europe will more than double the
current capacity before the year 2000. The European capacity should be utilized for
the U.S. weapons grade plutonium disposition program until comparable MOX
fabrication capacity is established in the U.S. That is the most timely and effective
approach to begin meeting our end objective. Utilities are prepared to move quickly
to assist in ridding the world of this "clear and present danger".

• We want to promote plutonium disposition through unparalleled cooperation and
collaboration. Our role is one of "implementing", through MOX fuel in commercial
nuclear reactors, the policies made by our federal government — policies which will
be directed at resolving a critical national and global security issue.



Thermonuclear Fusion and ITER International Collaboration
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For mankind, a sustainable development requires that industrialized countries
develop a range of safe, environmentally-friendly and economically viable energy
options for the near, medium, and long-term.

Fusion of light nuclei (hydrogen isotopes), which is the process at the origin of
energy radiated by the stars, offers the long-term prospect of an intrinsically safe,
virtually inexhaustible and environmentally acceptable energy source.

Fusion research has now reached the stage where it is scientifically and technically
possible to proceed with the construction of the first experimental reactor. It has
the potential to become one of the major sources of electricity in the next century.

The 4 large fusion programmes of the world (European Union, Japan, Russia,
U.S.A.) are working together on the Engineering Design of the first experimental
reactor called ITER (International Thermonuclear Experimental Reactor), in the
frame of an Agreement signed in 1992, for a duration of 6 years, with a financial
volume of about 109 US $ ; the Agreement is based on the principle of equal status,
equal participation, and equal benefits. Canada participates to the European
contribution to ITER.

ITER is a 1.5 GW (thermal) reactor of the Tokamak-type, whose magnetic
confinement system would be made out of superconducting coils; its construction
cost is estimated at about 7.5 109 US $ ; it is designed to fully confirm the scientific
feasibility of fusion, and also to contribute substantially to the demonstration of its
technological feasibility and of its environmental acceptability.

In parallel with the Engineering Design Activities (EDA), explorations are
presently under way between the 4 partners in order to define the scope and frame
of the post-EDA (after July 1998) ITER activities. Among the many questions to
be solved before possibly concluding a Construction Agreement, two are
outstanding : the selection of a site, and the financial shares of the partners. For the
time being, Japan, Europe (in Italy) and Canada have indicated that they were
studying the possibility to offer in due time a candidate site.
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Good morning ladies and gentlemen. I have enjoyed my conversations with many of you
and I thank you for the opportunity to talk with you today.

Many of you in this room today have a focus on the development, marketing and
operation or regulation of Candu reactors both here and around the world. Your job is to
ensure that these facilities operate safely and provide clean, affordable electricity for
thousands of homes and businesses. You do your job extremely well, and I want to
commend each of you for your efforts. So, why am I here and why is MDS Nordion part
of this distinguished group? As most of you know, we use nuclear science and
technology to advance human life and health through a wide range of applications. We
could not do this without the strong partnerships we have formed with the Canadian
nuclear power industry.
MDS Nordion has a story to tell. It is not only our success story, it is your success story.
More than that, it is Canada's success story.

As an industry, we are often challenged by activists, who fear and attack anything nuclear
and who do not care to understand how vital nuclear energy and nuclear science are to an
environmentally sound, economically healthy future. MDS Nordion has not escaped this
kind of public scrutiny, but much of this criticism is muted by the tremendous
contributions we have made to medicine and health care generally.

That is why it is so important for you to see MDS Nordion's story, not as an adjunct that
belongs somewhere off to the side, but as a success story that everyone in this room is a
part of.

In 1946, Roy Errington and his two employees began selling radium that had been
stockpiled during World War II. This was to be the genesis of the company that today is
MDS Nordion. Errington looked for ways to utilize radioisotopes in the health care field.
An early application included the use of radium as a cancer treatment. In 1947, the NRX
reactor came on line, and in 1952, Errington's small company became part of Atomic
Energy of Canada Limited (AECL). This allowed him the access to state-of-the art
research and development facilities and scientific resources. Roy Errington forged a
partnership 50 years ago that endures today —the Canadian nuclear power program and
MDS Nordion working together to make Canada the world leader in developing and
applying life-saving technology.

Of course, Roy's company has been through many changes over the last 50 years. First,
we were the AECL Commercial Products Division, then the AECL Radiochemical
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Company and in 1988 we became Nordion International, which was successfully
privatized in 1991. And since the last time this distinguished group assembled we
changed again, and are now MDS Nordion. Our name change reflects our strong
participation and integration into a dynamic health and life sciences company with a base
in Canada and a global vision. And as we have just celebrated our 50th anniversary as a
company, we will carry our proud heritage forward as we move ahead to meet the
challenges of the next century.

I would like to recount some of this proud heritage for you. It is, after all, your heritage.
I will be brief because many of you have not only heard some of this before, some of you
were there. Nonetheless, I believe it is helpful to remember how we arrived here today as
we focus on and define our industry's role in the new millennium.

In the 1950s, the use of radioisotopes in cancer therapy became widespread. Cobalt 60
was used to treat most of the diagnosed cancers of that time. In fact, Theratronics
International continues to provide this equipment even today. It is safe to say that cobalt
beam therapy has saved millions of lives around the world.

In 1958, the NRU reactor came on line. For 40 years it has been and remains the world's
most important isotope production facility producing Cobalt 60 for cancer teletherapy and
Molybdenum 99 for nuclear diagnostic imaging. It truly enabled Canada to take and hold
a lead that no one in the world can challenge.

The very next year in 1959, the Rectilinear Scanner opened up a whole new realm of
possibility and created a high demand for iodine 131 as this new tool for medical imaging
became the state-of-the-art.

As we entered the decade of the 1960s, the use of cobalt 60 to sterilize medical
disposable products emerged as a core element of our business. The sources of cobalt
began with NRX and NRU, but with the production of cobalt at Douglas Point, Pickering,
Embalse, Bruce, and Gentilly, Candu reactors have and continue to supply this vital raw
material.

Today, 50% of the world's medical products are gamma sterilized. 80% of these
products are sterilized with cobalt provided by MDS Nordion and Canada. In fact, over
the past 27 years, MDS Nordion has shipped over 400 million curies of cobalt 60 around
the world for health care applications.

The development that had perhaps the most impact on nuclear medicine was the
marketing of fission product molybdenum 99 in 1972. This development quickly
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transformed the way technetium 99m was supplied and forever transformed the
diagnostic imaging process. To give you an idea about just how important
MDS Nordion supplied molybdenum has become, 80% of the world supply comes from
Canada. The technetium it generates accounts for 80% of the diagnostic procedures used
by the nuclear medicine community. This equates to 50,000 procedures every day at
hospitals around the world. Without this imaging technology the only other course of
action is invasive surgery.

So you can see how the growing demand for technetium and the Canadian nuclear
program's ability to supply it truly established our leadership as a supplier to the nuclear
medicine community.

We did this by focusing on the needs of our customers and developing an unparalleled
worldwide distribution system. And the market for molybdenum 99 continues to grow as
we find new applications in the diagnosis of heart, kidney, bone and blood diseases.

We are assured of our lead in nuclear medicine imaging technology and the supply of
molybdenum 99 by one of the most exciting developments in our long history. We are
proud to be the new owners of not one, but two specialty reactors that will come on line
in 1999 and 2000. Maple I and Maple II will be the first reactors in the world that are
dedicated solely to isotope production.

These reactors, and the accompanying state-of-the-art processing facility, assure that a
secure, stable supply of molybdenum 99 will be available when NRU is decommissioned
and well into the next century. They are also symbolic of Canada's enduring
commitment to leadership in this field. We are pleased to continue our partnership with
AECL on this project. They will apply their world renowned expertise in reactor
technology to design, build and operate these reactors at Chalk River on behalf of MDS
Nordion.

There are many opportunities that we can capitalize on together as an industry. These are
not just success stories we can share and feel good about, they are hard opportunities for
business growth. One such opportunity is the growing marketplace for medical
sterilization.

While the North American and European markets account for most of the medical
sterilization done today, a major opportunity is stirring in the developing world. It is no
exaggeration to say that these emerging markets have the potential to double the size of
the medical sterilization market within the next 15 years.
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I want to illustrate how these markets have the potential for expansion by looking at some
interesting statistics. Gamma sterilization has reached a processing level of 173 million
cubic feet worldwide, with 135 million cubic feet of the total (about 78%) accounted for
by Europe and North America and 38 million cubic feet for the rest of the world.

The possibility of major growth in emerging markets becomes apparent when one
considers the potential in two of the world's largest countries, India and China.
According to the Health Industry Manufacturers Association, the Chinese market for
medical technology products is growing at a rate of 23% and the Indian market is
exceeding that slightly at a growth rate of 24%.

In each country, both local and multinational companies are rushing to expand capacity to
service this growing demand and our industry is going to be a part of it. I know that on
the energy side, AECL has also recognized the growing demand in the developing world,
as Candu technology becomes the choice for nuclear power generation in China and other
countries.

If we calculate the installed base of Cobalt used for medical sterilization and irradiation
on a per capita basis we can get an interesting picture of this potential. The installed base
of Cobalt in the US, for example, is estimated at 100 million curies and this equates to
roughly 0.4 curies per capita. In China the installed base is 11 million curies with a per
capita level that is only 2% of the US total and in India it is 2 million curies with a per
capita level at 0.5% of the US amount, or only 0.002 curies per capita. When we
consider that over 35% of the world's population lives in China and India alone, it
becomes apparent that these markets present an immense opportunity.

Another exciting opportunity as we look to the future is food irradiation. Currently,
single-use medical sterilization accounts for 80 % percent of the installed base of cobalt
60, with approximately 20 % utilized to treat other products including cosmetics,
Pharmaceuticals, packaging, food and spices. We have a huge and exciting opportunity
to grow the food irradiation market exponentially.

Unfortunately, it is an opportunity borne of tragedy. In 1993, Nancy Donley of
Washington State took her 6-year-old son, Alex, out for a hamburger. Within a few-
weeks he and four other children had died from E-coli poisoning, in an outbreak that
made over 600 people ill.
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The deaths that resulted from E-coli contamination at Jack-in-the-Box restaurants
horrified the world and called attention to a food safety problem that results in 9,000
deaths every year. The debate over food safety continues today. Less than a month ago,
USA Today ran an article describing a new $43 million US food safety initiative unveiled
by President Clinton to combat the increasing threat of food poisoning. These funds will
be spent on an early warning monitoring system, public education and the development
of new food safety technologies. The article briefly mentioned irradiation as one solution
to preventing food poisoning in everything from apple juice to red meat.

At a recent International Meeting on Radiation Processing, I was encouraged by the
efforts that some are making in the irradiation of food products in the United States,
Belgium, France and South Africa.

However, I am sorry to say, we as an industry have not yet convinced society that we can
be an important part of the solution. Nowhere more so than in Canada. For example, the
United States Food and Drug Administration approved spices, produce and poultry for
irradiation in the United States over five years ago. Just recently, MDS Nordion's
petition for the irradiation of animal feed was approved by the US FDA. A petition has
also been submitted to the FDA by one of our customers for the irradiation of red meat
and is currently under review.

The world has at its disposal a life-saving technology to greatly reduce the risk of such
tragedy happening again. This technology is food irradiation. And Canada is the world
leader in supplying the cobalt 60, the equipment, and the expertise that makes food
irradiation a commercially viable process. Yet in Canada, our regulatory approvals are
far behind, with only spices, onions and potatoes approved for this process.

Other developments in the regulatory' arena also point to expanded opportunities for our
technology. By the year 2001, the produce industry will no longer be able to rely on
methyl bromide, the primary treatment for fumigating fresh fruits and vegetables, due to
its ozone depleting properties. The only replacement technology that has the potential to
both effectively disinfest and preserve fresh produce is irradiation.

As an industry, we have failed so far to make commercially significant inroads with the
largest processors of all these food products. We are told, "we do not want to become the
targets of activist and besides, there is no demand for your technology and your
products."
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Further, supportive organizations all say, "It is your process. You get something going
and we will join you. We are not going to push your technology and your process unless
you take the lead."

There are a number of activist groups out there continuing their attempts to stop us, using
scare tactics and pseudo-science. The most persistent of these is Food and Water, Inc.
Why should a small group of opponents be taken seriously when we have such
overwhelming support from scientists, academics and respected organizations? Because
they are vocal and well-organized and we are not.

So, as you can tell, this is not just a history lesson today. Yes, MDS Nordion's story is a
Canadian nuclear success story that we should all be telling and that we all can be taking
credit for. But there is more to it than that. We are on the verge of a new century and
many exciting breakthroughs, but we are still, all of us together, misunderstood by many
Canadians and many around the world. They may not be environmental activists, but
they are, at best, uneasy about the nuclear industry. For example, earlier I mentioned
Nancy Donley who lost her son to food poisoning. Nancy went on to found S-T-O-P,
Safe Tables Our Priority. Nancy and her food safety advocacy group oppose food
irradiation, even though it could have prevented her son's death.

How do you personally feel about the benefits of nuclear medicine and food irradiation?
What do your family, friends and spouse think about it? Do you talk about the benefits of
these vital technologies at social events or family discussions?

So first, we can work with renewed vigor to educate people about the contributions we
have made together as an industry to provide clean, environmentally safe energy; to
protect and enhance human life; and to lead the world in the development and application
of nuclear science and technology. MDS Nordion's story can be a vital part of this effort.

Second, we can work together to develop new markets for gamma sterilization. Candu
reactors already supply the bulk of the world's cobalt 60 supply, and as you have heard,
we can now work together to ensure that even more cobalt is required as medical product
sterilization expands in the developing world.

Third, we can continue to build a bright future for nuclear medicine. In the case of
nuclear diagnostics, the developing world is only now beginning to utilize this
technology. There is also the potential for nuclear medicine to continue its growth
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beyond imaging technology, as new radioisotope-based treatments are developed for a
number of diseases, including heart disease.

Fourth, by putting our collective muscle into securing the necessary regulatory approvals
here in Canada, we can ensure that food irradiation saves lives here at home. In fact, I
believe it is our obligation to do so. Our collective experience and efforts can also be put
towards thwarting the activists who would stand in the way of this life-saving process. I
look forward to the opportunity to participate in these efforts with you.

Advances in nuclear power over the last 50 years have been tremendous. I, again, wish to
commend each and every one of you for the contributions you have made to our
collective success as an industry.

We have a story to tell. Is it about radioisotopes? Yes, but what it is really about is the
success of Canadian nuclear science and the can-do attitude of pioneers like Roy
Errington and of each of you here today.

I am confident that our 50-year partnership, which has brought us so much success, can
be infused with new life and new goals. Together, we can make the next 50 years a
future filled with even greater success stories. Thank you.

May 23, 1997
97116
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Abstract

CANDU® Pressurized Heavy Water Reactors have three main characteristics that
ensure viability for the very long term. First, great care has been taken in design-
ing the CANDU reactor core so that relatively few neutrons produced in the fission
process are absorbed by structural or moderator materials. The result is a reactor
with high neutron economy that can burn natural uranium and a core that operates
with 2-3 times less fissile content than other, similarly-sized reactors. In addition
to neutron economy, the use of a simple bundle design and on-power fuelling aug-
ment the ability of CANDU reactors to burn a variety of fuels with relatively low
fissile content with high efficiency. This ensures that fuel supply will not limit the
applicability of the technology over the long term. Second, the presence of large
water reservoirs ensures that even the severest postulated accidents are mitigated
by passive means. For example, the presence of the heavy water moderator, which
operates at low pressure and temperature, acts as a passive heat sink for many
postulated accidents. Third, the modular nature of the core (e.g., fuel channels)
means that components can be relatively easily replaced for plant life extension and
upgrading. Since these factors all influence the long-term sustainability of CANDU
nuclear technology, it is logical to build on this base and to add improvements to
CANDU reactors using an evolutionary approach. This paper reviews AECL 's
product development directions and shows how the above characteristics are being
exploited to improve economics, enhance safety, and ensure fuel cycle flexibility for
sustainable development.

1.0 Introduction

CANDU® Pressurized Heavy Water Reactors (PHWRs) have a number of characteristics that
ensure the long-term applicability and future potential of the technology. These features are sum-
marized in Figure 1. As a result of the flexibility of the technology, evolution of the current design
will ensure that any future requirements can be met, and there is no need to change the basic con-
cept. The main reasons for this are:

• Fuel cycle flexibility: CANDU reactors were, first and foremost, designed to be highly
efficient burners of fissile material and are highly efficient converters of fertile to fissile
material. Combining this with on-power fuelling and a simple fuel bundle design,
CANDU reactors can burn many different fuels, and fuel supply can be secured for the
foreseeable future.



Large heat sinks: CANDU reactors contain large reservoirs of water that are effective
in passively removing heat from the core in the event of loss-of-cooling accidents. In
addition, the presence of these reservoirs may lead to passive cooling systems for nor-
mal operation that will simplify the plants and enhance reliability. Therefore, the de-
sign can evolve to make even better use of these reservoirs.

Replaceable components: All critical components in a CANDU reactor are replace-
able, such as fuel channels. This means that CANDU plant life can be extended be-
yond the design life, and that components can be upgraded with the latest technology.
Therefore, obsolescence is not a problem with currently operating reactors.
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Figure 1. Essential Features of CANDU Pressurized Heavy Water Reactors

It is these features that define the CANDU PHWR as a product and that preserve flexibility in ap-
plying CANDU reactors to national requirements. Moreover, within these limits, there is consider-
able scope for continuing development. As a result, CANDU development over the next 25 years
will focus on enhancements to the basic design. The improvements being incorporated into the de-
sign will result from an in-depth understanding of materials, processes, and systems, which will
ensure that CANDU reactors continue to rest on a firm technical base. The following sections de-
scribe AECL's development programs for continuing evolution of the CANDU design and the as-
sociated underlying technology.

Evolution of CANDU Reactors

Canada has more that 50 years of experience with nuclear fission technology, which began with the
ZEE? reactor at Chalk River in 1945 and eventually led to the CANDU power reactor. Over this



period, CANDU reactors have evolved along two general product lines that have led to the 700
MW(e) class CANDU 6 and the 900 MW(e) class CANDU 9, as indicated in Figure 2.
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Figure 2. CANDU Evolution

The original CANDU PHWR prototype 25 MW(e) reactor, the Nuclear Power Demonstration
(NPD) reactor, was built near Chalk River Laboratories by a consortium consisting of AECL,
Ontario Hydro and Canadian General Electric (now GE Canada). NPD, which went into service
in 1962, introduced several new features that are now characteristic of CANDU reactors, including
horizontal pressure tubes, uranium oxide fuel, simple fuel bundles, and on-power refuelling.

The second prototype CANDU reactor was built at Douglas Point in Ontario and achieved first
criticality in 1966. This was a 220 MW(e) power reactor which was a prototype for future com-
mercial units. It was the first reactor in the world to use a digital control computer for data gather-
ing and some aspects of reactor control.

The Pickering A 4 x 540 MW(e) unit plant, built at the edge of Toronto, was the first commercial
CANDU reactor based on Douglas Point. Pickering included the now standard pressure tube size,
and 28-element fuel bundles (compared to the 19-element Douglas Point fuel), which allowed a
significantly higher average fuel channel power.

The CANDU 6 units adopted many of the features pioneered and developed for Pickering A and
added some additional features from Bruce A. CANDU 6 reactors utilize fuel channels and end
fitting hardware in use at Pickering, the 37-element fuel in use at Bruce, and the Bruce reactor
control system (with some enhancements). Six CANDU 6 PHWRs are currently operating, and 5
additional reactors are under construction. To date, 5 countries have adopted the CANDU 6 for
power generation.



The CANDU 6 reactors now in service have performed extremely well. The Point Lepreau reactor
was, for a number of years, in first place for lifetime capacity factor. The other CANDU 6s are
not far behind. Wolsong 1 in Korea has also achieved first place in world capacity factor ranking
on an annual basis on more than one occasion. The CANDU 6, therefore, is a robust, mature de-
sign with a solid record of operating performance.

Building on the success of the Pickering Units, Ontario Hydro and AECL decided to build four
larger unit stations at Bruce in the 1970s with unit outputs in the 900 MW(e) range. The Bruce
site was expanded to eight 900 MW(e) class reactors in the 1980s, and four additional 900 MW(e)
class units were commissioned at Darlington in the early 1990s. The latest version of these designs
is the CANDU 9 reactor.

The CANDU 9 continues the basic approach adopted for the CANDU 6. The CANDU 9 is a
935 MW(e) reactor based on the multi-unit Darlington and Bruce B designs with some additional
enhancements from our ongoing engineering and research programs1. Since one of the major risks
associated with nuclear power projects is delays due to licensing activities, AECL has submitted
the CANDU 9 design to the Canadian nuclear regulator (AECB) for review, and it has been con-
firmed that there are no conceptual barriers to licensing the CANDU 9 in Canada2. The CANDU
9 has been designed for a service life of 60 years at a capacity factor of 90%, and has a number of
enhancements over previous plants. For example, the layout of the CANDU 9 design allows a nar-
row 110 meter wide "footprint" that allows several units to be constructed adjacent to each other to
form a very compact multi-unit station3.

Power increases can have a large effect on the unit cost of electricity, especially if they can be ac-
complished with relatively small changes in plant costs. One approach to increasing the power of
PHWRs is to switch from natural uranium to Slightly Enriched Uranium (SEU) fuel containing 0.9
to 1.2% U-235. The SEU can be used to flatten the power distribution over the core to produce
about 15% more power, without changing the core design. Alternatively, owing to the modular
nature of the core, it is possible to add more fuel channels. For example, the CANDU 9 contains
480 fuel channels. The number of channels could be increased to 640 in a similarly sized calandria
vessel, with an increase in power to 1275 MW(e). In the longer term, it may be possible to operate
the primary heat transport system at much higher temperatures, thereby substantially increasing the
thermodynamic efficiency. Such a change would require considerable advances to our understand-
ing of materials at elevated temperatures under reactor core conditions, but the efficiency gains
could have a significant impact on unit energy costs.

3.0 CANDU Development Program

AECL has a comprehensive product development program that is advancing all aspects of PHWR
technology, including fuel & fuel cycles, fuel channels, heavy water and tritium, safety technology,
components and systems, constructability, health and environment, and control and instrumenta-
tion. As discussed above, the technology arising from these programs is being incorporated into
the CANDU design through an evolutionary process that emphasizes incremental improvements
without changes to the basic proven design.

There are three main strategic thrusts for the development program: improved economics, en-
hanced safety, and fuel cycle flexibility. These strategic thrusts are being used by CANDU design-
ers and researchers to set priorities and to provide a focus for AECL's development activities, and
are translated into specific goals for each of the development areas listed in the above paragraph.



These goals are part of a 25-year development program that culminates in the "CANDU X". The
"CANDU X" is not a specific design - it is a concept that incorporates our best extrapolation of
what is achievable with the CANDU design over the next 25 years, and includes the advanced
features arising from the R&D to be done over that time.

3.1 Fuel and Fuel Cycles

CANDU fuel cycle flexibility arises naturally from excellent neutron economy, on-power fuelling,
and simple fuel design. The exploitation of this flexibility results in fuel cycles that optimize the
use of uranium resources, that can exploit the natural Light Water Reactor/Pressurized Heavy
Water Reactor (LWR/PHWR) synergism, and that secure long-term fuel supply even if uranium
resources become scarce4. All these fuel cycles are part of the overall strategy for sustainable de-
velopment using CANDU technology.

3.1.1 Natural Uranium

Currently operating CANDU power reactors use a once-through natural uranium fuel cycle, which
avoids the need for securing a supply of enriched uranium. The low fissile content of natural ura-
nium means that this cycle will only work for a reactor having very high neutron economy. Also,
the high conversion ratio (about 0.8) provides a high fissile material production rate. In fact, about
50% of the fission energy from natural uranium fuel comes from plutonium, which contributes
about 70% of the fission energy at fuel discharge. As a result, uranium resource consumption is
quite low compared to the enriched fuel cycle used in PWRs (Figure 3).
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Figure 3. Uranium Utilization for Various Fuel Cycles



3.1.2 Slightly Enriched Uranium (SEU)

Even higher efficiencies can be gained by extending the fuel life by using SEU fuel, at U-235 en-
richments in the range 0.9 to 1.2%. With an enrichment level of 1.2%, burnup is extended to
22000 MWd/te from about 7300 MWd/te for NU, and uranium consumption drops by about 30%.
In addition, owing to the higher burnup, the volume of waste arising from this cycle is reduced by a
factor of 3. More than 600 SEU fuel bundles have been irradiated in the NPD CANDU prototype
reactor, and this cycle is available today for CANDU reactors.

A special sub-set of SEU, 0.9% U-235 recovered uranium from LWR fuel reprocessing, is consid-
ered in the next section.

3.1.3 LWR/PHWR Synergism

There is a natural synergism between LWR and PHWR fuel cycles that, for example, can form the
basis for a "two-reactor LWR/PHWR policy"5. LWRs are designed to burn enriched uranium
(about 3.5% U-235) fuel down to a fissile content of 1.5% (0.9% U-235, 0.6% Pu) at the end-of-
life of the fuel. CANDU NU fuel starts with 0.7% U-235, which is burned down to concentrations
of enrichment plant tailings (about 0.2%). Therefore, CANDU reactors are in a unique position to
take advantage of the relatively high fissile content of spent LWR fuel. A number of strategies for
the use of spent LWR fuel in CANDU reactors are possible. These are illustrated in Figure 4, and
are further discussed in subsequent sections.

Recovered Uranium

In conventional reprocessing, uranium and plutonium are separated from the fission products and
other actinides in the spent fuel. The recovered uranium (RU) from conventional reprocessing still
contains valuable U-235 (typically around 0.9%, compared to 0.7% in natural uranium fuel). This
can be burned as-is in PHWRs, without re-enrichment, to obtain about twice the burnup of natural
uranium fuel. Also, approximately twice the energy would be extracted using CANDU reactors,
compared to re-enrichment of RU for recycle in a PWR. The U-235 would be burned down to low
levels (i.e., 0.2%) in PHWRs compared to PWRs (0.9%) so there may be no economic incentive
for further recycle of this material. The CANDU spent fuel would then be ultimately disposed of,
after a period of dry storage, in a deep geological repository.

Recovered uranium is currently a liability to many PWR owners, who have no plans to recycle it in
their PWRs, because of the complications in fuel fabrication with re-enriched RU, and marginal, if
any, economic benefit in PWR-recycle. Therefore, the use of RU in CANDU reactors would ap-
pear to be an extremely attractive way of dealing with a waste product while at the same time ex-
tracting additional energy.

Recovered uranium can be readily accommodated in operating CANDU reactors, with fuel per-
formance within the natural uranium operating envelope6. In fact, with CANFLEX fuel (see sec-
tion 3.1.5) and channel power flattening, the peak element ratings for all the fuel in the core could
be reduced to below 40 kW/m, with virtually no fission gas released in the free inventory of the
fuel.
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The other major product from conventional reprocessing is plutonium. Plutonium is currently
mixed with depleted uranium to form MOX fuel, which is recycled by loading up to 1/3 of a PWR
core with the MOX fuel. However, MOX fuel can also be used in PHWRs using a full core load.
While MOX fuel fabrication will be much more expensive than natural uranium, the simplicity of
the CANDU fuel bundle will result in cheaper MOX fuel fabrication costs compared to PWR
MOX. A high burnup CANDU MOX fuel, therefore, has the potential of considerably lowering
fuel cycle costs. Up to 50% more energy could be extracted from the fissile uranium and pluto-
nium in spent PWR fuel through recycling in CANDU compared to recycle in a PWR. This has
important advantages in improving uranium utilization, reducing enrichment requirements, and in
reducing the amount of spent fuel for ultimate disposal.

TANDEM Fuel Cycle
In the TANDEM fuel cycle, the uranium and plutonium from spent PWR fuel are co-precipitated
without separation. This fuel cycle uniquely takes advantage of the fact that the fissile component
in spent PWR fuel (about 1.5%) can be used directly in PHWRs, without adjustment of the en-
richment. Fuel burnup would be about 25000 MWd/te. This cycle is potentially much cheaper
than conventional Pu separation and recycle into PWRs, since relatively simple decontamination
steps can be used to remove fission products from the spent fuel.

Direct Use of Spent PWR Fuel
The Direct Use of Spent PWR Fuel in CANDU (DUPIC) involves converting the spent PWR fuel
into CANDU fuel without any wet chemical processing. Only dry processes are used, in which
there is no selective element removal. This, along with the high radiation fields associated with the
fuel, offers a very high level of proliferation resistance. The Korean Atomic Energy Research In-
stitute (KAERI), AECL, and the US Department of State have examined several possible DUPIC
cycles. These include converting the spent PWR rods into CANDU fuel bundles with or without
double cladding; vibratory packing of milled PWR pellets into fresh CANDU sheaths; and ther-
mal/mechanical processing of the spent PWR pellets to form sinterable CANDU pellets. All op-



tions were judged to be technically feasible, and the last option, called "OREOX", or oxida-
tion/reduction of spent PWR pellets, was chosen for further study.

The current technical feasibility study by KAERI, AECL and the US Department of State involves
fabricating elements and bundles, to confirm technical feasibility of the process, to optimize the
process, and to obtain technical information that would enable an economic comparison to be made
with alternate technologies. A preliminary economic analysis indicates that the DUPIC cycle is
economically competitive with once-through cycles in Korea7.

Actinide Burning

CANDU reactors can be extremely efficient eliminators of nuclear waste8. Detailed fuel manage-
ment simulations have been performed for CANDU reactors fuelled with a mixture of plutonium
and actinide waste in an inert matrix carrier. Over 63% of the actinides can be destroyed in a sin-
gle pass through the reactor, and over 91% of the initial fissile plutonium. Refuelling rates, and
bundle and channel powers are within the natural uranium operating envelope. The high thermal
conductivity of the inert matrix carrier would result in extremely low fuel operating temperatures.
AECL is performing reactor physics assessments of such systems, as well as investigation of suit-
able inert matrix materials.

3.1.4 Beyond Uranium

All fissile material for nuclear reactors is ultimately derived from U-235. This is a finite resource that
must be carefully managed over the long term. One way of extending the U-235 indefinitely is through
the use of fuel cycles based on thorium.

The use of thorium as an alternative fuel to uranium could secure and extend nuclear fuel supplies
indefinitely. In addition, using thorium as a breeder material may obviate the need to develop cy-
cles based on expensive LMR (Liquid Metal Reactor) Pu breeding technology.

Since thorium itself does not contain a fissile isotope, neutrons must be initially provided by adding
a fissile material, either within or outside the ThO2 fuel material. Those same CANDU features
that provide fuel cycle flexibility also make possible many thorium fuel cycle options.

One option for the "Once-Through Thorium" (OTT) cycle involves the irradiation of thorium fuel
bundles separately from "driver" fuel, such as SEU. The thorium and driver fuel would be irradi-
ated at different rates, with the thorium fuel typically residing in the reactor much longer than the
driver fuel. The fissile U-233 produced reaches an equilibrium level of around 1.5%, and would be
burned in-situ. The energy derived from the mined uranium used in the cycle (i.e., the uranium
utilization), and fuel cycle economics of the optimal OTT cycle would be compar-able to that of
SEU. Hence, a source of valuable U-233 would be produced in the spent fuel at little or no extra
cost. There are various options for the driver fuel in addition to SEU, such as recycled material
from spent PWR fuel (e.g., DUPIC fuel) or even natural uranium fuel.

Alternatively, the fissile material can be mixed directly with the TI1O2 fuel material. The fissile
"topping" material used and the bumup define a wide range of thorium fuel options.

Even higher energy production from thorium fuel can be achieved by recycling the U-233. There is
an opportunity to develop new technologies applicable to thorium fuel cycles in CANDU reactors
that are more economical than conventional reprocessing, and that have a higher degree of prolif-



eration resistance — for example, a simple fission product decontamination process that does not
produce any separated fissile material.

In the very long term, with improvements to the neutron economy (e.g., by using higher purity
heavy water and lower cross section materials in the core), the Th-232/U-233 cycle can be closed
and operated with total independence of external fissile material. In this cycle, as much U-233 is
produced in the spent fuel as is required in the fresh fuel.

The PHWR/LMR system may also be attractive if the LMR is developed over the long term. In
this system, a small number of efficient LMR breeder reactors could provide the fissile material
that would fuel several lower-cost CANDU reactors. If the Pu were used to drive a thorium-based
cycle in CANDU reactors, then about 9 CANDU reactors could be supported using 1 LMR. Ow-
ing to the high cost of LMRs, this could be of substantial economic benefit to countries contemplat-
ing an LMR program.

In conclusion, CANDU reactors will have a sustainable supply of fuel no matter what fuel cycle
and/or advanced reactor strategy is followed in the future.

3.1.5 Fuel Bundle Design

There has been continuing evolution of CANDU fuel bundle designs since the first CANDU proto-
types were built. Until recently, the major changes involved increasing the number of elements in
the bundle (from 7 with NPD, 19 with Douglas Point, 28 with Pickering, to 37 with Bruce, Dar-
lington, and CANDU 6) and decreasing the element diameters, which allowed higher channel pow-
ers. This trend has continued with the next generation of CANDU fuel, the 43 element CANFLEX
bundle, which is being jointly developed by AECL and the Korean Atomic Energy Research Insti-
tute9. In CANFLEX fuel, the outer elements are of smaller diameter than the inner elements to
facilitate the higher power generation in the outer elements. This combination of element size
grading and greater number of elements, results in a fuel bundle that operates at 20% lower peak
linear power rating than 37-element fuel with extended burnup capability to at least 21000
MWd/te. In addition, heat transfer in the various subchannels in the fuel has been optimized by
incorporating CHF-enhancing features into the design. This has increased the critical channel
power margins by at least 6%. Beyond CANFLEX, AECL is studying the use of more highly seg-
regated bundle designs that will achieve even higher burnups.

3.2 Fuel Channels

A schematic of the CANDU fuel channel is shown in Figure 5. A fuel channel consists of a Zr-
2.5Nb alloy pressure tube, surrounded by a Zircaloy-2 calandria tube, and various other compo-
nents such as spacers, bellows, end-fittings, and shield plugs. The pressure tubes operate at full
system temperature and pressure and are insulated from the cool moderator by a CO2 gas gap
maintained by 4 spacers.

CANDU fuel channels are based on a proven design and configuration. Nevertheless, incremental
improvements at the micro-structural and micro-chemical scale are being continually incorporated.
By understanding in some detail the various mechanisms affecting such phenomena as corrosion,
fracture toughness, and creep and growth, we have been able to make substantial improvements to
fuel channels over the past decade.



The critical component of the fuel channel is the pressure tube, since this is the component that
operates under the most severe conditions of temperature, stress, and radiation field.
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Figure 5. CANDU Fuel Channel Components

The life of a pressure tube is determined by the limits of deformation applicable to the design and
the removal of causes of crack initiation and growth - such as the fracture toughness of the mate-
rial and hydrogen concentrations in the tube. For example, as a result of ongoing R&D, we have
specified very low levels of chlorine and phosphorous in the alloy used to make pressure tubes,
which improves the fracture toughness of both the initial and irradiated tubes10. In addition, a care-
ful examination of the various melting, forging, and extrusion processes has led to a considerable
reduction in the amount of initial hydrogen in pressure tubes11. Similar developments are ongoing
to decrease the rate of corrosion (and, therefore, the amount of hydrogen ingress), to control the
concentration of hydrogen in the tubes, and to reduce deformation.

As a result of this work, new CANDU reactors contain pressure tubes that will have a 30 year
lifetime, or more. With additional incremental improvements based on the ongoing developmental
program, we believe that a 40 year fuel channel is achievable at 90% capacity factor, which repre-
sents a 33% increase in life expectancy.

Figure 6 shows how hydrogen uptake has been reduced in currently operating tubes compared to
the original alloy using in the first commercial units, Pickering 1 and 2. The rates are the maxi-
mum deuterium uptake for the most affected channels - i.e., those that have the highest outlet tem-
peratures. The Pickering 1 and 2 pressure tubes were replaced with the newer alloy, Zr-2.5Nb in
the 1980s.
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In the longer term, it may be desirable to increase thermodynamic efficiencies in CANDU reactors
by increasing system temperatures (and, therefore, pressures). To accommodate such increases,
AECL is developing advanced fuel channel designs that are more corrosion resistant, that transfer
heat even more effectively to the moderator, and that have low deformation.

3.3 Heavy Water and Tritium

AECL is developing technologies for the production of heavy water and for heavy water manage-
ment in CANDU plants, based on a proprietary wetproofed catalyst that effects rapid exchange of
hydrogen isotopes between chemical species (Figure 7). This rapid exchange process can be used
to concentrate deuterium in water, to upgrade heavy water by extracting H, and to detritiate heavy
water.

Heavy water production technology is aimed at the extraction of deuterium from hydrogen pro-
duced by electrolysis units (CECE, Combined Electrolysis and Catalytic Exchange) and/or indus-
trial steam reformers (CIRCE, Combined Industrial Reforming and Catalytic Exchange), and by
extraction from water using a closed hydrogen loop (BHW, Bithermal Hydrogen Water)12. The
CECE and CIRCE methods are the closest to implementation. These processes are illustrated in
Figure 7.

The key to deployment of CECE technology for heavy water production is the existence of large-
scale hydrogen production by electrolysis. This will depend on the ability of electrolysis units to
compete with alternative means of producing hydrogen. Therefore, the cost of electrolysis cells,
the cost of electricity, and the efficiency of production will all impact on the viability of CECE.
Plants of the order of 100 MW(e) in size would be needed to produce heavy water at a competitive
price. Nevertheless, CECE units might be an effective means to localize the production of make-
up heavy water for ongoing plant operation.
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Figure 7. AECL's Heavy Water Production Technology

CIRCE technology has the potential for much larger scale heavy water production, since in most
countries (including Canada), steam reforming is the dominant means of producing hydrogen.
AECL's catalyst technology has now been advanced to the stage where the challenges to catalyst
performance due to higher pressures and the presence of impurities in CIRCE streams have been
met. Therefore, we are ready to proceed to a demonstration of the technology using a small proto-
type facility.

The BHW separation technology is a stand-alone process. No external source of hydrogen is
needed, and the only major plant input is water. This process, which is in the early development
stage, requires a catalyst that can operate for long periods of time at elevated temperatures.

Heavy water management in a CANDU reactor includes upgrading (removing H from heavy wa-
ter) and, possibly, tritium extraction after a plant has operated for many years. Currently, heavy
water recovered from the D2O vapour recovery dryers and collection systems or taken from the
moderator and heat transport systems, is upgraded using large water distillation columns. How-
ever, it may be possible to develop the CECE process as a cost-effective technology for both up-
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grading and tritium extraction that could be designed into future CANDU plants13. AECL is cur-
rently building a small unit to demonstrate this application.

3.4 Safety Technology

In CANDU reactors, all important safety-related systems are divided into two groups. The groups
are spatially separated, and systems in one group are independent from systems in the other group.
Either of the two groups can shut down the reactor, remove decay heat, prevent release of radioac-
tivity to the public and monitor the plant status. AECL has maintained this redundancy in the
evolving designs and has been continually enhancing performance via improvements to both the
reliability and human factors aspects of safety-related systems. A description of CANDU safety
engineering and future directions has been recently summarized by Snell and Spinks14.

AECL has been enhancing the performance of CANDU reactors under postulated severe accident
conditions that go well beyond the normal design basis for nuclear power plants. The presence of
the heavy water moderator surrounding the fuel channels effectively mediates the impact of postu-
lated severe accidents. The reason for this is that if primary and emergency coolant is lost from the
system, heat is transferred out of the fuel channel and into the moderator water. From the modera-
tor, heat can be transferred to the environment via the moderator water cooling system. This
means that CANDU fuel does not melt even if both normal and emergency cooling are unavailable.
In addition, the moderator is surrounded by a shield tank containing light water for biological and
thermal shielding. In severe core damage accidents, where moderator cooling has also failed, the
shield tank can absorb decay heat either from the moderator or from debris inside the calandria
vessel, and would prevent the core from melting through to containment for tens of hours, until the
water had boiled away. Therefore, in addition to the usual engineered safety systems in plants that
meet international safety standards, CANDU reactors contain passive safety features that result
from the inherent design of the reactor.

The CANDU 9 design has built strongly on these inherent passive safety features. For example, a
large reserve water tank is located high in the reactor building and supplies water by gravity to
various systems in the event of a severe accident. In particular, the tank provides severe accident
prevention/mitigation by supplying water to the secondary side of the steam generators and to the
primary system (in addition to the ECC), and makeup water to the moderator and shield tanks.
Thus, even if the primary coolant, emergency core cooling system, and the moderator cooling sys-
tem are all lost, water can be supplied from the reserve water tank to the moderator, removing de-
cay heat for about three days via boil-off, and the severe accident would not progress to fuel melt-
ing during that time. If makeup water to the moderator and the moderator cooling system are both
unavailable, then the moderator water would boil off over several hours, and the core would even-
tually collapse into the bottom of the calandria vessel. The shield tank water, supplied by the re-
serve water tank, would ensure that the debris is contained, again for about three days. Thus se-
vere core damage accidents in CANDU 9 would progress very slowly, giving ample time for acci-
dent management and preparation of countermeasures.

Future enhancements (Figure 8) are focusing on adapting the reserve water tank to act as a passive
emergency water system (PEWS) for containment cooling, for decay heat removal and/or emer-
gency depressurization of the steam generators, and for the moderator in its role as a backup to the
normal ECC system15. A key element of this latter concept is the development of a "controlled heat
transfer fuel channel" that is capable of transferring heat to the moderator under accident condi-
tions at lower fuel temperatures and with higher moderator temperatures than is currently the case.
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The "controlled heat transfer fuel channel" uses an appropriate heat transfer material between the
pressure and calandria tubes to ensure rejection of decay heat to the moderator at a low enough
fuel temperature to prevent extensive fuel damage.
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Figure 8. Advanced Safety Systems for CANDU Reactors

For this passive concept, moderator heat rejection in an accident is through a boiling/flashing natu-
ral circulation loop. It is likely that a similar system could be used for normal moderator cooling,
which would eliminate the need for active cooling. The moderator would be allowed to operate
near saturation temperatures to ensure effective circulation and to improve station efficiency
through feedwater preheating. Analyses and large-scale tests have demonstrated the feasibility of
the concept, and AECL is currently constructing a lA scale moderator testing facility for further
development.

Other passive concepts include hydrogen recombiners, based on AECL's wet-proof catalyst, "cool"
fuel concepts that lower center line temperatures by hundreds of degrees, containment heat rejec-
tion through tube banks that are cooled by natural circulation to the PEWS tank, and natural air
circulation driven by the large elevation differences between the heat source and the heat sink.
Some of these features are already finding their way into the current CANDU reactors. For ex-
ample, passive hydrogen recombiners are specified for the CANDU 9 design.
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To summarize, several passive safety concepts are being developed that will further enhance
CANDU safety, even under severe accident conditions.

Components and Systems

This program is aimed at mitigating the effects of plant aging, and the development of new tech-
nologies to improve plant performance and to reduce plant capital costs. In addition, a plant life
management program is being applied systematically to identify structures, systems, and compo-
nents that are important for achieving the required plant performance and safety, and to determine
the ease of maintaining and replacing or refurbishing them. The applicable aging mechanisms,
including obsolescence, are examined for each important structure, system, and component, using
various sources of experience, including feedback from operating plants16. The process is outlined
in Figure 9.
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Figure 9. The Screening/Life Assurance Approach

New CANDU plants, such as the CANDU 9, are being designed for 60 years, as discussed earlier.
To ensure long design life, CANDU systems and components are divided into four categories for
the purposes of evaluation:
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• Critical components that are non-replaceable (e.g., the civil structures)
• Critical components that are replaceable (e.g., core components)
• Non-critical components that can be designed for 60 years
• Non-critical components that may need replacement during plant life.

This initiative includes an R&D program that is directed towards the improvement of critical com-
ponents (such as steam generators, heat exchangers, valves, and seals), chemistry control (heat
transport chemistry and balance-of-plant chemistry), improvement to materials used throughout the
station, and the minimization of emissions, waste, and operator doses. For example, one important
aspect of plant monitoring is to ensure that the various chemical conditions in the plant are within
specifications. AECL is developing the knowledge base and instrumentation required to continu-
ously monitor and interpret chemistry. In the short term, information from this program will pro-
vide advice to the operators on chemistry control. In the longer term, automatic chemistry control
systems may be possible.

3.6 Constructability/Project Delivery

The construction of new CANDU plants has been greatly augmented by the use of 3D CADDS to
optimize sequences and configurations, the use of modular prefabricated assemblies, and the use of
very heavy lift cranes to install major components through the top of the reactor building.

The design of components and reactor layout has been improved to allow many construction ac-
tivities to proceed in parallel, or independently of each other. The 3D CADDS model allows us to
extensively animate the assembly process to optimize the sequence and eliminate potential interfer-
ences. The model is also being used to establish improved material delivery requirements and to
enhance the efficient use of site personnel. For the CANDU 9, structures have been simplified to
reduce labour and shorten the schedule. Greater use is made of prefabricated structures, piping,
and other skid-mounted assemblies, which are manufactured off site and put together into larger
units before being lifted into place by crane.

As a result of these activities, the construction period has been shortened by at least 7 months
compared to conventional construction methodology17. We expect to continue to optimize con-
structability of the plants through component simplification, advanced materials, increased use of
computer applications, increased modularization, and optimization of the human resources. The
overall objective is to eventually reduce project schedules to less than 60 months, as compared to
the more than 70 months currently required for nuclear projects. Such a reduction will be challeng-
ing, but ultimately achievable using advanced techniques.

3.7 Health and Environment

Radiation doses from nuclear power generation are calculated using very conservative assumptions
to be a very small fraction of the doses associated with natural radiation sources, and there has
been a decreasing trend in the radiation doses associated with all reactor designs during the past
decade. AECL is following a methodology for dose reduction that includes measurements at exist-
ing stations, examination of operational practices and data, development of improved technologies
for measurement and mitigation, and rigorous review of CANDU designs to ensure that full advan-
tage is being taken of the R&D and operating knowledge base18. For example, designers and re-
searchers have adopted targets that include reducing the buildup of activation products, tritium and
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heavy water management processes that reduce tritium emissions, and improved waste manage-
ment developments to reduce emissions during waste handling. In addition, AECL will continue to
examine the more fundamental aspects of radiation and health to ensure a sound basis for any
standards that impact on the CANDU product. These more fundamental programs include dosime-
try, the elucidation of mechanisms underlying low-level radiation effects, and the characterization
of environmental pathways. An important application of this knowledge base is to ensure that the
exclusion area boundaries specified for CANDU reactors are based on sound knowledge and
modeling.

3.8 Control and Instrumentation

CANDU plants have employed computerized control systems since the 1960s, and each new plant
has been provided with state-of-the-art systems for optimum performance. AECL's strategy for
advanced control center design is to extend the proven features of operating CANDU reactors by
combining this experience base with operations enhancements and design improvements19. The
focus for the advanced features is to improve the operability of the station, decrease the likelihood
of operator or maintainer errors, and to facilitate higher production capacity factors. Since recent
utility statistics show that human error is the cause of a high number of plant outages, AECL is
paying particular attention to human factors in the design of our control centers and has been fol-
lowing a systematic design process to define requirements20. The human-machine interfaces, such
as monitoring, annunciation, and control information, have all been verified against the design re-
quirements to ensure that adequate and correct information is being provided for the operators21.

The significant features of the advanced control centers include a plant-wide parameter signal da-
tabase, extensive cross-checking to check similar process parameters, powerful annunciation sys-
tems with alarm filtering and prioritization, a large central overview display to present plant status,
automated safety system checking, and predictive maintenance.

4.0 Conclusions

AECL has a comprehensive development program and a clear vision of how the product will
evolve over the next several years. The key elements of the development program, in terms of eco-
nomic improvements, safety enhancements, and fuel cycle flexibility, build on the inherent charac-
teristics of CANDU technology. Owing to these inherent characteristics, the future potential for
heavy water reactor technology is not limited by resources or evolving design requirements.
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Workers Moving
the Industry Forward

John D. Murphy, President,

Power Workers' Union

Thank you for the opportunity to speak to you today. The CNA should be
commended for the theme of this conference and its forward looking direction. Over
the next few minutes I will attempt to give you a better understanding of the feelings
of the front line workers in the Canadian nuclear power sector, their industry and its
future. I also want to explain to you what those workers are doing and how we can
all support their efforts to make nuclear excel.

In turn, I hope to take away from this Conference your feelings on the same
subjects. I have faith that the more we communicate within the industry, the more
common ground we will discover. And the more common ground we discover, the
more we will look for new ways to cooperate. This is human instinct at its best.
Communication is the cornerstone of cooperation.

The Power Workers' Union is well positioned to comment on the activities of
workers in the nuclear industry. We represent workers at Ontario Hydro's nuclear
stations and AECL operators at Chalk River. We have what many consider a non-
traditional approach to labour relations. The success of the business is important to
us because it keeps our members working. So long as the employer is committed to
treating us as partners in the business, we are more than willing to co-operate.

We will certainly need unprecedented levels of cooperation within the industry in
the years to come. The end of regional monopolies and the emergence of a
continent-wide electricity marketplace will affect us all, in ways that can only be
guessed at.

I have heard many opinions on whether a competitive generation market will be
good or bad for nuclear and personally, I am in the optimist camp. But there are
definitely serious reasons for concern. Depending on how low average prices go in
the marketplace, there may be a stranded debt issue to address. And frankly, as
everyone knows, nuclear performance at Hydro has slipped in the last few years.
But there is no doubt that Hydro's nuclear facilities are highly competitive when they
are managed well, which has not been the case for some time. On this, more or less



everybody agrees. Which is why the Magnificent Seven have been brought in to
hopefully save the day and return Hydro's nuclear operations to their former glory.

And I want to take this opportunity to say publicly that we in the Power Workers'
Union are impressed by what we have seen so far from Carl Andognini and his
team. These folks clearly know what they're doing and they understand how to
communicate effectively in that complex operational environment. They are one of
the reasons I am optimistic about the future of our industry.

Whatever the future may bring, however, the present is not really pleasant for
nuclear workers generally. The work itself is very demanding technically and must
be carried out with the highest level of diligence. The responsibility for public and
station safety is enormous.

And despite a virtually flawless safety record over three decades in Canada's
nuclear power industry, it continues to be attacked by a small but vocal band of
critics who specialize in scare mongering and misinformation. As one example, they
worked up a frenzy about the internal heavy water spill at Pickering in late 1995,
even though it was a great example of how well our safety mechanisms do work. To
make matters worse, the media often does not show balanced reporting at such
times. They give as much airtime to poorly informed alarmists as they do to highly
qualified nuclear specialists, who cannot possibly explain in one or two sound bites
exactly why there is no danger to the public. So the media reduces them to simply
giving vague-sounding assurances, when what is needed is a little more public
education on the subject.

No one likes to have their work attacked, especially if you know your critics are
unfair. So the misunderstanding and unwarranted public fear of their work is
sometimes discouraging to nuclear workers.

Politicians can be even worse than the media. Take for example, Dalton McGuinty,
The Leader of the Ontario Liberals. He recently said in the Legislature that Homer
Simpson would have felt right at home in an Ontario Hydro nuclear plant. He was
responding to a peer review report that was, as it should have been, brutally honest
in detailing shortcomings in the nuclear operations. But by reducing the complex
issues dealt with in the report to a witty little sound bite, McGuinty contributed to
public ignorance and needless fear and, along the way, insulted thousands of
Ontario's most skilled workers by comparing them to an inept and stupid cartoon
character. His whole performance reminded me of a cartoon character myself - a
Disney character. I'll let you speculate as to which one.

And on top of misunderstanding and public insults, our members at Ontario Hydro
have for years been under constant stress, which promises to continue for more
years yet, from the impacts of restructuring and the coming deregulation of the



industry.

Still, they soldier on well and are anxious to do all they can to ensure their industry
has a future. This is the motivation behind the Canadian Nuclear Workers' Council,
an organization that is several years old now, and is dedicated to articulating the
concerns and viewpoints of nuclear industry workers.

Some of you are no doubt familiar with the Council, as they have appeared at many
public and legislative hearings related to the industry. And the unions who belong to
the Council have themselves become more vocal and are speaking out on behalf of
their industry. The Power Workers' Union uses these forums to ensure that the
public record contains the view of the employees on the shop floor who do the
actual work and who are the first tine defense for both worker and public safety.

All this has led to a fairly dramatic increase in the participation of workers at these
public hearings, which gives the different panels a unique perspective of the nuclear
workplace, one that is more balanced and realistic.

That's only the beginning of what the industry's front line employees want to do for
their industry. They want to play as large a role as they can to better secure its
future, because their own futures are tied to it.

It would be very unwise of industry management to neglect or downplay this growing
sense of commitment among industry workers. Every successful nuclear turnaround
story in recent history has happened because someone realized that asking the
advice of those whose skills make the stations work is the best place to start when
you want to find out what's gone wrong. Listening to and acting on what you hear
from your employees is proving to be the surest way to create the good news stories
of improving nuclear performance we all want to hear.

But is there more that workers can be doing to protect the future of the nuclear
power industry? And are there also things the industry can do to encourage and
support its employees in this regard?

Certainly, there's more those workers can be doing. In any industry, employees
represent the largest single untapped resource for improving public understanding
of their industry. Nuclear workers have even more potential than normal in this
respect because they are generally well educated and can more easily understand
and explain technical issues.

To tap this resource, we need to get information in the hands of employees that will
make it very easy for them to discuss and explain our industry and its benefits to
others. This is the focus of a project now underway which the Power Workers' Union
and the Council are sponsoring. We have just finished the first drafts of a series of



fact sheets that explain, in non-technical language, nuclear industry issues such as:

• Transporting radioactive material
• The burning of plutonium from dismantled weaponry,
• Deep geological storage of nuclear waste, and
• The sale of Candu reactors to China

We are striving for two things in these communications tools: to be current and to be
concise. While you can judge for yourself (and we welcome any comments and
suggestions) I think we are on the right track. Interested lay people will easily
understand these fact sheets. And they are easily duplicated and distributed to
employees.

To date, this project has been self-funded by the PWU and the Council, but to
sustain it and make it a success, we will need the industry's assistance with ongoing
funding, technical support and, most importantly, broad circulation.

Ideally, we envision having the materials you see today available electronically
through a web site where nuclear workers can access and distribute a growing body
of information aimed at communicating our story better. I hope we can count on you
for support in this.

But we all know that it will take a lot more than good public relations to ensure a
more secure future for our industry. It will take better performance from our facilities,
which cannot happen, I suggest, without a noticeable refinement in
labour/management relations. So let me spend the few minutes I have left making
some broad-brush comments on this subject, which I hope will stimulate more
discussion after this Conference, back in our respective domains.

In the early days of nuclear power, there were some that believed that this new
industry could grow to become a new model for labour/management relations that
other industries would emulate. There were several reasons for this optimism. First
of all, it was a brand new industry that could easily reject the traditional rituals of
confrontation and conflict between management and workers. And why not? The
people who worked in it were, for the most part, very well educated and focused on
technical solutions that stood the test of time. They were long-term thinkers by
nature that would surely see the importance of mutually beneficial long-term working
relationships in nuclear operations. And the very nature of nuclear power made it
critical that every person did his or her job right the first time.

These factors, some believed, should have led to a nearly classless workplace in
which everyone supported each other's work as important and necessary.
Looking back in our Union's records from that time, it was clear than many workers
hoped for such a new era in workplace relationships in the nuclear division. And



there is evidence that some in Hydro management felt that way as well. The fact
that this did not happen should not surprise us. The simple hope that relationships
would get better was not followed up with any action. Apparently, it was supposed to
just happen. So no real effort was put into making the nuclear operation
distinguishable in its labour relations practices from the rest of the corporation. And
even if there had been, it would have been difficult to keep such an experiment
afloat against the powerful gravitational pull of the traditional Hydro management
culture.

And so for the last thirty something years, labour/management relations in Hydro's
nuclear operations have been up and down and, frankly, in recent years, more down
than up. This is regrettable of course, and the Union recognizes that turning around
unproductive workplace relationships is absolutely essential to turning around
nuclear as a whole. We want to do our part.

The Union is a human institution and therefore reflects the normal range of human
shortcomings. But we feel, nonetheless, that we have clearly signaled our
willingness to work hard towards better, more cooperative working relationships with
management. Hydro's restructuring over the last four years has been the largest in
Canadian corporate history. I think the record shows that the PWU has done a lot to
make this great change happen smoothly and without any disruption in operations,
while still representing the working interests of our members, which is, of course,
our main role in life.

And we are willing to do much more in the months and years to come to build a
more cooperative framework for labour/management relations in our industry. So in
anticipation of your feeling the same, let me end with a few observations on this
subject from the workers' point of view.

You must understand that unions in all industries have over the years become quite
cynical about management-inspired plans to promote employee participation in the
business. We've lived through quality of work life programs, quality circles, quality
this and quality that. All of these schemes are based on flattening the hierarchy and
giving more say on what happens in the operation to front line workers. In most
cases, however, management's ambitious good intentions break down at some
point and they speedily revert to their old authoritarian 'command and control1

techniques. This has a predictable effect on the workers and I'm sure you can guess
what it is.

But if you are really sincere about having your employees participate more fully in
making your business a success, here are three common sense guidelines:

First of all, make it clear that you are committed to a long-term program of employee
participation and you recognize that it will not always be easy. You assume that any



program will evolve and undergo fine-tuning over time but you will not abandon your
commitment, even when the road gets rocky.

Secondly, try not to come to us with suggestions for cooperation at the last moment,
after all else has failed to turn around your operation. If it looks like the employer is
all of a sudden enlightened and progressive because he is running scared, it is
difficult to win the employees' trust.

And finally, above all else, remember that management's main role is one of
leadership. This means being as open and honest as possible with employees
about the situation in the work place. It also means constant updates and
information on anything that may affect their jobs or their public images. I know from
personal experience that employees hate getting the latest news from the media.
They want to be among the first to know, whenever that's humanly possible, and
that includes the bad news too.

In closing, let me reiterate my optimism about the future of the nuclear industry. We
have already provided Canada, especially Ontario, with many years of abundant,
affordable, reliable electric power, without contributing to global warming. And we
can continue to do so for many years to come. Especially if we all, workers and
management alike, draw on the best parts of human nature and find ever more ways
to cooperate in the pursuit of our common goals.

Thank you for the opportunity to share these thoughts with you.


