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FOREWORD
This volume contains the Proceedings of the eight sessions from the Thirty-fifth
Annual Conference of the Canadian Nuclear Association held in Saskatoon,
Saskatchewan, June 4 to 7,1995. As in previous years, the Annual Conference of the
Canadian Nuclear Association was held in conjunction with the Annual Conference
of the Canadian Nuclear Society.
The papers for these Proceedings were prepared by the authors in a format prescribed
by the Program Committee. The papers are published exactly as submitted by the
authors. Responsibility for the content of each paper rests solely with its authors.
These Proceedings are copyrighted (© 1995) by the Canadian Nuclear Association.
Requests for further information concerning these Proceedings, permission to reprint
any part of these Proceedings, or orders for copies of these Proceedings should be
addressed to:
Canadian Nuclear Association
144 Front Street West, Suite 725
Toronto, Ontario, CANADA, M5J 2L7
or phone:

(416)977-6152

or fax:

(416)979-8356
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Current Status of the Uranium Industry
Hikmet Akin
Chairman, Uranium Saskatchewan Association Inc. and
President and CEO,
Uranerz Exploration and Mining Limited
Abstract
The world uranium market is presently undergoing a slow recovery process. Although the
present rate of uranium consumption for peaceful purposes greatly exceeds mining
production, the spot prices for uranium still dwell at very low levels. Production shortfalls
are dominantly being supplied from excess inventories in the west, which are expected to
be depleted by the end of this decade. Even if the future market will be supplied by deenriched weapons grade material, in addition to conventional sources such as mine
production and reprocessing, a gap seems to be developing between uranium consumption
and supply, which may allow for the installation of new mining capacities towards the end
of this decade.
Canadian uranium production centres, particularly the high grade uranium mines of
Saskatchewan's Athabasca Basin, are well-positioned to take advantage of this potential
opportunity. The three operating mines and mills, Key Lake, Rabbit Lake and Cluff Lake
produced 30% of the world's uranium in 1994. In addition to the recently approved new
projects and extensions at Cluff Lake, McClean Lake and Rabbit Lake, environmental
reviews will be conducted for the Me Arthur River, Midwest and Cigar Lake projects in
1995 and 1996.
Difficult past market conditions, some of which are somewhat still continuing, have resulted
in a process of emerging consolidation. In the uranium mining industry there is a reduction
in the number of production centres as well as corporate entities. On a global basis, the
bulk of the competitive uranium production originates from basically two major regions:
Northern Saskatchewan in Canada and Central Asia. Uranium is produced mainly by insitu leach technology in Central Asia in contrast to Saskatchewan production which is
entirely from open pit and underground mining operations.

Introduction
On behalf of the uranium producers and other members of Uranium Saskatchewan
Association, welcome to Saskatoon. Here in Saskatchewan, the uranium mining
companies presently produce more than one-quarter of the world's uranium, making
Saskatoon the uranium mining capital of the world.
In this presentation, we will briefly examine the development of the world's
uranium production and demand and emphasize the current Canadian production
as well as new mine developments. Thereafter, we will examine the conditions
prevailing in today's world uranium market, and conclude with a review of the
supply and demand situation for the future.
Uranium mining has a short history, compared with other metals, but has also
undergone fundamental changes during its short history because of altering demand
forecasts, large stockpiles, changing government policies, discovery of new deposit
types, and increasingly restrictive environmental and radiation safety regulations.

World Uranium Production
Those changes are reflected in the Western production statistics (Figure 1) which
are characterized by two "boom to bust" cycles. The first boom in the 1950s was
governed by military requirements and the second boom rather by the expected
reactor requirements in civilian nuclear power plants, as a consequence of the first
oil crisis.
A somewhat different situation occurred however in the Eastern Block (Figure 2)
where production was always dominated by military considerations and demand.
Both the Eastern and Western scenarios resulted in the build-up of large civilian
and military stockpiles.
Uranium Production versus Requirements
Presently, the total world uranium production is still declining (Figure 3) but that
is mainly because of the production decline in the former Eastern World. We may
be seeing in 1994-95, the bottoming out of world uranium production.

Western price levels (Figure 4) after the mid-1960s have fluctuated in response to
changes in the expected reactor demand. In the 1970s prices rose quickly to over
40 dollars U.S. per pound U3O8. Thereafter the price declined steadily and still
dwells at very low levels. Prices are however currently rising, for reasons which
will be discussed later.
Uranium production comes from several regions of the world (Figure 5), with
Canada, the former USSR, and Australia being the main producers. Significant
production also comes from various African nations and the many countries
included in the "other" category.

Canadian Uranium Production
Canada is presently the world leader for producing newly-mined uranium, most of
which comes from the Athabasca Basin in northern Saskatchewan (Figure 6) where
the very high grade unconformity type ore deposits are located. The last of the low
grade Elliot Lake mines in Ontario will close in 1996.
In Saskatchewan's Athabasca Basin, there are three operating mines and mills, at
Key Lake, Rabbit Lake and Cluff Lake (Figure 7).

Key Lake
Key Lake, the world's largest high grade uranium mine, produces 14 million
pounds U3OH per year; that's 16% of the entire world's production and enough
uranium to supply the annual fuel charge for 40 nuclear reactors with a total
capacity of approximately 40,000 megawatts.
Ore grades at Key Lake average 2.5% U3O8. This mine, operated by Cameco
Corporation, is owned by Cameco and Uranerz Exploration and Mining Limited.

Rabbit Lake
Cameco and Uranerz also own the mines and the mill at Rabbit Lake, including the
Eagle Point and Collins Bay ore deposits. The Eagle Point underground mine is
now in full production supplying ore grading about 2% U3O8 to the Rabbit Lake
mill. The Collins Bay deposits, which will be mined in open pits, are presently
being developed.

Cluff Lake
The Cluff Lake mine, owned by Cogema Resources, is located on the western side
of the Athabasca Basin. It has operated since the 1970s and the new mine project,
Dominique-Janine Extension at Cluff Lake, with ore grades averaging 0.7% U3O8,
will contribute additional uranium production to this operation.
Capacity, Production and Reserves
Key Lake, Rabbit Lake and Cluff Lake together have mineable ore reserves of
approximately 170 million pounds U3O8 (Figure 8). The present total annual
production from these three mines leave them with a total remaining production life
of approximately 7 to 8 years.
But, both the Rabbit Lake and Cluff Lake mills are presently operating below their
capacities and production could easily be significantly increased. It is however
clear the ore reserves will not last for many more years unless replacement deposits
are developed.
Fortunately, successful exploration programs in the 1970s and 1980s discovered
additional large ore deposits. Some of these are located close to existing mills and
can take advantage of the installed infrastructure.
Four major new uranium mining projects, McClean Lake, Midwest, Cigar Lake and
McArthur River, are either under development or proposed for development. We
will now briefly discuss these four projects.

McClean Lake
Cogema Resources, operator of the McClean Lake project, announced in March
1995, its intention to proceed to full production. The McClean Lake project is
owned by Minatco Limited, a subsidiary of Cogema Resources, as well as by
Denison Mines and OURD Canada Limited, a Japanese company.
McClean Lake will be the first new uranium mine and mill complex to be built in
Saskatchewan in 13 years. Hiring for construction has already begun on this
project which is estimated to cost 250 million dollars. This operation, which will
treat ores averaging 2.7% U3O8, is set to increase Saskatchewan's uranium output
by another 6 million pounds U3O8 per year beginning in 1997.

Midwest
The second project we will briefly mention is Midwest. Development of the
Midwest project was turned down by the joint federal-provincial environmental
review panel in 1993, mainly because of the proposed mining method. A new
Environmental Impact Statement is now being prepared.
The new mining method is so-called jet-boring mining in combination with ground
freezing, as successfully tested at Cigar Lake. The Midwest project, operated by
Cogema, is owned by Minatco, Uranerz, Denison and OURD. This project will
complement the McClean Lake project, by milling Midwest ore at McClean Lake.
Cigar Lake
The next project is Cigar Lake which is a very large high grade uranium deposit,
with ore grades averaging more than 7% U3O8. The deposit however has some
very extreme mining conditions to be overcome using the same mining method as
mentioned for Midwest.
The project is operated by Cigar Lake Mining Corporation on behalf of its owners:
Cameco, Cogema, Idemitsu and KEPCO. Successful test mining was completed
in 1992, and the project will soon be undergoing the full environmental review
process.

McArthur River
The fourth project is McArthur River, which is operated by Cameco, and owned
by Cameco, Uranerz and Cogema. A shaft has been sunk and underground
diamond drilling is delineating the deposit for future mining. The ore, which
averages more than 5% U3O8, will be transported from McArthur River to the Key
Lake mill for processing.
An Environmental Impact Statement is being prepared and this project must still
pass through a federal and provincial panel review. Production at McArthur River
is planned for 1999 when Key Lake reserves are exhausted.

Environmental Review Process
Government environmental reviews will be conducted for the McArthur River,
Midwest and Cigar Lake projects in 1995 and '96. In Canada, both the federal and
provincial government agencies regulate the uranium mining industry. The
environmental reviews are held jointly by federal and provincial governments, so
that instead of two separate reviews, only one is required. The process nevertheless
continues to be expensive and time consuming and appears to become even more
so in the future.
The uranium industry believes however that ultimately, the panel review and
approval process, is a workable route.

World Uranium Production
In recent years, there has been a worldwide reduction in the number of production
centres. Globally, the bulk of competitive uranium production originates from
basically two major regions: Northern Saskatchewan in Canada and Central Asia
(Kazakhstan and Uzbekistan). Canada is by far the world's largest uranium
supplier (Figure 9).
In the two major producing regions, Canada and Central Asia, uranium is produced
by very different techniques (Figure 10). Saskatchewan production is entirely from
conventional mining, such as open pit and underground operations, in contrast to
Central Asia, where uranium is produced by in-situ leach technology.
Small amounts of by-product uranium also comes from the mining of phosphates
as well as from gold and copper production.
Market Changes
Several factors, to be explained later, are affecting the uranium industry and the
present uranium market is undergoing changes.
Although traders had played an important role over the last decade, a recent
development has been the financial collapse of Nuexco Trading Corporation. This
American trader played a leading role in depressing uranium prices for the last 10
years. It appears that Nuexco may not be able to deliver up to 40 million pounds
of uranium which it had committed to buyers over the next several years.

This unexpected new demand for uranium has certainly contributed to the recent
surge in the so-called "restricted" spot market price to almost $12 US per pound
U3OX from $9.45 just a year ago (Figure 11).
Western uranium markets dealt only insignificantly with Eastern uranium until after
the collapse of the Soviet Union, when CIS producers began exporting
unrealistically lower-priced uranium and dumping it on western markets. Because
of such trade law violations, these actions were challenged by U.S. producers and
the Euratom Supply Agency.
Such challenges have been successful and resulted in the U.S. suspension
agreements with Russia, Kazakhstan and Uzbekistan. In Europe, case-by-case trade
restrictions were introduced by the Euratom Supply Agency against the same
Eastern producers. These restrictions limit the annual imports from the East and
allows Western producers to anticipate a more predictable market environment.
As a result, there are now two types of markets: restricted and unrestricted, each
with its own prices. The difference between the two is presently approximately
U.S. $4 per pound U3O8.
World Uranium Supply Forecast
Making predictions for uranium requirements on an annual basis is fairly
straightforward, as this is a direct function of the number and type of reactors and
their load factors. Currently, there are 431 reactors operating worldwide, with
another 43 under construction.
Uranium Mining
Present levels of world mining production, projected into the future, are at the
levels shown on Figure 12. As was discussed earlier, world uranium supply from
mining and the demand are "out of sync" with each other.
World mining production, as shown here, include imports from China and CIS
sources. Obviously a large gap exists between newly-mined uranium and reactor
requirements.

Reprocessing
The reprocessing of spent fuel will fill some of this gap in the years ahead.
However, this possible supply source is being adversely impacted by opposition to
the use of reprocessed fuel in Europe, primarily in Germany.

HEU
Additional uranium supplies could be made available from the stockpiles of HEU,
or highly enriched uranium. This HEU originates from dismantled Russian nuclear
weapons, to be purchased by the U.S. government, and from excess U.S. military
inventories.
According to legislation presently under consideration in the U.S. Congress, the
availability of this material would however be restricted. This legislation would
allow sales of Russian HEU, blended down to commercial levels beginning this
year, but to be delivered in the U.S. market, only starting in 2002. This same,
blended down enriched uranium could, however, also be immediately available to
the market outside the U.S..
In addition, the U.S. HEU would become available starting in 1998 in relatively
small quantities, according to the same legislation.
Excess Inventory
Although uranium demand is currently far outstripping the supply, there is presently
not a shortage, because the excess demand is still being satisfied from Western
civilian inventories. These Western inventories, presently in stockpiles held by
utilities and others, will probably be drawn down by 1999.

Conclusion
In conclusion, this analysis of uranium supply and demand in the future, shows that
additional uranium production will be required. This also translates into a
continuing price recovery which is necessary for putting new deposits into
production.

Additional capacity can be added, firstly, by better utilization of existing mill
capacities and, secondly, by development of new mining projects. Canada, as well
as Central Asia, are certainly best-positioned in this regard. Australia also has high
quality reserves and could significantly increase its production. These two or three
production areas will continue to gain additional strength and become even more
important towards the turn of the century.
Saskatchewan uranium producers are, presently the world's main suppliers. Large
high grade ore reserves are located here in a favourable geological as well as in a
relatively stable political environment. Saskatchewan uranium producers therefore
look forward to the future, continuing to supply the world with competitively-priced
uranium.
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AECL: Changing to Meet the Challenge
Reid Morden
President, AECL

LADIES & GENTLEMEN
GOOD MORNING

Good News, Bad News

INTRODUCTION

TAKING CARE OF BUSINESS - MOST APPROPRIATE

Over the last few months I have tip toed aroun this theme in addresssing a
number of themes:

•

Lessons we have learned over our history;

•

The Canadian Nuclear partnership;

•

The global energy challenge;

•

Initiatives that we at AECL are taking to improve our competitiveness;

•

And finally, I have spoken about some aspects of the internal organizational
changes that we are currently implementing.

FOCUS OF SPEECH

Today, I am going to explore some quite different ground ground that is central to AECL and the rest of the Canadian Nuclear industry
remaining viable and successful over the long haul.
Let me introduce it this way. To my mind restructuring an organization has two
basic dimensions. The first, and the one that everyone thinks of, is the physical
organization of the company - who reports to whom and so on. This is the stuff
of org. charts. And it is clearly important to any company.
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As one example of this type of activity, AECL announced a reorganization in
January of this year. Its purpose was to create one company by integrating what
had been largely autonomous divisions. This was done to improve our overall
effectiveness and to improve our position in the market.
But, while it is necessary for organizations like ours to get this right, getting it right
provides no guarantee of success in the market place.

We all know of

reorganizations, both in the private and public sectors, that have produced little
change that anyone outside the organization can discern. Such activity is inward
looking and time consuming and there is a real chance that in the process
everyone will forget about the customer.

This leaves the field wide open to

competitors.

To my mind a more important dimension of restructuring an organization is its
"mental" reorganization. People can generally see the physical organizational
constraints that prevent them from doing their jobs effectively.

They can

understand that a person should have a different reporting relationship and that an
individual unit should be part of a different section of the company.

However, far fewer people can readily see the pattern of thought constraints that
prevent their organization from achieving its full potential.

There is the need to

reconsider those underlying assumptions determining the way companies do
business, the need to shift operating paradigms, and, to question of the
appropriateness of existing corporate mythologies.

Such thought constraints exist in all organizations and at the highest levels. For
example, here are two that have recently caused the banking industry some
problems:
•

Countries never go broke.

•

They are not making any more land so real estate is a safe investment.

THREE WAYS OF LOOKING AT CHANGE

With this as background I want to explore three ways of thinking about
organizational change that are having a tremendous impact on both public and
private sector organizations today.
change.

Today the question is not change or no

It is what kind of change we will embrace. The first can be called

'downsizing'. It generally involves significant degrees of cost cutting, reduction
in staff and premises and perhaps the sale of parts of the organization that don't
fit. A lot of this has gone on in the private sector over the last ten years and
government is now taking its turn.
Downsizing may be necessary but it is not totally a future oriented activity.

The second way of thinking about organizational change is 'doing what we do now
but doing it better'.

This approach has been talked about in terms of 're-

engineering the corporation'.

It can have tremendous benefits on the

competitiveness of companies. In this approach the problem is seen as learning
how to get down the road faster.

There are many techniques that can be used by managers to do things better.
These include continuous improvement, brainstorming sessions and the like.
There is the story of the new President of a university who was wondering what
he could do to improve productivity at his institution. In wandering through the
lecture halls he found that inevitably chalk was missing and that it took the
professor a few minutes to find more. So he calculated that by making sure that
chalk was always available he could add five minutes to the teaching time in a one
hour lecture. This translated to an increase in productivity of 9.1%. Not bad for
a days work!
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The problem with this second approach is that it really only works if two conditions
obtain. The first is that the direction of the company, or the university for that
matter, had been going in the past must have been the right one. The second is
that external factors, such as customer needs and constraints imposed by the
external competitive environment, have not or are not changing. Thus, the danger
with this approach is that going down the wrong road at a faster speed may
actually take you further away from where you need to get to.

The result is that you will go broke - but in a very elegant and efficient manner.

If the second way of looking at organizational change can be characterized as
'doing things better' then the third way can be stated as 'doing better things'.

Doing better things is important at this time in our industry. In the first place the
needs of our customers have changed and are more complex. They now include
elements of energy supply;

economic development that is sustainable;

environmental impacts; safety; health; and, quality of life. If what we offer does
not meet this new matrix of needs, current and potential customers will look
elsewhere and we will not be able to attain our goal of increased market
penetration.

Now, 'doing things better' is easier to measure than is 'doing better things', at
least in the short term. But I want to give you a feeling of how powerful this
organizational focus can be.

Assume you are proceeding toward a goal but

when you reach what you thought was your goal you find that the course you
should have charted to reach the real goal was slightly different, say 10 degrees
out.
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Working out the trigonometry you will find that if I, as President of AECL, had been
able to chart the correct course I would have shortened the distance and could
have taken the company to its goal between 15% and 20% faster. So you can
see what an advantage this approach can be in the competitive market we face.

SOME ASPECTS OF THE THIRD APPROACH
For the remainder of my time I want to discuss with you a number of important
aspects of this idea of 'doing better things'. The first point I want to touch on is
how we determine what 'better things' are. If you look at companies in the high
technology business that are to some degree supported by government, you will
see that many of them have been technology driven, not customer driven. This
has resulted in continued government subsidies and a marketplace that is not fully
satisfied. As government subsidies and contracts are decreasing dramatically so
are the half lives of such technology driven companies.

I am not saying that technology is not important. Quite the contrary. This is and
always has been our strength. But it is not enough. The real question is for what
purpose is the technology to be developed and used. This leads us straight back
to the customer. Now being 'customer focused' is a concept that has a lot of lip
service paid to it.

But, really becoming customer focused is hard to achieve and it is especially hard
in a company where technology use and development is both a key element of
competitive survival and occupies a lot of management's time. The good news
is that there are some simple ways to get better at this. One is to create more
situations where we meet with our customers face to face and then communicate
with them effectively. Why meet with them? Because about 75% of what we take
in is done visually. If we do not spend time with them we are artificially restricting
our potential competitive advantage.
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So what do we do when we meet with them? Well, we should listen to what they
have to say. This may sound easy to do but experts tell us that it isn't. Research
has shown that, on average, people take advantage of only 25% to 30% of their
listening capabilities.

Another important but depressing point from my perspective is that, if this is a
statistically normal audience, it is likely that only 25% of you will get the central
message I am trying to convey!

Organizations like mine spend enormous amounts of time producing words for
clients. Yet little of what people take in seems to be through words alone. I can
have the best words in the world in this speech but the deck is stacked against
me. On average we only remember about 10% of what we hear. But we do
remember 50% of what we see, and best of all, we remember 90% of what we
do.

We would not meet with our customers not knowing the technical details of your
product. Why meet with them without possessing the skills to get the most out of
that meeting?
I could talk about this subject for a long time but I do hope it is clear that an
understanding of how customer communication works has tremendous implications
for the competitive benefits we can derive from that interaction. We can 'do better
things' in dealing with our customers.

Becoming customer focused is part of what is known as marketing. I think that
what the nuclear industry has called marketing is perhaps better characterized as
'technical selling". But selling is getting rid of what you have. What we really
need to do is to get what we can get rid of.

This is real marketing.
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I have used the word 'we' a lot already and I am going to use it a lot more before
I am finished. There are two "we's" in my mind - AECL and the Canadian Nuclear
Industry, of which AECL is a part. History has shown us that, where a group of
companies can work together to their mutual benefit, each company is better off
than if it worked alone. What I feel we need now is a new and realistic model of
how Canadian industry can work together to the benefit of all.
Call it Team Canada if you will but no company should buy-in based on an
emotional sell. Alliances built on this basis don't work in the long term. What I
want is a hard headed approach to defining the terms under which we can work
together, and one in which each part clearly sees the benefits it will receive. I
hope we can talk about this subject in the coming weeks and months.

What should our common focus be? I think not just on selling reactors. For the
many newly developing markets out there the reactor is merely the last step in a
long process that begins with the determination of their key needs.

Our marketing effort can and should begin as far back as collaborating with the
stakeholders in the client country to assess their future electricity needs and to
determine the place nuclear might have within that. Many of the markets we want
to enter have not yet taken these types of national decisions and we can help
shape them. We need to be part of this decision making process.

Now, a few countries like Korea and China have already made many of these
fundamental decisions and have built their infrastructure. However, they are now
confronted with another series of systemic decisions relating to the advantages of
having more than one reactor type. We also need to play a part in this decision
making process.
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Every decision step that a potential customer makes with our input carries with it
the potential to reduce our chances of making an eventual sale. To keep open
what some people have called our 'degrees of freedom' we must begin to work
with the customer as early as possible in his decision making process.
We can't speak about being customer driven without dealing with the subject of
waste disposal. Whatever the solution to this issue, we had better be active in
addressing it with the customer.

This is an example of where we can do a better job - working together. Perhaps
our goal as an industry should be to become what I would term a full cycle
vendor'.

I think the industry as a whole should examine this idea and meet

together to try to work out how this might be done. We don't even need to see
all the steps but we do need to be clear about the first one.

In trying to 'do better things' we need not rely only on ideas that are generated
internally.

Our relationships with our customers have a number of basic

characteristics;
- there are relatively few potential customers at any one time;
- there is a long run-up period to the sale during which there are many key
decision points;
- there is a relatively long construction period;
- the prospects for repeat business can be important; and,
- potential customers have different social and economic priorities than we do and
they work in different business and cultural environments.
For example, the Asian markets that AECL is currently concentrating on tend to
have a much higher emphasis placed on relationships and trust. This may well be
because most Asian countries are less reliant on the legal and financial
frameworks that we have come to regard as necessary to provide a predictable
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business environment.

Therefore, the relationships become at least a partial

substitute.
These characteristics can appear somewhat daunting but other industries have in
common with us these same types of relationships with their customers. The
telecommunications industry; those involved in major capital projects;

and the

aircraft industry to name but three. In reaching for a better relationship with our
customers surely there are lessons to be learned from companies involved in these
industries. In reviewing our marketing strategy we are trying to learn from such
companies.

A second aspect of this idea of 'doing better things' is choosing the goal and
staying the course. One answer to goal setting that enjoys a certain following is
that of developing a 'corporate vision'. I know that this process has been useful
to a number of companies but I do think that the process itself has some flaws.
The people in history who have been favoured with a vision have shared three
characteristics.
First, they worked very hard for a very long time to get it.
Second, a very small number of visions were sufficient to carry these people
through their lives, and
Third, the visions received were very personal.
Contrast this with the current business environment where a consultant can pack
a room full of executives and produce a corporate vision between 10:00 and lunch.

We do need a vision but not that sort. What I think we need is a vision that comes
in the form of an ongoing dialogue that points the way, deepens commonly held
understandings, and provides our people with the energy needed to accomplish
the tasks required to get there. How to create that dialogue and build the energy
is something we at AECL are working on right now.
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We have in AECL an organization that is learning about technology on an ongoing
basis. I want to mirror that ongoing approach to learning in the way we deal with
our customers. I also want an organization that does this learning faster than our
competitors do it. One of the common attributes of people that work at AECL is
that they never get tired of learning. By developing a culture of ongoing customeroriented learning AECL can become more responsive to this pervasive desire to
learn and can become an even better place to work than it is.

A few minutes ago, I used the phrase, 'staying the course'. Once we know where
we need to get to it is not a matter of drawing a straight line between that place
and where we are right now and then following it. Just like an aircraft facing any
kind of cross wind our organizations are bound to be off course at least 90% of the
time. The skill here is to know when and why we are drifting off course and then
to make the appropriate course correction quickly.

CONCLUSION

From a management perspective, the way in which we think about the kind of
change our organizations need to go through has tremendous implications for the
type of actions we take.

It also strongly influences the way in which people

working at all levels in our organizations think and it influences what they pay
attention to.

I have shared with you some thoughts on the 'mental' restructuring of our
organizations and on differing ways of going about achieving meaningful change.
The implications of the idea of teaching the organization to 'do better things' are
providing much food for thought for me and for others in AECL. My hope is that
it will be one vehicle among many that will help us achieve a significantly
increased and profitable presence in the world nuclear industry.
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TO CONCLUDE:

The status quo is not a viable option for the future.
Our industry must take bold steps.
Both as individual firms and, more importantly, working together.
We, at AECL, cannot do this alone. And even if we could, we should not.
Canada needs the industry to work together.
That way we can indeed "do better things".

Thank you.
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Abstract
Ontario Hydro Nuclear (OHN) is currently halfway through a three year turnaround
program, designed to position the organization for an open access electricity market in
Ontario by the turn of the century.
The organization is ahead of, or on target, in most key business areas including business
performance, production of electricity, public safety and environmental performance. The
only area where performance lags is in employee-related issues. This is due is large part
to continuing concerns over job security • an issue that can be better addressed once the
next round of job reductions is complete.
OHN's future success will be driven by continued application of business principles and
drivers • such as fee-for-service contractual relationships between production divisions and
support groups. Greater employee involvement through the Business Improvement Process
will also be critical, as will continued unwavering commitment to nuclear safety.

REVITALIZATION OF THE NUCLEAR BUSINESS
AT ONTARIO HYDRO

Don Anderson
General Manager
Ontario Hydro Nuclear

In the early 1990s, the future of the nuclear program at Ontario
was being seriously questioned. The initial elation with the
release of Hydro's Demand/Supply plan, which called for the
construction of up to 10 new units, had quickly faded as the
recession took hold in Ontario.
Instead of building new units to meet a rising demand for power,
Hydro faced a large and prolonged surplus in generating capacity
as electricity demand plunged at the same time as the new four
unit Darlington nuclear station was coming on stream.
Consequently, the $14 billion cost of Darlington was being added
to the rate base just as sales plummeted, forcing double-digit
rate increases for three years in a row. This resulted in
widespread public criticism of the organization, much of it
focused on the nuclear program, which was perceived as expensive
and poorly managed.
A number of other factors also contributed in raising questions
about the wisdom of Hydro's continued commitment to the nuclear
program. These included:
•

The poor performance of the nuclear stations compared to the
world-leading record of the early '80s.

•

The fuel failure at Darlington Unit 2, which raised
questions about Hydro's engineering capability and had the
potential to cripple Ontario Hydro financially.

•

The derating of the eight Bruce Units to 60 per cent power,
following an Ontario Hydro nuclear safety analysis, which
identified the potential for a power pulse problem at the
Bruce units in the event of a major header break.

•

The corrosion of boiler tubes, particularly at the older "A"
stations. This raised the spectre of early replacement of
the steam generators, which could have meant hundreds of
millions of dollars in costs and extended outages.

The restructuring of Ontario Hydro in August, 1993 brought all of
nuclear family together into one organization -- Ontario Hydro
Nuclear (OHN). OHN was given the mandate to resolve these issues
and to revitalize the nuclear program.

Building a Sustainable Business
In the restructuring of Ontario Hydro, OHN was given the
resources and responsibility to determine its own future. The
business unit operates in large part as an independent business,
responsible for meeting income targets, and generating its own
cash for capital improvements.
OHN set its sights on a three-year turnaround, which included
finding solutions to its technical problems and improving the
overall performance of its units. Key to the success of this
turnaround are the following:
•

With the completion of Darlington, all resources were
focused on improving the operation of existing units, rather
than building new ones.

•

Engineering was relocated to the station sites to ensure
more effective work relationships with operations staff.

•

Each division (four generating divisions and seven support
divisions) was given accountability and responsibility for
its own performance.

•

Business drivers were introduced into the business to guide
decision-making. These include fee-for-service relationships
between divisions and the negotiation of contracts for
energy production.

Turning the Business Around
OHN has already made significant progress in revitalizing the
nuclear business. The Darlington fuel failure problem has been
resolved and the four units are recording excellent performance
numbers -- and providing about 20 per cent of Ontario's
electricity requirements. Various fixes to the power pulse
concerns are being implemented at the Bruce units, which have
been steadily returning to higher power performance. The older
boilers are being cleaned, and except for Bruce Unit 2 -- whose
boilers have suffered extra corrosion due to a lead blanked
mistakenly left inside by a maintenance crew -- all the steam
generators appear capable of serving out their expected service
lives.
Nineteen ninety-four represented OHN's first full year of
operation. By virtually all measures, the year was very
successful:
•

The nuclear units produced a record 91.1 terrawatt hours,
over 60 per cent of Ontario's total electricity production.

•

The gross capability factor rose to 76 per cent despite the
continued derating of the Bruce units. The four Darlington

units exceeded 87 per cent capability factor.
•

Revenue and income targets were exceeded. And other
measures, such as chemistry control and low level waste
production, show significant improvements.

•

Four OHN units ranked in the top 15 in the world in terms of
lifetime performance. Pickering Unit 7 set a new world
record for continuous production.

Continuing Challenges
Unfortunately, what would have been an outstanding year (1994)
was marred by the loss-of-coolant accident at Pickering Unit 2 in
December. This resulted in a five month shutdown of all four
Pickering "A" units. An in-depth investigation identified the
cause of the accident, and solutions were developed, approved by
the Atomic Energy Control Board and implemented. Three of the
four reactors have since returned to service, and Unit 2, which
is subject to a separate AECB approval, is expected to return
later this year.
While the Pickering accident will have a major financial impact
on OHN in 1995, it won't dampen Hydro's commitment to the
revitalization of its nuclear program. OHN continues to benefit
from strong Corporate support.
However, the accident was a reminder that the units will present
new challenges as they continue to age. OHN is very confident in
its capabilities and maturity as an organization in overcoming
potential surprises down the road, and in ensuring the plants
perform safely and reliably through the rest of their service
lives.
More immediate challenges facing the organization are the
continued survival of the Bruce Heavy Water Plant (BHWP), which
is now reduced to half production, and the retubing of the Bruce
"A" units. OHN is confident that CANDU sales abroad and new
markets for heavy water will enable the BHWP to survive. OHN is
also confident that it will develop the capability of retubing
the Bruce A units faster and at a lower cost. The potential use
of surplus weapons-grade plutonium as fuel in the Bruce "A"
reactors - - a proposal that is now being considered by the U.S.
government -- could also play a major role in helping fund the
retubing.

Longer Term Future
The success of the turnaround is now allowing OHN to look further
into the future. One of the most important long-term issues is
the disposal of nuclear fuel waste. Ontario Hydro takes cradle to
grave responsibility for its radioactive waste, and intends to
take the lead in the nuclear fuel waste management program once

the federal environmental assessment hearing makes a
recommendation on the disposal concept proposed by AECL.
As far as new nuclear generation is concerned, it is highly
unlikely that we will contemplate building a new nuclear plant in
the foreseeable future. Ontario is already at the upper limit in
terms of the amount of nuclear desirable in a well managed grid
system. However consideration is now being given to what it would
take to rebuild and thus extend the lives of the Pickering "A"
units once they begin reaching the end of their planned service
lives in the new century.
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INTRODUCTION

When the United States, the former Soviet Union and other countries recognized the military
significance of uranium, they devoted significant technical, financial and strategic resources to
its development, production and stockpile. Prior to this time, the element's significance was
found only in its association with radium and applications for ceramic pigments. Now, with the
end of the Cold War, the stockpiles of defence uranium, are being returned to the commercial
markets. The civilian nuclear energy industry which developed subsequent to the military
programs, provides the opportunity to use the uranium from dismantled weapons of mass
destruction for the production of peaceful, non-polluting electrical energy. However, the
immense volume of the military uranium promises to destabilize further the uranium market and
threatens the nascent uranium price recovery which appears to be underway.

//

EARLY GOVERNMENT URANIUM POLICIES

In the 1940s, the U.S. government implemented a program pursuant to which it encouraged the
private sector, mining companies and small prospectors, to look for and develop deposits of
uranium.1 Early prospecting occurred around known deposits which had been mined for their
radium content, some to supply Madame Currie with small amounts of this rare radioactive
element. Indeed, the 1950s saw an entire generation of prospectors2 locating uranium deposits
with geiger counters and developing new mining companies on their success.3
In 1948, to stimulate production, the U.S. government guaranteed prices for purchasing uranium
ores. At first, the U.S. government agreed to buy all production at a base price of $3.50 per
pound plus a bonus of $10,000 for the first 20 tons of yellowcake plus transportation allowances
to move the ore to U.S. government buying stations. Subsequent announcements added to the
incentives. As the prospecting rush gathered momentum, Fortune magazine called it "the first
government-promoted, government-sponsored and government controlled mineral rush in
American history".4

1

Atomic Energy Act 1946

2

Some were known to fly in an open cockpit aircraft dropping bags of flour to mark anomalies. Others made
fortunes by blindly drilling on a hunch.

3

e.g. Atlas Minerals, Anaconda, Western Nuclear, American Nuclear, Cobb Resources, United Nuclear, Dawn
Mining

4

The Great Uranium Cartel. Earle Gray, 1982. Page 42.
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When supplies from U.S. mines were not sufficient to satisfy projected military needs, purchases
were made from Canada and other countries blessed with deposits of this strategic resource.5
The government's incentives proved so successful that, by 1956, U.S. military needs were
largely satiated and the government initiated a program of phasing out uranium production. To
slowly reduce production levels, the U.S. government agreed to buy 500 tons annually per
producer at a fixed price of $8 per pound (between April 1, 1962 to December 31, 1966). By
1958 the U.S. government announced a revised procurement plan that placed a moratorium on
the signing of new supply contracts with domestic producers. Yellowcake would not be
purchased from reserves developed after November 1958. The U.S. government also announced
that it would not renew an option to take deliveries from Canadian producers.
In 1962, the U.S. government announced a "stretch out" program whereby U.S. mining
companies holding contracts which expired in 1966 would defer deliveries to 1967-68. It was
recognized that the anticipated commercial nuclear power program would need supplies from the
nation's uranium mines and the "phase out" program was designed to bridge this transition.6
When the last pound of uranium was procured by the U.S. government in 1971, the stockpile
held approximately 650 million pounds U3O8 for national security purposes.7
Policies encouraging uranium discovery and production in the former Soviet Union were even
more aggressive than those in the United States.8 The apparent lack of resources within the
borders of the Soviet Republics led the Soviet Union to exploit known resources in the eastern
bloc satellites of east Germany, Czechoslovakia, Hungary and Bulgaria. These resources were
recognized by the former Soviet Union toward the end of World War II and provided a major
incentive for Europe's post war division. Later, uranium was discovered in Ukraine, southern
Siberia and central Asia, and these deposits were developed with a national sense of urgency.
Entire cities were constructed,9 many not recorded on maps, solely to produce uranium for
Soviet military needs. Centres such as Krasnokamensk in south eastern Siberia were established,

5

Between 1942 to 1970, the U.S. procured about 650 million pounds of U3O8. The breakdown is 54% from the
U.S., 23% from Canada, 13% from South Africa, 9% from the Congo and 1% from other countries. (U.S.
Department of Energy).

6

The Ux Report. April 27, 1987. Page 2.

7

Potential Impact of Arms Reduction on LWR Cycle. Julian Steyn. Uranium Institute 1992 Symposium.

8

One Russian author described the atmosphere of the early post war years stating that "America's nuclear
monopoly made the problem of developing a counter-weapon a sword of Damocles poised over the Soviet
Union." Goleusova, Lyudmila. How It All Began. International Affairs Special Issue.

9

e.g. Zholty Vody, Krasnokamensk, Navoi, Shevchenko (now Aktau)

Market Impact of Military Material - G.W. Grandey
1995 CNA/CNS Annual Conference

page 4

often using convict labour, and promoted on the personal strength of current and former Soviet
heros such as S. Pokrovsky.10
Unlike the U.S., the Soviet Union's encouragement of uranium exploration and development
continued well into the 1980s, and the distinction between military and civilian purposes was
never clearly delineated. By the time the Soviet Union disintegrated, its uranium mines and those
of its satellite countries had produced at least 1.0 billion pounds U3O8.
Both superpowers dedicated their military stockpiles of uranium to the development and
production of nuclear weapons, fuelling nuclear naval vessels and research. Additionally,
uranium stocks were used in specially designed reactors for the production of plutonium, a more
desirable, albeit artificial, element for the production of sophisticated weaponry. While military
stockpiles of plutonium are still secret, they were estimated to be 115 tons plutonium in the U.S.
and 125 tons in the former Soviet Union at the end of 1990."
These immense military stockpiles of uranium and plutonium were, for most of their history,
classified, invisible to the public and ignored by the western commercial market. Until the spring
of detente, it was assumed that these stockpiles would remain in limbo, and be held by the two
governments for strategic purposes. All of this changed when the Cold War ended.

///

EFFORTS TO REVERSE THE TREND

In the late 1970s and early 1980s, it became apparent to military strategists, that the momentum
and zeal of the international arms race had led the superpowers to construct warheads and
delivery systems in quantities far greater than required for any imaginable confrontation. It is
estimated that the U.S., over the approximately 40 years of the Cold War, held a maximum of
13,000 strategic warheads and 11,000 tactical nuclear devices.12 Similarly, Russia was
estimated to have 11,000 strategic warheads and 22,000 tactical nuclear devices.13 The
superpowers commenced discussions to rationalize the rules of the race.

10

Recipient of several "Order of Lenin" awards and Chairman of Priargunsky Kombinat, Krasnokamensk, Chita
Region, Russian Federation

11

Nucleonics Week. March 4, 1993. Page 17.

12

Nukem Report. October, 1993.

13

Nukem Report. October, 1993.
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The first identified need was to limit the spread of nuclear weapons. Weapons states and nonweapons states entered into the first non-proliferation treaty (NPT) in 1970.14 Signatories to the
treaty, other than the five weapons states, promised to forego the development of nuclear
weapons for assurances of security and access to peaceful nuclear technology.15 The NPT was
reviewed on five year intervals (1975, 1980, 1985, and 1990). In May 1995, 25 years after its
entry into force, a Canadian resolution to continue the NPT in force indefinitely was adopted.16
During its tenure the NPT has been supplemented with numerous bilateral agreements between
countries providing for additional controls on the use of uranium and other nuclear materials.17
By 1962, it was recognized that the vast nuclear arsenals held by the U.S. and the former Soviet
Union made nuclear war between them virtually unthinkable. In that year, the Soviet leader
Khrushchev installed intermediate-range nuclear missiles in Cuba as a means of countering an
emerging U.S. lead in developing and deploying strategic missiles. President Kennedy warned
that any attack from Cuba would be regarded as an attack by the Soviet Union and would be
responded to accordingly. During the crisis, the two sides exchanged many letters and other
communications and the world was brought to the brink of a nuclear disaster. In the end,
Khrushchev agreed to withdraw the missiles from Cuba in exchange for a U.S. promise not to
invade Cuba.
Out of this confrontation, the doctrine known as "mutually assured destruction" was developed.
The two super powers sought a limited detente that made possible two modest but significant
arms control agreements: the Limited Test Ban Treaty and the Hotline.18
The first is a treaty which prohibits nuclear weapons tests or any other nuclear explosion in the
atmosphere, in outer space and under water. The latter is the first bilateral arms control
agreement between the U.S. and the Soviet Union. The Hotline enabled leaders from the two
countries to communicate directly to reduce the danger that an accident, miscalculation or
surprise attack might trigger a nuclear war.19
14

NPT signed July 1, 1968 and entered in force on March 5, 1970. Arms Control Fact Book. Dennis Menos,
1985. Page 32.

15

New York Nuclear Company Handbook. Page 82.

16

Globe & Mail. May 11, 1995. Page A12

17

e.g. Tlatelolco Treaty 1967 (Latin America), Treaty of Rarotonga 1985 (South Pacific), Antarctic Treaty 1961 Uranium Institute NPT Handbook

18

Reluctant Warriors. Coit D. Blacker, 1987. page 94

19

Arms Control Fact Book. Dennis Menos, 1985. Pages 21, 22, and 26.
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The Hotline seemed to support the proposition that the leaders in the Soviet Union and the U.S.
were coming to accept the a nuclear exchange could not be won.
In addition, treaties were negotiated to ensure that neither side obtained an advantage through
the development of counter measures such as anti-ballistic missile systems.20 In this regard,
President Reagan's "Star Wars" program was seen by the former Soviet Union as destabilizing
and threatening since it promised to diminish the efficacy of the Soviet military arsenal.21
Prior to the end of the cold war, efforts by the U.S. and the former Soviet Union to maintain
a strategic balance were characterized by lengthy, difficult negotiations. These resulted in narrow
agreements establishing upper limits on weapon categories: the SALT I Agreement in 1972, and
the SALT II Treaty in 1979. No effort was made, in these treaties, to reduce the size of the
respective arsenals.22

IV

THE FALLOUT FROM DETENTE

The Gorbachev liberalization of the 1980s allowed the superpowers, for the first time, to
contemplate a reduction in the number of strategic missiles. In 1991, the START I treaty was
signed which limits and reduces the amount of strategic warheads and missiles that each side can
hold. With this agreement, the former Soviet Union concluded that there was no longer a need
for the production of large quantities of uranium, and, the release of the eastern bloc satellites,
led to an abandonment of these extensive uranium production centres.23 Production which had,
theretofore, gone to the Soviet military was freed to enter western markets. A similar, but
slightly delayed, development occurred with respect to former Soviet Union production centres.
Thus, the initial market impact from the change in the international military paradigm was
evidenced by the appearance of Soviet and eastern bloc uranium production in the west.24 Prices
in western markets responded to these new supplies by plunging from over $16.00 (US) to $7.25
(US), and concerned western producers obtained quotas from their respective governments

20

Arms Control Fact Book. Dennis Menos, 1985. Page 5.

21

Arms Control Fact Book. Dennis Menos, 1985. Pages 5 and 6.

22

The Guide to Canadian Policies on International Peace and Security. Jane Boulden & David Cox, 1994. Pages
37 and 38.
Soviet support was withdrawn from Wismut in East Germany, Diamo in Czechoslovakia and Mecsek Uran Ltd
in Hungary. These centres have struggled, in some cases unsuccessfully, to redirect production to the western
markets.

4

Eastern Bloc, including Soviet supplies, first made their appearance in western markets about 1988.
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limiting the sales of former Soviet republic uranium in the western market. In the U.S., the
quotas are contained in agreements suspending the anti-dumping action initiated by U.S.
producers and are referred to as Suspension Agreements. Gradually, much of this eastern bloc
and Soviet production has been curtailed23 as economic forces have taken their toll much like
the toll that was taken on western production centres in the 1980s.26
The breakup of the Soviet Union meant that four independent republics - Russia, Ukraine,
Belarus and Kazakhstan - had nuclear weapons on their territory. Russia assumed the START
I treaty responsibilities of the former Soviet Union, and a separate agreement was concluded with
the other three republics to ensure that the weapons on their territories would be eliminated.
Under the Lisbon Protocol, signed by the four former Soviet republics and the U.S. in May
1992, Belarus, Ukraine and Kazakhstan agreed to transfer the weapons on their territory to
Russia, where they are subject to the START I treaty, by the end of the seven year
implementation period. In addition, Belarus, Ukraine and Kazakhstan agreed to join the NPT as
non-weapon states; a commitment now fulfilled by all three republics. The U.S. and Russia
agreed to further reductions in nuclear weapons in a new treaty referred to as the START II
treaty signed in 199327 but not yet ratified by the U.S. Senate or the Russian Parliament.28
While the START treaties contemplate the dismantling of delivering systems and missiles, neither
treaty provides for the dismantling of nuclear warheads. This step was left to an agreement
reached between Presidents Clinton and Yeltsin in the early part of 1993.

V

THE ELIMINATION OF STRATEGIC NUCLEAR MATERIAL

Efforts to reduce stockpiles of strategic nuclear material were a natural consequence of the
dismantling of missiles.29 A sense of urgency, however, was added upon the disintegration of

25

Numerous east bloc and former Soviet Union production centres have shutdown, e.g.Wismut and Aktau, Hamr
is on standby. Others have announced pending closure e.g. Hungary, Bulgaria, and Uzbekistan (phaseout of
conventional mines 1995-96).

26

U.S. production facilities have dropped from 34 in 1980 to 8 in 1992. The experience has been similar, albeit
less dramatic, in Canada and elsewhere.

27

The Guide to Canadian Policies on International Peace and Security. Jane Boulden & David Cox, 1994. Pages
37 and 3 8 .

28

Reuters, M a y 18, 1995.

29

"The idea for buying the Soviet-enriched uranium and paying for it with savings generated by the Energy
Departments's not having to produce uranium to meet its commitments to commercial-reactor operators was the
brain-child of Thomas Neff, an M I T physicist.'Chicago Tribune, February 7, 1993. Section 1, Page 3 .
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the former Soviet Union. Fears that the ensuing chaos would result in a loss of control over these
materials caused the governments to address the existence of the no longer needed strategic
materials. Efforts by countries such as Iraq and North Korea to acquire nuclear weapons at any
cost, have added to the sense of urgency.
A government to government agreement between the U.S. and Russia for the dismantling of 500
metric tonnes of Russian highly enriched uranium (HEU), derived from the dismantling of
nuclear weapons, was signed in February, 1993.^
In January 1994, an implementing agreement (referred to as the HEU agreement) between the
United States and the Russian Federation was executed.31 The Russian material, estimated to
be approximately 40% of the Russian HEU stockpile,32 is to be dismantled and blended down
over a period of twenty years for use in civilian nuclear energy plants. Initial rates for blending
are approximately 10 tonnes HEU per year during the first five years, expanding to
approximately 30 tonnes per year for the next 15 year period.33 At first, natural uranium was
contemplated as blending material; however, to preserve the previous investment in enrichment
and because HEU from military weapons contains various contaminants, the Russians have
elected to blend with slightly enriched uranium tails resulting from their enrichment complex.34
For the time being, the remainder of the Russian military stockpile is held for strategic purposes.
The blended Russian material, which is to be delivered to the United States Enrichment
Corporation (USEC) as the designated U.S. executive agent, will be in the form of 4.4% low
enriched uranium (LEU)35. At the initial rate of 10 tonnes HEU per year, the equivalent natural
uranium content represented by the LEU is approximately 8 million pounds U3O8 (3,077 tonnes
U).36 When the program expands to 30 tonnes HEU per year, the equivalent natural uranium
content will be three times as large or approximately 24 million pounds U3O8 per year (9,231

30

The Highly Enriched Uranium Extracted from Nuclear Weapons Agreement between the U . S . and Russian
g o v e r n m e n t s was signed in February 1993 by Major General (Retired) William F. Burns and Viktor Mikhailov.
NuclearFuel M a r c h 1, 1993.

31

Implementing Agreement for the Disposition of Highly Enriched Uranium Extracted from Nuclear Weapons
(HEU) Agreement signed o n January 14, 1994 by William Timbers and Victor Mikhailov.

32

N u k e m Report. October 1993.

33

H E U A g r e e m e n t , January 1994

34

UI T r a d e Briefing, Nuclear Fuel Disarmament, 1994. Page 3 .

35

Nucleonics W e e k , January 17, 1994. Page 1.

36

10 m e t r i c tons H E U blended d o w n to 4 . 4 % U-235 at tails assay of 0 . 3 %
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tonnes U).
Deliveries of LEU derived from Russian HEU were to begin in 1994, however, the
contamination problem proved to be more difficult than anticipated and no deliveries have been
made thus far. According to recent reports, however, the technical problems have been.overcome
through a combination of purification and blending.37 Deliveries are now anticipated in the
second quarter of 1995.
The HEU Agreement provides that the executive agents for the United States and Russia meet
annually to negotiate prices for the uranium component and for the enrichment component of the
LEU to be delivered each year. The annual quantities (i.e. 10 growing to 30 tonnes) are stated
as minimum quantities and the parties have agreed to use their best efforts to increase the rate
of HEU conversion and delivery. Failure to agree upon prices results in a continuation of the
existing price for one year. Thereafter, continued failure to agree upon price enables either party
to terminate the HEU Agreement. Thus, the security objectives of the HEU Agreement can be
defeated by the failure of the executive agents to agree on commercial terms.38 This commercial
aspect has become increasingly important as the time for delivery draws near and as efforts have
been initiated to privatize the U.S. executive agent (i.e. USEC).
The first agreement on pricing was reached in January, 1994, with the U.S. agreeing to pay
Russia $82.10 per SWU for the enrichment component and $28.50 per kilogram U for the
natural feed component of the LEU.39 First quantities of HEU were ordered by the U.S.
executive agent but, as mentioned above, deliveries have been delayed. Recently, the U.S.
executive agent has sought to promote its economic self interest by trying to significantly reduce
the price to be paid to Russia for the two components. The Russian Federation has refused to
agree to any reduction in price since one of the underlying principles of the HEU Agreement is
that the transaction should not give either party a commercial advantage.40 Indeed, Russia has
threatened termination of the HEU Agreement if USEC persists in its attempts to lower prices.
Termination of the HEU Agreement, however, would not necessarily stop the conversion of
HEU to LEU and its sale in western markets. Even under the HEU Agreement, sales of HEU
to others is permitted, and at least one such sale has been arranged.

37

Ux Report. March 2 7 , 1995. page 1.

38

H E U Agreement, January, 1994.

39

Nuclear Fuel-Special Issue, January 17, 1994. Page 1.

40

T h e H E U Agreement contemplates that the prices paid to Russia will reflect market values adjusted for both
changes in market and inflation. The initial prices agreed to seem to adhere to this principle. Subsequent
demands by USEC have significantly deviated from this understanding, causing Russia to balk at a continuation
of the agreement.
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The proposed dismantling of weapons also promises to release large quantities of weapons grade
plutonium and make the further production of plutonium unnecessary. Indeed, the United States
suspended its plutonium production in 1994.41 Russia continues its plutonium production as a
byproduct of electricity generation; but promises to cease making plutonium when replacement
electricity generation can be assured.42 Current U.S. and Russian policies are directed at
identifying plutonium stocks, which remain secret to date, and either isolating them for disposal
or using them as a future energy source. The U.S. administration prefers isolation and eventual
disposal,43 while Russia favours extracting the usable energy in its nuclear power plants.44
While no agreement exists requiring the blending down of U.S. highly enriched uranium, an
underlying premise of the Russian HEU Agreement was that Russian efforts would be met by
a U.S. reduction. A study conducted by the U.S. Department of Energy, now in the final stage,
will ascertain the amount of the U.S. stockpile which is excess to strategic needs.45 Preliminary
reports range from approximately 40 tonnes HEU to approximately 200 tonnes, the latter being
approximately 40% of that agreed to be converted by Russia. Without knowing the average
enrichment level of the U.S. HEU and its form, the contained uranium equivalent is impossible
to predict. The rate U.S. HEU becomes available to the market is equally difficult to estimate
because the U.S. lacks adequate blending facilities.
Other weapons states hold stockpiles of HEU and plutonium.46 To this point, none have
announced any intention to reduce their strategic stockpiles.47 Nevertheless, if non-proliferation
and disarmament efforts continue, it can be anticipated that the stockpiles of other weapons states
will be reduced over time.

41

T h e U . S . produced plutonium from 1945 to 1993. U . S . Department of Energy

42

U r a n i u m Exchange Report, M a r c h 2 7 , 1995. Page 1.

43

44

45

46

N Y N C O Handbook, page 4 4 .
N Y N C O Handbook, page 4 4 .
FreshFuel, N e w York Nuclear Corporation. May 1, 1995. Page 6.
e.g. the UK (11 tons P U ) , France (6 tons PU) and China (2.5 tons PU). Also, Israel and India hold small
amounts of plutonium. Nucleonics W e e k , M a r c h 4 , 1993. Page 17.

47

South Africa, which is not considered a weapons state, announced that it had voluntarily dismantled its nuclear
weapons before it signed the N P T in July 1991. NuclearFuel, M a r c h 2 9 , 1993. Page 6.
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MARKET IMPACT OF MILITARY MATERIALS

At the time the HEU Agreement was entered into, the principal focus of the U.S. and Russia
was on the reduction of weapons grade material. It was recognized, however, that the
introduction of this material into the commercial market, particularly the enrichment component
of HEU, should be done in a non-disruptive manner. The phrase "market neutral" was used to
describe the impact of the HEU Agreement on the commercial markets. The actual language of
the HEU Agreement states that USEC "... shall use the LEU converted from HEU is such a
manner so as to minimize disruptions in the market and maximize the overall economic benefit
for both parties."48 How this is to be guaranteed is not set out, nor is the relevant "market"
defined. However, since both uranium and enrichment are marketed world wide, it is reasonable
to assume that the parties intended the world market, notwithstanding U.S. government
jurisdiction, applies only within U.S. borders.49 With respect to the natural feed component,
the early assumption was that it would be used for overfeeding in the U.S. enrichment plant and,
for that reason, would not be a factor in the market. Unfortunately, this fundamental assumption
turned out to be incorrect. Overfeeding is not economical.
The potential market impact of U.S. military material was also of concern to U.S. producers of
uranium and enrichment. The Energy Policy Act of 1992 mandates that any sales of U.S.
military stocks would also be done in a non-disruptive manner, at least through 1998.50 It is
likely that the "non-disruptive" language contained in the Energy Policy Act formed the basis
of the similar statement made in the HEU Agreement. The Energy Policy Act provides no more
guidance as to how the mandate is to be accomplished than the HEU Agreement. USEC has
recently begun to make some sales of low enriched uranium. Whether this is U.S. military
material or not has not been disclosed by USEC.
As mentioned previously, the U.S./Russian HEU agreement requires annual negotiation of the
prices for the HEU enrichment component and the feed component. USEC and Tenex, as the
executive agents under the agreement, then agree upon quantities to be delivered for the year.
Failure to agree upon price extends the current price for one year. Thereafter, either party can
terminate the agreement.
When the HEU agreement was negotiated, USEC recognized that the feed component might be
subject to the restrictions or quotas of the Russian suspension agreement. To protect itself in the
event the feed component could not be overfed, USEC agreed to pay for the feed at the end of

48

HEU Agreement, page 6.

49

Since uranium is largely tangible and is not influenced, to any great degree, by transportation costs, sales in one
region of the world will affect sales and prices in all other regions.

50

1992 U.S. Energy Act, Title X, Subtitle B, Section 1013.
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the implementing agreement in 2013, or earlier, if the feed component were used for overfeeding
or sold. Under the agreement, even if the feed component is not paid for, USEC controls it -a most unfair arrangement for Russia, which relinquishes a valuable asset for no consideration.
The provision has created a great deal of tension between the executive agents and threatens the
continuation of the HEU Agreement. Discussions are now underway to explore alternatives for
the treatment of the feed component.
The actual impact of U.S. and Russian military material on the international uranium market will
depend upon how the material enters the market. If it is liquidated in the spot market, the results
promise to be devastating. Annual quantities traded in the spot market range between 27 and
million pounds U3O8.51 Potential HEU supplies from Russia alone could constitute between 30%
and 90% of the 1994 spot market volumes. Thus, HEU supplies sold, even in limited quantities
in the spot market, would completely unbalance the market leading to price weakness or
collapse. The oversupply which has been persistent in the spot market for the last fifteen years,
would continue for the foreseeable future.
On the other hand, if Russian HEU supplies are permitted to enter the long-term market much
like a new uranium mine would enter the market, then the supplies are needed and can be easily
handled.
Since neither U.S. nor Russian military materials have yet entered the market, their impact, to
date, has been psychological. The various agreements affecting these materials are not well
understood, and the existence of the reported large quantities has served to dampen price
expectations as well as production decisions. Some utilities have actually delayed procurement
decisions because of the perceived early availability of significant quantities of military material.

VII

RESPONSES TO POTENTIAL MARKET IMPACT

Coincident with the early discussions about dismantling weapons and disposing of highly
enriched uranium in the civilian market, U.S. producers, as previously mentioned, had filed an
anti-dumping petition seeking to limit the amount of uranium shipped from the former Soviet
Union to the U.S. market.52 The U.S. producers' efforts were directed at non-military material
and the U.S. Department of Commerce's (DOC) International Trade Administration preliminarily
determined that HEU was not within the scope of the anti-dumping action.

51

Uranium Exchange

52

A coalition of U.S. uranium producers including members of the Uranium Producers of America, and the Oil,
Chemical and Atomic Workers Union filed on November 8, 1991.
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Thus, LEU derived from Russian HEU would not be subject to any duties resulting from the
producers' petition. Following a preliminary determination by the U.S. DOC in favour of the
U.S. producers, the former Soviet Republics53 which produced uranium, entered into the
suspension agreements which authorized imports to the U.S. from the respective republics in
accordance with a variety of quota mechanisms. At this time, the U.S. DOC clarified the scope
of the anti-dumping investigation between the preliminary determination and the signing of the
suspension agreements to include HEU.54
The suspension agreement with Russia expressly permitted the import of LEU from Russian
HEU to the extent it was derived from the destruction of weapons which predated the HEU
Agreement. This permission was granted on the basis that it was in the public interest because,
among other things, the feed component could not be resold in the U.S. market until the
termination of the suspension agreement.55 U.S. producers took comfort in this conclusion, but
USEC, as the U.S. executive agent under the HEU Agreement, soon began to assert that Russian
LEU from HEU and the feed component could be sold freely subject only to the nebulous market
"neutrality" restriction in the HEU Agreement.56 While the basis of USEC's assertion was
never articulated, it, in all probability, lies with the fact that the prohibition on feed component
resale is a public interest finding in the suspension agreement, not a clearly binding restriction.
USEC could argue that no harm would be done by ignoring one public interest finding since
there were four others which might exempt Russian LEU from HEU from U.S. dumping duties.
The original Russian suspension agreement has been amended one time,57 extending the
effective date until 2004 from 2001. Since the amendment did not address Russian LEU from
HEU, the effect of this extension on the duration of the resale prohibition is uncertain;
moreover, there is no assurance that the suspension agreement will fully terminate in 2004
without being extended or replaced by a successor agreement.

53

54

Midway through the dumping action, the Soviet Union disintegrated. T h e DOC determined that the action would
continue against each one of the former Soviet republics which had produced u r a n i u m . M e m o r a n d u m to Alan
D u n n from Francis Sailet, M a r c h 24, 1992.
N e w s Release from Ad H o c Committee of Domestic Uranium Producers and the Oil, C h e m i c a l , and Atomic
W o r k e r s International Union. October 19, 1992. and U . S . Energy Awareness Council Information Sheet.
October 19, 1992.

55

Russian/United States Suspension Agreement, Section IV M.2.(2)

56

FreshFuel, N e w York Nuclear Corporation, May 2 9 , 1995. Page 2.

57

A m e n d m e n t to the Agreement Suspending the Anti-dumping Investigation on Uranium from the Russian
Federation, M a r c h 1 1 , 1994.
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The amendment to the Russian suspension agreement authorized the import of non-military
Russian uranium into the U.S. for sale, to the extent it is sold (i.e. matched) with an equal
quantity of newly mined U.S. production.58 The DOC explained this as an effort to provide
Russia with additional access to the U.S. market while, at the same time, supporting the
struggling U.S. producers.59 The amendment was welcomed with scepticism by U.S. producers,
and viewed with alarm by non-U.S. producers since they could not participate in the "matching"
program. The regulatory discrimination seemed an obvious violation of the North American Free
Trade Agreement60 as well as the recently renegotiated GATT agreement. The governments of
Canada, Australia and Namibia registered protests objecting to the advantage provided U.S.
producers in the U.S. market.61
Canada and other countries with significant investments in uranium production and other fuel
cycle facilities, had become increasingly concerned about the potential market impact of CIS
supplies, including those from dismantled weapons. When the "matching" mechanism was
announced and it became apparent that a portion of the U.S. market was being reserved for U.S.
producers, Canada could have elected to request equal treatment allowing Canadian producers
to also match sales of Russian imports in the U.S. market. However, Canada realized that this
would simply allow additional Russian supplies to enter the U.S. market, further suppressing
prices. Moreover, it was likely that Australia, Namibia and other GATT signatories would,
likewise, win rights to match. Consequently, Canadian officials decided to tackle the underlying
issue and raise, directly, with the U.S. government, the need to regulate the introduction of
military material into the market to protect the significant investments made in fuel cycle
industries by governments and the private sector over the last 40 years. Military materials had
been accumulated over a period of approximately three decades. Canada argued that a similar
period should be adopted for their introduction into the market.
U.S. officials agreed that the impact of the "matching" mechanism on Canada and other
countries could only be judged in light of the total quantity of Russian uranium, including LEU
from HEU, authorized to enter the U.S. market. Preliminary discussions, however, bogged down
in bureaucratic paralysis. Given the importance of the issue to Canada, Prime Minister Chretien
requested Vice President Gore to provide direction to the various U.S. agencies involved in the
uranium issue. The Vice President agreed and lent his office to finding a balance between

58

U . S . D O C News Release, M a r c h 14, 1994. Page 1.

59

U . S . D O C News Release M a r c h 14, 1994. Page 1.

60

Article 2006 of the North American Free Trade Agreement

61

Minister o f T r a d e , M a c L a r e n , filed a letter dated M a r c h 18, 1994 with the U . S . Trade Representative Kantor
requesting consultations under Article 2006 of the N A F T A regarding C a n a d a ' s concerns about the recent U . S . Russia Agreement Suspending the Anti-dumping Investigation on Uranium from the Russian Federation.
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strategic and commercial interest. Over the course of the fall and winter of 1994, several
understandings were reached about the meaning of the Russian suspension agreement and its
jurisdiction over military material. The Canadian side was represented by the Ministry of
Foreign Affairs and Trade as well as by the Ministry of Natural Resources. The U.S. side was
represented by the Departments of State, Commerce, and Energy, the Office of the U.S. Trade
Representative and USEC. The efforts by Canada and the United States to arrive at a clear
definition of the treatment of military material were supported by other countries with
investments in the nuclear fuel cycle, such as Australia, Namibia and the European Union.

VIII

CURRENT STATUS

The discussions between Canada and the United States resulted in certain assurances being given
concerning the Russian suspension agreement. In particular, the U.S. assured Canada that:
(i)

the annual quota volumes for "matching" would not be increased over
present levels;

(ii)

the anti-circumvention provisions of the suspension agreement would be
vigorously enforced;

(iii)

the "matching" mechanism would not be extended to other CIS Republics;
and

(iv)

the natural feed component of the Russian HEU could be used for "over
feeding", could be sold outside the U.S. market, but could not be sold in
the U.S. market prior to the termination of the suspension agreement.

With these assurances, Canada agreed to suspend its NAFTA challenge, thus, accepting the
"matching" mechanism even though it slightly reduced the market share available to Canadian
producers.
The assurances were given concurrently with the February, 1995 visit of President Clinton to
Canada and were evidenced by an exchange of letters between Minister MacLaren and Under
Secretary of State, Lynne Davis, as well as between Ambassador Chretien and USTR Mickey
Kantor.
At the very time the U.S. government was providing the assurances to Canada, however, USEC,
a participant in the negotiations leading to the assurances, was preparing legislation which would
reverse the assurances. USEC introduced a bill in the U.S. House of Representatives as part of
the U.S. budget process, arguing that USEC's pending privatization would be enhanced if it were
exempt from the restrictions of the Russian suspension agreement and authorized to sell, without
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restriction, the natural uranium feed component of HEU. 62
Even though USEC can delay payment for the feed component until the year 2013, unless it is
earlier used for "over feeding" or sold, USEC argued that the ultimate requirement to pay would
be viewed as a burdensome, contingent liability, detracting from its ability to privatize. USEC's
arguments ignore provisions of the HEU Agreement which, with USEC consent, allow the
Russians to request the return of the feed component, thus giving USEC a chance to shed the
liability. USEC arguments also fail to acknowledge that the liability is offset by the asset, thus
having very little impact on USEC's balance sheet or its privatization chances.
USEC's arguments and efforts in the U.S. House, following complaints by Canada and U.S.
producers that an exemption from U.S. trade law was unfair, contrary to the recently given
assurances to Canada and contrary to U.S. trade policy. Not wanting to deal with complex issues
in a relatively short period of time, the House Committee having jurisdiction over the USEC
legislation, deleted the offensive provisions prior to acting on the bill.63 Corresponding
legislation for USEC's privatization is being developed in the U.S. Senate.64 USEC continues
to argue that it should be permitted to sell the material in the current market. It has, however,
acknowledged some need to address the concerns of U.S. producers and has offered, among
other things, to grant them a "first right to purchase" the feed component at the price negotiated
with Tenex. USEC does not limit any sale it might make to the same or a higher price if U.S.
producers elect not to purchase. Indeed, USEC has acknowledged that, if U.S. producers decline
to purchase the material, USEC could sell the material at a discount off the market price.
If USEC's proposal becomes law, it is quite likely that the feed component of HEU will be
directed into the spot market since neither USEC nor the producers could plan on the availability
of the material to service long term contracts. USEC would not know whether the U.S.
producers would buy nor would U.S. producers be able to rely on feed component supplies since
they would have no idea as to future prices. Thus far, USEC's proposal has generated support
among some U.S. executive agencies, although not among representatives of agencies involved
in the discussions with Canada. Canada is vigorously representing its interest in defence of the
assurances and has met, on several occasions, with representatives of the U.S. House of
Representatives, Senate and several agencies.
As the U.S. moves closer to declaring some of its military stockpile excess, U.S. and other
producers must remain equally vigilant. Here again, responsible government action would be to

62

The privatization of USEC was included in the budget in order to take credit for the value of USEC as part of
a Republican justification for a tax cut.

63

USEC privatization bill, H.R. 1216

64

Domenici bill to aid the privatization of USEC, S.755

Market Impact of Military Material - G.W. Grandey
1995 CNA/CNS Annual Conference

Page 17

introduce the U.S. material over time, keeping in mind the presence of large quantities of
Russian material in the market. Russia would not be pleased to see large quantities of competing
U.S. material in the market in the near term when Russia needs maximum value for its uranium
and enrichment sales. A 20-30 year introduction of U.S. stockpiles on a predictable schedule
would be appropriate if the market impact of this material is to be minimized.
It now appears that the ultimate market impact of military material will be decided by the U.S.
Administration and Congress. However, such efforts often get lost in bigger issues and are
frequently deferred. It would not be surprising to see the status quo represented by the Russian
suspension agreement and the assurances given to Canada, prevail for a time. If so, predictability
would last only until USEC or some other agency begins to stir the pot.

IX

CONCLUSION

The international uranium market is unique among industries affected by disarmament. Primary
uranium production is so far below consumption that the market can easily accommodate the
introduction of military materials. However, governments need to schedule their introduction
responsibly to avoid jeopardizing the multi billion dollar investments made in the private sector
over the past 40 years. Thus far, the only recognition of this responsibility is in the assurances
given U.S. producers and Canada. Unfortunately, these are already under attack by USEC for
a slight, but insignificant, commercial advantage. How this drama plays out will determine the
future of producers around the world and, for the time being, will continue to contribute to an
uncertain world uranium market.
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Abstract
In the core of any kind of electronuclear reactor using uranium fuel (LWR, VVER,
Magnox, CANDU), plutonium is an inevitable by-product of the nuclear reactions
(transmutation of U238 into Pu239). While part of this "native" plutonium is instantly
engaged in fission and participates in the nuclear electricity generation (up to 40% in
LWRs), there remains a small proportion of this element in the spent fuel. It must then be
managed.
When choosing to consider this plutonium as waste, one's energy policy is deprived of a
precious resource, since one gram of recycled plutonium generates as much electricity as
one ton of oil.
Moreover, one must not forget that the plutonium found in spent fuel, if not reprocessed
and recycled, must indeed be considered as a waste for which long-term management is
particularly delicate in view of its fissile properties, its lifetime and its characteristics of
radiotoxicity.
Another stance occurs in considering the possible use of plutonium as being exclusively
military, and therefore so dangerous that any civilian industry development based on its use
should be prohibited. A third stance, taken by many countries including France, consists
in choosing the civilian use and recycling of plutonium.
This paper will show how the European development of a mature reprocessing/recycling
industry contributes to offer the plutonium management issue, relevant solutions regarding
not only energy, environment and economy, but also proliferation risks.
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— Rio summit promoted the concept of sustainable development
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REPROCESSING - RECYCLING: A MATURE INDUSTRY

— The La Hague reprocessing plants are now operating at their nominal
capacity (« 1 600 t/year)
— International standards for reprocessing wastes are available
— The Mox fuel fabrication facilities are on line
— The "Moxification" of LWR's european reactors is progressing
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Switzerland, Netherlands

Cement

France, Japan,
Germany, Switzerland

Bitumen

France, Japan,
Germany, Switzerland

Cement

France, Japan,
Germany, Switzerland

Hulls and
end-fittings

Sludges
Technological
waste

Residues (waste packaged for finai storage) are processed:
— as genuine industrial products
— drawing upon demanding technical specifications approved by
international regulatory bodies
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MOX fabrication plants are ramping up
Active
start-up

tons
produced an 1994

Nominal
capacity

Dessel

1974

35

351

Cadarache

1964

20

30 t.

BNFL

1994

4

8t.

Melox

8/94

—

120 to 160 t.

g
SJ

s
s

a
o

I*

i§

1
s
zsoo/eo/i

1
o

o

2.600/eO/l

The number of "moxed" fuel reactors is growing

8

1995

estimated 2000

France

7

20 to 28

Germany

5

9 to 10

Switzerland

1

2 to 3

Belgium

1

2
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Tricastin
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Loaded reactors
Sl-Laurent: B1 (1987), B2 (1988)
Gravelines: B3 (1989), B4 (1989)
Oamplerre : 1 (1990), 2 (1993)
Le Blayais: 1(1994)

1 Licensed reactor cores
Dampierre 3 and 4
Tricastin 1,2, 3 and 4
Gravelines 81 and B2
LeB!ayais2

Technically capable reactors
Gravelines C5 and C6
Blayais 3 and 4
Chinon B1 to B4
Cruas 1 to 4
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Reprocessing plants
Recycling plants

•

Mox-loaded reactors
as of April 1995

•

"Moxabie" reactors
by the year 2000

•

Fast neutron reactors

BY YHIE YEAR 2000

Reprocessing capacities

2500 t/year

Number of "reprocessable"
1000 SVIW units

120

Recovered plutonium

20 t/year

Number of reactors
"feedable" with MOX fuel

about 50

Natural uranium savings

5000 t/year
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PU AS A WASTE?

— if plutonium is not reused as fuel, it remains in the spent fuel and has
to be disposed of.
— This approach has four major consequences:
• it leads to bury plutonium
• so, it increases the Pu toxicity of the nuclear waste (by 500)
• through enriched uranium units operation, more and more
Pu stockpiles are generated.
• and it raises safeguards concerns
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Each "moxified" reactor offers two distinct advantages:
it consumes and avoids to produce new plutonium
it degrades the isotopic composition of plutonium

FOR THE WAiRIOm flEACTOfl TYPES
Plutonium fissiie
isotopes content

90
Weapon-grade
Plutonium

80
Civii-grade
plutonium
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70

Candu
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30% Mox
(1st recycling)

60

100% Mox

100
Pu consumption rate
kg Pu tot/TWh
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Pu production rate
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IAEA Safeguards Under the Non-Proliferation Treaty
Bruno Pellaud
Deputy Director General
Head of the Department of Safeguards
International Atomic Energy Agency
Abstract
The conventional safeguards system of the IAEA depends strongly on nuclear material
accountancy. It is based on the concept that as long as all nuclear weapon-usable material
is accounted for and verified to be in peaceful activities, the world can be confident that it
is not used to produce nuclear explosive devices. Since weapon-usable nuclear material is
essential for any such device, a tight material control was considered to be sufficient to
verify non-proliferation.
As a result of Iraq, the safeguards community began to seriously re-think some fundamental
tenets of safeguards. Already in September 1991, the Director General of the IAEA told
the Board of Governors, that the Agency's safeguards system would have to undergo
strengthening in at least three areas to cope effectively with suspect cases: namely through
the access to additional information, through the unrestricted access to any relevant location
and through the strong support of the world community, explicitly the United Nations
Security Council.
Since the Summer of 1993, the IAEA has vigorously pursued a programme of development
aimed at strengthening its safeguards, the so-called "Programme 93+2". In its meeting of
March 1995, just prior to the NPT Conference in New York, the Board of Governors of the
IAEA has reiterated that the purpose of comprehensive safeguards agreements is to verify
that nuclear materials are not diverted. The verification should provide a credible
assurance of the non-diversion of nuclear material from declared activities and the absence
of undeclared nuclear activities. The Board recognized that a strengthened safeguards
system will benefit from technological development and will call for greater access to
relevant information and greater physical access to relevant sites.
As far as clandestine activities are concerned, one technical area that appears particularly
interesting is the application of environmental sampling for safeguards purposes. These
methods allow for chemical and isotopic analysis of minute samples (as small as 10'15 g)
which may be collected within declared facilities or away from nuclear facilities, e.g., water,
soil and biota samples, that might provide indications of clandestine activity. This method
has been and will continue to be used in Iraq. Several Member States have offered their
assistance in the conduct of environmental monitoring field trials and related technical areas
throughout 1994 and 1995.

The Treaty on the Non-Proliferation of Nuclear Weapons
Bruno Pellaud - Deputy Director General - International Atomic Energy Agency
Three weeks ago in New York City, the Treaty for the Non-Proliferation of Nuclear Weapons was
extended for an indefinite period. No one could even begin to imagine that the NPT would not be
continued, and yet there was a very palpable sense of relief when the Extension Conference agreed
upon the extension, after intensive debate.
As the pillar of the international non-proliferation regime, the NPT has focused world attention and has
provided a basis for nearly universal acceptance of its principles and obligations. Over its initial
operating period of twenty-five years, the world went from unchecked proliferation of nuclear weapons
to where further proliferation has become much less likely. The Treaty, and the international nonproliferation regime, has succeeded in almost every aspect but two: it is not yet universal, and of the
non-nuclear weapon States party to the Treaty, two - namely Iraq and the People's Republic of Korea
- have violated the Treaty's provisions and their safeguards agreements with the IAEA.
With its new lease on life, and the great changes that have occurred in international relations over the
past five years, it is time now to broaden the operational activities of the NPT and to carry out its fuller
purpose: the complete elimination of nuclear weapons. That goal will require success in three related
activities: 1) continue international efforts to assure that no more nations acquire nuclear weapons,
through any means; 2) apply comprehensive efforts to assure that no individual or group is able to
acquire nuclear weapons through illicit trafficking or the ingredients essential for their manufacture; and
3) dismantle all existing nuclear weapons, wherever they exist.

The NPT Extension Conference
As mandated in the Treaty, the Parties met after the first twenty-five years of operation of the NPT,
to review its implementation and to extend it according to the options provided in the Treaty itself.
In addition to States Parties to the NPT, a number of other States were afforded observer status, as were
approximately 100 non-governmental organisations representing a wide spectrum of views, but
essentially all favouring extension of the NPT. The Conference itself was preceded by a series of
preparatory conferences that served to pave the way on the administrative arrangements and rules for
reaching conclusions on the various issues addressed. The Conference was scheduled for the four-week
period starting April 17th and ending on May 12th, 1995.
The Conference noted the success of the NPT in relation to non-proliferation, but the Conference was
marked by the concerns regarding progress towards disarmament, and the sense of institutionalising the
permanence of the nuclear weapon State status under the Treaty. In relation to the role of the NPT as
a pillar for nuclear disarmament, the Conference commended the progress made in the bilateral arms
reduction treaties between the United States and the Russian Federation (and with Belarus, Kazakstan
and the Ukraine, where applicable), reaffirmed the goals of nuclear disarmament and called upon all
parties to accelerate their efforts in that regard, and urged further negotiations on the nuclear test ban
treaty and on the treaty on fissile material production cut-off. South Africa spearheaded efforts to
pressure the weapon States into accepting the collective commitment of the NPT community to maintain
the current momentum and engage all five weapon States in complementary efforts leading to the
ultimate elimination of nuclear weapons.

Thanks to the diplomatic skills and the extraordinary engagement of the President of the Conference Ambassador Dhanapala of Sri Lanka - the indefinite extension passed without a vote by acclamation.

In addition to the unlimited extension of the Treaty, the Conference endorsed two decisions proposed
by the President. The first deals with "Principles and Objectives for Nuclear Non-Proliferation and
Disarmament", a fundamental document that addresses important aspects of the Treaty related to
universality, non-proliferation, nuclear disarmament, nuclear-weapon-free zones, security assurances,
safeguards and peaceful uses of nuclear energy. The second decision reshapes significantly the
organization of the Review Conferences held every five years unter the Treaty. From now on, the
agenda for the preparatory meetings that precede a Review Conference will include an assessment of
the compliance by parties with the Treaty obligations, as well as with those formulated in the
"Principles and Objectives". Annual preparatory meetings will start three years before a Review
Conference. Whereas these two decisions have no legally binding character, their political importance
should not be underestimated: it has even been suggested that if the review process reveals insufficient
progress towards the established "Principles and Objectives", some States may reconsider their
adherence to the Treaty.
However, several States carried their dispute into the general debate and prevented agreement on a Final
Declaration of the NPT Review and Extension Conference. The lack of such a Declaration,, although
regrettable, has little practical consequence; there was wide agreement on most aspects of the
Declaration and steps will be taken to implement those recommendations where agreement was not
contested. Without any doubt the Conference was an important milestone. Although it ended after four
weeks of intensive discussions without agreement on a final document - as it has happened several
times in the past - it confirmed the indefinite continuation of the Non-Proliferation Treaty, thereby
contributing to the political climate necessary for further steps towards nuclear arms limitation and
disarmament.

NPT and progress in nuclear disarmament
In a sense, it almost seems as if the NPT negotiators of the sixties anticipated that world events would
ultimately create a situation in which the promise of nuclear disarmament could become reality. It is
unlikely that anyone could have foretold that the end of the first twenty-five years of the operation of
the Treaty would mark the near complete success of its non-proliferation role and the beginning of
significant strides towards disarmament. The self-promises and exhortations set forth in the NPT
Preamble establish the Treaty as a pillar for future efforts to realise nuclear disarmament and in a sense,
defines the agenda under this emerging dimension of the Treaty. Two excerpts to illustrate such
prescience:
"Recalling the determination expressed by the Parties to the 1963 Treaty banning nuclear weapon
tests in the atmosphere in outer space and under water in its Preamble to seek to achieve the
discontinuance of all test explosions of nuclear weapons for all time and to continue negotiations
to this end...."
•

"Desiring to further the easing of international tension and the strengthening of trust between States
in order to facilitate the cessation of the manufacture of nuclear weapons, the liquidation of all

their existing stockpiles, and the elimination from national arsenals of nuclear weapons and the
means of their delivery pursuant to a treaty on general and complete disarmament under strict and
effective international control, ..."
The call to establish effective measures in the direction of nuclear disarmament poses indeed the next
great challenge beyond the NPT. Negotiated reductions between weapon States of existing weapon
inventories is certainly one effective measure leading to nuclear disarmament, and a comprehensive test
ban on nuclear explosions is clearly another. Controls on fissile materials represents another avenue
that will become increasingly important as the numbers of nuclear weapons remaining decreases.
On the most explicit of the NPT preamble exhortations, the United Nations Conference on Disarmament
is negotiating in Geneva the text of a comprehensive nuclear test ban treaty (CTBT). A rolling text
of some 100 pages is under consideration, and the momentum established is expected to see it through
to completion in 1996.
Four global monitoring systems are foreseen to detect explosions in violation of the treaty's provisions.
The four systems would be:
1.

A worldwide network of seismic stations incorporating stations that currently exist;

2.

A hydroacoustic monitoring system to detect underwater detonations;

3.

An infrasound monitoring system to detect atmospheric tests; and

4.

A radionuclide monitoring system that could detect leaks from underground or underwater tests,
as well as releases from atmospheric tests.

The first three of these monitoring systems will generate continuous data streams that will require an
extraordinary telecommunications and data processing capability to receive, collate and analyse the data
for trends or other indications, and to provide the data to States party to the treaty for their own
analyses and evaluations. This ambitious fourfold verification system could be extemely expensive.
Two types of inspections are likely to be provided in the nuclear test ban treaty, one for situations in
which there is suspicion that a nuclear test may have occurred, the other as a routine screening of large
scale conventional explosions, carried out in the mining industry, for example. The mechanisms
through which either type of inspection would be carried out are not yet finalised, but challenge
inspections instigated by States rather than verification authority are likely to be included.
One of the issues that has yet to be agreed is whether, or to what extent, the IAEA will have a role in
verifying the nuclear test ban treaty. On the positive side, assigning the nuclear test ban verification
role to the IAEA would be substantially less expensive and the IAEA could expand to accommodate
the new mission far more quickly than a new organisation could come on line. Moreover, having a
single organisation involved in the verification of all matters relating to non-proliferation and nuclear
disarmament would provide a central focus and enable cost sharing and technology sharing, where
appropriate. Through the implementation of comprehensive IAEA safeguards such as under the NPT,
the IAEA in effect already verifies a comprehensive nuclear test ban in non-nuclear weapon States, and

already has the authority to investigate suspicious activities anywhere within the territory of non-nuclear
weapon States, as might arise in the preparation of a nuclear explosive test facility, for example.
Besides the comprehensive nuclear test ban, controls on weapons grade fissile materials could provide
several possibilities for "effective measures in the direction of nuclear disarmament." Two such efforts
are underway. The first addresses fissile materials rendered surplus from military applications in
conjunction with arms reductions. President Clinton announced last autumn that the United States
would submit such surplus fissile material to inspection under its existing safeguards agreement, with
a pledge not to withdraw that fissile material for use in nuclear weapons thereafter. The United States
has examined its needs, and for the moment, has concluded that 200 tonnes of fissile material are now
surplus to its defence requirements. The IAEA has started to apply safeguards on fissile materials at
Oak Ridge and Hanford, and steps are underway to expand IAEA safeguards to additional sites and to
increasing amounts of material. Much of the surplus fissile material in the United States will be in the
form of warhead components, once agreement is reached on verification schemes that will not disclose
weapon secrets.
This effort is a voluntary unilateral undertaking by the United States. It stands as a model for other
nuclear weapon States, either to come forward with similar initiatives, or to negotiate such an
arrangement as a binding obligation on all NPT nuclear weapon States.
The fissile material released from military stockpiles will come on top of the civilian inventories of
such materials, in particular for plutonium. For the sake of non-proliferation, the IAEA believes that
such inventories must be drastically and rapidly reduced. Without question, diluted enriched uranium
and plutonium could without delay be consumed in existing light water reactors as mixed-oxide fuels.
The pace of consumption could be greater in CANDU reactors, in high temperature gas-cooled reactors
or in new reactors cooled by liquid sodium. A number of novel ideas have been advanced that could
eliminate most of the plutonium without creating more, but these ideas would involve extensive
development which would delay the disposition of the stockpiles of surplus plutonium.
Getting rid of the existing military stockpiles is only part of the nuclear materials solution. Stopping
their growth would also make sense. In March 1995, the United Nations Conference on Disarmament
in Geneva, passed a mandate to begin negotiations of a treaty banning further production of fissile
materials for use in nuclear explosives. This treaty is intended to engage the five NPT nuclear weapon
States, plus India, Israel and Pakistan, in a compact that would cap existing stocks and thereby end the
continuing nuclear arms race throughout the world. Beguilingly simple in concept, there are a number
of complexities that promise to prolong the negotiations. Chiefs among these are the existing stocks
of fissile materials and their fate, the scope of verification in civilian activities such as nuclear plants,
the technical requirements for verification relating to declared and potential clandestine facilities, nonexplosive uses of fissile materials especially in naval reactors, tritium production facilities and the
operational status of facilities once used for military production purposes. The IAEA has been
requested by the United Nations General Assembly to lend support to the development of the
verification system for this treaty, and as the measures are likely to very closely resemble the
safeguards measures applied to verify that non-nuclear weapon States do not divert or produce fissile
materials for use in nuclear explosives, or for purposes unknown, it is likely that the IAEA will be
assigned the verification responsibilities for the production cut-off.

The NPT at a cross-road
Recent years have shown outstanding success in international efforts to curb the proliferation of nuclear
weapons, most notably through the voluntary actions undertaken by South Africa, Argentina and Brazil,
and by other means in Iraq and the Democratic People's Republic of Korea. While those efforts have
not been wholly successful as yet, the expectations for the NPT now place the treaty at something of
a cross-road. To what extent will the non-proliferation pillar of the past remain, and to what extent will
the NPT serve as the pillar of the international nuclear disarmament regime that must now emerge to
fulfil the promises made in gaining acceptance of the treaty? To some extent, the future success of the
treaty in serving both needs, non-proliferation and nuclear disarmament, will depend on managing
limitations inherent in the treaty itself.
One limitation of the NPT that has been used by States such as India as a justification for not signing
the treaty is the special distinction accorded to the five states that had tested nuclear weapons before
1968. In comparison to chemical and biological weapons, there was never an expectation that nuclear
weapons would be eliminated in the near future, and the seeming permanence of the special status
afforded the nuclear weapon states has served as a divisive element in the operation of the treaty over
the years and as the principal argument used by those states who were reluctant to accept an indefinite
extension. For as long as nuclear weapons remain a fixture of international security, this disparity will
remain: it will only be eliminated through the complete and total elimination of nuclear weapons. But
until then, the disparity can be minimised through incremental progress towards the elimination of
nuclear weapons at intervals that show sustained progress, and continual pressure on the nuclear weapon
states to keep the pace progressive and the increments substantive.
Another limitation of the treaty is the manner in which crises have been managed under the NPT. Iraq
violated the treaty and its IAEA safeguards agreement with its extensive nuclear weapons program,
demonstrating that the presumption that States would honour their obligations was not valid in all cases.
The experience with Iraq showed that reliance on confirming declared activities was not sufficient to
provide credible assurance that the treaty is observed. This led to measures to strengthen the safeguards
system by paying more attention to potential undeclared or clandestine activities.
The dispute involving the DPRK shows that the virtue of a flexible response may create situations that
are characterised by a lack of prompt and decisive intervention. The situation with the DPRK is still
unfolding. The Democratic People's Republic of Korea signed the NPT in 1985. Following its
ratification, the DPRK rebuffed efforts to enter into a comprehensive safeguards agreement with the
IAEA, required within 18 months of the treaty's ratification by a State. In 1992, 6 years late in meeting
that treaty provision, the DPRK did sign into force its safeguards agreement, and ad hoc inspections
commenced with the intention of verifying the completeness and correctness of the initial inventory
declarations and of verifying the design information provided on the facilities the DPRK declared, in
preparation for the implementation of routine inspections. From the outset, our verification results were
at odds with the DPRK declarations, especially in relation to the operations of its reprocessing plant,
or "radiochemical laboratory," as they call it. Smear samples and review of operational records did
not support their declarations regarding when the plant had operated or the characteristics of the
plutonium produced. Moreover, information provided by member States in the form of satellite
photographs showed two suspected waste stores near the reprocessing plant at Nyonbyon, which had
not been declared by the DPRK.

The IAEA response to this situation was a call by the Board of Governors for a special inspection,
which has not been permitted as yet. In the United Nations Security Council, the possibility for
sanctions or other measures was blocked by China, who maintained that other, less confrontational steps
would provide a means to resolve the crisis, without forcing an unfortunate counterreaction.
The situation today is in the hands of the United States, which have negotiated an agreement under
which the DPRK would come back into the fold and terminate their nuclear program in return for
receiving two 1000 Mw(e) light water power reactors. The IAEA role under this negotiated
arrangement, as mandated by the UN Security Council, is only to monitor a "freeze" in the DPRK
program. The special inspections by the IAEA are postponed until the US and the DPRK agree,
presumably after the construction of the two reactors is well along.
The IAEA fulfilled its obligation in alerting the DPRK, its member States and the Security Council that
the results of our verification activities did not demonstrate that the DPRK had met its obligations under
its safeguards agreement, and had in fact violated its provisions. The political reality of the world is
such that a more direct reaction to these findings could not be implemented, or rather, in a broader
approach, that nuclear diplomacy should be employed to find pragmatic solutions to this NPT crisis.
Contrast this experience with the recent events in South Africa. Here, having determined that it no
longer had a viable justification for maintaining nuclear weapons, South Africa dismantled the six
completed uranium bombs and stopped construction on a seventh. It then signed the NPT. In the
implementation of safeguards, South Africa has been a model of cooperation and transparency. The
Agency has visited every site identified with the South African program, and no request for information
or access or for inspection activities has been refused. Based on the intensive investigations carried
out, the IAEA has accepted the history as declared and verified, and has shifted to a routine inspection
regime.
A third limitation of the NPT that stands improvement is the fact that while it is nearly universal, India,
Israel and Pakistan, each with a substantial nuclear program not subject to the NPT, remain outside
comprehensive IAEA safeguards. It is widely conjectured that these three states have established
nuclear weapons programs, and if this is correct, having passed this threshold will place the NPT
beyond the realm of current possibility.
India is a very special situation, having used the isotope production reactor provided by Canada,
together with heavy water provided by the United States, to produce plutonium for a "peaceful nuclear
explosive" that was detonated beneath the Rajasthan desert in 1974. India has several facilities subject
to IAEA inspection, especially the light water reactors at Tarapur, supplied by the United States. Fuel
manufacturing, reprocessing and MOX fabrication associated with the Tarapur reactors are either
currently subject to IAEA inspection or plans are underway in conjunction with India's plutonium
utilisation program. Besides the plutonium production complex at Trombay, India has continued to
produce power reactors based on the Canadian plant built at the Rajasthan atomic power plant,
submitting only one additional reactor to IAEA safeguards, when it imported heavy water from the
Soviet Union. India now exports heavy water, and thus most of its civil nuclear program remains
outside IAEA inspection. India's relations with China have improved in recent years, as evidenced by
the recent sale of 70 tonnes of low enriched uranium for use in the Tarapur reactors. Relations with
Pakistan remain strained.

Pakistan's strained relations with India since the partition has been cited by analysts as the justification
for its efforts to establish a nuclear capability based, it is suggested, on purloined gas centrifuge
enrichment technology. Of all the world's troubled areas, this is one that seems ripe for diplomatic
measures to relax existing tensions and promote the understanding required to find a lasting peace.
Perhaps the cut-off treaty will provide one means to begin to stand both nations down from the
possibility of a nuclear arms race and the very real possibility of a nuclear war.
The situation in Israel is somewhat different. Israel's nuclear operations in the Negev have long fuelled
speculation about the extent to which Israel has succeeded in establishing a nuclear arsenal. Should
progress continue towards a regional peace treaty, the security situation may improve to the point that
calls for Israel to start the process of nuclear disarmament will increase. Again, the cut-off treaty may
provide one measure to begin this process.
Incidentally, it should be noted that the IAEA has no means to prove or disprove the allegations
surrounding India, Israel or Pakistan. If they are true, the problem posed by these States is one of
disarmament, not proliferation.
The fourth limitation of the NPT that I wish to raise relates to the NPT verification system. Some of
the limitations are technical, and a combination of efforts to strengthen the IAEA verification system
is underway within the existing treaty framework. Next week, the Board of Governors of the IAEA
will take decisions on the future of safeguards, on additional strengthened measures that would provide
greater assurance of compliance and on other measures that would ultimately allow cost reductions in
safeguards implementation. This measures include:
1.

Efforts undertaken through a development programme initiated in 1993 to strengthen the ability
of safeguards applied under comprehensive safeguards agreements to detect undeclared activities
within declared facilities, or clandestine facilities, by:
increased access to information and enhanced analysis of that information, including informst
from expanded declarations and from environmental monitoring (swipes and smear samples n
existing sites);
increased physical access for inspections and no-notice inspections; and
optimised approaches and use of new technology;

2.

Increased emphasis on design information verification activities beginning during the construction
of facilities and extending through commissioning, routine operations, maintenance and upgrades
and into decommissioning;

3.

Increased rigor in the application of nuclear materials accountancy in bulk facilities, such as
reprocessing and fuel fabrication facilities, including inter alia:
real-time monitoring of working inventories of fissile materials;
near-real-time materials accountancy in the process itself, and with operators, national in-
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spectors and IAEA inspectors using common data and standardised software to perform the
calculations; and
cumulative evaluations of material balances over the operating life of facilities.
4.

Continued development of integrated verification systems through a sequence of phases involving,
inter alia:
introduction of digital safeguards verification sensors;
introduction of local area networks within facilities to compile verification data;
introduction of communication links such that system operational status, event analysis and
follow-up enquiries could be transmitted and carried out remotely to and from IAEA field
offices or headquarters; and
continued steps to decentralise inspector deployment to gain increased effectiveness and
efficiency, through new regional offices and resident inspector basing, where appropriate.

The results of this initiative will change the manner in which safeguards are implemented. The
developments of the "information age", applied to safeguards, will result in improved safeguards
verification sensitivity and timeliness, through increased amounts of safeguards data being acquired with
little interference in normal facility operations, being analysed at the facility or at a regional office or
headquarters, with reductions in the inspection effort required. Substantial gains have already been
realised in some of these applications and work is continuing through a variety of mechanisms, most
notably through 16 existing support programs through which member states help IAEA safeguards
research and development, including, in particular, Canada.

The future of the NPT
To engage in this pursuit of the complete elimination of nuclear weapons requires two fundamental
personality traits: boundless optimism and enduring patience. The 20th century stands out as a time
when collective security began to function in a real and pragmatic sense, to bring hope and peace to
so many battlefronts. For a time, nuclear weapons threatened the future of our planet, but those threats
have been greatly reduced in the very near past.
The NPT is the crowning accomplishment of the collective human will to resolve these nuclear issues,
ingenious in conception and with a very bright and promising future. I believe that before long all
other States - may be even India, Israel and Pakistan - will recognise that their future is better when
standing within the NPT community, rather than in remaining outside, for whatever reason. And I
believe that the incremental steps now underway, the nuclear test ban treaty, the move to submit fissile
materials rendered surplus as nuclear arms are dismantled to IAEA safeguards, and the cessation of
production of fissile materials for use in nuclear weapons will all encourage and accelerate nuclear
disarmament.
With strengthened IAEA safeguards to minimise the risk of proliferation through national diversion,

with enhanced measures to combat illegal trafficking, and with the emerging elements of an
international nuclear disarmament regime with the NPT serving as its pillar, the NPT, I am confident,
will be seen not only as a pillar for non-proliferation and disarmament, but of an evolving world order
based upon collective security and common interests.
And what of the IAEA? To merit the support of our Member States, the IAEA must continue to
perform its dual mission of promotion and verification of nuclear activities in a competent and costeffective manner. The development of peaceful uses of nuclear energy, including the use of plutonium,
can contribute to solving the world's energy needs while at the same time contributing to the global
objective of banning nuclear weapons. To succeed, there should be a collective knowledge and
perception that these activities are prudent and legitimately peaceful, and that they are carried out under
a framework of transparency and responsibility. I suspect that the IAEA will continue to have a very
important role to play in such future arrangements.
Shaskatoon, 5 June 1995 - CNS-CNA Meeting - Expanded version of the delivered speech
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Nuclear Waste Disposal:
A European Perspective
Jean-Pierre Rougeau
Chairman
Societe Franchise d'Energie Nucleaire (SFEN)
Abstract
"Taking care" of nuclear power involves taking care of the waste. In fact, while nuclear
waste is frequently subject to the legitimate questions of the public and to repeated attacks
by the nuclear opponents, it happens to be technically better managed than other industrial,
toxic and/or dangerous waste.
The issue is not mainly technical but more a matter of policy, regulation, public acceptance
and sometimes politics.
In Europe high-level waste may have two different meanings. For those countries engaged
in reprocessing and recycling (France, Belgium, Switzerland, Great Britain, the Netherlands
and Germany) high-level waste is the final non-recyclable residue after recovery of uranium
and plutonium from spent fuel. Waste is then mainly fission products, minor actinides and
a few contaminated structured elements.
For Sweden and Finland, spent fuel is by definition the waste, and is to be disposed of as
such. Germany, basically involved in reprocessing and recycling, is now engaged in a
complex political debate, where in fact the two options will probably coexist in the near
future. Spain has adopted a wait-and-see attitude, coherent with the pending situation
regarding the future of its nuclear power program.
In Europe, geological disposal of spent fuel and high level waste from reprocessing is
generally contemplated. Governments, parliaments and regulatory bodies are not yet ready
to make irreversible decisions, and further R & D and exploratory plans are underway
before the first actual repository program is started. Public acceptance and environmental
impact are the key elements for a satisfactory solution.
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INTRODUCTION

In Europe, as in other countries, the problem of managing radioactive wastes arrived by stealth.
In the early years of development of nuclear energy as a cheap, safe and clean source of power,
its drawbacks, particularly the gradual accumulation of long-lived radioactive wastes, were
largely discounted. As with any type of waste, they have to be managed so as to minimize any
potential harm they might cause to people and the environment both now and in the future.
Around the world, at present, there is recognition of the importance of dealing with radioactive
wastes on timescales which will not leave an unsolved problem for future generations. Most
countries with nuclear power programs are undertaking a management and disposal of their
wastes.
Internationally agreed principles and recommendations concerning radiation protection,
radioactive waste management and waste disposal are the foundation of national regulations
and of the European Union legislation. The Member States of the European Union attach
themselves to apply ethical aspects, environmental and natural resources protection of the Rio
Summit. They are requested to implement common guidelines and requirements in their
national legal framework, which are set up in common as E.U. directives under the provisions
of the European Treaties. Consequently, common features appear in national legislation, in
particular on radiation protection and control of movement of radioactive waste ; nevertheless,
policies and strategies of radioactive waste management arc subject to national competence.
For the countries engaged in reprocessing and recycling : France, Belgium, Switzerland, and
United Kingdom, high-level waste is the final non recyclable residue after recovery of
uranium and plutonium from spent fuel. Germany, basically involved in
reprocessing/recycling, is now engaged in a complex political debate where in fact the two
options will probably coexist in the future. Spain has adopted a wait and see attitude, coherent
with the pending situation regarding its nuclear power program future. For Sweden and
Finland, spent fuel is today the waste to be disposed of as such.

The different types of radioactive wastes arc classified according to their levels of
radioactivity. The terms low, intermediate or long-lived transuranic and high level waste are
frequently used and provide a broad guide to the hazard which the waste presents. Other
factors are important, however, and any discussion of waste management must take account of
the type of radiation emitted and the chemical, physical and physiological characteristics of the
particular elements present in the waste. Several countries are already disposing of short-lived
and low-level wastes in surface or shallow excavated facilities. In terms of deep disposal of
the long-lived and high-level wastes, the situation is much more complex. Many countries
have chosen to investigate deep geological disposal and included in their investigations an
underground laboratory. However, in this area, technical aspects tend to be overruled by
socio-political ones.

SWEDEN

The nuclear power program of Sweden consists of 12 LWR reactors located at four different
sites (Ringhals, Barseback, Oskarshamm and Forsmark) with a combined capacity of 10 GWe
net electric power. The nuclear power plants generated about 42% of the total Swedish electric
power produced in 1993.
A major policy development over the 1976-1980 period was the passing of the Stipulation Act
in 1977. It restricted the licensing of new reactors under the following conditions :
A) either the utility must establish a contract for reprocessing of spent nuclear fuel, and can
demonstrate how and where the final disposal of highly active nuclear waste will be
handled; or
B) the utility must show how and where radioactive waste will be stored with absolute safety.
To meet the conditions of the Stipulation Act the utilities jointly formed the Projekt
Karnbranslesakerhet (KBS) nuclear fuel safety project. Towards the end of 1977 it submitted
the KBS-1 Report, devised to justify option A in the Stipulation Act. It was followed in 1978
by KBS-2, which dealt with the direct disposal option for the spent fuel. KBS-2 was never
used in legal decision making, but was superseded by KBS-3 in 1983.
In 1980, the Swedish Parliament decided, following a referendum, that no more reactors would
be built in Sweden and that those already in existence would be taken out of operation no later
than 2010. Consequently, because it does not see any future for recycling, Sweden does not
reprocess its spent fuel.
The waste management program is currently undertaken by SKB (the Swedish Nuclear Fuel
Supply Company), formed in 1972 (as the Swedish Nuclear Fuel Supply Company) and is
owned by the Swedish electrical utilities. SKB develops, plans, constructs and operates
facilities and systems for the management and disposal of spent nuclear and radioactive wastes
from the Swedish nuclear power plants. On behalf of its owners SKB is responsible for all
handling, transport and storage of the nuclear wastes outside of the nuclear power production
facilities. SKB is also in charge of the comprehensive research program in the waste field
which the utilities are responsible for according to the law.

SKB has been developing for several years a concept of spent fuel encapsulation in a coppersteel canister, those metals providing for corrosion and mechanical resistance respectively,
expected to have a lifetime of at least 100,000 years.
SFR, Swedish Final Repository for Radioactive Waste, was taken into operation in 1988. This
is a central final repository for low and intermediate level reactor operating waste.
The CLAB, interim spent fuel storage facility, was taken into operation in July 1985. It
emerged as part of the KBS process and the Stipulation Act. It consists of an above ground
receiving building and underground storage in rock . Spent fuel is stored in the CLAB for
about 30-40 years before encapsulation and final disposal to a site yet to be chosen. The way
the CLAB is built fairly easily implies that it is possible to delay the final disposal of spent
fuel, although this not the present policy in Sweden neither by the nuclear power utilities
represented by SKB or the Government.
SFL, Final Repository based on the KBS-3 concept, will comprise a system for the handling
and encapsulation as well as final storage of spent fuel in crystalline rock. It is planned to be
developed by 2010-20.
Test drillings have been carried out at a number of sites throughout Sweden in order to learn
more about the geology. An important part of the spent fuel/HLW research program has been
the construction of the Hard Rock Laboratory (HRL) at Aspo where geological investigations
will be performed and site characterization methods will be tested. It will operate for 15 years
from 1994.
As for the repository itself, 5 to 10 sites will be investigated. At present two candidate sites
have been evaluated (Storuman, Mala). SKB issued its first report which concludes that
Storuman is a suitable site. A shortlist of two or three sites will be drawn up and final selection
will be made at the end of the century with the intention of beginning a demonstration phase in
2008.
It seems that the HLW management program is progressing smoothly. But is probably not
excessive to say that the current situation in Sweden is totally connected to the decision to
phase-out nuclear electricity generation within 15 years from now. The development of
energy policy in the near future will show how Sweden can get out of this bottleneck.

FINLAND

Finland operates four reactors with a total capacity of 2310 MWc, producing nearly 30% of
Finland's electricity. The two nuclear utilities TVO and IVO arc responsible for the R&D work
and the financing of waste management. Low-level wastes are conditioned and stored at
reactor sites. At Olkiluoto, an underground LLW repository was commissioned in 1992 and a
similar repository is to open next year at Loviisa.

Spent fuel from BWR reactors at Olkiluoto is stored on site in the KPA store. Spent fuel from
VVER-440 reactors at Loviisa is sent to Russia for reprocessing at Mayak, according to an
agreement valid until the end of 1996. For the final disposition, Finland has definitively opted
for direct disposal, on the basis of the Swedish KBS-3 concept. After preliminary
investigations, three sites were selected at the end of 1992 for further characterization. The
final choice is expected to occur by 2000 for a repository to be commissioned around 2020.

GERMANY

Germany has 20 nuclear power plants with a total capacity of 21 GWe. Overall, some 33% of
the electricity is generated by nuclear power. The role of nuclear energy in the Federal republic
is controversial and complex. This partly relates to the federal political system but also to the
historic concerns that civil/peaceful nuclear technology might be diverted covertly to military
use. On the short term, the German operators are involved with BNFL and COGEMA for their
reprocessing contracts.
The handling of nuclear waste is regulated under the Atomic Energy Act. The 1976
Amendment divided responsibility for waste management between waste producers who have
to take care of intermediate storage and the federal government which has to ensure safe final
disposal. GNS, the Company for Nuclear Services, was created for all tasks of conditioning,
handling and storage of waste on behalf of nuclear industry. GNS is a private organization,
shareholders of which are electric companies.
Created in 1989, the Federal Office for Radiation Protection, BfS, exercises Federal State
responsibilities for final waste storage. BfS can delegate some of its obligations to other
organizations: that is how was created DBE (German Company for the construction and
running of the waste storage) in 1979. The Federal Government authorized DBE to design,
plan, construct and operate repositories. Furthermore, DBE carries out disposal research and
development.
BfS has to ask a license to the Department of Environment of the Land in question and to the
mining authorities in order to achieve drilling and mining development. This explains
difficulties on the Konrad and Gorleben sites (Lower Saxony). This land has been governed
since 1990 by a coalition of Greens and Social Democrats who was in favor of stopping
nuclear electricity generation.
It is intended that all categories of nuclear waste will be disposed of deep underground, with a
distinction being made between waste that generates negligible or little heat (KONRAD
project) and waste that generates significant heat (GORLEBEN project).
Based on the results of the studies performed in Germany to compare the two spent fuel
management options(reproccssing and direct disposal) the federal Government decided in
January 1985 to develop to technical maturity the direct disposal option.

Since the early 1970s, the development of radioactive waste management and disposal policy
has been fraught with difficulties, primarily political and legal. Out of a series of political and
planning battles, the following projects have emerged :
• Only the interim storage facilities in Ahaus and Gorlebcn arc licensed, however they have
not yet received any spent fuel except from the THTR reactor. The transport of a first Castor
cask loaded with PWR assemblies from the Philippsburg reactor to Gorleben was stopped
by opponents action in last 1994 and could only recently be completed.
• The PKA pilot plant for conditioning spent fuel in Pollux casks for direct disposal is
expected to start active operation.
• The underground repositories in Konrad and Gorleben are awaiting licensing ; the Land
authorities in Lower Saxony are using all possible means to oppose their commissioning ;
BfS is operating the Morsleben LLW storage site inherited from Eastern Germany under a
temporarily license valid until the year 2000.
After the 1994 revision of the Atomic Act, direct disposal is admitted as an option for spent
fuel management. However the utilities strategy is hard to predict. The opening of the interim
store in Gorleben is a decisive element in the medium term.

UNITED KINGDOM

In 1993, about 27% of its electricity was produced by 35 reactors with a capacity of 13 000
MWe. Spent fuel from the UK's Magnox reactors is sent to BNFL's Sellafield plant for
reprocessing. The BNFL site gives rise to most of the waste. BNFL manufactures nuclear fuel,
reprocesses spent fuel and vitrifies HLW.
The impetus for site-specific work on radioactive disposal dates from the late 1970s. The
Royal Commission recommended that there should be no commitment to a large-scale nuclear
program until it had been demonstrated beyond reasonable doubt that a method existed to
ensure the safe containment of HLW for the indefinite future. The Royal Commission's
recommendations were reflected in the main elements of the Government's radioactive waste
management policy, which were first set out in the 1977 White Paper and have remained the
Government's stated policy since then.
UK's policy for HLW is that it should be stored in a suitable facility at least 50 years before
considering further storage or final disposal. However, the reprocessing of Magnox fuel
produces significant amounts of ILW which are due to be disposed of in a deep underground
repository.
The State has established the legal framework for nuclear waste management, including the
management of wastes which go to deep underground repositories. The State has set up the
regulatory bodies which take responsibility for enforcing the legal requirements and
implementing the licensing process. The operators are responsible for the safety and
environmental impact of the repositories.

Since 1989 Nirex has been carrying out geological investigations to assess the potential of the
basement rock site for a deep ILW underground repository. This will have many features in
common with a HLW repository. After several initial failed attempts, mostly due to a lack of
communication with local authorities and population, Sellafield has been declared "preferred
site". The next step is an underground laboratory called Rock Characterization Facility (RCF).
If the results from the laboratory confirm the suitability of the site ,and following a public
inquiry, a repository could be operating by about the year 2010. NIREX is a cooperative
company owned by the four UK waste generators. The Government holds a "Golden share" in
order to prevent the pool of waste producers to relieve themselves of responsibility.
Any proposed waste disposal facility is likely to be developed under the Town and Country
Planning Act 1990 and as such to require planning permission in addition to being subject to
other regulatory requirements. However, the DOE may either be asked by the operator (as for
the RCF, after a local opposition) or decide by itself to take over from the local authorities.

FRANCE

France's 56 operating nuclear power plants of which 54 PWRs produce 75% of the nation's
electricity consumption. The installed capacity is 57 GWe. France has the largest nuclear
energy program in Europe. It has chosen to reprocess all spent fuel and to recycle plutonium
and uranium recovered from reprocessing.
EDF is the sole French electricity company. Furthermore, the French nuclear industry covers
all stages of the nuclear fuel cycle, from the mining of uranium to the reprocessing of spent
fuel at the Marcoule and La Hague plants. By the year 2010, reprocessing operations will have
generated around 130 000m3 of long-lived medium level waste and around 4000m3 of high
level waste.
The National Agency for Radioactive Waste Management (ANDRA), financed by the waste
producers and fuel cycle firms, was established in 1979 ; in 1991 it adopted agency status.
ANDRA is responsible for designing, siting, constructing and operating long-term disposal
facilities. ANDRA is operating LLW surface storage facilities.
By the end of 1989, a fierce public opposition to ANDRA's drilling program on four selected
areas for an underground laboratory had developed. The Prime Minister declared a moratorium
on all drilling activities for a period of at least one year effective on February 9,1990.
In December 1990 C. Bataille, MP, submitted a report on high-level waste management issues
that was more political than technical. The future of radioactive waste disposal and more
generally of the nuclear power program in France should be guided by three key principles :
responsibility, openness and democracy.

The Act of December 30, 1991 on radioactive Waste Management Research is based on the
report submitted in December 1990 by the Parliamentary Office to the government. It defines
the roles and responsibilities of the different actors involved in the management of HLW. It
also defines three paths of research :
• separation and transmutation of long-lived radioactive elements present in such waste ;
• long-term surface conditioning an storage procedures for this waste ;
• disposal options for HLW in deep geologic formations, particularly via the creation of at
least two underground laboratories.
It is important to stress that until December 30, 1991, the date when the Act on radioactive
waste management research was issued, the nuclear regulations had never gone through a
legislative process. This act creates a new regime under which the laboratory has to be licensed
and operated.
Legislation adopted in December 1991 provides for disposal decisions on long-lived wastes to
be made after 15 years of underground research. A number of different geologies are being
considered for a 400m-1000m deep repository. Initially two sites will be chosen for detailed
characterization through underground research laboratories.
In early 1995, ANDRA submitted to the government its first report on exploratory work
carried out in 1994 at the four candidate « Departements » for the siting of underground
laboratories. ANDRA is expected to submit license applications for at least two sites for the
construction of underground laboratories by the end of 1995.
SPAIN
In 1991, about 35% of Spain's electricity was generated by nuclear power from its 7 PWR and
2 BWR reactors, these have total capacity of about 7400 MWe. While some spent fuel from a
Gas-Cooled Reactor at Vandellos has been reprocessed in France, Spain seems to have
adopted a wait-and-see attitude towards as regards the future of its nuclear generation
program and, consequently, towards HLW management.
The National Radioactive Waste Management Company (ENRESA) is a State-owned
company, established in 1984 by Royal Decree. It is responsible for radioactive waste
management. Its tasks include the conditioning of some radioactive waste and uranium mining
tailings, the identification of disposal sites and their subsequent operation, the management of
the decommissioning facilities and the transport of radioactive material. Waste producers are
responsible for financing radioactive waste management. ENRESA's activities are carried out
in accordance with a General Radioactive Waste Plan approved by the Spanish Government.
LLW and ILW are stored temporarily on the waste producers' sites and will be transferred to
the repository at El Cabril for final disposal. The construction of a repository facility has
already started in 1989 and it began operations in 1992.

Spent fuel is at present in interim storage at the site of arising and may in the future be stored at
a centralized facility. Final disposal would be in a deep geological formation. In 1986 a siteselection program for HLW disposal began. Spain will investigate granite, salt and clay
formations. The intention is to start construction at a specific site in 2015 and to have a
repository operational from 2020. When a decision has been made on the rock type to be used,
an initial validation laboratory will be constructed in that formation, but this will not
necessarily be at the repository site.
Political and public opinion does not seem ready to assume the siting of a HLW repository. So,
no communication plan is currently applied in relation to the siting and the constructing of a
HLW repository. Nevertheless general communication actions on nuclear energy are expected
to ease future works in this area.

BELGIUM

About 60% of Belgium's electricity is generated by nuclear power from its four reactors. These
PWRs have a total capacity of about 5,500 MWe. The spent fuel from these power stations is
sent to France for reprocessing; waste arisings from this are due to be returned to Belgium
from 1994.
The National Agency for Radioactive Waste and Enriched Fissile Materials(ONDRAF in
French) is a public body with legal personality, created by law in 1980, it is financed by the
waste producers. Among its competencies in the field of radioactive waste management are
transport, processing and conditioning of the radioactive waste generated by those producers
who do not possess the facilities required, as well as interim storage and final disposal of all
conditioned radioactive waste. ONDRAF implements the radioactive waste management
strategy it has developed and which has been adopted by the Minister of Economic Affairs.
Spent fuel reprocessing is the current policy in Belgium. It is planned to dispose of the
resulting HLW coming from the reprocessing operations in an underground repository. The
basic principle for financing the Belgian radioactive waste management program is that those
who produce the waste have to pay at cost price for all services that are required, including
studies, R&D and investments. Contracts with BNFL and COGEMA cover reprocessing
between 1980 and 2000.
The real challenge of a radioactive management program for a densely populated country like
Belgium is undoubtedly the disposal issue. ONDRAF is presently studying deep geological
disposal. Since 1974, CEN(Belgium's Nuclear Research Center) is studying the possibilities of
high-level and long-lived radioactive waste disposal in deep geological formations. This
research is carried out in cooperation with the CEC through its «Radioactive Waste
Management and Disposal Program ».A survey of potential suitable deep geological
formations has shown that only clay or shale layers could be considered as appropriate. A
Boom clay layer in the Northeast of Belgium, which extends under the Mol-Dessel nuclear
site has been investigated.

Two disposal concepts have been considered :
• The HADES « radial » concept, allowing waste removal from the disposal during a certain
period of time. An underground rock laboratory , known as HADES laboratory has been
operational since 1983 .It will be further extended by 1987. The main objective of the
project is to demonstrate technical feasibility and long-term safety on a site-specific basis.
If the experiments show that the site is suitable, it is intended to begin construction of the
repository in 2030 and begin disposal operations by 2040.
• The Belgian « axial » project which do not allow waste removal. At the present time, the
HADES concept is the reference one, the «axial » concept being considered as an
alternative.
ONDRA hopes to present in 1997 a preliminary safety assessment report to allow the
competent authorities to decide with full knowledge of facts whether geological disposal in
clay layers can be further developed in Belgium (following the concept taken into
consideration;)

SWITZERLAND

Switzerland has five reactors located on four sites which generate almost 3,000 MWe. Nearly
40% of all electricity is generated by nuclear power. In the mid-seventies, use of nuclear
energy was the subject of controversial public discussion. Besides reactor safety, disposal of
radioactive waste also became a favorite topic for debate. The last 15 years have seen four
public referenda on the legal regulation of continued use of nuclear energy. Since 1990, almost
1/3 of the Swiss electricity is bought from France.
The Swiss federal government sets general nuclear policy. Radioactive waste producers are
responsible for the wastes they generate. Consequently, under the Order of October 6 ,1978 the
general license for nuclear power plant construction and operation is granted only if safe long
term disposal as well as final storage of the radioactive wastes from the installation arc
provided.
In terms of the Atomic Act of 1978, radioactive waste must be disposed of permanently and
safely. To this end, Switzerland plans to dispose of its HLW in a deep geological repository
and to attempt to locate a potential repository site. The waste producers are charged with
ensuring its safe management and disposal . Consequently, they set up the NAGRA (National
Cooperative for the Disposal of Radioactive Waste) in 1972. The members of the NAGRA are
the electricity supply utilities and the Federal Government as a waste producer. At the present
time, NAGRA is responsible for investigations relating to site characterization and selection,
and for ensuring that the public is fully informed about its activities in these areas.
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Although they are pursuing the development of a domestic repository, NAGRA and the Swiss
government are said to still hope that a regional solution can be found for a HLW disposal, so
that a separate repository will not in the end be needed for Switzerland's small amount of
HLW. For a small program like the Swiss one, international cooperation is a very important
component.
According to Swiss law all radioactive wastes are to undergo final disposal in repositories
situated in suitable geological formations. The repository will be situated in a suitable
geological formation isolating high-level waste from the biosphere. Nagra is currently
investigating the suitability of igneous rock and two sedimentary formations. A site will be
selected by the year 2000 and operation of the repository is planned from the year 2020.
In 1978, a first concept of geological disposal was elaborated by the Swiss Electricity Utilities
Union jointly with NAGRA and presented to the federal authorities. In 1984, the Grimsel
underground laboratory is commissioned, the objectives of which are applied research about
rock mechanics, geophysics and hydrogeology.
In 1985 the Gewahr Project (Guarantee Project)demonstrated the technical feasibility of
disposal of nuclear waste in geologic repositories. The repository will receive high-level
wastes. An alternative to this would be the direct disposal of the spent fuel in this repository.
In 1988, the federal Government approved of the Gewahr project.
A 3-phase siting strategy was conceived at the start of the eighties. Following the original
desk studies, the crystalline basement of Northern Switzerland was allocated top priority and a
Phase I characterization program was initiated. The synthesis of geological studies is part of an
overall review (Kristallin-I).
The 1979 Federal Order concerning the Atomic Energy Act provided that the Federal Council
must grant a license before preparatory measures can be undertaken for constructing a
radioactive waste repository .
A revision of the Federal Atomic Energy Act was being considered by the Federal Council in
order to avoid lengthy procedures. The intent is to place the national program for nuclear waste
disposal under juridical control of the Federal State, so that it would reduce the obstruction
power which is sometimes used by cantons and communities, and results in long delays even
when a formal federal License has been granted.
A guideline on the long-term safety of radioactive waste disposal was issued in 1980.

SOME PERSONAL COMMENTS

Let us think for a while over the best communication policy that has to be led concerning
nuclear waste management. This point is of great interest because more and more of so called
observers allow themselves to make comments that are too often alarmist and critical. We can
notice that the intensity of the criticism is always inversely proportional to the abilities of its
author. Let's be vigilant !
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In Europe as elsewhere, the success of the nuclear program holds to the continuous and patient
action of the different actors and to the convergence of their effort. In countries willing to
benefit from nuclear electricity generation, this success must not be stopped. On the contrary it
must be continued in order to prepare the future and to guarantee tomorrow's successes.
However if we want to succeed, we must not forget that success does not depend only on us. It
depends on the authorities which organize our activity. And it depends on public opinion : we
can succeed only if the public is convinced of the interest in nuclear energy and in our capacity
to master it .Yet one of the concerns of the public is nuclear waste management. What will
they become ? What is their toxicity? What measures are taken to protect ourselves against it
on the long-term? Do efficient solutions exist? These are the questions raised regularly by the
public.
Studies on strategies allowing efficient information to be given to the public and on how a
good degree of penetration through various media may be reached, are in progress.
As far as HLW management is considered, most countries have chosen to focus on geological
disposal and to create at least one underground laboratory. No final repository has been yet
designed. Until now, there is no project for an international or regional repository. Most of the
countries are considering national projects strictly devoted to their domestic wastes.
Switzerland keeps open the possibility to assess the probability of an international project. In
the UK, BNFL is considering a substitution system which would lead to dispose of some LLW
and ILW of foreign origin on the British territory.
All countries that we have seen have sufficient spent fuel and HLW interim storage capacities
so that their programs for final disposal are not schedule-driven. In most cases, initial schedule
has already slipped mainly as a result of public opposition, without jeopardizing the overall
program, but leading to significant modifications in legislative, regulatory and organizational
aspects. Finally, it has been recognized that the socio-political aspects have to be thoroughly
addressed in parallel with technical ones.
Radioactive waste became an increasing source of political conflict in several European
countries during the 1980s. This conflict is experienced at 3 different institutional levels. First,
in some countries, there is a political conflict at national level over the nuclear issue which
embraces the whole nuclear industry from uranium mining through fuel fabrication, energy
generation in reactors, reprocessing and waste management. Public opinion and political
parties are divided on the issue of nuclear power. The second level of conflict is site-specific
and occurs between the central state and regional and local communities. Such conflict is
aroused by proposals to develop nuclear facilities. The third level of conflict could be brought
by the cross-frontier transport of nuclear wastes, which might create political conflicts
between states or raise concern at the international level, if it was not regulated in the
European framework. The interaction of local, national and international levels is a feature of
political conflict over nuclear waste in Europe.
The contrasts of policy and progress towards solutions are primarily politically determined.
Sweden and France appear to have made most progress in gaining public acceptance and in
achieving implementation. In Sweden nuclear power was a major political issue at national
level until the government accepted the public wish to phase out nuclear energy, thus
establishing a broad consensus, but for how long ?
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In France the development of the nuclear program has been based on national independence
and technical development and subsequently ensured through the continuous support of
successive governments. However, when France wanted to investigate potential sites for
underground laboratories, it became clear that a consensus was to be reached within the French
society and that appropriate democratic action was to be implemented to reach such a
consensus. In Germany, the endless dispute between a pro-nuclear Federal Government and a
majority of anti-nuclear State Governments has led to a deadlock in Germany energy policy
and is jeopardizing the future development of nuclear energy in Germany.
We, in Europe, are aware of the recent developments in Canada, which has experienced the
complexities of a federal state. Canada has chosen to implement an original strategy. The
involvement of its people is pursued from the early stage of the validation of a generic concept
before any siting activity. We will follow with great interest the Panel review of the
Environmental Impact Statement issued last year by AECL as well as the subsequent public
hearings.
As a conclusion, I would like to underline that collaboration and joint efforts between the
political authorities and nuclear industrial actors can really prove beneficial to reach efficient
solutions as regards the nuclear waste issue.
Providing the world with a safe and clean source of energy has been one of the major
achievements of our industry and we intend to actively continue in this direction.

Nuclear Waste Disposal:
CA9700343
The North American Perspective
Jerome Saltzman
Acting Deputy Director
Program Management and Integration
Office of Civilian Radioactive Waste Management
U.S. Department of Energy
Abstract
The U.S. Department of Energy Office of Civilian Radioactive Waste Management has
implemented a new program approach to fulfil the government's obligation to permanently
dispose of spent nuclear fuel and high-level radioactive waste. This approach encompasses
goals and a schedule consistent with the resources that will be allocated to the program.
The key components of the approach are: (1) dialogue with utilities and other stakeholder's
concerning their expectations with respect to Department of Energy acceptance of spent
fuel; (2) development and integration into all program elements, including storage,
transportation and disposal overpacks of a multi-purpose canister subsystem to facilitate
pre-disposal storage at any location; and (3) focused site characterization activities to
advance measurable progress toward a technical decision about the suitability of the Yucca
Mountain site.
Following an historical overview of the civilian radioactive waste management program, this
paper discusses the reasons we developed the new approach; the steps we will take to
evaluate the suitability of the Yucca Mountain site for a permanent repository, and to
ensure progress in our waste acceptance, storage and transportation capabilities. It will also
discuss our plans for complying with National Environmental Policy Act requirements.

INTRODUCTION
Good afternoon, I am Jerome Saltzman of the U.S. Department of Energy's Office of
Civilian Radioactive Waste Management. I am pleased to have the opportunity to appear
before you today to discuss some North American perspectives on radioactive waste disposal.

I will be focusing my comments on high-level waste, and will touch on some waste storage
and transportation issues as well as the question of permanent disposal. While the bulk of
my comments will address the U.S. waste management program, given the topic that was
assigned, I have included some remarks on the status of radioactive waste disposal in Canada
and Mexico, based on written materials we have on those programs. In any case, I think all
of us here today will be best served if I concentrate on the waste management program I
know best.

I will begin with some general comments about the Canadian program, which many of you
may be more familiar with than I.

Status of Waste Management in Canada

The Canadian program for the disposal of spent nuclear fuel has similarities to the United
States program:
•

both Canada and the United States are exploring the feasibility of deep geologic
disposal and developing repository concepts for disposal of spent nuclear fuel and
high-level radioactive waste; and

•

both programs are funded by a combination of federal funds and funds from nuclear
power producers.

Atomic Energy of Canada Limited (AECL), a federally-owned Crown corporation, is
responsible for research on immobilization and disposal of spent fuel. Ontario Hydro, the
largest Canadian utility which operates 20 CANDU reactors, is responsible for developing
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technology for interim storage and transportation of spent fuel. The two other utilities,
Hydro-Quebec and New Brunswick Electric Power Corporation, each operate one CANDU
reactor. Each of these utilities is responsible for the safe management of its spent fuel. The
Atomic Energy Control Board (AECB) regulates all stages of the nuclear fuel cycle, and like
the Nuclear Regulatory Commission in the United States, the AECB has issued regulatory
guidelines that describe the geological characteristics favorable for high-level waste disposal.
Both AECL and AECB report to the federal Ministry of Natural Resources Canada (formerly
the Ministry of Energy, Mines and Resources Canada).

Canada has been investigating deep geologic disposal since the mid 1970s. The crystalline
rock of the Canadian Shield has been the focus of the research and development on disposal.
However, no site selection activities can take place until the disposal concept has been
accepted by the Government. In March 1994, the Environmental Assessment Panel released
guidelines for the preparation of the Environmental Impact Statement (EIS) on the nuclear
fuel disposal concept to AECL. In October 1994, AECL submitted the EIS which describes
the proposed disposal concept and supports the conclusions that implementation of the
concept would protect human health, the natural environment and the socioeconomic
environment. The proposed disposal concept for an underground repository calls for waste
package emplacement 500-1000 meters deep into the rock. The repository would be back
filled and sealed such that long term institutional controls would not be necessary. The waste
package would consist of a long-lived container for spent fuel or solidified high-level waste
surrounded by a buffer material (likely based on bentonite clay). Various materials have
been considered for the waste package, principally titanium alloys and copper.

The EIS is being reviewed by a Scientific Review Group established by the Panel, and also
by expert government departments and agencies, and interested members of the public. The
Environmental Assessment Panel will hold public hearings on the EIS as early as Fall 1995
and will make recommendations on the acceptability of the concept and the next steps to be
taken in nuclear fuel waste management.

As part of the review process, the Canadian authorities have asked the Nuclear Energy
Agency (NEA) of the Organization for Economic Cooperation and Development to conduct a
peer review of the EIS and support documentation. An international team of experts chaired
by Dr. Charles McCombie from Switzerland visited Canada in late January 1995 to meet
with experts and officials at AECL, Ontario Hydro, as well as Natural Resources Canada. A
report of the NEA review team is being prepared for submittal to Natural Resources Canada
this year.

STATUS OF WASTE MANAGEMENT IN MEXICO

Mexico has two power reactors in operation: Laguna Verde 1, a 654 MWe boiling water
reactor, which went into commercial operation in July 1990, and Laguna Verde 2, an
identical unit, which went into commercial operation in April 1995. Spent fuel from these
reactors is stored in the reactor's spent fuel pools. Reracking in both units has provided a
maximum of 37 years storage capacity plus full core reserve for the extended burn-up fuel
cycles. A final strategy for high-level waste has not been decided. The strategy has to take
into account both the economics of the different alternatives and also the possible trend in
building future nuclear plants in Mexico. The National Energy Program envisages between
1600 and 5500 MWe nuclear generation capacity by 2010.

THE U.S. PROGRAM

Turning next to the U.S. program, I will begin by discussing the significance of our
Nation's radioactive waste management strategy as it relates to our policy objectives at home
and abroad. I will give you a brief introduction to the formidable challenges now facing our
national waste management program, and how the U.S. Department of Energy has
formulated and is employing a new program approach to meet them. I will then provide you
with an overview of the advances we are making in the areas of waste acceptance and
storage, and our progress in evaluating the scientific and technical suitability of the Yucca

Mountain site in southern Nevada to host a deep-mined geologic repository for the long-term
disposal of high-level radioactive waste and spent nuclear fuel.

I will close with some comments on legislation pending in the U.S. Congress which would,
among other things, initiate immediate action to develop a federal interim storage capability
and relieve the nuclear waste fund from annual Congressional spending level decisions.

ACCUMULATION OF HIGH LEVEL RADIOACTIVE WASTE IN THE UNITED
STATES

Commercial spent fuel. High-level radioactive waste in the form of spent fuel assemblies
from commercial nuclear power reactors has been accumulating at nuclear reactor sites in the
U.S. for several decades. The buildup of spent nuclear fuel from reactors in operation will
continue to grow well into the next century. There are 118 operating and shut-down reactors
at 73 sites in 34 States that presently store spent fuel on-site. By the year 2033, all of these
plants will have completed their initial license periods. The total cumulative discharge from
those 118 reactors will total about 85,000 metric tons of initial heavy metal contained in the
spent nuclear fuel.

In the absence of off-site storage facilities, projections are that 24 facilities will need to
supplement spent fuel storage pools with dry storage by the year 2000; 55 facilities by the
year 2010; and 60 facilities by the year 2020.

Some utilities have already exhausted conventional pool storage space at nuclear power
plants. Without interim storage or long-term disposal facilities, extended at-reactor dry
storage for many decades could become the U.S. waste management strategy by default.

Defense-related waste. In 1985, the President determined that defense-related high-level
radioactive waste produced at the Hanford Plant in the State of Washington, the Savannah
River site in South Carolina, and the Idaho National Engineering Laboratory could be

emplaced with the commercial waste in a geologic repository. Most of this is expected to be
in the form of vitrified materials resulting from the nuclear weapons system cleanup
program. The Department's most recent evaluation of the quantities of high-level radioactive
waste indicates that, depending on canister design and waste composition, as many as 50,000
canisters may require disposal. The program's planning basis calls for the disposal of 7,000
metric tons of defense origin waste in the first repository (equivalent to about 13,500
canisters).
A strategy for the management of radioactive waste in the United States must encompass
more than the commercial spent nuclear fuel storage burden. The management of
commercial spent nuclear fuel and other high-level radioactive wastes is truly a multidimensional endeavor with significant implications for policies and programs at home, as
well as those abroad.

CRITICAL IMPORTANCE OF AN EFFECTIVE WASTE MANAGEMENT PROGRAM

As a matter of National environmental policy, extended at-reactor storage of commercial
spent nuclear fuel across the Nation has been identified as a significant environmental
concern by environmentalists and communities in close proximity to power plant sites. In
addition, the Nation's weapons cleanup program requires an ultimate disposal strategy for
high-level radioactive waste. The assumption that the Department of Energy can ultimately
dispose of high-level radioactive waste is embodied in the Department's environmental
impact statements, which underlie its cleanup efforts.

Furthermore, the basic premise for long-term management of nuclear wastes has been shaped
significantly by international concerns and perspectives. Nearly 20 years ago, the U.S. made
a fundamental choice about nuclear waste management by suspending the reprocessing of
commercial spent fuel in favor of a "once-through" fuel cycle. We endorsed permanent
geologic disposal as the strategy for dealing with spent nuclear fuel and high-level radioactive
waste from defense activities.

In 1976, the Ford Administration called for a deferral of commercial reprocessing in the
U.S. and called on other nations not to proceed with reprocessing programs unless the
proliferation risks could be overcome. More recently, President Clinton espoused a
"Nonproliferation and Export Control Policy," which discourages reprocessing of commercial
spent fuel and the commercial trade in plutonium as an energy source.

As a matter of fairness to future generations, failure to meet the commitment to adequately
store and dispose of radioactive waste would disrupt the statutory funding approach that was
designed to ensure that the costs of permanent disposal are borne by the beneficiaries of
nuclear-generated electricity. Unless a sound program is aggressively pursued in the nearterm, an open-ended financial obligation will be imposed on future taxpayers to finance the
care and maintenance of storage facilities and, later, finance the development of a permanent
disposal system.

FOUNDATION OF THE CURRENT U.S. WASTE MANAGEMENT PROGRAM: THE
NUCLEAR WASTE POLICY ACT
The Nuclear Waste Policy Act of 1982 created the office of Civilian Radioactive Waste
Management within the Department of Energy to develop a system to accept, transport,
store, and permanently dispose of spent nuclear fuel from commercial utilities in a manner
that protects the health and safety of the public and the quality of the environment. To pay
for the system, the Act established a Nuclear Waste Fund financed by producers of nucleargenerated electricity.

The total paid into the fund as of December 1994 is $6,732 billion; $4,072 billion has been
appropriated. Much of it was expended for the investigation of repository sites which were
later eliminated from consideration. Investment earnings total $1,636 billion. The
unexpended balance in the account is $4.3 billion.

The Nuclear Waste Policy Act also set basic policies concerning:

Geologic Repository Development. The act gave highest priority to permanent disposal in
geologic repositories and set a schedule for siting two high-level waste repositories and for
constructing and operating one. As amended in 1987, the scientific and technical
investigation was limited to the Yucca Mountain site in the State of Nevada.

Institutional Provisions. The act requires interactions between the Federal government and
States, local governments, and Indian Tribes, and authorizes the Department to provide
financial assistance to support participation of those parties granted "affected" status. As
amended in 1987, financial incentives were offered for States or Indian Tribes on whose land
a repository or MRS is sited.

Regulatory and External Review Provisions. The act formally established the regulatory and
review authorities for the Nuclear Regulatory Commission and the State of Nevada. As
amended in 1987, external oversight was increased by establishing the Nuclear Waste
Technical Review Board, authorizing on-site oversight representatives of host jurisdictions,
and providing for increased local government participation.

PROBLEMS ENCOUNTERED IN DEVELOPING THE SYSTEM

Since its inception, the Civilian Radioactive Waste Management Program has had to proceed
in an ever-changing environment, responding to new legislative mandates, regulatory
modifications, funding constraints, evolving stakeholder needs and expectations, and new
Department of Energy directives. Progress has been made, but the schedule envisioned for
the Program has not been achieved and projected costs have escalated, resulting in increasing
Congressional and stakeholder dissatisfaction with the Program. By 1993, it had become
clear that continuation of the Program in accordance with the then current approach was no
longer a viable option.

NEW PROGRAM APPROACH

Last year, we significantly restructured our program and the way we do business. We
realized that there was no possibility that the program in the form that was being pursued
could be funded at the required annual levels. That program approach would not have
achieved the targets that stakeholders had been expecting. The issue was not if a new
approach was needed, but whether one could be found that would accomplish the objectives
of the Nuclear Waste Policy Act within practical resource limitations and schedules.
With significant input from stakeholders, Congress, and our oversight bodies, we rebenched
the program to permit us to make measurable and significant progress against interim
milestones within an increased, but practical, future funding profile. We are now organized
around two projects - the Yucca Mountain Site Characterization project and the Waste
Acceptance, Storage and Transportation project - as well as a program management center
that provides integration and management across the program. This reorganization has
clarified lines of accountability and authority among the members of our workforce, and has
enabled us to achieve a higher degree of coordination and integration of the technical,
regulatory, and managerial components of the program.

The new approach retains the long-term objective of waste disposal in a geologic repository.
It also provides a technological base for storage and transportation capabilities, and addresses
the regulatory and environmental issues we now face. The new approach is scientifically
sound as well as reasonably achievable. We have set forth explicit tasks and established a
rigorous cost and schedule performance management system. This system tracks progress
against the metrics of the new program approach. The structure we now have can provide
the capability to respond effectively to policy initiatives that the Congress and the
Administration agree to pursue.

YUCCA MOUNTAIN SITE CHARACTERIZATION

To provide for the permanent disposal of radioactive waste, our primary near-term objective
is to converge the complex scientific and technical activities at Yucca Mountain so that we
can begin to make definitive statements as early as possible about the suitability of the site to
host a geologic repository:

•

by 1998, we will have evaluated whether the Yucca Mountain site is technically
suitable to host a geologic repository for radioactive waste isolation;

•

if the site is found suitable, the Secretary of Energy will deliver a statutory Site
Recommendation Report and Environmental Impact Statement to the President in
2000;

•

in 2001, the Department of Energy will submit a license application to the Nuclear
Regulatory Commission for authorization to construct the repository; and

•

2010 remains our target for emplacing waste into the repository.

In the past, we have been criticized that the site evaluation program had become excessively
complex and costly and was making little progress toward a decision point. Now, we must
gain the confidence of our regulators and oversight bodies that the new program approach is
neither oversimplified nor unduly schedule driven, that it can provide for periodic measures
of progress, and that our initial convergence on a technical site suitability evaluation, which
is targeted for 1998, will be based on sufficient data.

I do not mean to imply that the new program approach provides certainty about the ultimate
outcome. The physical characteristics of any geologic setting are inherently complex and our
investigations are not completed. The technical challenges of the very long-term predictive
modelling that must support the license application are unprecedented. The undertaking is,

in fact, fraught with uncertainties. Our mission is to do an honest and competent job of
collecting sufficient data, doing rational analyses, and making the showing necessary for the
regulatory and political decisions to proceed.

WASTE ACCEPTANCE. STORAGE. AND TRANSPORTATION

To provide for the acceptance, storage, and transportation of radioactive waste, our primary
objectives include supporting the resolution of waste acceptance and interim storage issues;
guiding the development and deployment of advanced storage and transportation
technologies, such as multi-purpose waste canisters; maintaining readiness to develop a
Federal interim storage facility; and developing the technical and institutional capability to
accept and transport spent nuclear fuel from reactors to Federal waste management facilities.

Waste Acceptance

Under the Nuclear Waste Policy Act, the Department is responsible for disposing of spent
nuclear fuel and high-level radioactive waste at a Federal facility. The first step in this
process is waste acceptance, which is defined as taking title and physical possession of the
waste at the owners' sites. In order to accept waste, an active interface and a contract or
agreement are required between the Department and the owners of the waste. The Standard
Disposal Contract, codified in 10 CFR 961, defines the roles and responsibilities of the
Department and owners.

When the Nuclear Waste Policy Act was enacted, it was envisioned that the Department
would have a repository available for permanent waste disposal in 1998, and the Department
entered into contracts with utilities to begin accepting waste in 1998 on that basis. The
repository site characterization effort, however, has proven to be far more complicated and
time-consuming than was envisioned in the Program's early years. While significant technical
progress has been achieved in characterizing the Yucca Mountain site, the currently estimated
date of repository operation, if the site is found to be suitable, is 2010.
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An interim storage facility would enable the Department to alleviate utility storage problems
by accepting waste on a timely basis, storing it temporarily at a centralized facility, and
ultimately disposing of it in the completed repository. Recognizing that some nuclear utilities
would begin running out of spent nuclear fuel storage space at their reactor sites before a
repository would be available to accept waste, and also that some means of temporary
storage might make the overall system operate more efficiently, Congress authorized a
monitored retrievable storage (MRS) facility in the 1987 Nuclear Waste Policy Amendments
Act. However, an interim storage site has not yet been identified, and it is unlikely that the
Department can take title to, and physical possession of, spent nuclear fuel and high-level
waste in 1998.

The 1987 amendment authorized an MRS facility, but it also limited the Department's
authority to proceed with future siting efforts for such a facility until a recommendation is
made to the President for the approval of a site for a geologic repository, and construction of
an MRS facility may not begin until the Nuclear Regulatory Commission has issued a license
for the construction of a repository.

The 1987 amendment also created a voluntary process for the siting of an MRS facility
through the efforts of a Nuclear Waste Negotiator. A voluntary site for a Federal interim
storage facility was not achieved by the Negotiator. The authority of the Negotiator expired
last January.

As prospects for accepting commercially generated spent nuclear fuel by 1998 dimmed,
lawsuits have been filed against the Department. In these, a number of States, utilities, and
several public utility commissions seek: (1) a declaration that the Department is obligated
under the Nuclear Waste Policy Act to begin acceptance of spent nuclear fuel and high-level
waste by January 31, 1998; (2) an order directing the Department to develop a program,
with appropriate milestones, to begin acceptance of nuclear waste by 1998; and (3) an order
that future nuclear waste funds be put into a supervised escrow fund.
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In an attempt to establish a policy dialogue and to find a consensus approach to the waste
acceptance problem, the Department formally elicited the views of interested parties on: (1)
the Department's preliminary position that it does not have a statutory obligation to accept
waste in 1998 in the absence of an operational repository or storage facility; (2) the need for
an interim, away-from-reactor storage facility prior to repository operations; and (3) options
for offsetting a portion of the financial burden that the utilities may incur in continuing
at-reactor storage of waste after 1998.

Through this process the Department received more than 1,100 comments, and will use the
comments to form the basis of its input to Congressional deliberations on the near-term
storage and long-term disposal of high-level radioactive waste and commercial spent fuel.

Waste Storage and Transportation

The program does include components that are important in addressing the problems of
interim waste storage and transportation. A new generation of technology — the multipurpose canister system — is being developed to provide standardized hardware for at-reactor
or off-site storage, to provide a transportation fleet, and ultimately to serve as part of the
waste package for waste isolation at a geologic repository. We plan to make the technology
available to the marketplace by 1998.

The resolution of these issues will require Congressional action. The program needs
guidance and probably new authority to formulate and execute a new strategy for the nearterm management of commercial spent nuclear fuel. These policy initiatives, however, must
set forth a feasible approach and provide the tools to pursue it.

In the transportation area, we are establishing a readiness capability to move fuel to a
repository, or to an interim storage facility should one be developed earlier. We will be
capable of transporting spent fuel sealed in multi-purpose canisters, bare spent fuel
12

assemblies, and vitrified defense high-level waste encased in canisters. Our readiness
capability also includes establishing and maintaining institutional interactions with States,
Indian Tribes, and regulatory authorities. The training of public safety officials will cover
procedures required for safe routine transportation of these materials, as well as procedures
for dealing with emergency response situations.

LOOKING AHEAD
The U.S. "nuclear experience" over the past five decades has been a continuous public policy
debate. We have progressed from naivete and academic theorizing to the harsh realities of
site-specific politics, practical technology, economics, and public opinion.

We now have an appreciation of the "real" costs of radioactive waste management — costs
that include financial assistance to state and local governments, political capital, and the time
and money that must be spent to establish and maintain the institutional arrangements
required by law and political acceptability. There are no easy solutions to nuclear waste
problems.

We can now put a policy in place that recognizes the true national dimensions and real
complexity of the issue. Here are some key policy objectives we at the Department of
Energy will be seeking as the Congress considers legislation to shape the future of
radioactive waste management in the United States.

First, it is essential for the integrity of the program that any legislation provide for adequate
funding to allow us to carry out the objectives of current law and any future mission. To
support the funding profile for the new program approach, the Administration has proposed
to provide the program with a mandatory annual appropriation from the Nuclear Waste Fund
for fiscal year 1996 and future years.

13

Second, the concept of geologic disposal should be pursued with an aggressive program to
evaluate the Yucca Mountain site. This is not just a site-specific, geologic study. Certainly,
the question of site suitability is important. Much more significant, however, is that at
Yucca Mountain we are also testing whether current and reasonably foreseeable technology
and our conventional regulatory institutions can provide the assurance of safety that the
American public will demand for the commitment to tens of thousands of years of
unmanaged storage of radioactive waste. If that assurance can not be provided, we must
rethink our notions of intergenerational equity and we must constrain our options for the
long-term custody of all nuclear materials worldwide. We should not base national policy on
academic solutions that can't be put into practice. The Yucca Mountain project is the
laboratory to explore the feasibility of safely isolating nuclear waste as a technical,
economic, and above all social venture.

Third, the near-term consolidation of commercial reactor spent fuel should be pursued.
There is a strong case against leaving the fuel at 73 sites in 34 states for several decades. As
powerplants complete their licensed terms and go out of service, we will have dozens of
nuclear facilities operated for the sole purpose of spent fuel storage. For the most part, they
are in highly populated areas. Certainly, no rational case can be made that this is the
preferred approach to the long-term management of our fuel cycle.

Fourth, we need a Congressionally sanctioned contingency plan should the Yucca Mountain
site prove to be inadequate on site-specific technical grounds, or should the licensing
requirements we have prescribed for geologic storage exceed the ability of technology to
make the case. The contingency plan will have to rely on long-term, above-ground,
managed storage; because the process of selecting and investigating another geologic site will
take decades, even if the political will to do so exists.

Finally, we must view a new policy as affecting all high-level waste forms, not just
commercial spent fuel. Geologic storage is held out in current policy as the ultimate disposal
strategy for defense wastes and other Federally owned waste forms. It also underpins the
14

international consensus on the management of commercial nuclear energy, whatever fuel
cycle individual nations may have chosen; and it is a central factor in nearly all
nonproliferation scenarios. As we make decisions regarding our own national waste disposal
strategy, we must remain mindful of the impact that our actions will have throughout the
international community.

We believe that the frustrations and struggles of the past decade have given us a clearer
vision for the future, and a better understanding of what we must do to achieve the goals
expressed by the Congress in the Nuclear Waste Policy Act.
Thank you.
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ABSTRACT
The concept of geological disposal of high-level radioactive waste(HLW)in Japan
is based on multibarrier system.

In the HLW disposal program, it is recognized that

the generic research and development should be carried out to build the firm
scientific and technical bases of safe geological disposal and to contribute to get
the understanding among scientific and technical comnunity and general public.
The research and development program is clearly distinguished from the
implementation of the geological disposal. The implementing organization is expected
to be established around 2000.

The overall time schedule forsees the start of

repository operation sometime after the year 2030, but no later than the mid-2040's.
The Power Reactor and Nuclear Fuel Development Corporation has been assigned as
the core organization of generic studies.

BASIC POLICY OF HIGH-LEVEL RADIOACTIVE WASTE MANAGEMENT
The high-level radioactive waste (HLW) is separated in the course of the
reprocessing of spent nuclear fuel to recover uranium and plutonium.

The basic HLW

management policy in Japan has been decided by the Atomic Energy Comnission (AEC) of
Japan as follows [ 1];
(1) Vitrification of high-level liquid waste into borosilicate glass,
(2) Storage for 30— 50 years for cooling, and
(3) Final geological disposal.
There are three sources of HLW which will be disposed of in Japan;1) current
operation of Tokai Reprocessing Plant (TRP), 2) returned HLW resulting from overseas1
reprocessing contracts between Japanese utilities and COGEMA and BNFL, and 3) future
operation of commercial reprocessing plant currently under construction at Rokkasyo.
The Tokai Vitrification Facility (TVF) for TRP entered into the stage of hot operation
in September 1994. The first ship-load of vitrified waste was returned in spring 1995
Operation of the commercial reprocessing plant is expected to start around 2000.

The

total amount of vitrified waste to be disposed of at around 2030 are projected to be
about 40,000 to 50,000.

CONCEPT OF GEOLOGICAL DISPOSAL
The concept of geological disposal in Japan is based on the multibarrier
system.The system based on the complementary nature of various aritificial barriers
for waste confinement (engineered barrier) and natural geological environment which
has various functions to ensure the protection of man and his environment (natural
barrier) (Fig.l).

A massive engineered barrier system (EBS) is introduced to provide

sufficient performance in a wide range of geological environment. The vitrified waste
is sealed into a container (overpack) and disposed of in a geological formation
several hundreds meters below the surface. The space between the host rock and the
overpack is filled with backfillng material (buffer material) such as clay.

In this

multibarrier system, the EBS is composed of the three elements such as vitrified waste,
overpack and buffer material.

HOST ROCK

Fig.

HOVERPACK-;

1. Multibarrier System for Geological Disposal.

The designed function of the EBS is to prevent groundwater from contacting with
the v i t r i f i e d waste owing to i t s physical and chemical c h a r a c t e r i s t i c s .

When

groundwater comes into contact with the vitrified waste, the engineered barrier
reduces the dissolution rate and retards migration of radionuclides from the waste.
The natural barrier is expected to retain the dissolved radionuclides for a long time
by absorption capacity of the minerals, along with the dispersion and dilution of the
radionuclides in the groundwater.

Geological disposal must be implemented at an appropriate s i t e where the
possibility of the occurrence of events which cause serious effects on the integrity
of the disposal system is sufficiently low.

In Japan, a country where earthquakes and

volcanic a c t i v i t i e s frequently occur, i t is necessary to take these features into
consideration when siting favourable geological environment for disposal.

PROGRAM OF GEOLOGICAL DISPOSAL

In the HLW disposal program in Japan, i t is recognized that the generic research
and development should be carried out to build the firm scientific and technical
bases of safe geological disposal and to achieve a higher degree of understanding
among s c i e n t i f i c and technical community and general public.

The research and

development program i s clearly distinguished from the implementation of the
geological disposal.

The Power Reactor and Nuclear Fuel Development Corporation

(PNC) has been assigned as the core organization of generic studies for this purpose.
The implementing o r g a n i z a t i o n ,

which i s r e s p o n s i b l e for the s i t i n g ,

site

characterization, repository design, license application, construction, operation and
decomiissioning of a repository, is expected to be established around the year 2000.
The overall time schedule forsees the start of repository operation sometime after the
year 2030, but no later than the mid-2040's.
The Steering Committee on High-Level-Radioactive-Waste Project

(SHP) was

established in May, 1993 with the aim to promote the preparation for the project
under the Council for Promoting High-Level Waste Disposal, which was organized by the
representatives from the government, PNC and u t i l i t i e s as a forum for discussing
practical measures and exchanging views and information.
The SHP's activities are as follows;
(1) Studies of the project plan,
(2) Studies of the implementing organization,
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(3) Studies of legal and regulatory issues,
(4) Estimating costs and arranging for the funding of the project,
(5) Regional development related to the siting of repositories,
(6) Public relations.
The u t i l i t i e s are responsible for securing the necessary funds for the disposal,
and as waste producers, they share the resposibility for the program even at the
stage of research and development.

The government takes overall responsibility for

appropriate and steady implementation of the program.

RESEARCH AND DEVELOPMENT IN PNC
The Schedule of Research and Developnent
PNC has been conducting the research and development as the leading organization,
with the cooperation of relevant organizations such as national research institutes,
universities and private companies as well as international collaborations.
Fundamental features of research and development at the current stage are (1) generic
research and development to establish scientific and technical bases of geological
isolation of HLW in Japan, and (2) approach from near-field to far-field.
shows the schedule of research and development.

Figure 2

Figure 3 shows the locations and

activities for research and development related to geological disposal in PNC.
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1st phase
2nd phase
O
(FY1987 - FY1992) (FY1993 - FY1997)

(3) Kamaishi Mine
In-Situ Tests
(4) Tono Mine
In-Situ Tests

SEE Project
-

(5) Deep Underground
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Natural Analogue Study
Regional Hydrological Study
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Fig. 2. Schedule of the research and development in PNC.

Horonobe
Candidate DURF Site
(Sedimentary Rock)

Kamaishi Mine
In-situ Tests in Granite

Tokai Works
Tono Mine
In-situ Tests in
Uranium Mine

Tono Geoscience Center
• Geological
Environment Studies
• Geoscientific Research

• Performance
Assessment Studies
• Disposal Technology
Development
• Nonradioactive Tests
• Radioactive Tests

Head Office

Candidate DURF Site
(Crystalline Rock)

Fig. 3 . Locations and a c t i v i t i e s for research and
development related t o geological disposal i n PNC.
(DURF means new Deep Underground Research F a c i l i t y . )
PNC summarized the findings obtained by 1991 in the f i e l d s of geological
environment, disposal technologies and performance assessment, and submitted the
f i r s t progress report (H3 report) in September 1992 [2],

The H3 was the

first

technical report on geological disposal which indicated on a generic basis the
s c i e n t i f i c and technical f e a s i b i l i t y of the geologinal disposal in Japan.

It

introduced massive EBS (30 cm thick carbon-steel overpack, which i s expected to have
integrity for at least 1000 years, surrounded by compacted bentonite buffer) and
emphasized the relative importance of the near-field for the total performance of the
multibarrier system.
The H3 was reviwed by the AEC of Japan and the r e s u l t s of the review was
reported in July 1993 [3].

The report concluded that the research and development

had been progressed appropriately and steadily so far with recommendations for the
next stage.
The second progress report is sheduled to be submitted before the year 2000.
The main targets are the detailed analysis of the near-field performance and a genericanalysis of the far-field performance.
comtuttee to review the report.

The Japanese government will set up a special

After the second progress report, research and development will be continued
with the aim of the establishment of scientific and technical bases for disposal as
well as the contribution to safety regulations.
Major Research and Development Activities
1. Geological Environment Studies Including Geoscientif ic Research
Among the natural process and event, faulting/earthquake, uplift and denudation,
and volcanic activity were identified as events of higher priorities in assessing the
long-term s t a b i l i t y of geological environment in Japan. Literature survey and field
studies are now being carried out for these events.
In order to understand the groundwater flow and chemistry, and to develop and
validate related analytical models, extensive R&D a c t i v i t i e s such as deep borehole
measurements, in-situ studies, regional studies and laboratory experiments are being
carried out a t the Tono and Kamaishi mines. Studies on the other properties of
geological environment such as geological structures, hydraulic properties, rock
mechanics and so on are also continued.
In order t o make q u a n t i t a t i v e measurement of hydraulic and geochemical
c h a r a c t e r i s t i c s of the deep groundwater, effort has been concentrated on the
development of the equipment for hydraulic t e s t i n g and water sampling. The
development of the equipment i s in the final stage with proto-types applicable to the
maximum depth up t o 1,000m. Geophysical techniques such as ground and borehole
geophysical techniques have been developed and continued to be further improved.
2. Disposal Technology Development
Large-scale in-situ experiments are being carried out in order to develop and
demonstrate the engineered barrier related technology such as emplacement, grouting
and sealing of a repository. Validation of thermal, hydrological and mechanical
coupled process i s also attempted by using e l e c t r i c a l heaters in a l a r g e - s c a l e
simulated EBS.
Vibration experiments from small scale to engineering scale are continued to
develop and validate the analytical model of seismic effects on EBS. Repository
design i s improved through the development of computer-aided design technology.
As alternative overpack materials, carbon steel, titanium and copper are under
study on corrosion lifetime, design and fabrication.
3. Performance Assessment Studies
Senario development i s an important part of the long-term performance assessment
of repository system. Base case senario defined in the f i r s t report will be improved
and altered cases be developed based on both sensitivity analysis and studies of the

natural processes and events related to long-term stability of geological environment.
Development of methodologies for a comprehensive scenario description is necessary.
Analytical and assessment models and data base for performance assessment are
developed and improved.

Emphasis of studies is placed on the more realistic model

development such as a fractured network model for the near-field groundwater flow and
mass transport, taking the characteristics of the excavation damaged zone into
consideration.
Fundamental studies of nuclide migration such as long-term glass dissolution
with the use of full active waste glass, nuclide solubility and speciation, nuclides
sorption and diffusion have been carried out. Cold and hot laboratory tests are being
made under controlled atmosphere conditions which simulate the deep underground.
As one of methods for model development and validation, and for the increase of
confidence of performance assessment, natural analogue studies are continued.

Aged

man-made materials, natural volcanic glass and clay deposits are selected for the
understanding of the long-term behavior of EBS materials. The distribution of uranium,
thorium and their daughters are measured in the Tono uranium mine as an analogue of
migration of relevant radionuclides in natural environment.
In Kamaishi mine, in a crystalline environment, second phase (five years)
activities started in April 1993 are in progress. Qi the other hand, in the Tono mine,
in order to study the sediment type environment, studies such as shaft (6m in diameter
x 150m in depth) excavation effect and regional groundwater flow and geochemistry are
continued.
New underground research facilities are planned to be constructed for both
crystalline and sediment type rocks in the near future.

International Collaboration
Although many countries including Japan which are developing the geological
disposal have their own strategies and programs depending on the states of the affairs
in their countries, there are common problems to be solved and shared internationally
Research and development of geological disposal needs results from many areas of
sciences and technologies, which would contribute to build up the social consensus
that is important to continue research and development.

International collaborations

are of considerable merits to share the scientific and technical information and to
build up the international consensus as well as to improve the confidence of
technology and assessment results, to increase the amount and quality of data
effectively and to construct the secure safety logic for geological disposal.
PNC is at the present time making international collaborations under these
considerations with AECL Canada, USDOE, NAGRA Switzerland, SKB Sweden, CEA France and
UKAEA.

In addition to these bilateral collaborations,

PNC joins actively

international conferences and work shops funded both by international organizations
such as OECD/NEA and IAEA and by national regulatory body or responsible organizations.
PNC is further making efforts recently to contribute to open meetings in Japan.

CONCLUDING REMARKS
Social understandings and cooperation are essential, even at the stage of
research and development and still more at the implementing stage of the geological
disposal.

From this point of view, PNC has intended to publish research results, to

open periodical technical meetings to inform the latest research activities and
results, and to prepare materials for general distribution.

The H 3 report was one

of typical examples of this intention although it was issued in compliance with the
recarmendation of AEC of Japan.
It is recognized that PNC's second progress report has a quite important role
for overall procedures and schedule of geological disposal of HLW in Japan.

The

Japanese government, utilities and public people will pay much attention on the
progress of research and development and the establishment of implementing
organization.

The research and development of geological disposal is extremely

interdisciplinary, and is needed the participation of experts from universities,
research institutes and others.

International cooperation is also important.

The

research and development will be conducted under these considerations to progress the
disposal program in Japan.
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INTRODUCTION
-• PRIOR TO THE ONTARIO INQUIRY
INTO THE HEALTH AND SAFETY
OF WORKERS IN MINES,
THE AECB PAID LITTLE ATTENTION
TO URANIUM MINING

SENES CONSULTANTS LIMITED

WORKER LIMITS EVOLVED OVER TIME
-> SEPARATE LIMITS: 5 rem, 4 WLM, (before 1977 )
J

COMBINED LIMITS ( after ICRP 26 1977 ):
GAMMA
5 (rem)

RnWLM
+

4.8

Th WLM
+

14

DUST
+

ALI

<1

PROPOSED LIMITS ( after ICRP 60 1990 ):
GAMMA
20(mSv)*

RnWLM
+ —

4.8

Th WLM
+

14

DUST
+

ALI

.
< 1

* AVERAGED OVER 5 YEARS
SENES CONSULTANTS LIMITED

PUBLIC LIMITS ALSO EVOLVED
J

SEPARATE LIMITS: 500 mrem, 0.02 WLM

a

COMBINED LIMITS: < 1 mSv / annual

SENES CONSUL TANTS LIMITED

ALARA
-> DOSES SHOULD BE MAINTAINED
AS LOW AS REASONABLY ACHIEVABLE
WITH SOCIAL AND ECONOMIC FACTORS
TAKEN INTO ACCOUNT

SENES CONSULTANTS LIMITED

CONSULTATIVE DOCUMENT C -118
REGARDING DOSE LIMITS AND EMISSION LEVELS:
-i

RECOMMENDS OPERATING EMISSION LEVELS ( DOSE RATES,
EFFLUENT DISCHARGE LEVELS ) BE DETERMINED BY ALARA

-» FURTHER OPTIMIZATION UNNECESSARY WHERE
INDIVIDUAL DOSE < 50 ^Sv / year AND COLLECTIVE
DOSE < 1 person Sv / year
-> DOES NOT PRECLUDE INCREASING OPERATING EMISSION
LEVELS
SENES CONSUL TANTS LIMITED

MINER
100 mSv / 5 years x 4 x 10"2 / Sv ~ 8 x 10"4 / y

HOWEVER:
J

WORKERS NOT EXPOSED AT MAXIMUM

-i

COMPETING CAUSES REDUCE RADIATION RISK
FOR EXAMPLE:
100

/5 x ( 1 / 5 ) x 4 x 1 0 - 2 x ( 1 / 2 )
.

~

8x10"5/y
SENES CONSUL TANTS LIMITED

EXTERNAL GAMMA DOSE
TO URANIUM MINERS
1990 AND 1993

BADOM DAUGHTER EXPOSURES
TO URANSUSVi MINERS
1990 AND 1993

1990 AVERAGE (1.8)*
60

-

r— 1993 AVERAGE (2.4)*
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-

I

40
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1993 AVERAGE (0.84)*
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-

1990 AVERAGE (0.97)*
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I
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I
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I
50

mSv
NOTE:

NOTE:

ZEROES REMOVED*

ZEROES REMOVED*

SOURCE: FROM HEALTH AND WELFARE CANADA

SOURCE: FROM HEALTH AND WELFARE CANADA
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OCCUPATIONAL RISK OF FACILITY
INDUSTRY

DEATHS
(1993)

RISK*

ALL

9100

0.8 x 10^

MINING

200

3.3 x 10"*

CONSTRUCTION

1300

2.2 x 10"4

MANUFACTURING

700

0.8 x 10"4

GOVERNMENT

2000

1.1 xiO" 4

* PER WORKER PER YEAR OF WORK
SOURCE: ACCIDENT FACTS 1944 ed. US NATIONAL SAFETY COUNCIL
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1 mSv / year x 30 years x 5 x 10"2 / Sv ~ 1.5 x 10"3
HOWEVER:
o

PUBLIC NOT EXPOSED AT LIMIT

-> COMPETING CAUSES REDUCE RADIATION RISK
FOR EXAMPLE:
1.5x10-3 x ( 1 /

2 0

)x (

1

/

2

) ~

4x10"5
SENES CONSUL TANTS LIMITED

TOTAL DOSE

TOTAL DOSE

(INCREMENTAL SOURCE EFFECTS )

(SOURCE PLUS BACKGROUND)

I

.

4tt

STATISTICS:

STATISTICS:

MEAN 56
STANDARD DEVIATION 46

MEAN 1300
STANDARD DEVIATION 910

MEDIAN 41

MEDIAN 1100

95 th PERCENTIIE ISO

95 m PEHCENTILE 3100
PERCENT FROM BACKGROUNL 96

.

,

I
6«

,
e»*

let*

OOSE (uSu/u>

DOSE

SENES CONSULTANTS LIMITED

Iu3u/Ul

SENES CONSULTANTS LIMITED

FROM MINING OPERATION
< 0.00004
j

COMPARED TO BACKGROUND
CANCER RISK
• MEN*

0.27

• WOMEN*

0.22

* STATISTICS CANADA, 1993
SENES CONSUL TANTS LIMITED

RISKS CALCULATED ASSUMING
" LINEAR - NO - THRESHOLD "

SENES CONSULTANTS LIMITED

WHILE ASSUMPTION OF L-N-T HYPOTHESIS
IS PRUDENT FOR RADIATION PROTECTION
PURPOSES. IT IS UNPROVEN AND UNPROVABLE
IN HUMAN POPULATIONS AT LOW DOSES
WHEN USING THE L-N-T HYPOTHESIS WE SHOULD
REFER TO POTENTIAL HEALTH DETRIMENT

SENES CONSULTANTS LIMITED

REGULATORY
(UPPER) LIMIT
m
W

O
Q

CJ

z
55
<
UJ
EC
O

RANGE FOR APPLICATION
OFALARA

LOWER LIMIT
(ie. DE MINIMIS )

SENES CONSULTANTS LIMITED

IN PERFORMING ALARA CALCULATION
-1

USE BEST ESTIMATES, NOT HIGHLY SKEWED
UPPER LIMIT ESTIMATE

J

RECOGNIZE UNCERTAINTY ( VARIABILITY )

SENES CONSULTANTS LIMITED

WHAT ARE THE RISKS
FROM CURRENTLY PROPOSED DOSE LIMITS ?
-> 20 mSv / year FOR WORKERS
( ACTUALLY 100 mSv / 5 years )
-» 1 mSv / year FOR PUBLIC

SENES CONSULTANTS LIMITED

ALREADY OPERATE AT ALARA !

SENES CONSULTANTS LIMITED

WHAT IS COST EFFECTIVENESS
OF PROPOSED REGULATION ?

SENES CONSULTANTS LIMITED

VALUE OF A LIFE
$ 2 - 3 x 10 6 /Llfe
5x 10- 2 /Sv (public)
$100,000-150,000/Sv
$100-150/mSv
SENES CONSULTANTS LIMITED

TRAVIS et al (1987) SUGGEST REGULATORY
ACTION BE TAKEN (IN ALARA RANGE )
IF COST PER LIFE SAVED < $ 2,000,000.
( HERE $ 100,000 PER STATISTICAL LIFE SAVED )

SENES CONSULTANTS LIMITED

SUMMARY
j

DOSES FROM MINING ALREADY WELL BELOW
PROPOSED LIMITS

-i

DOSES FROM MINING ARE ALREADY ~ ALARA

^

ALARA, BY OPERATING PRACTICE AND / OR DESIGN
CAN BE APPLIED

-i

SCREEN FOR ALARA ON BASIS OF COST TO REDUCE
EXPOSURE < $ 100,000. PER Sv

^

OPERATING OBJECTIVES / GUIDELINES SHOULD NOT
BE USED AS REGULATORY LIMITS
SENES CONSUL TANTS LIMITED
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The Current U.S. Approach to Licensing
Nuclear Power Plants
Jerry N. Wilson
Section Chief
Standardization Project Directorate
U.S. Nuclear Regulatory Commission

I am going to discuss the efforts of the Nuclear Regulatory
Commission to reform the licensing process for Nuclear Power
Plants. This approach resulted in the new licensing process set
forth in the U.S. Code of Federal Regulations, specifically Part
52 of Title 10.
Since 1954, the NRC has used the so-called two-step licensing
process in 10 CFR Part 50. The origins of the two-step process
resulted from the nuclear industry's desire to initiate
construction as soon as possible. Therefore, the two-step
licensing process provided for the issuance of a construction
permit on the basis of preliminary design information and an
operating license that was issued after approval of the final
design information and verification of the as-built plant.
While the two-step process was used to license 109 nuclear power
plants in the United States, the parties to this process have
identified several major problems with it. Some of these
problems are:
-

lack of finality at the construction permit stage,
lack of acceptance criteria for construction inspections,
and
a second hearing held near the end of construction that
provided an opportunity for reconsideration of all issues.

These problems resulted because the construction permit is based
on preliminary design information. As a result, final safety
decisions could not be made and public participation was
difficult at the construction permit stage because very few
design details were available.
Because construction was under way while the final design was
being developed, the construction effort was frequently delayed.
There also was a lot of rework of construction because of design
changes requested by the utilities and backfits required by the
NRC. In fact, the final safety decisions were not made until the
plant was nearly complete because the NRC had to verify that the
construction was acceptable.
At this stage a second hearing opportunity became available when
the NRC considered whether to issue an operating license. The
utility was now at great financial risk because the licensing
decisions could cause expensive design changes and significant
delays in initiation of operation. In fact, such plants as
Comanche Peak, Seabrook, and Shoreham experienced delays as a
result of extensive hearings at the operating license stage. In
addition, it was very difficult for the public to influence
decisions at this stage because the utility had momentum in its
favor and any requested changes would be very expensive.

Recognizing these problems, the NRC made a proposal to Congress
to change the licensing process as early as 1975. Later, in the
'78 - '79 time frame, Congress considered proposals to change
nuclear licensing. And in '83, '85, and '87, the NRC submitted
legislative proposals to Congress to change the licensing
process.
What did the NRC propose?
The NRC sought legislation that would
provide a more stable and predictable licensing process, that
encouraged standardization of nuclear plants, and reduced
financial risk for the utilities. The NRC proposed additional
licensing processes for:
a combined construction permit and operating license,
certified standard design approvals, and
early site permits.
Congress held numerous hearings on these bills. Congress also
considered legislative proposals by the Department of Energy and
heard opposition from various public interest groups. There was
no consensus on the Hill and legislation to change the licensing
process was not passed during this time.
Finally in 1987, with no legislation in sight, the NRC decided to
develop a new licensing process for nuclear plants. This new
process would incorporate as much of our earlier proposals as we
could under the existing statutory authority of the Atomic Energy
Act. The NRC announced its plans for a new regulation on nuclear
power plant licensing in September 1987 (Standardization Policy
Statement 52FR34884) . A draft rule (10 CFR Part 52) was proposed
in August 1988 (53FR32060) and the final rule became effective in
May 1989 (54JFR15372) . The new regulation provided for various
licensing options in addition to the previous two-step process
set forth in 10 CFR Part 50. The key part of the new licensing
process was the combined license. It required approval of the
final design information and approval of the inspections and
acceptance criteria before initiation of construction.
With the design of the plant finalized before the start of
construction, changes during construction will be minimized and
the process will be more stable and predictable, resulting in
less financial risk to the utilities. Also, public participation
can be more effective because final design information is
available before the issuance of the combined license. Now, the
only remaining safety decision is the adequacy of construction.
Since that decision cannot be made until construction is
complete, a second hearing opportunity is provided before
authorization to operate the plant. This second hearing
opportunity is provided to consider challenges to the NRC's
finding on the adequacy of construction.

The treatment of the second hearing opportunity under Part 52
deals with some of the concerns raised about the two-step
licensing process. Specifically, Part 52 requires an agreement,
before initiation of construction, on the inspections that will
be performed during construction and the acceptance criteria that
will be used. This agreement is reached during the review of the
inspections, tests, analyses, and acceptance criteria, known as
ITAAC. A second hearing will be held only if there is a prima
facie showing that one or more of the acceptance criteria will
not be met and the consequences of the nonconformance will be
contrary to reasonable assurance of adequate protection of public
health and safety. This is a very high standard. Therefore, if
a utility with a combined license builds the nuclear plant in
conformance with the approved design and meets the acceptance
criteria, it will be assured of receiving an authorization to
operate.
At this point the NRC thought its job was done. However, it was
subsequently sued by the Nuclear Information Resource Service
(NIRS) . The NIRS charged that Part 52 did not conform with the
Atomic Energy Act. Extensive litigation resulted and after an
initial decision and an appeal, the D.C. Circuit Court upheld
each feature of Part 52. The Circuit Court decision was issued
in July 1992.
Then came a surprise! After 17 years of consideration, the U.S.
Congress finally passed legislation on nuclear licensing. The
Energy Policy Act of 1992 codified major portions of Part 52.
Congress also provided the NRC with additional flexibility
regarding the timing and format of hearings under Part 52. In
particular, the NRC may authorize a plant to operate during the
pendency of a post-construction hearing on a combined license, if
the NRC finds that during the period of interim operation there
will be reasonable assurance of adequate protection of public
health and safety. The NRC amended 10 CFR Part 52 in December
1992, to conform with the changes to the licensing process made
by the Energy Policy Act. With that amendment, the NRC now has a
process in effect to license the next-generation of nuclear power
plants.
Currently, the primary effort regarding the NRC's new licensing
process is the reviews of design certification applications. The
NRC is currently reviewing four applications for design
certification. These are General Electric's ABWR and SBWR
designs, Combustion Engineering's System 80+ design, and
Westinghouse's AP600 design.
The goal of design certification is to resolve all of the safety
issues associated with the design and then to certify those
resolutions by rulemaking so that it will be difficult to make
changes in the future. This requires a level of design detail

that is sufficient to resolve the safety issues, but does not
require as-built or as-procured information. It also requires an
essentially complete scope of design except for site-specific
design features, such as the ultimate heat sink.
This approach to design approval has significantly changed the
financing of design work by the reactor vendors. In the past,
they only did sufficient design work to market their designs and
then primarily on the nuclear steam supply system (NSSS). The
vendors now have to provide design information on the balance-ofplant as well as the NSSS and they have to complete sufficient
design information to resolve all safety issues before receiving
certification of the design.
During the initial reviews for design certification, we have
struggled with the inherent conflict between industry's desire
for stability of issue resolution versus the need for design
flexibility by the utility constructing the plant. The NRC
planned to achieve the goals of stability and standardization by
requiring final design information for an essentially complete
plant, certifying that information by rulemaking, and applying a
restrictive change process to the certified information.
After the issuance of Part 52, the nuclear industry proposed a
two-tiered design certification rule with only the first tier of
information being certified. During the development of Tier 1,
the nuclear industry strived to minimize the amount of design
information to be certified. The industry also requested that
certain areas of the design not be provided for certification.
These are areas of evolving technology, such as digital controls.
For these areas, we used design acceptance criteria (DAC) in lieu
of approving final design information. Therefore, the amount of
design information that is finalized and the process for
restricting changes to these designs will determine the degree of
success that design certification will achieve in the future 1
The NRC published two proposed design certification rules on
April 7, 1995. These rules would certify the ABWR and System 80+
designs, if approved. Comments and requests for a hearing are
due to the NRC by August 7, 1995. The schedule for completion of
these design certification rulemakings is dependent on whether a
hearing is held.
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Abstract
Over the past decade, a number of factors have influenced the nuclear regulatory
environment in Canada. The Atomic Energy Control Board and its licensees have seen a
gradual transformation that has affected not only the mechanics of the licensing and
approval process but also the regulator/licensee relationship. In the decade ahead, there
will be further influences, some planned, others imposed by time or circumstance, that will
shape the regulatory climate. As change comes about, there will be a need for periodic
exchanges of views between the AECB and its licence holders and their employees, making
consultation a key element in taking care of business.

NUCLEAR REGULATION IN CANADA: THE DIAGNOSIS AND PROGNOSIS

Agnes J. Bishop, MD
President
Atomic Energy Control Board
The theme of this conference is Taking Care of Business, and
since, by law, there can be no nuclear business in Canada without
the approval of the Atomic Energy Control Board, the AECB's
health and outlook are undoubtedly of vital importance to the
industry.
Nuclear energy was introduced to the world as a weapon of
mass destruction, and it was this safety and security-related
application that led in 194 6 to the passage of the Atomic Energy
Control Act, establishing the AECB. Over the following dozen
years or so, as the fledgling Canadian nuclear industry developed
useful, peaceful applications for the new technology, the AECB
moved from an immediate post-war focus on the safekeeping of
information and nuclear materials to an additional concentration
on regulation in the interests of the health of workers and the
public. The AECB's controls on the industry evolved with the
industry in both scope and depth.
Since 1960, when with the provinces' encouragement and
support the first health and safety regulations were established
under the AEC Act, public and worker health and safety has become
the predominant raison d'etre for the AECB. The overwhelming
public interest in the environment that developed in the 1970s
and 80s also helped shape the AECB's current statement of
mission: To ensure that the use of nuclear energy in Canada does
not pose undue risk to health, safety, security and the
environment.
In the early part of that period, the business of licensing
nuclear facilities was quite different from what it is today.
For example, specialized advisory committees played an important
role in assessing licence applications, a practice that gave way
to AECB staff assessment when greater personnel resources were
acquired by the Board. The licensing process, though it has
never been adversarial, was much less formal 10 to 15 years ago,
and it did not depend so much on outside input and influences.
Until 1981, regulations were made and modified by the Board
in a relatively internalized and rapid process. Now, new
regulations as well as less formal regulatory policies and guides
are subject to an extensive consultation process that involves
the licensees, the public and special interest groups. Draft
regulations are also subject to the federal regulations-making
process, which includes the preparation of a comprehensive

Regulatory Impact Analysis Statement, and stage by stage
publishing in the Canada Gazette for comment. All of this takes
time, sometimes considerable time.
In the past few years we have acquired a good deal of
experience in the application of environmental assessment rules
to the licensing process. The requirement for environmental
screening, including the all-important assessment of public
concern, has radically altered the nuclear decision-making
process and in some cases introduced a time-delay factor that is
in large measure outside the Board's control.
In January this year, the Canadian Environmental Assessment
Act replaced the guidelines previously in force. Almost
completed is an AECB procedures manual to provide guidance on
applying the Act and its regulations to the Board's decisionmaking process. Although it is intended for use by AECB staff,
this document will undoubtedly be of interest and use to many of
our licensees.
In general terms, the environment Act will require similar
assessment and review activities to what has become standard for
licence approvals under the former guidelines. A significant
difference, however, is that the Minister of the Environment may
launch a public panel review of a proposed project even if this
is not recommended by the Board in its decision pursuant to the
Act's requirements. The full ramifications of this are not yet
known, but it is evident that in future, licence applicants will
need to devote considerable effort not just to the technical
elements of proposals, but to the public understanding and
acceptance aspects as well.
The new environment Act is a major influence on the way the
AECB does business. There are others that arise from time to
time, such as the 1992 report of the House of Commons Standing
Committee on Finance, whose 46 recommendations included the
following with respect to new regulations, all of which have to
do with taking care of business:
o the Regulatory Impact Analysis Statement should include
an assessment of the proposed regulation's impact on firm
competitiveness in the sectors where the majority of the
compliance costs are expected to occur;
o wherever possible, stakeholders should be brought
together at the problem-definition stage of regulation
development to reach a consensus on goals, priorities, and
allocation of resources for achieving them; and
o all the costs and benefits should be estimated for major
proposed regulations.

The cost-benefit issue also arose during the 1993 review of
the AECB's regulations and regulatory process by a special panel
set up by the Energy Minister, when representations on a variety
of regulatory irritants were made to the panel by a number of
major licensees.
The application of cost-benefit considerations to the AECB's
regulation of the nuclear industry has always proven to be
difficult, and has never resulted in much precision. Reasons for
this range from society's expectations of better-than-best
protection with respect to radiation, through the difficulty of
quantifying non-events - for example, what is the overall benefit
of an accident not happening? There is also the intractable
problem of placing a monetary value on a life or life expectancy.
Not to be overlooked is the fact that at the levels of radiation
exposure found under normal circumstances in the industry, the
consequences are largely undetectable, though they can be
calculated. If we look at the latest ICRP recommendations as a
case in point, it would be fairly straightforward to calculate
the cost to an AECB licensee of the public dose limit being
reduced from five millisieverts to one, but how do you quantify
the benefit?
We had a meeting with representatives of the major licensees
at the end of March last year to explore the cost-benefit issue,
and it was evident that this is a major preoccupation in some
sectors. The AECB also undertook to fund a research project on
the subject. The final report of this work should be available
for distribution by this summer. The study is expected to
identify a framework within which cost-benefit analyses of
regulation may be undertaken. Undoubtedly it will call for
extensive consultation with industry stakeholders.
The AECB is firmly committed to the improvement of
communications with our licensees, and would welcome advice or
suggestions on ways to do better in this area. We intend to
improve our consultative links with licensees outside the formal
regulatory review process, with a view to jointly exploring ways
to achieve the same health, safety, security and environmental
protection objectives with less or better regulations.
To guide us into the near future, in the face of the many
pressures we now face or can expect, the AECB is developing a
business plan. This will outline the changes the agency intends
to make over the next five years, in order to continue to fulfil
its mission effectively. The plan sets out eight major
strategies:
The first is to establish a sound legislative base for
nuclear regulation. The intention is to replace the Atomic
Energy Control Act of 1946 with a new Nuclear Safety and Control

Act. The new Act will correct significant weaknesses in the
current legislation and ensure that the nuclear regulatory body
has powers commensurate with its responsibilities, both national
and international.
The second strategy aims at improved cooperation with the
provinces. Discussions and negotiations will be made with the
appropriate provincial and federal departments to arrive at the
most effective and efficient means of administering nuclear
control.
A third strategy is to decrease the duplication and overlap
with other federal agencies and departments, through the making
of new arrangements for the provision of expertise.
Fourth, it is intended to reduce costs to the federal
government. This will be achieved by accelerating the AECB cost
recovery program, and by studying new financial arrangements for
the basis for funding AECB operations.
The AECB's fifth strategy is to improve the business
climate. Without compromising the high standards of health,
safety and security, and protection of the environment, the AECB
intends to minimize the direct and indirect costs of nuclear
regulation borne by the business community in Canada. It will
also work towards an international regulatory regime that
promotes good regulation of nuclear issues and is receptive to
Canadian exports.
The sixth major strategy is to contribute to the
international management of nuclear activities. This will
involve a number of initiatives to assist developing and newly
emerging nations, as well as international agencies, to improve
the regulatory controls over nuclear materials and facilities
through bilateral and multilateral cooperation.
Strategy seven concerns the non-proliferation of nuclear
weapons. It involves support for the Canadian non-proliferation
policy, and assistance in the international development of strict
controls on nuclear materials usable in nuclear weapons or
terrorism.
The eighth and final strategy falls under the heading of
"open government". The intention is to open the nuclear
regulatory process further, and make it easily and cheaply
accessible to all persons in Canada. We will improve
consultation with stakeholders in the licensing process, increase
efforts to publicize significant licensing decisions in the
region where they have the most effect, and hold Board meetings
in the vicinity of major nuclear facilities more often.
The AECB expects to achieve the goals set out in its
business plan without any reduction in health or safety
standards. Given that it's unlikely that the Board will be

afforded increased resources in the near future, I believe this
places an added importance on the need for good cooperation
between the regulator and licensees. Cooperation is of course
dependent on communications, and we will be maintaining the
commitment to consultation with the industry that we made
following the Minister's panel review of the regulations and
regulatory process in 1993.
Over the past decade, the AECB and its licensees have seen a
gradual transformation that has affected not only the mechanics
of the licensing and approval process but also the regulatorlicensee relationship. In the decade ahead, there will be
further influences, some planned, others imposed by time or
circumstance, that will shape the regulatory climate. As change
comes about, there will be a need for periodic exchanges of views
between the AECB and its licence holders and their employees,
making consultation a key element in taking care of business.
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Advising Emerging Countries on the Development of
Regulatory Agencies
John G. McManus
Secretary General
Atomic Energy Control Board
Abstract

The Canadian nuclear regulatory regime has achieved some international recognition as a
reasonable and cost-effective approach that is easily adopted by countries with emerging
nuclear programs. As a result, over the last few years, the AECB has experienced growing
interest from foreign regulators in cooperation and training programs operated by the
Board. As legislative and financial changes develop in the Canadian nuclear regulatory
environment, there will be a need to monitor this program to ensure that Canada is making
an appropriate contribution to the international development of cost-effective nuclear
regulation.

ADVISING EMERGING COUNTRIES ON
THE DEVELOPMENT OF REGULATORY AGENCIES

John G. McManus
Secretary General
Atomic Energy Control Board
Introduction
The Canadian nuclear regulatory regime has achieved some
international recognition as a reasonable and cost effective
approach that can be adopted by countries with emerging nuclear
programs. Interest in the Canadian regulatory program naturally
arises also from the regulatory body in any country which
purchases a CANDU reactor or other major nuclear facility that
had been licensed in Canada. A third source of interest in
regulatory cooperation has came from the countries that were part
of the previous Soviet Union and do not now have that central
regulatory authority previously provided from Moscow. As a
result, over the last few years, the AECB has experienced rapidly
growing interest from foreign regulators in cooperation and
training programs operated by the Board.
In the first part of this paper I would like to describe the
elements of the Canadian regulatory system that we are
recommending to foreign regulators that seek our advice.
The Canadian Nuclear Regulatory System
First there is wide international consensus that there are three
essential elements of a nuclear regulatory regime. These
elements are:
- comprehensive nuclear regulation legislation
- competent and independent nuclear regulatory body
- thorough nuclear inspection and enforcement system
Once these essential elements have been established there has
been considerable variety among states in the style of regulatory
regime. I would not want to suggest that one style is better or
worse than another, but I will describe the Canadian nuclear
regulatory system and note some of its strengths.
Basic Philosophy of Regulation
The Canadian philosophy is that the operator holds the primary
responsibility for safety and good management of nuclear
materials and facilities. The role of the regulator is to set
basic safety objectives and to ensure that the operator meets
those objectives.

Canadian designers and operators understand, even before they
begin a design, that the responsibility for the safety of the
Canadian worker and the Canadian public is in their hands. The
AECB will review designs to ensure that basic safety goals can be
met, but the applicants must ensure that their proposals are
safe.
Level of Prescription
The Canadian regulatory system is not highly prescriptive. The
Canadian system is not based on volumes of detailed regulations,
which if followed precisely, would ensure safe use of nuclear
technology. Instead the AECB policy is to require the applicant
to demonstrate how compliance will be achieved with the rather
small set of basic safety objectives and criteria established.
This approach allows the applicant considerable flexibility in
his approach, permitting him to search for more effective or
efficient means to achieve the required safety objectives. It
also reinforces the basic safety philosophy mentioned above. The
applicant must consider the basic safety objectives from the
conceptual stage of the project and demonstrate how these
objectives will be met.
Legal Complexity
The decision-making process in the Canadian regulatory system is
non-adversarial and not legally complex. It concentrates on
seeking the best technical decision for the licensing question
posed. Licensing must observe due process in Canadian law.
Decisions are made by the Board and decisions cannot be appealed
to the courts for technical review. A recent comparison of the
US and Canadian regulatory system showed the USNRC which
regulates about 110 power reactors with 98 lawyers, and the AECB
which regulates 22 power reactors with two.
The simple Canadian decision-making process saves time, people
and money but it depends heavily on the skill and credibility of
the regulatory body in managing the process, and demands a high
level of responsibility from the licence applicant.
Consolidation of Nuclear Control
Responsibility for regulatory control of nuclear matters might be
widely distributed among many governmental departments such as
Health, Transportation, Energy, Environment, Fisheries, Mines,
Labour, Solicitor General, etc., or responsibility can be focused
in one control agency. The Canadian experience has shown good
success in the assignment of all responsibility for issues of
Health, Safety, Environment and National Security to one control
agency. This focus of responsibility has permitted efficient use
of analysts and inspectors, allows for a comprehensive,
countrywide control system, fosters competitiveness through

national standards, and permits smooth transition of materials
between facilities and across international boundaries. In
Canada, the same relatively small organization controls import,
export, use, transportation, production, disposal, security,
safeguards, safety of nuclear materials and facilities, and
protection of workers, the public, and the environment.
This concentrated and centralized control system transfers many
burdens of communication from the licensee to the regulatory
body. The licensee needs to deal primarily with the AECB, while
the AECB must ensure that adequate liaison and cooperation in the
licensing process is established with the departments which might
normally deal with health, labour, etc. This coordination burden
in Canada is primarily on the regulatory body rather than the
licensee.
Structure of the Nuclear Control System
In Canada we have taken advantage of the consolidated control
system described above to create a comprehensive nuclear control
system. Very simply:
First - all activities using nuclear materials or concerning
nuclear facilities are prohibited except in accordance with a
licence.
Second - a licence is only issued when the regulatory body is
assured that the licensee can properly manage the nuclear
material or the nuclear facility.
Third - a set of conditions are applied through the licence which
are specific to the activity approved for the licensee.
This control system ensures that the regulatory body is aware of
all nuclear activities in the state, has approved and licensed
all such activities, and can inspect all such activities for
compliance with the nuclear control regulations.
Compliance
A comprehensive compliance system is an essential element in the
nuclear regulatory regime. Regular inspection must be carried
out to ensure that licensees are following the rules established
for proper management of nuclear materials and facilities. It is
essential that the legislation provide for adequate access for
inspectors to all nuclear materials, facilities, and related
information, and for adequate powers for the inspector to require
correction of any failure of a licensee to comply.
The inspector must be well trained in inspection duties and must
be familiar with the nature and practices of the industry he is
inspecting.

For power reactors, the AECB has depended for many years on
project officers on site. From the first full-size power reactor
built in Canada at Douglas Point in the early 1960's, the AECB
has had project officers on site during construction,
commissioning and operation of every power reactor in Canada.
Project officers are more than inspectors in that they have
responsibilities for licensing matters such as approval of
changes and authorization of certain procedures. This experience
has been very positive and we have recently reinforced the teams
at Canadian power reactor sites.
Project officers become familiar with site details, provide quick
response to some problems raised by the licensee, are intimately
aware of the general state of repairs and maintenance of the
facility, and have a good idea of general safety culture of the
staff and management of the facility.
Canadian experience
strongly supports the establishment of on-site full-time
regulatory staff at nuclear power reactors.
Public Consultation
An essential element of the regulatory system is
access for the public. Widespread acceptance of
program by the public is dependant on sufficient
regulatory process so that the public can assure
nuclear regulatory body is:

appropriate
a nuclear
knowledge of the
itself that the

independent in its decision making;
technically competent in its regulatory role;
adequately staffed and financed;
applying modern, internationally accepted standards;
open and accessible in its regulatory process.
Canadian experience suggests that industry, the nuclear operator,
and the nuclear regulatory body should each have active programs
to inform the public about their respective roles in the nuclear
community. In addition, the nuclear regulatory body should carry
out its regulatory role in an open manner, making the standards
applied to the nuclear industry available to the public for
review and comment.
The Canadian regulatory process is completely open, and Board
meetings are open to the licensees and the general public.
A recent innovation in Canada has been the process of holding
meetings of the AECB in the various regions where nuclear
activities are situated. The response from local politicians,
leaders, and members of the public has been universally positive
to this effort to bring the decision-making process into the
local neighbourhoods of nuclear facilities.

Personnel Resources
Nuclear technology is demanding. It is demanding of the highest
quality of equipment and personnel. The development of
adequately trained and experienced personnel may be the biggest
challenge facing a state adopting nuclear technology. The
problem is made more difficult when the nuclear utility, the
nuclear industry, and the nuclear regulatory body are all
competing for a small and suddenly inadequate core of technical
experts. Even after more than 4 5 years of nuclear development in
Canada we are still faced with shortages of certain technical
expertise.
One answer is training. All three members of the nuclear energy
community, the utility, the industry and the regulatory body must
make special efforts and provisions to produce a cadre of nuclear
specialists. Local universities should participate in
emphasizing courses which are appropriate entry levels for
nuclear technology.
International sources should be utilized. The International
Atomic Energy Agency (IAEA) in particular provides access to a
wide variety of specialized nuclear training and many member
states offer specialized courses.
Where nuclear technology is purchased from abroad, extensive
specific training should be negotiated with the supplier. For
industry sources this might include on-the-job training for
personnel who will be responsible for manufacture of items or
support of equipment once it has been delivered from abroad. For
utility staff this should include extensive training in
commissioning and operation in similar facilities in the
supplying state. For regulators this should include training
with the regulatory body of the supplying state in its safety
requirements and enforcement practices.
It is just as important to properly plan for and implement these
training programs as it is to plan for the purchase and
construction of the new facility. Because of the long lead time,
training may be the critical element in the introduction of a new
nuclear facility in a state.
International Cooperation
The Canadian nuclear program began as an international
collaboration more than 50 years ago and Canada has been an
active proponent of international collaboration ever since.
Canada depends strongly on the ICRP recommendations when making
its own regulations on dose limits. Canada also participates
actively in the IAEA, and has benefited from many IAEA regulatory
support activities. Much regulator's time and effort can be

saved by taking advantage of the collected world-wide wisdom
available from IAEA activities. Common world-wide standards can
greatly simplify commerce and international exchange of
technology. The IAEA-developed transportation regulations are an
excellent example.
Nuclear Regulatory Cooperation Programs 1992-1994
In this section we will look briefly at some of the programs that
we have delivered over the last three years. Table 1 is
international assistance that we have provided abroad in
cooperation with the IAEA. For all these programs the IAEA has
paid for all travel costs and the AECB has paid salary only.
TABLE 1
1992-1994
INTERNATIONAL ASSISTANCE ABROAD
Turkey

1 week

Legislation and organization for
regulatory body

Cyprus

1 week

Use, storage and disposal of
radionuclides

Tunisia

1 week

Strengthen Nuclear Regulatory
Capabilities

Slovak
Republic

1 week

Strengthen Nuclear Safety
Regulatory Body

Ukraine

1 week

Spent Fuel Storage

Russia

1 week

Spent Fuel Storage

Hungary

1 week

Operational Safety Training

Czechoslovak
Republic

1 week

Licensing Activities

Thailand

2 weeks

Romania

1 week

Nuclear Regulation
Spent

Fuel Storage

Each one of these programs was provided under cooperative costsharing arrangements with the IAEA.
Table 2 shows assistance to developing countries that was
provided at the AECB training centre or other places in Canada
All these programs were fully cost recovered by the AECB.

TABLE 2
1992-1994
ASSISTANCE TO DEVELOPING COUNTRIES
AECB TRAINING CENTRE PROGRAMS DELIVERED IN CANADA
Egypt

30 weeks

Radiation Safety in Uranium
Mining

Indonesia

22 weeks

Radiation Protection Inspection
and Compliance

Zaire

7 weeks

Aspects juridiques de l'energie
nucleaire

Thailand

28 weeks

Regulations Licensing and Safety
Compliance

Ghana

3 weeks

Research Reactor Licensing

Brazil

4 weeks

Emergency Preparedness

These programs are all 100% cost recovered.
Table 3 shows assistance provided to countries that were formerly
part of the Soviet Union and are now in the process of developing
their own nuclear regulatory programs. To assist these states,
Canada has provided a special fund which is administered by the
Department of Foreign Affairs and International Trade. This fund
has provided all AECB costs for this program.
TABLE 3
1992-1994
ASSISTANCE TO FORMER SOVIET UNION COUNTRIES
AECB TRAINING CENTRE PROGRAMS PROVIDED IN CANADA
Lithuania

6 weeks

Reactor and Fuel Cycle
Regulation

Ukraine

35 weeks

Six Programs across the Fuel
Cycle and Radioisotopes

Russia

17 weeks

Nuclear Power Plant Safety, Fuel
Cycle Licensing, Operator
Certification, Radioisotope
Licensing

100% cost recovered through a special fund established in the
Department of Foreign Affairs and International Trade.
Table 4 shows assistance provided to regulatory colleagues from
Korea and Romania.
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TABLE 4
1992-1994
TRAINING CENTRE
ASSISTANCE TO MAJOR CANDU CUSTOMERS
Korea

Romania

50 weeks

Instrumentation and Control
System Review, Reactor and Fuel
Storage Review, Piping Analysis
Review, Safety Analyzing Seismic
Design Review, etc.

167 weeks

Radiation Protection, Safety
Evaluation, Licensing, Emergency
Preparedness, Operator
Certification, Probabilistic
Safety Assessment, etc.

100% cost recovered
In addition, one senior AECB Project Officer has been seconded to
CNCAN and posted to the Cernovoda site in Romania since December
1993 to advise CNCAN in the regulatory oversight of the 600 mw
power reactor.
Future Programs
The near future looks just as busy for us. In the fiscal year
1995-1996 alone we have already committed to a significant
training schedule. Table 5 shows assistance that we are already
committed to supply to former Soviet Union states under the DFAIT
program.
TABLE 5
1995-1996
ASSISTANCE TO FORMER SOVIET UNION STATES
Lithuania

3 programs

RBMK safety, significant events,
licensing and compliance

Ukraine

5 programs

Radiation protection, quality
assurance, spent fuel, dealing
with the public

Russia

4 programs

Inspection, fuel cycle, radwaste,
operator certification

Slovakia

2 programs

Safety analysis waste management

Table 6 shows the continuing assistance we will provide to major
CANDU customers.

TABLE 6
1995-1996
ASSISTANCE TO MAJOR CANDU CUSTOMERS
Korea

2 programs

NPP licensing and quality
assurance, safety critical
software

Romania

5 programs

Fuel management, inspection and
compliance, safety analysis and
special medical training

In addition, as the final stages of commissioning begin, the AECB
will provide support for four programs in Cernovoda on simulator
training, licensing compliance, commissioning and review of FSAR.
These programs are 100% cost recovered.
Table 7 shows the programs presently committed in 1995-1996 for
developing countries.
TABLE 7
1996-1996
ASSISTANCE TO DEVELOPING COUNTRIES
Thailand

3 persons

Regulations, licensing, safety
compliance

Indonesia

6 persons

NPP regulations, licensing and
safety compliance

These programs are 100% cost recovered.
Cost Recovery Implications
Under the present Cost Recovery Program mandated by the Federal
Government, the AECB obtains its operating funds in part (now
about 71%) from the fees charged to licensees, and in part (now
about 29%) from the general tax revenues of the Federal
Government. While it is important that the AECB not spend money
received for licence fees on activities unrelated to licensing,
it is important that the AECB have some small discretion in the
provision of assistance to other regulatory bodies, in particular
those of developing nations.
In practice, the Board has been reasonably successful to date in
balancing these two concerns. A look at the program developed
for the Government of Thailand should provide a good example. In
1994, two weeks of direct assistance in the establishment of an
independent regulatory body and in regulatory legislation was
provided to the Government of Thailand by the AECB. For this
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introduction, the IAEA paid all travel costs and the AECB covered
the salary of the Canadian expert. This initial support was
therefore approximately 50% cost recovered by the AECB.
Following on from this, the developing regulatory body in
Thailand requested a comprehensive training program from the AECB
to be developed over several years. In 1994, three regulators
from Thailand spent a total of 2 8 person-weeks training in Canada
in the regulation and licensing of research reactors. Three more
regulators will visit Canada this year for a total of 24 more
person-weeks of training. The training includes travel to
Canadian facilities and, with the agreement of Canadian
licensees, participation in actual inspections in Canadian
research reactors. At the end of 1995, 100% of the nuclear
regulatory staff of the Government of Thailand will have trained
in Canada with the AECB, and they will all have received a
significant exposure to research reactors in Canada.
All of this program, except for the first two person-weeks
supplied by the AECB was completely cost recovered. We believe
this program represents a valuable contribution to the
improvement of regulation of nuclear technology around the world
and at very little expense to the AECB budget. Since it is
doubtful that this program would have been developed without the
initial two weeks of introduction funded in part by the AECB, I
put the program forth as an example of the value and use of the
small discretionary funding at the disposal of the AECB.
To ensure that this expenditure remains small, the AECB President
has put an upper limit of 1% of AECB budget on this form of
spending (-$400,000) . In fact, recent experience has been below
K of 1%.
In fiscal 1994-1995 the AECB Training Centre spent $1.4 million
on these programs, all of which was cost recovered. This is
about the maximum we can deliver at present because of human
resource limitations, and we do not foresee any significant
expansion in the future. Also, we are just about at this level
for 1995-1996 and programs are already being booked for 1996-1997
and 1997-1998.
Advice for Nuclear Exporters
Developing countries recognize the benefits that Canadian nuclear
technology can bring and they also want to ensure that the
technology is properly regulated. In general the nuclear
regulatory bodies in developing countries may be in the early
stages of development somewhere within the science development
program, or may even be non-existent. Almost certainly, they
will be less developed in their skills than the potential
operator of the nuclear facilities. It is important for
exporters to realize that support for the development of the
regulatory body in the purchasing country may be as important for
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the success of a major project as support for the operator. A
small but competent regulatory body will have clearly established
standards that the designer and operator can understand and meet.
An established regulatory body will not be developing new
requirements as the plant is being built, or even worse, after
the plant is built, giving rise to expensive alterations or
backfits.
A well trained and experienced regulatory body will also be able
to keep pace with the construction of the plant, and avoid costly
delays in licensing or approval of changes.
A competent regulatory body will promote a safety culture that
recognizes that the primary responsibility for safety rests with
the operator and the role of the regulator is to ensure that this
responsibility is met.
Exporters should recognize the limitations on the AECB training
program. Substantial programs take time to negotiate and to
organize. Planning should be done well in advance of need.
Exporters of nuclear facilities should be aware of the training
and development needs of the regulatory body as well as the
training and development needs of the operator/purchaser of the
nuclear facility. Enlightened exporters will ensure that funds
are allocated to provide the transfer of regulatory technology
and experience.
Conclusion
The actual licensing process of a nuclear facility is a complex
technical decision made within a value system called the nuclear
regulatory regime. The best decisions will come from good
regulators using a modern and comprehensive regulatory system.
At the AECB , we hope we are contributing to the development of
such systems in the countries we have assisted.

Government/Industry Export Partnerships:
What are Other Governments Doing?
Glen Hammond
Regional Vice President
Export Development Corporation, Vancouver
Abstract
As Canada's official export credit agency, EDC has been involved in the financing of
Canadian-designed and/or -equipped thermal, hydro and nuclear power generating plants
in many countries around the world. This has included support for CANDU sales to
Argentina, Romania and Korea. Because of the high cost of constructing nuclear power
generating facilities, financing support in today's environment demands new vision, strategic
alliances and non-traditional approaches to the provision of financing.
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Trade Development:
How is Canada Responding?
Kenneth W. Wigley
Manager of Nuclear Products
Invar Manufacturing Limited

Good morning Ladies and Gentlemen, Fellow Speakers.
As you can see, I have been asked to try to capture what Canada must do to respond to
the Foreign Development opportunities which exist today and we hope will exist for many
years to come.
The easiest part of this challenge is the product. Canada is known worldwide for all
forms of electric generating stations. For the purpose of time, I shall concentrate my
report on the CANDU Nuclear Reactor. Please do not be offended, but in many cases,
the same comments which I will present here, are also applicable to the other forms of
energy production which Canada can offer.
AECL, private sector industry and engineering companies are working diligently to update
and improve the reference plant which will be our model in the international marketplace.
A task force has been formed to study all phases from engineering concept, through
procurement, manufacturing, construction and commissioning and it is currently
underway to look at all areas in order to reduce costs; while at the same time; keeping
quality and safety foremost.
Earlier this year, I was seconded from the private sector of the Nuclear Industry to work
together with AECL and industry. The objective is to strengthen 2-way communications
and improve understanding between these sometimes "distinct societies". The initial
task in this secondment, so far, has been to interview employee's of both AECL and the
private sector who were asked to complete a questionnaire to determine the current mind
set of the various players. Once this was completed, a review was made and an action
plan was implemented.
Copies of the questionnaire are located at the back of the room and I would appreciate it
if you would take a few moments to pick one up and complete it . Your completed
response can either be dropped off at the registration desk, or it can be mailed to me.
Your input and candid comments would be much appreciated.
Innovations such as the ability to burn other fuels offer an extra element when the
CANDU System is being evaluated.
The CANDU has inherent flexibility to economically utilize many fuel cycles. Because of
the high neutron economy of its heavy water moderated core, other fuel cycles are
possible in the CANDU. These include Slightly Enriched Uranium (SEU), Recovered
Uranium (RU), Plutonium (MOX) fuels and Thorium. The CANDU's fuel flexibility provides

a reactor system that can readily respond to the changing economic conditions that can
affect the fuel cycle.

The second part of the challenge which faces Canada, is somewhat more difficult,
because it involves the private sector, AECL and the Federal Government.
1.

The first problem which we must overcome is the lack of 2 way communications
between all of the Canadian Partners. Once we overcome this, we will be
perceived as a United Team Canada. Our competitors give this perception and so
must Canada.
We have opened up the 2 way communication highway. Because of the mind set
of the new vision AECL and the direction of the President and CEO, Mr. Reid
Morden, this very important element is now being addressed.
Reid Morden's direction for AECL is to obtain a substantial share of all future
Nuclear Reactors to be built. All of the Executive Committee and top line
management have bought into the program and with this focus, the interface
between Industry and AECL is easier to achieve.

Even with all of the technical advantages which CANDU offers, the most important
marketing tool; which we need; is the cost competitiveness of our product. Both
Industry and AECL are currently working closely together to look at all possible
opportunities in order to reduce the overall cost of the CANDU Reactor, which will
directly impact on the cost/KW hour.
In 1994, the Organization of CANDU Industries developed the CANDU
Competitiveness Committee. This Committee was tasked to approach the Private
Sector Manufacturing Companies to inquire if they felt that cost savings could be
realized if changes were made. Each response had to be supported with detailed
documentation; potential cost savings in either raw material costs or labour costs
as well as a summary of the effect of implementing their suggestions.

Please remember - This was not a WITCH HUNT.
The OCI CANDU Competitiveness Committee is now interfacing directly with AECL
in the new reference plant model for future sales.
Many other areas of cost reduction are being investigated. Every idea will be
looked at and evaluated.
Some of the suggestions which have been put forth are as follows:
PROCEDURES
ENGINEERING DRAWINGS AND SPECIFICATIONS
QA/QC
PRE SELECTION PROGRAM
CIVIL CONSTRUCTION
EVALUATION OF NEW PRODUCTS

Since these suggestions are quite involved, the time necessary to review and
evaluate them will be an ongoing program for quite a while.

3.

In order to increase the sales of CANDU Reactors, AECL and Industry must work
together to forge a united partnership, which will be constantly changing, - Based
on the targeted country.

THE DAYS OF WOLSONG 1 WILL NEVER OCCUR AGAIN!!
No country in today's marketplace will buy a Nuclear Reactor without insisting on
as much localization as possible.
THE DAYS OF THE BLANK CHEQUE ARE GONE FOREVER

Localization can cover such areas as civil construction ...
Procurement and/or manufacture of BOP or NSSS items.
It has become increasingly evident that AECL and industry must become involved
in some or all of the following:
a)
b)
c)
d)

Joint Co-operation Agreements
Manufacturing Technology Transfers
Domestic and/or International Partnerships
Domestic and/or International Consortiums

to secure the sale of the CANDU Reactor.
4.

As we move from one country to another, the requirements needed to secure the
sale changes.
Most countries have hidden political or economical agendas, which, if addressed
positively, will give us a better opportunity to secure the sale.
Let me give you 2 examples
A.

TURKEY
One of the hidden agenda terms which Turkey has, is to gain access into the
European Common Market.
In order for AECL to gain an advantage, European Partners had to be found.
The partners had to not only bring to the table the technical expertise
required, but they also had to support their involvement by International
financing.

B.

A potential customer of CANDU might be the best manufacturer of valves.
Should a CANDU Reactor be sold, it would be logical for that country to
want to manufacture all of the valves for the station, therefore, your
involvement might be in Technology Transfer only. HOWEVER, the next
targeted country might have no expertise in the design or manufacture of
valves, and you will then have an opportunity to supply these products.

With these 2 examples in mind, and the known fact that there is not enough
Canadian Government Financing available for the Canadian scope for each new
project, please remember that this scenario will likely happen to each and every
company represented here today. In some targeted countries, you will receive
100% scope of supply, and in other countries, your scope could vary downward to
zero.
It is during these times that it is very easy to blame either AECL or the Federal
Government for allowing this to happen to you. Voicing your displeasure in an
UNPROFESSIONAL MANNER will do more harm than good.
I would like nothing better than to see each partner in Team Canada in a WIN/WIN
situation; However, from a practical perspective, this will not always happen. Our
Joint Co-operation as a Team will secure the sales of future CANDU Reactors.
REMEMBER
Is it not better to receive up to 100% involvement in a CANDU project than it
would be for 100% involvement in NO SALE at all.
5.

Team Canada must become more aggressive in the International Marketplace.
As stated earlier, creative approaches towards International Financing, Partnerships
and Consortiums must be utilized if AECL is to succeed in its goal of a substantial
share of the new power plants in the future.
Everyone in this room must work together if we are to succeed.

6.

The Going Global Energy Steering Committee was formed in 1991 and consisted of
the following members:
•

Canadian Nuclear Association

• OCI
•

EEMAC

•

CAPSEP

•

AECL

•

ONTARIO HYDRO INTERNATIONAL

•

FEDERAL GOVERNMENT:
• FAITC
• NATURAL RESOURCES
• INDUSTRY CANADA

I think all of you know of the success which resulted from the formation of
GGESC.
HIGHLIGHTS:
•

A tour of 6 Korean Government Officials to Canada in the Fall of 1991.

•

A two part brochure directory was produced. 5,000 copies were printed
and distribute worldwide. This directory has received rave reviews. There
have been many requests for additional copies, however, until such time as
this committee can find a new home, which will be truly united for all
sectors of our industry, there will not be a reprint.

•

A Canadian lead mission to Korea of some private sector Canadian
companies in 1993.

In summary, the successes, which have occurred because of the work of the
Going Global Energy Steering Committee, has proven that the Private Sector,
AECL, Nuclear Provincial Utilities and the Federal Government can work together in
harmony.
Ladies and Gentlemen, let us build on our successes; let us learn from our
mistakes; let us learn to listen and try to see the problems which face our partners
from their perspective. Let us work together. We must stand as a UNITED
TEAM.
If we do, we will have the opportunity to be successful.
If we do not, we will have very little opportunity at all.
I would like to thank you for your patience and to advise you that what some of
you perceived to be the motto taken by certain members of TEAM CANDU has
now been deemed OBSOLETE.

8

CNA Session 6
NEW MARKETS
Review of Emerging Markets for Nuclear Power
Gerald E. Clark and Robin Bhar
The Uranium Institute, London
KEPCO: An Established and Growing Nuclear Power
Bo Hun Chung
Vice President, Nuclear Power Division
Korea Electric Power Corporation
Turkey: An Area of Great Potential
Nejat Aybers
Nuclear Energy Institute, Istanbul Technical University

CA9700349

Review of Emerging Markets for Nuclear Power
Gerald E. Clark and Robin Bhar
The Uranium Institute, London

!

Abstract
Nuclear power already provides a significant proportion of the
electricity generated worldwide. World energy demand driven by
population growth and economic development will be over 50%
higher in 2020 than in 1990. More and more of this energy is
being provided as electricity. World demand for electricity
will double by 2020, reaching 22,700 TWh compared with 11,490
TWh in 1990. Firm construction plans for nuclear power
stations in practice cover the first 15 years of this period.
Over that time worldwide nuclear capacity will only expand by
about 20%. Much of this expansion will occur in the emerging
markets whose energy needs are expanding at a fast rate
because of their position in the development cycle, and a
larger role for nuclear power would not only be desirable but
inevitable if these countries take the aims of the 1992 Rio
Convention on Climate Change seriously.
The paper reviews present plans for nuclear power in the
emerging markets including those countries which at present do
not have nuclear power but consider it a serious option for
the future. It will consider the financial implications.
Introduction
The core business of the nuclear fuel industry is the
generation of electricity. It is widely recognised that the
one energy option which holds out the most promise of laying
the foundation of globally sustainable economic development
accompanied by control of potential environmental degradation,
is the increased application of electricity. World energy
demand, driven by population growth and economic development,
is expected to be over 50% higher in 2020 than in 1990, even
when conservation and improved efficiency of use are taken
into account. From a share of world primary energy of about
34% in the early 1990s, electricity is expected to meet over
50% of the world's energy demand by 2 020. World demand for
electricity is forecast to double by 2020, reaching 22,700 TWh
compared with 11,490 TWh in 1990. On present plans known to
the Uranium Institute, worldwide nuclear capacity will expand
by nearly 2 0% over the next 15 years. Compared to the total
rise in the demand for electricity just mentioned this
expansion of nuclear generating capacity looks modest,
especially when it is recalled that nuclear power is the only
source of electricity which has the ability to make a
significant impact on controlling the growth of fossil fuel
use and hence the build-up of CO2, and other greenhouse gases in
the earth's atmosphere. On present plans nuclear's share of
the world electricity generating market will decline in the
next thirty years to about two thirds of its present level.
If the world collectively wishes to moderate the potential for
climate change attributed to C02 and methane emissions
associated with fossil fuels, then nuclear could and should
play a larger role than is currently envisaged.
It is no coincidence that nuclear power is marking time in
Europe and North America: electricity demand there has been
growing only slowly for the past decade and looks likely to
remain so. There is still a surplus of base load capacity in
North America. Annual growth in OECD countries' electricity

use has slowed from 7.6% in the 1960s to 2.8% at present. In
such circumstances considerations of economic competitiveness
and perceptions of safety become over-riding, and in many
countries in the developed world nuclear has been forced on
the defensive. Energy saving e.g. in the United States has
seemed to be both more competitive - giving a better return on
investment - and a better solution in terms of environmental
protection than any form of additional generation capacity.
But in the developing world, and especially in the Far East
where many national economies are expanding rapidly, the
energy picture is quite different from Europe and North
America. It is therefore not surprising that there is already
significant growth in installed nuclear capacity in the Far
East, especially in Japan, China, South Korea and Taiwan, and
in South Asia; and that it is in this area of the world that
the main present prospects for further growth in nuclear
exist. Currently, there are 16 new reactors under construction
in China, India, Japan, Pakistan and South Korea. Other
countries such as Indonesia, Iran, Malaysia, Thailand, and
Vietnam, also commonly referred to as the emerging nations, do
not at present have nuclear power but have announced plans to
develop it (Table 1 ) , as does Turkey, which is remote from the
Far East, but has much in common with the countries just
mentioned in energy development terms.
This paper will review these plans. I do not intend to cover
China (except to look briefly at the financing of Daya Bay) or
South Korea in my review. In the two papers to follow you will
hear eminent speakers from China and Korea talk about their
countries' plans for nuclear. In the Philippines, where a
completed nuclear power plant has been mothballed,interest in
developing nuclear power appears to have receded.
There are diverse reasons why the countries mentioned have
chosen nuclear power as part of the solution to their energy
needs. Many of these countries are experiencing strong
population growth together with rapid industrialisation and
economic growth. A large increase in the supply of energy will
therefore be required to sustain these growth rates. As shown
in Table 2, electricity is primarily generated from fossil
fuels, particularly oil in the case of Indonesia, Iran,
Malaysia and Thailand. However, with the exception of oil-rich
Iran and Indonesia, oil imports adversely affect their trade
balances. In addition, there is a growing desire to meet
rising electricity demand in an environmentally friendly way,
and hence efforts are being made to diversify away from fossil
fuels towards other more environmentally friendly forms of
electricity generation, including nuclear power. In Indonesia,
there is pressure to export oil to obtain foreign revenue,
rather than burning it to make electricity. In countries such
as China and India, where transport and transmission distances
are large, nuclear has advantages over fossil fuels. The World
Energy Council has analysed in detail world energy/economic
growth scenarios and reports that many countries consider a
nuclear programme to be an essential part of their energy
future.
As shown in Table 3 there are large variations in installed

capacity levels (per capita) within the region but the large
disparity in energy consumption levels is likely to disappear
over the next several decades. Figures 1 and 2 show forecast
electricity supply for the region in the period up to 2010.
India
India's electricity demand will nearly double by the end of
the decade. Currently around 72% of electricity generation is
from coal which involves burning annually 200 million tonnes
of bituminous coal. This makes India the fifth largest
producer of greenhouse gases. Currently there are a total of
ten nuclear power stations accounting for about 2% of India's
electricity. A further six units are under construction for
completion by 2001 and an additional eight units are planned
for completion by 2010. But even assuming that construction of
these goes ahead nuclear stations will supply only about 6% of
India's total electricity consumption in 2010. However, a
serious shortage of investment has delayed the country's
nuclear programme to date, and it seems likely that this will
remain a limiting factor, although Russia has announced its
willingness to help.
Indonesia
Indonesian demand for electricity is growing by some 15%
annually, creating an urgent need for additional electricity
supplies. It is estimated that for the island of Java, which
accounts for 80% of Indonesian electricity consumption, there
will be a need for an additional 10 700 MWe of capacity by
2000. Under the government's energy diversification policy its
aim is to reduce domestic oil consumption and to promote other
energy sources. At the same time, the Ministry of Population
and Environment has recommended that coal-fired capacity be
limited to 15 GWe (equivalent to an annual 40 million tonnes
coal burning limit for Java). Following recent studies which
have shown that nuclear power is economically and technically
feasible in Java and that the recommended unit size is about
600 MWe, the country's Atomic Energy Agency, BATAN, is engaged
in further feasibility and site studies on the north coast of
the Muria Peninsular. A decision on whether to proceed with
construction will be taken in 1996 and, if positive, the Muria
plant is scheduled to be operational by 2005. Longer term, a
total of twelve units are planned to be brought into
commercial operation between 2005 and 2015.
Iran
Iran has long had ambitions to have a nuclear power programme
despite its vast oil and gas resources. In 1974 the Atomic
Energy Organisation of Iran was established to begin
construction of 23 large nuclear power stations planned to
begin operation by the mid-1990s. But by the time the
revolution took place in 1979 only two German-supplied, 1300
MWe reactors were under construction, at Bushehr. Work was
then halted. The reactors were later damaged during the war
between Iran and Iraq. In 1991 the German government decided
against resuming work on the unfinished reactors and told
Siemens to withdraw from the project. Since that time the
Iranian parliament has ratified agreements for nuclear cooperation with Russia and China: Iran has announced that it

intends to complete the two units at Bushehr and to build two
additional 440 MWe units at the same site with technical
assistance from Russia, and plans to build two further 300 MWe
capacity units at the same site using Chinese technology. If
these plans go ahead, the first nuclear power plant in Iran
will be completed by 1999.
Malaysia
Malaysia's demand for electricity will almost triple by the
end of the decade, to about 13 GWe from about 5 GWe now.
Against this background and a desire to diversify away from
fossil fuel capacity, the government has announced its
intention to develop nuclear power. Although it has an
extensive programme of nuclear applications in various fields
and is studying the nuclear power option to help meet
projected electricity demands, the country's nuclear power
programme is not as advanced as other countries' and no date
has yet been announced for operation of the first reactor.
Pakistan
Chronic power shortages are already occurring and the
government is looking towards an expansion of its nuclear
power programme to meet the growing shortfall. Nuclear
accounts for 1% of the country's total electricity supply;
hydro (52%), gas (29%) and oil (18%)accounts for the rest.
Construction of a second reactor is underway at Chasma,Punjab
province, but this plant is not expected to be commissioned
until at least 2003 as there have been delays in the delivery
of equipment from China. Negotiations continue with the
Chinese over Pakistan's plans for further reactors.
Taiwan
Taiwan is a densely populated island endowed with limited
natural resources. Electricity's share of final energy demand
is forecast to increase from 22% in 1991 to 33% in 2010.
Taking into account energy conservation, power management and
co-generation efforts, the average growth rate of electricity
demand is forecast at 6.1% between 1991 and 2001. This will
require additional electricity generating capacity of 17,500
MWe to be installed during this period. An expansion of
nuclear power, which already accounts for 32% of Taiwan's
electricity, is viewed as essential because fossil fuels
needed for electricity generation are imported. International
bids for two new plants are being assessed, with completion
scheduled for 2002 and 2004. This will bring the total number
of reactors in commercial operation to eight, with further
units planned for later in the decade.
Thailand
Thailand's nuclear power ambitions date back to the 1970s when
the International Atomic Energy Agency was requested to assist
with its study of various plans for nuclear power generation.
Interest waned in the late 1970s when large quantities of
natural gas were found in the Bay of Thailand but has been
revived by forecast growth in electricity demand of 8-10% p. a.
for the next twenty years. A tentative plan to construct 6 GWe
of nuclear capacity with six units has been proposed by the
country's Electricity Generating Authority; the first two

units are
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of public
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scheduled to be commissioned in 2006. The government
to slow development of nuclear power due to a lack
acceptance and pressure from the World Bank which
Thailand to consider cheaper alternative fuels.

Turkey
Although Turkey is at the other end of Asia it is worth
including Turkey in this review. Total electricity production
increased by an annual average of 8.8% from 25 TWh in 1980 to
57 TWh in 1990. By 1992 total electricity production had
reached 67.3 TWh. Of this, 40% is produced by hydro and 60% by
thermal plants, based on imported oil, coal and natural gas.
Turkey has considered nuclear power for some time in its aim
to reduce import dependency. Furthermore, economic, reliable
and clean energy production has been recognised as necessary
for achieving Turkey's ambitious development goals. In the
mid-1980s negotiations had reached an advanced stage with two
reactor vendors for the construction of a two unit plant at
Akkuyu on the southern coast, however, a lack of export
financing prevented an order being placed. But with site
approval having already been given to the Turkish Electricity
Generating Authority and the infrastructure completed,
interest has recently revived in construction of a reactor at
the Akkuyu site. Atomic Energy of Canada Ltd is negotiating
with the Turkish government to supply a 700 MWe CANDU reactor.
The reactor is of a size more easily financed and more suited
to the Turkish grid and offers the economic benefits of
replication based on units already supplied to South Korea.
Vietnam
Although the first research reactor in Vietnam started
operating in 1963 and plans for constructing a nuclear power
plant were first reported in 1985, preliminary studies by the
country's Atomic Energy Commission and the Ministry of Energy
have concluded that nuclear capacity of 800 to 1000 MWe would
be needed by 2010 at the earliest. Annual electricity demand
growth is lower than the other emerging nations' and therefore
there is less pressure for additional electricity generating
capacity. Current electricity generation is by hydro (76%) and
coal. Meanwhile, nuclear activities are concentrated in nonpower applications such as medicine, agriculture and food
irradiation.
Attentive readers will realise that this catalogue of plans
and firm intentions does not represent a quick fix in any of
the countries concerned. The construction of a nuclear power
station is rather a lengthy business (when you take into
account the time it takes from mounting the proposal to
achieving the planning consents and public acceptance, and
then add the construction time which is likely to be longer
than for conventional power stations even when no hitches
occur). The plans outlined above will not answer much of the
immediate needs of these countries, but assuming they can find
ways of financing their plans they will lay the foundations of
possible expansion in succeeding years.

Financial implications
Availability of capital, both domestically and from
international sources is an important consideration in the
financing of nuclear power projects. In many cases it is the
main limiting factor. In contrast with Western Europe and
North America, or even the Soviet Union thirty years ago, in
most cases developing countries lack the internally generated
funds necessary to finance the construction of nuclear plants
costing several billions of dollars each. Their funding for
power projects must therefore be found externally. When
seeking external funding one of the greatest risks to
investment in new nuclear plant is competition for scarce
funds from alternative investments, both within the energy
sector and elsewhere. An added problem (which again did not
apply in Europe 30 years ago) is the overall level of
indebtedness of these countries, caused in part by previous
power sector investments.
New nuclear projects in countries with no pre-existing nuclear
power programme may require utility type financing with
government participation in order to reduce the cost of
capital, which in many emerging nations could be relatively
high. Joint ventures involving the central government, local
government and large private enterprises (domestic and
foreign) have been used successfully in China, and are under
consideration in Turkey. The contribution required by each of
these organisations is usually in proportion to the power
requirements or demands from the completed project of the
various groups involved. Thus, central government investment
should ensure the power demands of its state-owned key
enterprises, local government investment should meet the needs
of the local economy and that of the private enterprises their
own requirements.
Private project financing based on the Build-Operate-Transfer
(BOT) scheme may be difficult to achieve for first time
projects due to the high return on equity (ROE) required by
investors to protect against perceived investment risks. But
studies of the BOT scheme were conducted in Indonesia by three
consortia of nuclear vendors. The results showed the
feasibility of their respective solutions, and have been
submitted to the Indonesian Government for consideration.
Compared with conventional financing, the average electricity
sales price will be higher under this financing scheme in
order to take into account a higher rate of investment return
(ROI) of about 20% to 30% to protect against all risks.
Canada's AECL is active in Indonesia, Thailand and Turkey,
developing financing packages suitable to support CANDU
projects.
Government commitment to support large infrastructure projects
such as nuclear power plants by allocating a large portion of
the available national resources is essential. This will be
necessary to establish sufficient confidence among external
institutions and funding agencies such as the World Bank, the
Asian Development Bank etc. This will in turn encourage OECD
governments and other lenders such as commercial banks and
export credit agencies to support new projects.

Preserving foreign currency is seen by some countries as being
of paramount importance and they are therefore keen to do
business on a barter basis with Russia. They can supply food
and clothing to Russia in return for Russian reactors.
By comparison, the South Koreans are able to pursue their
ambitious nuclear power programme using their own resources.
South Korea's latest nuclear power unit, Yonggwang-3, was the
first-ever nuclear reactor built without foreign assistance
and went into commercial operation a few months ago.
The financing of Daya Bay nuclear power station in China may
provide a model which other emerging countries could adapt to
their own circumstances.
Guangdong Nuclear Power Joint Venture Company Limited (GNPJVC)
built and operates a twin 900 MWe nuclear power station at
Daya Bay, which commenced commercial operation in 1994. GNPJVC
is owned 75% by Guangdong Nuclear Investment Company (GNIC), a
subsidiary of China National Nuclear Corporation (CNNC), and
25% by Hong Kong Nuclear Investment Company (HKNIC) , a whollyowned subsidiary of China Light &. Power Company Limited (CLP)
in Hong Kong.
The Daya Bay project cost just under $4 billion. 90% of the
financing was arranged through export credits and commercial
loans, with the Bank of China acting as guarantor to GNPJVC.
French and British export credits were used to pay for plant
equipment costing about $2.6 billion. During the 20-year
period of the joint venture, electricity generated is
distributed to the Chinese and Hong Kong partners in a 75%: 25%
ratio, proportional to their equity holdings. GNIC re-sells
45% of its share of electricity to HKNIC for sales in Hong
Kong. This earns foreign currency in order to pay off the
loans.
After-tax profits are shared by the partners in line with the
equity ratio after provisions have been made for operating
costs, spent fuel and radwaste disposal, plant depreciation
and decommissioning costs. At the end of the joint venture,
the plant is turned over to GNIC who will continue to operate
the plant for the remainder of its life.
Conclusions
This paper has reviewed the nuclear power plans of the
emerging nations of Asia. These countries consider an expanded
nuclear programme to be an essential part of their energy
future, an energy future of surging electricity demand and a
desire to conserve natural resources and to curb fossil fuel
emissions. The financial implications of establishing such
programmes is a key consideration, but not necessarily a total
stumbling block to these ambitions as demonstrated in the
financing of the Daya Bay nuclear power station in China.
Compared with the increase in energy demand in the countries
under discussion the plans for installed nuclear capacity over
the next 15 years look relatively modest. But compared with
prospects in most of Europe and North America the willingness

of the emerging countries of Asia to include nuclear power in
their energy policies is a daringly positive commitment. From
small acorns do great oak trees grow. A similar review in 1965
of the nuclear plans of Europe and North America would have
been similarly modest, yet thirty years later we have a number
of countries with more than 50% of their electricity coming
from nuclear and a much greater proportion where nuclear
supply is greater than 20%.
Nevertheless, for the financial reasons which I have
discussed, leaving aside the very different public attitudes
to nuclear power compared with thirty years ago, the nuclear
industry would be complacent if it assumed that the great
expansion of the Seventies and Eighties can easily be
repeated. It will have to work at it. As I pointed out earlier
the plans described above only cover the next fifteen years,
a relatively short time scale in nuclear industry terms. The
really significant opportunities to meet the inevitable
increases in demand will occur after that. But the necessary
decisions will have to be taken within the time-frame of 15
years. If nuclear is to play a part it will need to persuade
governments and private investors to expand on present plans
in the next few years, so that some at least of the new
stations are ready in time.
We are competing in a world which is very much aware that gasfired combined cycle plants require far less in initial
capital input, do not provoke opposition from the campaigning
public, can be built in half the time it takes to construct a
nuclear power station, and at present gas prices can almost
certainly deliver electricity to the consumer at a lower unit
cost. Fortunately for us we are also competing in a world
which is increasingly aware of the disbenefits of burning
fossil fuels. China for example in publicising its present
energy plans emphasises the advantage which putting a sizeable
portion of its generation expansion into nuclear power will
bring in this regard. But until public pressure forces the
conventional generators to begin costing their externalities
and including them in the price which they are obliged to
charge the consumer, the nuclear industry will find it
difficult to persuade governments and private investors to
increase their commitment to nuclear power beyond the modest
targets which this paper has surveyed.
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Table 1. Nucleat"powerstatusin*4sia
Reactors planned
Country
No. of units Total MWe
Comirnercial Operation
6
5100
China
2000-2010
8
2940
India
2010
i
Inoonesia
i
600-2600
Iran
2010
i
2010
Malaysia
2
300-1200
2010
Pakistan
9600
9
Sooth Korea
1996-2006
2
2000
Taiwan
2002-2004
2
2000
Thailand
2006
1
700
Turkey
2000
1
800-1200
Vietnam
2010
(Sources: IAEA, Uranium Institute)
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Electricity supply by source (TWh, % share of total)
Country
Nuclear share in 1993
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Table 3, Installed capacity <fe electricity consumption per capita (1992)
Installed Capacity
Electricity Consumption
(kWe/capita)
(kWh/capita)
3.05
United States
12160
1.96
9043
Australia
1.58
7192
Japan
0.13
649
China
0.10
373
India
0.09
239
Indonesia
0.32
864
Iran
0.33
Malaysia
1608
OOQ

0.55
South Korea
3000
0.81
4767
Taiwan
0.21
Thailand
107!
Turkey
0.31
934
0.05
141
Vietnam
(Sources: United Nations, International Energy Agency)
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A n Established a n d Growing Nuclear Power

Bo H u n Chung
Vice President, Nuclear Power Division
Korea Electric Power Corporation
Abstract

.U/ ,

This paper describes the expanding role of nuclear energy in the production of electric
power to serve the growing needs of the Republic of Korea.
Nuclear energy has established its specific significance in Korea since 1978 when the first
nuclear unit, Kori-1, started commercial operation. National policy to diversify its energy
resource as the critical means of economic assurance has kept the country building nuclear
stations. Last year nine units, representing 26.5% of a total installation of 28,750 MWe,
supplied 35.6% of total generation with an average capacity factor of 87.4%. This national
nuclear program has played a major role in a stable electricity supply and environmental
protection.
Based on KEPCO's 30 years experience over which the electrical installation has been
increased by over 60 times, the quality of electrical service also has been greatly improved.
In the area of nuclear power generation, optimum operating performance and the
accumulated experience in design, construction, operation and maintenance have enabled
KEPCO to seek overseas market participation.

KEPCO - An Established and Growing Nuclear Power
1. Introduction
Korea, hard hit by the oil shock of the 1970s, has been an active promoter
of its nuclear power generation since it introduced nuclear power as a new means
of generating electricity in 1978.
Korea now has one of the world's most efficient and largest nuclear power
generation programs. Some 36 % of Korea's total electricity generation comes
from its ten nuclear power plants. This is a landmark year as the Korean nuclear
industry celebrates a 95 % technological self-reliance in the construction of PWR
(Pressurized Water Reactor).
This is only a start. Based on its accumulated experiences, Korea has just
begun its entry into the international market. KEPCO is pursuing a cooperative
joint venture with advanced foreign suppliers such as ABB-CE in USA, AECL in
Canada.
In addition, KEPCO operates both PWR and CANDU reactors. Each type of
reactor is now expected to contribute to the diversity of nuclear technology and
experience in order to improve KEPCO's technological self-reliance.

2. Nuclear Power Development
2.1 Nuclear Power Status
Since the start of commercial operation of Kori Unit 1 in April 1978, KEPCO,
the sole electric utility in Korea, has achieved rapid growth in nuclear power
development. Based on the principles of diversification of energy resources and
reduced dependence on imported energy resources, nuclear power has contributed
greatly to the development of Korean industry and its stable electricity supply. In
fact, on February 20, 1995, Korea set a generation record of 500 billion kWh
nuclear electricity, .representing one-third of the country's total electricity generation
since 1961 when KECO(now KEPCO) was established.
Indeed it marks a
milestone in the country's 17 year history of nuclear electricity generation.
This expansion of nuclear power replaced the need for a huge amount of
fossil fuel such as oil or coal in Korea, which has little natural resources, and has
also contributed to environmental conservation.
There are ten nuclear units currently in operation. They consist of 9 PWRs

and 1 PHWR or CANDU. The latest unit is Yonggwang Unit 3 of 1,000 MWe
which was constructed in line with the nuclear technology self-reliance program. It
began commercial operation in March of this year. The nuclear capacity of the
operating 10 units is 8,616 MWe or 28.7 % of the total generating capacity.
Table 1 shows the status of operating nuclear power plants in Korea.
Table 1 : Status of Operating Nuclear Power Plants
Reactor
Type,
PWR

Capacity
(MWe)
587

Unit 2

it

650

n

it

Jul.

Unit 3

it

950

ii

it

Sep. 1985

Plant
Unit 1
Kori

Unit
Wolsong
Unit
Unit
Yonggwang Unit
Unit
Unit
Ulchin
Unit

4
1
1
2
3
1
2

rt

PHWR
PWR
n
n

PWR
it

950
679
950
950
1000
950
950

Manufacturer
Reactor
T/G
W
GEC

Commercial
Operation
Apr. 1978
1983

n
Apr. 1986
N
El-Parsons
AECL
Apr. 1983
Aug. 1986
w
w
Jun. 1987
KHIC/CE
KHIC/GE
Mar. 1995
Framatome Alsthom
Sep. 1988
n

it

it

Sep. 1989

Six additional units consisting of 3 PWRs and 3 PHWRs are now under
construction and 4 PWR units under planning. A nuclear capacity of 17,716 MWe,
twice the present, will be reached in 2004 after these are completed in annual
succession as shown in Table 2, representing 34.9 % of the then-total generating
capacity.
2.2 Nuclear Power Operation
The total average power generation cost in 1994 was two-thirds of the 1983
level. This low price has played a key role in strengthening the competitiveness of
the Korean economy in the world market, THis reduction can be attributed largely
to the expansion of the nuclear power program and improvements in nuclear
power operations.
Great efforts have been made to improve the availability as well as the safety
of nuclear power plants. As a result, the operation performance of Korean nuclear
power plants has shown remarkable improvement over previous years and
compared to the world average as indicated in Figure 1. For example, in 1994,
the average capacity factor was 87.4 % while the world average was only 70.2 %.
Since 1984, the average annual capacity factor has been steadily maintained

Table 2 : Nuclear Power Plants under Construction or Planning
Reactor

Plant

Capacity

Manufacturer

Type

(MWe)

Reactor

T/G

Unit 4
Yonggwang Unit 5
Unit 6

PWR

1000
1000
1000

KHIC/CE
(KHIC)

KHIC/GE
(KHIC)

Unit 2

PHWR

Wolsong

Ulchin

it

ti

700

it

tt

KHIC/AECL KHIC/GE

Commercial
Operation
Mar. 1996
(2001)
(2002)
Jun. 1997

Unit 3

it

700

n

it

Jun. 1998

Unit 4

n

700

n

it

Jun. 1999

Unit
Unit
Unit
Unit

3
4
5
6

PWR
tt

n

II

1000
1000
1000
1000

KHIC/CE

KHIC/GE

(KHIC)

(KHIC)

tt

it

Jun. 1998
Jun. 1999
(2003)
(2004)

over the 70 % level, and over the 80 % for the last 4 years. In particular,
Nucleonics Week reported that Yonggwang Unit 1 achieved the top gross capacity
factor in the world in 1994, which is not unusual in the light of KEPCO's past
performance.
A comprehensive program is utilized to improve the plant capacity factor. The
short-term efforts involve reducing unplanned plant trips due to human errors and
equipment failure, shortening the refueling outage time period, and enhancing the
quality of operating plants. Therefore, KEPCO has set the company-wide goal of
"One Cycle Trouble Free or OCTF operation". As a consequence of several
noticeable improvements, the number of unplanned trips has dropped continuously.
In 1978, when the first nuclear unit was complete, there were 17 unplanned trips
in Kori Unit 1. The numbers rapidly decreased to 7.5 per reactor in 1985 and 1.6,
and 1.4 per reactor in 1988 and 1989 respectively. In 1994, there were a total of
8 unplanned trips, averaging 0.9 occurrences per reactor.
Additionally, in order to prevent unplanned shutdowns caused by human error,
improvements were made through simulator trainings to enhance response ability
against transient and abnormal operations. Furthermore, a Human Performance
Evaluation System(HPES) is mobilized to find root causes of plant malfunctions
and to educate operators and maintenance crews on how to avoid problems.
The long-term efforts include improvement in equipment and systems,
operational management, feedback of operational experience into the design of
plants under construction and planning. Also included is the adoption of an
extended fuel cycle for PWR plants. A 15 month operating cycle from shutdown

Figure 1 •" Capacity Factor Trend

90

80 -

70 —

60

-

50 —
KEPCO O W o r l d
40
•79
KEPCO 61.3
World
50.4

•80

67.4
59.7

•81
56.3
63.2

•82
73.6
61.6

•83
66.6
64.2

'34
70.1
67

'35
7Q.7
G5.4

•S3

•3G
78.1
GG.9

01.5
CG.7

73

65.9

•C9
76.2
G4.G

•90

'91

'92

•93

'94

79.3
65.7

84.4
G7.0

84.5
G9.3

87.2
67.8

87.4
70.2

to shutdown has been applied to 600 MWe class plants and an 18 month fuel
cycle for 950 MWe class plant started in 1993.
2.3

Long-term Power Development Plan

Considering the national economic growth, it is expected that the annual
growth rate of electricity demand will average 9.3 percent in the short-term (1993
to 1996). The average growth rate from 1993 to 2006 is expected to be 6.4
percent per annum. Therefore, the power development program of 1993 stipulates
the addition of new generating facilities of some 36,000 MWe by the year 2006 as
shown in Table 3. Among them 12,800 MWe shall come from nuclear energy.
When the program is completed, the total installed power capacity should be
54,000 MWe, about twice the current capacity.
The current
sources is 27 :
2006. The share
the current level

capacity ratio among nuclear, thermal (coal, oil & LNG) and hydro
63 : 10 respectively. This ratio will be 38 : 52 : 10 in the year
of nuclear electricity production will increase 47.6 % in 2006 from
of 36 % because nuclear power plants will be for base-load.

Table 3 : Long-term Power Development Program
Unit : MWe, (%)

Nuclear
Coal-fired

1993
7,616
(27.5)
5,760

Oil-fired

(20.8)
6,200
(22.4)
5,574

Hydro

(20.2)
2,504

LNG-fired

total

( 9.1)
27,654
(100)

1996
9,616
(29.3)
7,820
(23.9)
6,409
(19.6)
5,798
(17.7)
3,108

2001
14,716
(32.7)
12,240
(27.2)
7,609
(16.8)
6,019
(13.4)
4,477

2006
20,416
(37.7)
16,090
(29.8)
9,522
(17.6)
2,593

(9.5)
32,751
(100)

( 9.9)
45,061
(100)

(10.1)
54,098
(100)

( 4.8)
5,477

2.4 Radioactive Waste Management
In 1988, the Korea Atomic Energy Commission established goals for radwaste
management. The plans included construction of a final repository for low- and
medium- level radwastes to be built by the end of 1995, and a centralized interim
spent fuel storage facility (for both PWR and PHWR fuels) to be built by the end
of 1997. The two would share the same site. The program would be managed by
the Korea Atomic Energy Research Institute or KAERI, which is under the Ministry
of Science and Technology.
Radwastes and spent fuel generated by the power reactors are being stored
on site by KEPCO until the repository and interim storage facilities open. KEPCO
has chosen to use volume reduction techniques to reduce its low level waste
(LLW) to one third; drier facilities for wet wastes such as boric acid concentrates
and spent resin, and sorting/segregation facilities and a supercompactor for dry
active waste. For spent fuel, high density storage racks are being installed, a dry
concrete silo type storage facility was built at Wolsong, and there has been
transshipment between neighboring units of a plant.
As in other countries, the radwaste plan had been beset by public opposition,
which has slowed the timetable. Ending several difficulties in securing an
appropriate site for radwaste disposal, the Korean government, in December 1994,
officially announced that a small remote island, Kurrupdo, off the west cost of the
Kyunggi province was selected as the final candidate. In February this year, the
Korea Atomic Energy Commission has finally approved the island as the site for

LLW. The site characterization study will be launched this spring, with'the aim of
repository operation by the end of 2001 rather than the original completion date of
1995. The initial capacity will be 100,000 drums. A comprehensive study will be
performed to assess the interim storage capacity, technology and time table for
spent fuel. A decision on spent fuel will be made some time later.

3. Technology Development
3.1 Nuclear project implementation
During the early stage of nuclear power in Korea, nuclear power plants had
been constructed on a "turnkey" basis. In turnkey construction, the reactor vendors
were usually responsible for the entire project, from design, engineering and
construction to the startup and turnover of the plant to the owner. The first three
nuclear units had been based on this "turnkey" concept.
In turnkey contracts, the opportunities for technology transfer were very limited.
Also, the participation of domestic companies was limited to the site preparation
work. In other words, Korean companies participated as subcontractors of foreign
contractors to provide small portions of field design, equipment supply and
construction. In order to contribute to a more stabilized energy infrastructure, it
was widely recognized that the nuclear power technology should be as self-reliant
as possible.
In the second stage of nuclear power, KEPCO took the project management
responsibility along with direct procurement of the balances of the plant. Main
contracts for supplying NSSS, T/G and engineering services were made with
foreign contractors. A Korean constructor took the responsibility for the site
construction, while other Korean industries were strongly encouraged to expand
their roles in engineering service and equipment supply. The six units of 950 MWe
were constructed under this approach, which significantly contributed to
strengthening the capability of Korean industry to deal with nuclear power projects
by themselves.
The third stage of nuclear power development started with the aim of
finalizing the nuclear technology self-reliance program. This program has been in
effect since Yonggwang Units 3 & 4 with Korean industry participation as prime
contractors. KEPCO has been in charge of project management and technology
transfer. Several other organizations have participated in plant design, construction
and management with assistance from foreign sub-contractors :
- Korea Power Engineering Co., Inc. (KOPEC), a KEPCO-invested company in
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charge of plant design and engineering,
- Korea Atomic Energy Research Institute (KAERI), a national institute responsible
for design engineering of NSSS and initial core fuel design,
- Korea Heavy Industry and Construction Co., Ltd. (KHIC), a KEPCO-invested
company responsible for NSSS and Turbine Generator manufacturing,
- Korea Nuclear Fuel Company (KNFC), a KEPCO-invested company in charge
of nuclear fuel.
Figure 2 represents KEPCO's nuclear project experience during each stage.
All Korean organizations and entities which have participated in the nuclear
power program have improved their capabilities through technical and on-the-job
involvement in all disciplines of nuclear power technology.
Self-reliance or
"localization" has increased with each successive stage of construction. Over the
last 15 years, the Korean industry has thus accumulated extensive experience in
the fields of equipment manufacturing, construction management, plant design and
engineering. At present, the Korean industry has grown to provide most
engineering services and equipment. For example, KHIC is almost self-reliant in
manufacturing reactor vessels, steam generators and turbine/generators; KNFC is
able to design and fabricate PWR and PHWR nuclear fuels.

Based on KEPCO's accumulated technology and the international confidence
built through its success in providing electricity locally, KEPCO is now expanding
its business sphere to include the global community and is laying the foundation
for its global operations in the Southeast Asian region where the electricity
demand will increase rapidly.
In December 1993, KEPCO signed its first international contract for
engineering services for maintenance of Guangdong nuclear power plant in China
and in February 1995, signed a memorandum of understanding with China
National Nuclear Corporation (CNNC) on the technical and economic joint study for
the construction of nuclear power plants in China.
Other overseas projects, such as joint participation with AECL in Akkuyu
project in Turkey are also in progress.
3.2 Technology Improvement
In order to maintain and improve the Korean nuclear power program, efforts
will be concentrated on plant safety, reliability and economics. Therefore, an R &
D program has been launched to develop an advanced nuclear power plant of
the 1300 MWe class with the vision to connect the plant with the electrical grid
perhaps before the year 2010.
Many of the EPRI Utility Requirements of Design are being studied for
possible implementation. Technology such as modularization, and automatization of
manufacturing and installation may be beneficial to pursue; compactness of
buildings and systems is also an important subject to be reviewed.
Plant constructibility shall also be taken into account for labor productivity and
schedule improvement. Cost saving may come from optimizing or segregating the
scope of supply. Construction period reduction is very important in order to reduce
the financial burden during construction.
All the resolved safety issues from the US NRC will be implemented to
acquire higher safety goals. A full scope level 2 probabilistic safety analysis is
being adopted for Ulchin Units 3 & 4 currently under construction and will be
applied in future units, too.
For the ultimate goal of reliable plant operation, improvements in operational
automatization, operability and maintainability are important subjects to be reflected
upon design and construction. Feedback of operational experiences will also be
considered an effective method for this purpose.

4. CANDU Status in Korea
On-power refueling and flexible power management are the strong points of
CANDU PHWR over other reactor types and are driving forces contributing to very
high capacity factor for CANDU, with cost benefits coming from the use of natural
uranium fuel.
KEPCO now has Wolsong Unit 1 in operation and Wolsong Units 2, 3 & 4
are under construction as its CANDU type PHWRs.
Wolsong Unit 1 has been operating successfully since commercial operation
began in April 1983 and has achieved an average life time capacity factor of 85%
which is 6 % higher than that of other Korean nuclear units.
Wolsong Units 2, 3 & 4 are 700 MW 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 the prime contractor for providing Architect Engineering (A/E)
services, and supplying equipment and system design of the Nuclear Steam
Supply System (NSSS). In 1999, KEPCO will have 4 CANDU units totalling 2,779
MWe bearing a considerable portion of its nuclear capacity.
In addition, 1 PHWR will be added by the year 2006 according to the current
long-term power development plan.
Last November, KEPCO and AECL signed a Memorandum of Agreement for
CANDU Export to Third Countries, establishing a framework for future cooperation.
Both parties will cooperate jointly to explore third country markets for CANDU
export and to participate in CANDU projects in such countries.

5.

Conclusion

Korea will continue to build and operate safer and more economic nuclear
plants. We see no alternative but to continue on the nuclear power path we
have chosen. Also, with much experience and planning, Korean industries are now
ready to contribute to our neighbors' nuclear power programs.
Above all, it must be noted that a nuclear power program cannot be carried
out without understanding and support from society and local communities. The
surest way to increase public acceptance of nuclear power is to make the plants
as safe and reliable as possible, and to keep the citizens informed.

Turkey: An Area of Great Potential
Nejat Aybers
Nuclear Energy Institute
Istanbul Technical University
(An abstract and paper were not available at time of printing)
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Nuclear Fuel Cycle in Japan
Ryo Ikegame
Executive Vice President
Tokyo Electric Power Company

1. Economics of Nuclear Power in Japan
First of all, I would like to discuss about the economics of
Nuclear Power in Japan.
Nuclear power in Japan has been, is and will continue to be an
important power generating source from the viewpoints of not onlyenvironment and of power generating source diversification but also
of economics.
Energy report from the Ministry of International Trade and
Industry (MITI) in 1994 states nuclear power and LNG thermal power
are the cheapest power generating sources in Japan with a margin of
around 10% in terms of yen/kwh over the coal-fired or oil-fired thermal
power plant. We are proud that this competitive edge of nuclear power
in economics contributed somewhat to stabilize the fossil fuel price.
However, this competitive edge of nuclear power is being
threatened by the Combined Cycle Gas Turbine power generation. There
are three major reasons for CCGT to be economically viable. First
of all, it has a worldwide competitive market which tends to reduce
the plant capital cost. Secondary, technological innovation
continuously raised its thermal efficiency up to 50% whereas Nuclear
still stays with around 33-34%. Thirdly, stability in the price of
fossil fuel.
Nuclear power is naturally fighting back by reducing the plant
capital charge, which has the largest share in its power generating
cost. ABWR plants - a new Boiling Water Reactor with advanced features
- are now being built as TEPCo' s Kashiwazaki-kariwa Unit 6 & 7. TEPCo
builds this 1356Mwe ABWR plant with almost the same amount of
investment as it paid for llOOMwe BWR plant. ABWR plant design
standardization will certainly make successive ABWR plants even
cheaper. In addition, Japanese utilities are improving availability
factor by shortening refueling & maintenance outage.
Also, the utilities are reducing fuel cycle cost by 30% through
burnup extension program. BWR fuel burnup used to be below 3 0GWD/Ton,
nowadays it is approaching 45GWD/Ton with new design thereby reducing
the number of Spent Fuel and downstream charges.
Then, as a main subject, let me allow to focus on the current
status of nuclear fuel cycle in Japan.
2. Current Status of Nuclear Fuel Cycle in Japan
On April 26, 1995, the Pacific Pintail, a transport vessel for
spent fuel that was loaded with high-level radioactive waste from
the reprocessing plant of COGEMA in France, arrived at the port of
Mutsu-Ogawara at Rokkasho-mura, Aomori Prefecture. After about two

months of voyage from the port of Cherbourg, the Pacific Pintail lastly
reached the final port. The transported waste was then delivered
safely to the High-Level Radioactive Waste Storage Facility. This
high-level radioactive waste was shipped back according to the
Reprocessing Contracts between COGEMA and Japanese electric power
companies. Similarly, the same kind of waste shall be returned to
Japan fromBNFL in the near future. It is scheduled that the high-level
radioactive waste will be stored in the Facility for 30 to 50 years
for cooling off and disposed of deep in the ground.
The Uranium Enrichment Plant that uses a centrifuge separation
method developed by Japan's own technology has already started
operation since 1992 at Rokkasho-mura, Aomori Prefecture with the
current capacity of 600 tons SWU/year. It is planned that the Plant
will ultimately be enlarged to a capacity of 1,500 tons SWU/year by
around the year 2000.
Adjacent to the Plant is a Low-level Radioactive Waste Disposal
Center which started operation in 1992. The Center is designed as
a final disposal facility for low-level radioactive waste generated
from nuclear power stations nationwide. It obtained a license for
operation up to 40,000 m? (equivalent to 200,000 drums) and it is
planned to have a final disposal capacity of about 600,000 m3
(equivalent to about 3 millions drums). The Center will receives
up to 50,000 drums a year from domestic nuclear power stations, using
a vessel especially designed for transportation of low-level
radioactive wastes.
As such, the nuclear fuel cycle complex at Rokkasho-mura, Aomori
Prefecture, has already played a role in Japan's nuclear fuel cycle
with its High-level Radioactive Waste Storage Facility, Uranium
Enrichment Plant and Low-Level Radioactive Waste Disposal Center that
have been in operation. In addition, the construction work for a
Reprocessing Plant has already started since 1993 , and it is scheduled
that the Plant will start operation shortly after the year 2000.
3. Establishment of Nuclear Fuel Cycle in Japan
The promotion of the domestic nuclear fuel cycle complex is aimed
at ensuring a more stable supply of energy from medium-term and
long-term viewpoint well into the 21st century by reusing plutonium
and uranium to be recovered as fuel. At the same time, it means that
radioactive waste can be treated and disposed of in a manner to adjust
to the environment.
Since Japan has almost no uranium resources within the territory,
we depend for 100% supply on overseas resources. In this sense,
uranium is the same imported energy resource as petroleum.
Fortunately, the stable supply of natural uranium is expected to
progress without a hitch for the time being due to the recent
alleviated balance of demand and supply of natural uranium. However,

the balance maybe tightened around the middle of the 21st century
if the age of light-water reactors (LWRs) continues. This concern
is also demonstrated by Institute of Energy and Economics, a
well-known private research institute in Japan, in its simulation
of the super-long-term global uranium demand and supply for the period
throughout the 21st century.
That is why Japan is trying to realize the nuclear fuel cycle
that is based on the reuse of plutonium and uranium recovered by
reprocessing of spent fuel in order to assure energy security on the
ground of the future outlook. In the long run, it is a fast breeder
reactor (FBR) that will be placed as a core of the future nuclear
fuel cycle. Once FBRs come into commercial use, the utilization
efficiency of uranium resources will be increased by leaps and bounds .
In Japan, the prototype FBR "Monju" reached criticality for the first
time in April, 1994 and arrangements are now underway to prepare for
the full-power operation scheduled for the end of this year. The
commercialization of FBRs is targeted at around the 2030's, and until
that time, plutonium is expected to be used in LWRs in the form of
mixed oxide (MOX) fuel. It is indeed true that the use of MOX fuel
in LWRs saves uranium fuel. At the same time, it plays a significant
role in establishing a wide spectrum of technological system related
to the use of plutonium that looks ahead to the future age of FBRs.
Harmonization with the environment is also a significant
advantage of reprocessing. Because of the fact that the total volume
of waste arising from a nuclear power station is less by far than
those generated by a coal-fired or an oil-fired plant, nuclear power
as an energy source, by nature, has a virtue to preserve the
environment. Moreover, the separation of plutonium, uranium for
recycling and waste by reprocessing from spent fuel will further
enhances this virtue.
Making effective use of plutonium obtained by reprocessing in
this way and converting radioactive waste into an agreeable form to
the environment as well as continuously pursuing technical
developments for these purposes, I believe that is the very way which
Japan should pave as a technology-oriented country with scarce energy
resources.

4. Economic Aspects of Recycling
As you know well, the reprocessing and recycle policy is the issue
that is often compared with the once-through cycle and a lot of
discussions are underway on an international level. For example,
the study by OECD/NEA that there appears no significant difference
between the two. In this case, the cost estimate varies depending
on the specified assumptions. In addition, concerning the choice
between recycling and once-through cycle, its cost evaluation has
some variations because each country has its own circumstances

including the resources availability, politics and cultural
backgrounds.
In the case of Japan, judging from the capacity of recycling
plants, MOX fuel accounts for about ten percent of the whole. This
means that, even if the processing costs for MOX fuel may be high,
there will be little effect on the overall costs of nuclear fuel and
no effect whatsoever on the cost competitiveness of nuclear power
generation in general.
Future changes in the price of crude oil may well temporarily
threaten the superiority of nuclear power in terms of the power
generation cost. However, it seems certain that, in both the
medium-term and long-term, to find the factor that give adverse effect
on the superiority of nuclear power is rather difficult.
Also, when we make comparisons between a recycling policy and
a "once-through," it is essentially important to take into account
of future prospects for the development of technology underlining
the two policies. For the reprocessing and recycle policy, it is
considered that further technical innovations and enhancements may
be expected, thus allowing a further improved economics. We are just
at the starting point of plutonium utilization. I believe, it is
needed to realize the most promising technology to which we can commit
our dreams on future in the conceivable plutonium utilization systems .
In the future, plutonium is likely to come into full-scale use
at the stage when commercial fast breeder reactors are put into
operation. Until that time, it will be necessary to establish the
technology which wipes out the concern about economic and safety
features.
Furthermore, it is important to understand that fuel cycle does
not simply means the introduction of reprocessing. I would like to
stress here that the so-called fuel cycle as a comprehensive system
is constituted by nuclear reactors that use plutonium, reprocessing
process that separate plutonium from spent fuels, and fuel fabrication
process to generate new fuel.
As you know, in the case of plutonium utilization as a fuel for
FBRs, the chain reaction is maintained by fast neutrons, and therefore
the impurities contained in the fuel pose little problem. For this
reason, it is not necessary to improve the purity of plutonium and
it is therefore possible to simplify the reprocessing process. As
a result, a significant reduction of fuel cycle cost can be expected.
At the same time, it should be possible to realize reprocessing
technology with high resistance to nuclear proliferation. The
Integrated Fast Reactor (IFR) developed over many years by Argonne
National Laboratory in the United States holds out very favorable
prospects for the future. It was a great loss for the whole world
that the development of the IFR was halted by a policy of the Clinton

Administration just before this facility was about to undergo
demonstration test in Idaho.
Nevertheless, it is a fact that the technology with vastly
improved nuclear proliferation resistance and economic properties
does indeed exist, and it is my belief that it will eventually be
put into practical application.
I have made some discussions about the nuclear fuel cycle in
Japan. In closing, I have a thought that I would like to share with
all of you here. It is about the future of nuclear energy. The energy
issue is not the one that can be resolved by a single country. We
have the environmental problems which we must handle on a global
scale and there is a problem of securing energy in developing
countries. In such circumstances, nuclear energy is already playing
an established role.
Needless to say, there are problems that still remain to be solved
in the field of nuclear energy. However, we must combine every wisdom
all over the world for solution of these issues. Nuclear energy is
the energy source which will play the key role in the future.
Considering the importance of nuclear energy, I would like to conclude
my remarks by emphasizing the magnitude of the responsibility which
we are bearing.
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Abstract

Since the passage of the Energy Policy Act of 1992, major policy and structural changes
have been occurring in the U.S. electric utility industry. These changes are moving the
industry from a regulated monopoly to a more open and competitive market for electricity
services. These changes have potentially significant implications for all existing generating
plants, particularly nuclear plants.
Even before the current trend towards competition, the operators of nuclear plants in the
United States were acting to reduce their operating and maintenance (O&M) costs, and
improve their overall economic performance. These efforts have already resulted in
significantly shorter refuelling outages - with a median refuelling outage duration of 55 days
in 1994, as compared to 78 days in 1990, and a corresponding increase in average capacity
factor from 67.5% in 1990 to 75.1% in 1994. During the period 1988 through 1993, O&M
costs at U.S. nuclear plants increased on average less than 0.1% above inflation. As a result
of both the increased capacity factors and the decrease in growth rate of O&M
expenditures, nuclear production costs fell from 2.21c7Kwh in 1988 to 2.150/Kwh in 1993.
Additionally, analysis of industry performance indicates that the best performing plants
from the perspectives of safety performance, NRC assessments and INPO evaluations, are
also the most cost-efficient plants. These plants spend on average about $30 million less per
year on O&M than the plants in the most expensive quartile.
This paper will discuss these favourable economic and performance trends, and the breadth
of activities being implemented by the industry as part of its "Strategic Plan for Improved
Economic Performance." It will relate the performance improvements being achieved, and
the goals of the nuclear industry to the growing competitive environment that the U.S.
electricity business is transitioning towards.

Nuclear Energy in the U.S. - Meeting the Challenge in a More
Competitive Electricity Market
Introduction
"Nuclear Energy in the U.S. - Meeting the Challenge in A Competitive
Electricity Market" is the title of this paper - A title that like many of the
movies today may have sequels coming out over the next few years. Clearly,
in the U.S. we are moving towards a more competitive electricity market just as clear is the fact that the actual characteristics of that competitive
market are quite uncertain. What is certain, however, is that nuclear energy
in the U.S. faces both real opportunities and challenges no matter what form
the new competitive environment takes.
But before discussing those opportunities and challenges, let me first take a
minute to tell you a little about NEI (Figure 1). It is just over a year ago - in
March 1994 - that the Nuclear Energy Institute - NEI - was formed as a
result of the consolidation of the U.S. Council for Energy Awareness
(USCEA), the American Nuclear Energy Council (ANEC), the Nuclear
Management and Resources Council (NUMARC) and the nuclear activities of
the Edison Electric Institute (EEI). NEI represents the nuclear industry in
the United States. It has about 300 companies and organizations worldwide
as members, including electric utilities, nuclear equipment suppliers,
architect-engineers, consulting organizations, nuclear fuel-cycle companies,
and radiopharmaceutical manufacturers. NEI represents the nuclear
industry before the Nuclear Regulatory Commission on generic technical and
regulatory matters and lobbies and educates the Congress on issues
important to our members. NEI is also responsible for providing the
centralized communications function to the industry and for interacting with
the national media.
In many respects, the formation of NEI last year was indicative of the
changes and actions that are sweeping the nuclear and electricity business in
the United States - and for that matter - worldwide. In forming NEI, our
industry leaders were looking to streamline and make a more efficient and
effective industry organization - a goal that is consistent with what they
themselves are doing all across the electric utility industry. The other
important signal that the formation of NEI should send is the commitment
that the U.S. industry has to ensure a strong and growing role for nuclear
energy in the United States and worldwide.
In many respects the magnitude of the opportunities and challenges in the
years ahead is reminiscent of what existed 30 years ago when the U.S. was
first embarking on its commercial nuclear program. The types of

opportunities and challenges are different now than they were then - but
there is reason to believe that great success for nuclear energy can be
achieved if we successfully address the relatively well-defined obstacles that
face us in the United States.
Nuclear Energy in the U.S.
A good place to start is by stating that the nuclear program in the United
States is alive, well and getting stronger every day. While we have some real
challenges to overcome - One should not believe the rhetoric of the
antinuclear community about the death of the U.S. nuclear program.
Nuclear power is the second largest source of electricity in the United States
(Figure 2). In 1994 it produced 639 billion kilowatt-hours, more than the
combined generation from gas and oil-fired plants. Our program is by far the
largest in the world with 109 operating reactors. It is true, however, that no
new plants have been ordered since 1978, that about 100 plants were
canceled during the late 70's and 80's and that 4 premature plant shutdowns
occurred over the last three years. But as long as we are talking truth - it is
also true that since the last unit was ordered in 1978 over 40 new nuclear
plants representing 50,000 megawatts of capacity went into commercial
operation in the United States. It is also true that more than 100 coal-fired
plants were canceled during the same period nuclear plants were canceled.
And, it is true that, in general, across the United States, we have not had any
serious electricity shortages in the 80's and 90's.
If one looks at the curves on Figure 3, you can see that in the 60's and 70's
electricity demand was growing at about 7 percent/year, doubling every 10-12
years. Following the oil embargoes of the early 70's - the related sharp rise
in interest rates - and the resultant economic recessions, U.S. electricity
demand growth has averaged about 2.5 percent/year. This resulted is a
dramatic decrease in the amount of new generating capacity required, a
resultant lack of orders for new nuclear plants, and a cause for cancellation
of many that were already ordered. So in essence, a primary reason we have
not ordered new nuclear plants since 1978 was that the demand for
electricity did not warrant the ordering of additional capacity. Other issues
like the difficult and time-consuming nature of the licensing process were
also factors - but the basic reason - was a business reason - which was a lack
of need for more baseload capacity.
In a simple, but accurate, way these comments address the past - but now
what about the future? The future for nuclear energy in the U.S. will be
dependent upon three primary factors: first, will nuclear generated
electricity be competitive with alternative sources; second, will there be a
need for more baseload electricity; and, third - will we have a resolution of

the waste disposal problem. I should note that underlying these factors it is
absolutely imperative that we continue to see the excellent and safe
performance from our existing operating plants, particularly in the United
States, but also worldwide - and that we continue to ensure public and
political support for nuclear energy. This paper will focus on the first of
these primary factors - the economic competitiveness of U.S. nuclear plants.
Economic Competitiveness of the Existing Plants
U.S. Electricity Market - Transitioning from Monopoly to
Competition
As the U.S. electricity business transitions from a regulated environment to a
more competitive environment, the cost of electricity and improved economic
performance at U.S. nuclear plants will be even more important than it has
been to date.
Starting with the Energy Policy Act of 1992 (EPACT), the electricity business
in the United States has been moving towards a competitive market. EPACT
and the subsequent implementing actions taken by the Federal Energy
Regulatory Commission (FERC) have resulted in a more open and
competitive wholesale power market. The FERC is currently conducting its
"Open Access" rulemaking which will integrate a broad breadth of industry
restructuring policies including: how to handle stranded costs; requirements
for providing transmission access consistent with FERC's comparability
concept; the determination of transmission and ancillary services tariffs; and,
other relevant policies and requirements. It is expected that this rulemaking
will be completed by the late Spring of 1996. At that time, the general policy
for a competitive wholesale power market will have been defined, at least by
FERC.
At the state level about half of the Public Utility Commissions in the states
are pursuing some form of investigation or policy development related to
competition at the retail level. States like California, Michigan and Rhode
Island are quite aggressive and visible with their initiatives. But a growing
number of states are preparing studies or initiating policy reviews related to
retail wheeling. In this regard, it seems likely that retail wheeling at least to
large industrial and commercial customers will begin to occur between now
and the end of this decade.
The implications for nuclear energy in a more competitive electricity business
should be extremely positive over the longer-term. As the capital costs for
the plants depreciate and as the production costs for the units improve, they
should be extremely competitive. In the near-term, however, some nuclear
plants, with large embedded capital costs, could experience significant

competitive difficulties depending upon how fast competition develops and
what policies are adopted to address the transition costs as the industry
moves from a regulated monopoly to a competitive market. At the extreme,
some analysts have estimated as much as $70 billion of stranded costs if all
nuclear generating plants had to individually compete at projected market
prices in the year 2000. While such a scenario is not plausable, the
magnitude of the potential stranded cost is representative of a portion of the
transition costs that the evolving policy must address. In this regard, both
the FERC rulemaking and the publicly known outcomes of state level
activities have all acknowledged and attempted to accommodate the recovery
of prudently incurred costs as part of the transition process.
In the future, competition will take place based on the total cost to produce
electricity and as such, nuclear utilities are working to reduce all costs
including the embedded capital costs. Utilities are developing and
implementing strategies that will allow them to effectively compete in the
evolving market, while still maintaining the highest levels of safety and
reliability. Clearly, however, a nuclear plant must be competitive at the
production cost level (operations and maintenance and fuel costs) if it is to
minimize the possibility of stranded cost. In this area, U.S. nuclear plants
are making significant process.
Economic Competitiveness of the Existing Plants
As shown on Figure 4. the production cost for nuclear plants was lower than
the cost for alternative fuels (coal, gas and oil) until 1987. Figure 5 shows
how nuclear O&M costs in terms of dollars per kilowatt electric experienced
significant growth in the years immediately following the accident at TMI.
This cost growth was due to the imposition of new regulatory requirements
as well as industry initiatives to improve the overall operational safety
performance at our plants. The results obtained from at least some of these
expenditures are clearly laudable. U.S. nuclear plant safety performance as
recently documented by the 1994 WANO Performance Indicators illustrates
excellent performance for all of the indicators. Likewise, nuclear plant
capacity factors have shown significant improvements as indicated on Figure
6. Of particular interest on Figure 6 is the fact that almost half of the
operating plants achieved a capacity factor of greater than 80 percent in
1994. We expect that this trend will continue and that as an industry, U.S.
nuclear plants will achieve a 3-year rolling capacity factor of between 80 and
85 percent by the year 2000. For every 1 percent improvement in
industrywide capacity factor, we are adding the equivalent energy of one
large nuclear plant to the grid.
Primarily because of the significantly improved capacity factors, the O&M
cost curve in terms of cents per kilowatt hour has shown a downward trend

since the 1986-87 time period (Figure 7). However, the utilities operating
nuclear plants in the U.S. recognized that in addition to increasing the
kilowatt output from the plants, they would also have to reduce O&M
expenditures by getting more efficient in their programs and by reducing
unnecessary regulatory burdens. As a result, in 1993 the industry prepared
and issued a "Strategic Plan for Improved Economic Performance" (Figure 8).
The overall goal of the plan is to - "Assist utilities in operating safe, reliable
and efficient nuclear power plants that are competitive on an individual and
industry basis, and in achieving performance that validates plant license
renewal as a safe, reliable and economic alternative to other sources of
generation."
The plan is divided into three major areas of activity (Figure 9). The first
area involves the efforts by the individual utilities as supported by NEI,
INPO and EPRI to make their activities more efficient. It was obvious that
from the perspective of how to achieve the greatest immediate improvement,
the utilities should concentrate on reducing the number and duration of
forced outages, and should reduce the length of refueling and planned
maintenance outages. The capacity factor improvements shown previously
are indicative of progress in these areas - but it can be more dramatically
shown on the next figure (Figure 10).
The median refueling outage duration across the industry between 1992 and
last year dropped by 15 days. Of equal importance, the distribution around
the median in 1994 (Figure 11) shows 10 plants under 40 days, a situation
that was clearly not the case even as recently as 1992. The improvements
being made in refueling outages are a result of many of the lessons learned
from visiting nuclear plants operating in Europe. We have learned the
importance of better planning and scheduling - and how to more effectively
manage the outage process - and as you can see we are beginning to achieve
the desired results.
While the greatest immediate opportunity for improved performance is in the
area of increasing the output from the plants, the U.S. utilities are also
actively working to reduce actual expenditures of dollars on O&M. In this
regard, a key question was could you significantly reduce the costs without
hurting plant performance or safety. The answer is unequivocally yes.
Figure 12 shows the average dollars spent on O&M for the least expensive
and most expensive plant quartiles. As is evident from this figure, the most
expensive plants are spending almost 50 percent more per year on O&M than
their lower-cost counterparts. Furthermore, plants that represent the leastcost units are also the plants that have the best capacity factors generally,
the best ratings by INPO, and the best Systematic Assessment of Licensee
Performance (SALP) scores from the NRC. So these plants, while spending
significantly less money, are also the industry's best performers. We believe

that it proves what many in the industry already know - the more efficient
plants perform the safest and are the most reliable.
Looking at Figure 13, it can be seen that at the full production cost level
(O&M plus fuel) the range in performance is quite great. However, U.S.
nuclear utilities are targeting future production costs at the 1.5-1.7cents/kWh
level - as some are already accomplishing.
NEI, INPO and EPRI are actively supporting the utilities by facilitating the
sharing of good economic practices across the industry; by coordinating
industrywide benchmarking activities; and, in the case of NEI, by working to
improve the regulatory process and as such reduce the regulatory burden on
the plants.
Turning now to the other two sections of the plan that address regulatory
burden reduction, Figure 14 shows the growth in NRC regulatory
requirements and guidance documents. It should be noted that only the
bottom portion of this picture shows rules that are legally binding
requirements. The growth of requirements shown on Figure 14 and the
impact of NRC guidance documents and other documents - like inspection
and "commitments made" and licensee event reports results in a large and
burdensome informal regulatory process.
The industry is taking initiatives to bring about improvements in the
regulatory environment and regulatory processes that will allow each utility
to retain the management responsibility and prerogatives for managing their
facilities safely, reliably and efficiently.
For example, the industry and the Nuclear Regulatory Commission are
working together, cooperatively, to develop guidance to allow licensees to
change commitments in order to reduce the administrative burden and costs.
To put a perspective on this issue, a typical plant has about 10,000
commitments in its database. The methodology being developed would allow
a utility to eliminate, from at least the purview of the NRC, on the order of
three-quarters of the commitments of a typical plant. This could occur
because the methodology would document that the commitments did not add
to safety. To put a perspective on this, a typical plant might have 10,000
commitments in its database. We expect the NRC to endorse the NEIdeveloped guideline later this month.
Also, as a result of cooperative efforts between NRC and the industry,
changes to technical specifications or other changes - where NRC approval is
needed but which would previously have been low on the NRC priority list
because of their low safety significance - are now being given higher priority
by the NRC. We refer to these as cost-beneficial licensing actions or CBLAs.

Cost savings from CBLAs can be significant. During 1994, utilities
submitted 106 CBLAs to the NRC, some of which involved significant
savings. One utility has, to date, identified an initial set of CBLAs that will
save the company $121 million. In many cases, these first CBLAs are like
ripe fruit on a tree -- accessible by all for the picking, with a little incentive
and effort to reach the branches.
The third fundamental area of the Strategic Plan includes actions to develop
new concepts and approaches to regulation of nuclear power plants. These
new concepts are based partly upon what we have learned from probabilistic
safety assessment, or PSA, technology.
We all recognize that not all systems and components have equal status in
terms of risk or safety significance. We are now beginning to apply these risk
insights in the regulatory arena, using PSA as a tool to determine what is
most important to safety and where we and the regulator should place our
limited resources. The industry worked with the NRC to adopt this approach
for the NRC's maintenance rule. Unlike most regulations pertaining to
nuclear power plants, the maintenance rule is performance-based. It is not
prescriptive -- thereby leaving the industry with flexibility in deciding what
is the most efficient manner in which to meet the regulation. We are using
the maintenance rule as a model of progressive rulemaking and are working
with the NRC to apply it in other areas such as quality assurance (QA), fire
protection, license renewal and others.
In the QA area alone, the new approach could have enormous safety, as well
as financial, implications. If we focus on the areas with the most safety
significance, we can improve overall safety levels while reducing the QA
burden and thereby cutting costs dramatically.
For example, by using risk analysis, we can reduce the number of
components that need priority QA attention. Under the current system,
40,000 to 80,000 components in a typical nuclear power plant wind up on the
QA list. When we rank components based on safety significance, we expect
to find that only 150 to 300 components would really warrant concentrated
QA attention at the current levels.
In another area -- containment leak-rate testing — the NRC and the industry
have agreed that it is appropriate to change testing frequency from three
times every 10 years to once every 10 years with no negative impact on
safety. This change and other related leak-rate testing changes could save
the industry between $1 and $2 billion over the next 15 years.

Let me close this paper with a few comments on license renewal. We believe
the industry and the NRC have reached an agreement on a process to extend
the 40-year operating licenses of U.S. nuclear units by another 20 years. On
May 8, 1995, the NRC published its revised license renewal rule. The rule is
focused on managing the effects of aging on those systems, structures and
components that are susceptible to age-related degradation, while
recognizing that the safety levels of existing plants provide adequate
protection to public health and safety without the need to bring every system
of the plant up to current design requirements.
License renewal is vital to the long-term competitiveness of our nuclear
plants. While the industry has significantly reduced its annual capital
expenditures (Figure 15), the amount of time over which those costs can be
amortized is important. Consider the decision that must be made by the
chief executive of a utility with a nuclear plant that has 15 years remaining
on its 40-year operating license but faces the need to make a $100-$200
million capital investment for new steam generators. That capital
investment must be justified on economic grounds. In the evolving
competitive environment and without the possibility of license renewal,
which would allow that 15-year remaining license period to be extended for
up to another 20 years, the utility may not be able to operate the plant long
enough to amortize the investment and still produce competitive electricity.
The U.S. nuclear industry has made significant progress in improving
efficiency and performance - more progress is both possible and necessary.
Production costs in the 1.5 cent/kWh level is necessary to make the plants
competitive on a marginal cost basis and that is what most utilities can or
are planning to achieve. For existing nuclear plants with significant
embedded capital costs the timing and policies established by federal and
state regulators will dictate whether all of the embedded cost will be
recovered. These rules are just evolving — but will be much clearer by the
end of 1996.
In summary, the keys to successful economic performance at U.S. nuclear
plants are: (1) improved production from the plants; (2) improved efficiency
at the plants; (3) elimination of unnecessary regulatory imposed burdens; (4)
availability of an effective and practical license renewal process; and, (5) a
fiar and equitable policy for recovering prudently incurred costs as the
industry transitions to a more competitive market. Generally, the U.S.
nuclear utilities are making good progress in all of these areas.
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INTRODUCTION
The rise in nuclear power plant availability and operational cost control are, together
with a steady improvement in safety, the two prerequisites for the durability of Nuclear
in France, as in all the other countries involved in nuclear power programs.
The achieving of these French NPP performance quality goals is a decisive and vital
factor for Electricite de France, to build a nigh-performance package that can be
operated on a reliable, economic and lasting basis. High technical-economic
performance levels are and will alwas remain indispensable against a background of
competition from other energy sources.
The aim of this paper is to give a general idea of the contribution of the nuclear fuel
design to the technical/economic improvement in the operation of the reactors and in
the core management strategies.
For the technical standpoint, there is clearly a close interaction between the operation
of the plants, the refuelling strategies and the fuel technical upgrades.

CANADA95DOC

1/9

Thus :
- the extension of fuel assembly (F/A) burnups still offers wide scope for savings in
fuel cycle cost and in NPP overall operational cost,
- the ability of the nuclear fuels to accommodate the severe duty arising from load
follow, frequency control and extended low power operation of from the lengthening
to 18 months of the PWR 1300 MW cycles has a direct impact on the overall
operational cost of French NPP's and through unit maneuverability performance, on
the power grid safety,
- lastly, the rise in F/A intrinsic reliability, which should rule out production stoppages
caused by fuel failure, will also help to ensure high nuclear power plant availability.
The interaction between the fuel performance and its use within the scope of NPP
operational cost control is duscussed below.

THE IMPACT OF FUEL MANAGEMENT ON AVAILABILITY AND COST
CONTROL
—
The availability trend for the period 1985-1994 is shown in the figure below :
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Analysis of the near-continuous degradation up to 1992 made it possible to identify
the main factors and to show that the fuel played a minimal part.
The gradual transition in PWR 900 MW plants to quarter-core reload management
has had the effect of reducing about 15 EFPD the average cycle length. Combined
with this, the decrease of the unit availability factor, which reflects the tensions of
supply/demand balance and the concentration of ten-yearly outage programs, has
contributed to an automatic rise in the length of scheduled outages. However, at this
time, the size of the available generating capacity has eliminated this effect thanks to
the fuel savings yielded by a quarter-core management with high performance from
the nuclear material utilization standpoint.
The PWR 1300 MW refuelling operations are longer, due to the larger number of
assemblies. These operations are nevertheless off the critical path and only rarely
impact re-startup.
Nuclear material management is always an economic issue, as shown by the thermal
kWh cost price breakdown tabulated below :

Cost of Thermal kWh in France

cFkWh

Investment

Total

Fuel

Utilization

RELATIVE FUEL CYCLE COST FOR PWR 900 MWe
39MWd/t

45MWdrt

SIMWdft

SOMWdft

200

250

300

350

400

450

500

CYCLE LENGTH (Efpd)

The choice of solutions between these categories will depend on the structure of
the national NPP capacity and on the ability of the utility to achieve high
maintenance performance.
Let us consider the reasons for which Electricite de France has now come to
manage its generating capacity :
- in 4.0% third-core 18 month cycles for all the 1300 MW units, whose
aeneral aDDlication will be comDleted in 1998.

1.2 - Optimization of NPP management
The minimization of the nuclear fuel cycle cost alone mult not conceal the
complementary approach involving the search for the NPP minimum overall
management cost, comprising the operational costs and the costs of nuclear
and fossil fuels.
In the French context characterized by a large generating capacity of 54 PWR's,
the length of the cycles must be such that NPP maintenance is put on a
seasonal basis, i.e located as far as possible during periods when the idling
power capacity does not need to be compensated by calling upon fossil-fired
plants.
PWR's were originally third-core reloaded : 52 3.25% enriched F/A's for the 900
MW series (1978) and 64 3.10% enriched F/A's for the 1300 MW series (1986).
The reloading modes led to cycle lengths of about 290 EFPD, i.e to an annual
reload frequency and an average discharge burnup of 33 000 MWd/t (reference
on figures 1 ands 2).
About ten years ago, it became apparent that technological advances would
make it possible to achieve average burnups of about 42-45 GWd/t at first only
in 900 MW series, and afterwards in the 1300 MW series. At that time, the
availability performances reached in PWR NPP's - 900 MW units only - were
high and the predominant issues were nuclear fuel cycle cost reduction and
seasonal outage organization. It was therefore decided to introduce 3.70%
quarter-core reloading for the whole 900 MW series, enabling a zero-boron
discharge bumup of 42 GWd/t to be reached and an annual cycle length to be
retained.
An identical policy was envisaged for the 1300 MW series : 3.6% quarter -core
reloading.
To date, all the 34 PWR's 900 MW units, including those containing MOX are
reloaded on an annual basis. On the other hand, for 1300 MW units it was
decided to abandon the 3.6% reload strategy and to switch directly from the
current 3.10% third-core annual management to a policy of extending cycle
lengths.
Indeed, at the end of the 1980's, the conjonction of technical contingencies and
generic failures which affected the availability of the units, together with the
lengthening of average outage times, led to a sharp deterioration in NPP
availability accompagnied by poor seasonal maintenance placement.
In conjunction with an action plan aiming to reduce outage lengths, studies were
run on the feasibility of extending cycle lengths to 18 months (the regulation on
the time span between two inspections of certain equipment items rules out
going further for the time being).
A cycle length of 18 months corresponds to a supplied energy of about 410
EFPD and is equivalent to a cyclewise fuel burnup of 15 000 MWd/t. For a thirdcore reload, the zero-boron natural burnup per assembly batch will be
45 000 MWdA. Technical/economic demands have dictated the switching as fast
as possible, i.e by 1998, of the whole 1300 MW series to 4% third-core
management. With this reloading mode, the result for each reactor will generally
be two outages every three years, alternating a spring outage whith an autumn
outage.
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Switching over to cycle lengths close to 18 months reduces the volume of 1300
MW scheduled maintenance by 70 outage weeks x reactor on average each
year, i.e a reduction of about 25%, yielding an NPP overall availability gain of
about 2.5%.
To this availability gain is added a 15% fuel cycle cost saving (figure 2). This
saving could have been even larger by opting for the 4.0% quarter-core
strategy, but in this case the extra cost incurred by the burning of fossil fuel
(coal) during the more frequent outages would have offset this additional saving.
2 - FUEL ASSEMBLY TECHNICAL ADVANCES
Since the IGA (Inconel Grid Assembly) fuel delivered in 1975 at Fessenheim, the
fuel suppliers have unceasingly upgraded their fuel in line with the requirements of
the utility, for which optimization of fuel managements calls for increased bumups,
allowance for the experience feedback from its surveillance programs and the rapid
incorporation of the technical improvements arising from its design and
manufacturing development programs. The track record for the past 20 years and
the outlook for the next 10 give a clear picture of the progress achieved in the ongoing search for increased reliability, maximum operational flexibility and minimum
cycle cost.

YEAR

PRODUCTS
(ASSV) •

BATCH
BURN UP
GWO/MT

2.1 - Standard fuel: 1975-1985
The experience feedback built up from this type of Inconel grid fuel loaded in all
the PWR 900 MW reactors on line during this period has been considerable and
excellent : more than 20,000 F/A's delivered, which have benefrtted with time
from :
- standardization of materials fabrication and manufacturing and inspection
processes leading to remarkable reproductibility : manufacturing cost
control,
- raising of the quality level stemming from the surveillance programs
implemented and from the statistical analyses and correlations obtained ;
examples are the improvement in the zircaloy 4 cladding specification
following the analysis of the impact of additive elements and impurities,
cladding growth control,...
- the extension of grid follow resulting from the replacement of fossil-fired
plants by nuclear power plants, demonstrating the ability of the rod to
accomodate the power transients inherent in these new service conditions.
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It was this IGA fuel which was used by EDF to extend to all Franch NPP's the
third-core annual fuel management strategy ; some experimental programs have
been run to test possible future innovations :
- either cycle extension to 340 EFPD by reloading 64 3.45% enriched F/A's
- or an increase in burnup by reloading characterized F/A's for a 4th then a
5th cycle up to 55 GWd/t (Gravelines 4.5%).
2.2 -Advanced fuel assembly : 1985-1992
In 1985, the French 900 MW PWR's units (34) were completed and the first full
advanced fuel assemblies reload was delivered. This design, which is
characterized by zircaloy 4 gridd and removable nozzles, led to the following
improvements :
- lower cycle costs through the use of zircaloy 4 as grid strap material;
- decrease in primary system activity through the reduced quantity of inconel
718 in the grids ;
- easier repair of damaged F/A's.
In addition to enabling the transition to quarter-core fuel management for the
whole PWR 900 MW generating capacity, the advanced fuel assembly is also
the one which :
-was used for the first mixed oxide reload at Saint Laurent in 1987,
containing 36 UO2 assemblies with 3.25% U235 and 16 PuO2 assemblies
with equivalent content,
- was used in the first experimental program on the recycling of enriched
uranium arising from reprocessing, in the form of a complete reload
introduced in CRUAS 4 in 1987.
The result of these developments has been to raise to 4e GWd/t the burnup
level of the assemblies, which had an excellent performance record.
2.3 - Advanced fuel assembly - second generation
The 90's are seeing a drastic cut in the number of new reactor orders. The
constant concern of electricity producers to curtail plant running costs raises the
need for ever-higher assembly burnups and low-leakage loading patterns, with
the dual advantage of reducing vessel fast neutron fluence and cutting cycle
cost.
These reasons led Electricite de France to purchase a new high thermohydraulic
performance, extended-burnup fuel assembly model, with the following
features :
- a new zircaloy grid offering reduced pressure drop, 5% higher DNB
performance enabling high-efficiency fuel managements and with optimized
peripheral geometry for safer handling,
- a new zircaloy 4 cladding with upgraded chemical composition and
optimized heat treatments to enhance corrosion resistance,
- an anti-debris filter designed to rule out most of the observed causes of fuel
rod damage.
CANADA95.DOC
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3 - OUTLOOK
Development of a high burnup future fuel is studied by suppliers, with the target of
improving reliability against a background of more severe duty conditions, and also
of reaching a design discharge burnup of 60 GWd/t. The expected upgrades
center on the F/A structure and the cladding and structural materials, aiming for
enhanced corrosion resistance and irradiation up to extended burnups.
How should the discharge burnup gain be used ? Two cases need to be
considered : on the one hand the 900 MW and 1300 MW PWR's of EDF's current
generating units and on the other the future PWR generating units.
Regarding the former, three advances on current management stragegies will have
to be investigated in depth to assess their feasibility with respect to the condition of
the resident equipment:
- extension of PWR 900 MW cycles up to 18 months, and of PWR 1300 MW cycles
up to 24 months at the price of an increase in enrichment which could, overstep the
current administrative limit value of 5% in some fuel cycle facilities,
- within the scope of plutonium recycling in PWR 900 MW reactors, recycling MOX
F/A's for a 4th cycle, so as to use the entirety of the plutonium arising from the
spent fuel reprocessing operations.
For the future European Pressurized Reactor (EPR) design, whose main variations
from the latest PWR design among current NPP's will focus upon the application of
technical improvements enabling a significant safety advance but liable to lead to
investment cost overruns, it will be indispensable for the availability factor to be
further raised up to 87% : 24 month cycle lengths, increase of reloading rate up to
4 F/A's per hour, relaxing of the power return constraint to 5% FP/h, will ail help this
increased availability target to be achieved.

4 - CONCLUSION
This paper has attempted to show that after 20 years of PWR operation in France,
the in-core fuel management, in other words the art of using the fuel in the most
economical way possible while meeting safety requirements, has always been a
prime concern and has proved an important source of productivity, given both the
technological progress made possible by the fuel and enormous experience
feedback built up from a huge but homogeneous NPP generating capacity.
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Union's Role for Creating Public Acceptance
of the Nuclear Industry
William Adams
Coordinator
Canadian Nuclear Workers Council •

UNION'S ROLE FOR CREATING
PUBLIC ACCEPTANCE OF THE NUCLEAR INDUSTRY

William Adams, Coordinator
Canadian Nuclear Workers Council

History
Historically, the nuclear industry in Canada has been very closed, scientific and secretive. Much
of this came about from the birth of "nuclear" in the atomic bomb. But even in Canada, which
very early on embarked upon the pursuit of peaceful uses of atomic energy, this closed, secretive
approach remained until recent times.
The end result of this secrecy is perhaps best exemplified by the fact that in spite of millions of
dollars being spent on public relations, the nuclear industry has, to date, had difficulty garnering
the support and trust of all levels of society. Instead, the manner in which the industry has
related to the public has caused a great deal of suspicion and mistrust.
As a society we learned to advance from wood - to coal - to oil - to gas for heating our homes
and also for creating electricity. Today, uranium, hydro, gas, coal and oil are used to create
electricity, yet the public only really gets concerned about uranium ~ or "nuclear". Little is said
about the more common generation methods because most people have used and are accustomed
to the traditional types of fuels; consequently criticism arises only in relation to the cleaning up
of coal emissions.
Of all the fuel options, people know least about nuclear and in many ways, they know little more
about how electricity is generated in our plants. It is of no surprise then that considerable public
resistance is encountered in the quest to have nuclear energy accepted as a viable energy source.
This is an interesting phenomenon considering that most people knowingly take advantage of the
many uses of nuclear energy. On a personal level, they make use of it in their own homes —
from "exit signs" to "smoke detectors" — and yet in the public arena, many of these same people
do not hold the same view . Why?
In an attempt to identify the origins of this opposition to nuclear, much attention must be
focussed on the anti-nuclear policy emanating from our trade union movement. Once
established, these types of policies are difficult to change. Yet, within the nuclear industry itself,
many workers are unionized and organized but play little or no role in trying to change this antinuclear policy. There are several reasons which may account for this:
(a) The nuclear industry is a very scientific industry and management has never really allowed
the worker to get involved in creating public relations campaigns.
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(b) Most management never thought to involve the worker. This was done without malice and
likely occurred due to the traditional class-conscious system in which management/workers have
operated.
(c) In many cases, workers didn't believe it was their role.
(d) People working in nuclear facilities were told "what happens here remains here".

Today
Having set this stage where are we today? Many working people are looking at this industry and
asking "can the nuclear industry survive?" and "how can we help?"
In Canada we have the Canadian Nuclear Workers Council (CNWC) which was formed in
October 1993. Similarly in England, a group called Trade Unions for Safe Nuclear Energy
(TUSNE) was formed approximately six years ago and campaigns for a better understanding of
the nuclear industry by providing an extensive forum for debate. As its title suggests, it places
the highest priority on the maintenance and improvement of safety, and supports a balanced
energy programme including gas, oil, coal, nuclear, hydro and other feasible renewable
alternatives.
Both of these organizations are very cognizant of the continued job losses in the nuclear industry
which come as a result of not having achieved significant public support for the peaceful use of
nuclear energy in its many forms. If allowed to achieve its full potential in Canada, the nuclear
industry could be a very significant contributor to our GDP. Conservative estimates have
determined that the total contribution of the nuclear industry to Canada's GDP from 1962 to 1992
was at least $23 billion. In addition, direct employment in the nuclear industry for 1992 is
estimated at approximately 30,000 jobs (90% of which are full time) and indirectly at 10,000
jobs.
By creating many highly-skilled and highly-technical jobs the nuclear industry enhances
Canada's scientific engineering, technical and skilled trades expertise. In doing so, it remains a
key component in increasing Canada's industrial and international competitiveness.
In a survey done by Agnus Reid for the CNWC, it showed that unionized workers have a great
deal of credibility when discussing the safety and reliability of nuclear energy. Recognizing this,
the Canadian Nuclear Workers Council is dedicated to increasing the knowledge of the general
population, and specifically unionized workers, about the safe, reliable and peaceful uses of
nuclear energy for enhancing our lives. This mandate is supported by polls and studies which
indicate that increased knowledge will lead to greater acceptance of the role of nuclear energy.

- page 3 In Saskatchewan, polls show that the support for uranium mining is over 70%. Much of this
may be attributed to the unions involved sitting on panels for public hearings, and the unions
working closely with the industry to educate the population with mine tours and handing out of
literature. Also, because of the fly-in nature of the job, many of the workers are scattered in
communities across the province.
So how can greater acceptance be achieved? The starting point emanated from the founding of
the Canadian Nuclear Workers Council in conjunction with the INC '93 Conference in Toronto.
One year later, the CN WC held its 1 st Annual Convention in Ottawa and we currently represent
some 15,000 workers in the Canadian nuclear industry. We are still continuing our organizing
and have been talking to the Canadian Association of Medical Radiation Technologists as well as
supplier industries.
The Council's Executive Board, which is elected annually, is:

President
Vice President

Dave Shier
Alvin Rueckert

Secretary Treasurer

Wendy Holland

Board Members:

Peter Falconer
Jim Arnot
Peter Neufeld

Coordinator:

Employer
Union
kers'Union, CUPE 1000
Power Worker
Society of Admin and Professional
AECL
Employees (SAPE)
AECL
Office and Professional Employees
International Union (OPE1U)

Horst Sommerfeld

Ontario Hydro
AECL
Cameco,
Key Lake
AECL

William Adams

CNWC Execul

Powerworkers' Union, CUPE 1000
Powerworkers' Union, CUPE 1000
United Steelworkers of America
(USWA)
United Steelworkers of America
(USWA)

Currently, every nuclear site in Canada belonging to the CNWC is being asked to establish a
local committee. As the infrastructure at the local level, these committees will organize the
dissemination of information to the general and working population in their respective area. In
addition, they will work closely with the public affairs group at the site to receive training and
information, and also to coordinate strategy with the employer. I would like to emphasize that
this in no way compromises the union's role, which still must preserve their independence in
order to retain credibility.
Instead, what these committees will do is organize talks to local union and community groups.
They will become trained to speak at events and will respond, where appropriate, in the "Letters
to the Editor" pages of their local newspaper. More than anything, they will be responsible for
organizing workers to speak out in favour of their continued livelihood in the nuclear industry
and in so doing, will strive to enhance the public image of the nuclear industry. In many cases,
this will involve political action. As public support increases, political support will follow.
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These activities will be coordinated through an Executive Board, which in turn will work closely
with corporations, unions in the industry and with the Canadian Nuclear Association (CNA).
Under consideration is a 2-day workshop for public affairs and union people from each site and
corporate office, along with the CNA, to develop a strategic document for the whole industry to
use in the campaign to gain majority acceptance for nuclear in Canada.
By creating a strategic document it is hoped that the process of creating a single vision for all
corporations, unions and organizations involved in the nuclear industry will commence. The
value of the Canadian Nuclear Workers Council is "additive", and complements and supports a
process already launched by the corporations through the CNA.
To this end, the Council attends as many labour conventions as possible, handing our literature
and speaking to delegates. Its role is to help change labour organization policy to a "pro" stance
for nuclear. Currently the Canadian Federation of Labour, representing the Building Trades in
Canada, has a very supportive nuclear policy.
The Council is also very active in seeking funding and making presentations to the FEARO
panels for further uranium development and AECL's permanent disposal of spent fuel. To date,
we have been approved to receive $8,600 from FEARO. We also seek funding from the industry
for my position, in order to keep the Council going. This funding has come solely from AECL,
but as of this July, we will receive funding from at least five employers in the industry. Our
thanks for this recognition of our role.
Finally, the Council is busy preparing for a 1997 World Council of Nuclear Unions which will
address several issues of national and international importance, and demonstrate global support
for nuclear energy. As Bill Morgan, National Chair of TUSNE so aptly stated, "energy is a
global issue".
The Canadian Nuclear Workers Council is proud to be part of a process designed to ensure that
all Canadians have safe, efficient, ecologically sound and economically viable sources of energy
— one of which is nuclear energy, and we encourage you to become more involved.
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A Scapegoat Called "Public Acceptance'

Otto H. Wildgruber
Department Head, International Public Relations
Siemens AG, Power Generation Group
Abstract
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Monitoring the anti-industry movement occupies a large part of the work by public
relations personnel. This monitoring activity is however vital because of improvements in
the field of communications and the electronic information exchanges on the Internet which
are intensively used by opponents.
A campaign by an environmentalist organization to harm the timber industry (including
Canada's) is an example where environmentalists were very skilled at influencing public
opinion. This example from the timber industry may serve as a foundation for seeing the
nuclear industry from a bird's eye view rather than from the generally prevailing frog's eye
view.
There are important questions to be asked such as: How can the public support an
enterprise, an industrial branch or even a whole industry, without knowing the benefits they
derive from it? There are quite a number of benefits and, maybe surprisingly, the most
convincing benefits are still economic ones. Is the concept of public acceptance, however,
being used as a scapegoat for opportunistic political decisions?
The so-called consensus talks in Germany have to be seen in this context because of the fact
that Germany has surplus electrical capacity and the competitive environment for utilities
is changing. The current motto is "the cheaper, the better," requiring new nuclear power
plants to be competitive with coal-fired plants. Up until now, these plants have used
expensive domestic hard coal, a situation which the European Union will not continue to
tolerate.
Under these circumstances, the notion of public acceptance is most certainly used as a
scapegoat for decisions which are unpleasant for the nuclear industry. Hopefully other
countries will not fall into the same trap as Germany has: endlessly increasing safety.
Nuclear energy is the energy for the future if it is competitive. Let us work towards that
goal.

Mr Chairman, Ladies and Gentlemen,
If you want to be successful in business you have to know the
marketplace and its players. This is no different in public
acceptance work. You have to know the opinion market, the
issues, the players, their strategies, and tactics. Finally,
you have to now your strengths and weaknesses.
Unfortunately, as I could observe, public acceptance workers
have for a long time not been aware of these principles. To be
candid, we fought at the wrong battlefield.
Please remember what happened over the last decade.
The first picture is a compilation of data from the source
book "Public interest profiles /I/ (slide 1 ) . It is amazing
how the number of groups increased by the end of the sixties.
Even more amazing is the number of regulations affecting
American utilities / 2 / . (slide 2) I am well aware that this is
just a correlation and therefore does not say a lot about
cause-effect relationship. Some of the laws may have been
necessary but I doubt that all of them contributed to the
advantage of the customer who after all has to foot the bill.
Hand in hand went a remarkable decline in the trustworthiness
of established institutions and industries. This is a very
dangerous development as a sustainable society needs trust in
its structures. Distrust almost certainly leads to a
revolution, destroying democracy and establishing
dictatorship.
I know that this extent of trust in politicians (slide 3) is
not unique to Germany.
Neither is the ranking of information sources on nuclear
power.(slide 4 ) . There may be slight differences in individual
countries but the overall picture is nowadays pretty the same
all over the world.
As the public at large depends on the media as an information
source, public opinion widely reflects the media reporting.
Especially the television loves to broadcast confrontational
discussions. This explains why the majority of people believes
that experts do not agree on this subject (slide 5 ) . However,
is asked how they would judge the experts' position on nuclear
energy, the picture becomes more favourable (slide 6 ) . Even
1
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experts cannot escape the media mind-setting , as was revealed
by a Swedish study. It shows a big gap between the opinion of
experts on the believes of their colleagues and their own
opinion concerning nuclear power (slide 7 ) .
These slides should have been rather alarming for you. If you
are familiar with issue management, your alarm bells should be
ringing by now. One of the yardsticks to measure the
importance of an issue is the discrepancy between your
judgement and that of the public (slide 8 ) .
This should, as I believe, lead to a new evaluation of the
situation the nuclear industry is in.
There would be a lot more to say. I do hope, however, that
this short excursion was enough to make you aware of our
present dilemma.
How could it come to this?
To my mind, Philippe Ansell, at that time with Electricite de
France, made a point when he stated, and I quote: "Conflicts
are often resolved by negotiation and reaching a compromise
between the actors involved. In this case the only information
the public receives amounts to a few "one-liners"
Public opinion is called upon more often than not when
negotiations are deadlocked, when one of the institutions
feels too deeply threatened in its actions or its very
existence: this brings about a strategy of solicitation of
public opinion, aimed at achieving a favourable balance of
power.
The endorsement provided by public opinion adds legitimacy to
an argument. In fact, this legitimacy is something of an
illusion: if opinion has a certain power this power is also
determined by the belief one has in it.
The battle between the actors becomes a conflict of opinion;
the public is called upon a as paradoxical arbitrator in a
debate in which it has no idea of the real stakes at play and
which does not directly concern it. It is not involved in
building nuclear power plants or distributing biotechnology.
The public is too distant from the decision making process as
to be able to have a decisive influence on the course of
events. And more often than not - a controversy for the future
- these decisions only have an abstract effect on their
belongings, comfort and live style. It is difficult for the
pubic to compare an weigh up the possibilities ..., to be
discerning, since, beyond their affirmations of the
protagonists, the only knowledge it can extract from the

ongoing struggle is at least uncertain and without doubt
contradictory. How can one be expected to reach a measured
opinion from series of contradictory statements which are more
often than not spectacular and dogmatic?" Unquote /3/
If you transferred this to a simple statement it would read:
Public acceptance becomes a scapegoat in the course of
decision making. As an indirect confirmation of Anselle's
statement may serve a remark by Michael Oppenheimer, which
reads as follows: "But there is another role for the NGOs
which begins ahead of that noted above, a role that has
already been undertaken: that of public education, of turning
a scientific problem into a political one."(slide 9 ) .
Philippe Anselle changed his employer. He is now with CEA, an
entity much more influenced by politicians than EdF. Is this
the reason why he stated at ENC '94 in Lyon that the public
base is important for decision making and must be included in
the decision making process?. Could this be a hint for
political pressure?/4/
To sum up the first part of my speech:
Industry has most often responded in an inappropriate way:
Delivering technical details instead of reasons for its
decisions. The other side played the psychological game much
better: they perfectly knew that it is a psychological game,
such as poker, and therefore applied psychological rules.
Industry regarded it as a scientific game and therefore
applied the rules of a scientific game, say, chess. I have
never seen someone win a poker game by playing to the rules of
chess.
Our opponents also managed to set the minds, perfectly knowing
that reaction from our side would be next to senseless. (Slide
10). This is the gist of several psychological textbooks.
Every one of us has something that he or she regards as facts,
heedless whether these are facts or imagination. Each
information confirming our own views is accepted. Each
contradicting information is refused and we start to search
for reasons why it cannot be true. By delivering technical
facts, the nuclear industry strengthened the wrong impressions
of a remarkable part of the public.
My experience, however, has shown that this applies not only
to the public at large but also to our community. This could
be one reason why improvements in public acceptance work have
3
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proven to be nearly impossible - the minds are already preset. I elaborate on this in detail a little furtheron.
I would like to experiment on you: What do you see here? Are
the letters tilted? (Slide 11) Please raise your hands if you
think they are.
This is the truth - they are straight. Again, here you are:
They seem tilted, but in fact, as you see, they are perfectly
straight.
Bearing in mind all I said before, I thought examples from the
nuclear branch would certainly not convince you. Even your
minds could be pre-set one way or the other.
Therefore, I looked for another example from a field I hope
you are totally ignorant of: the timber industry.
About five years ago, forestry did not interest very many
people. Environmental organisations, however, found out that
pictures of clear-cut forest areas have an impact on public
opinion. Clear-cut areas look ugly. Therefore, clear-cutting
should be stopped. So they started working on the issue. As
usual, this was not in the public arena, but rather by writing
letters to opinion leaders and opinion formers, saying that
clear-cut areas look as if they were devastated. Furthermore,
they added that this would have adverse effects on
biodiversity. Some early indicators for this ongoing campaign
were calls by a few opinion leaders and opinion formers upon
the forest industry to stop clear-cutting. This was only a
weak signal. To indsutry, this seemed to be the opinion of a
few lonely people who see dangers at every corner of our
society. Countermeasures were thought unnecessary.
About two years ago the issue entered its hot phase. Media
reports all over the world started to condemn clear-cutting.
The bulletin boards of the electronic e-mail network reflected
the stepping up of the campaign. By then, the victim had been
defined, too - MacMillan Bloedel of British Columbia, one of
the largest timber companies in which the government of
British Columbia has a stake. No surprise that one of the most
sophisticated environmental organisations, also one of the
wealthiest, took the lead in this campaign: Greenpeace.
The escalation grew worse. NAFTA was called upon to ban clearcutting. Activists in Japan accused Mitsubishi/Daishowa of
destructive business. A chain-saw massacre in Hamburg became
the focus of media reporting. The most important publishers in
Germany, Gruner + Jahr, Axel Springer, Mohndruck and mail
order giant OTTO, declared their opposition to clear-cutting.
Greenpeace distributed a text to be sent to Prime Minister

Hartcourt of British Colombia. The renowned German magazine
"Der Spiegel" supported Greenpeace actions. Protests were
staged in Brussels, London, and Vienna on the occasion of
Prime Minister Hartcourt's visit.
On 9 February 1994, the Canadian forest industry paid for a
full-page ad in the renowned German newspaper "Frankfurter
Allgemeine Zeitung". The ad delivered facts and asked why
Greenpeace had lied when claiming that the government of
British Columbia and the forest industry would destroy
forests. The ad was signed by Jack Munro, Chairman of the
Forest Alliance, and Dr. Patrick Moore, Forest Alliance
director and cofounder of Greenpeace and founding director of
Greenpeace Germany. This did not change anything, but
confirmed the negative impression the public had gained. You
remember my slide concerning affirmative and opposing
information?
The campaign went on with protests in London and chain-saw
orchestras in Vienna. Earth First! started the MacMillan
Bloedel Mondays campaign. Friends of the Earth condemned
clear-cutting at GATT. Thereafter, important customers, among
them the German publishers, started to cancel their contracts
with MacMillan Bloedel, Scott Paper UK, and Kimberly Clark UK.
The campaign then reached the so-called indigenous people or
first nations. Companies as Hydro Quebec have been accused of
clear-cutting when clearing the areas intended to be flooded
after the construction of dams for hydro-electric power
plants.
In the next step the issue of clear-cutting became even more
international. It spread to nearly all countries of the world.
In this connection, fear-mongering started with stating that
clear-cutting will poison the water, lead to death of salmon,
trout, and cod, and so on.
With tree-trunk blockades in Austria and Germany actions
gained in interest to the media.
The United Nations, especially UNEP, supported the campaign
against clear-cutting. In the United States, the issue of
clear-cutting entered the floor of the House.
Consumer product companies started to denounce clear-cutting,
for example, Roots, Club Monaco, Electronic Commons.
International declarations, such as the Frankfurt Declaration
Against Clear-cutting for instance, were adopted without
hesitation. An international conference on boreal forests was

organised by NGOs and took place in Berlin.. Indigenous people
were impressed by NGOs and joined the community.
A campaign started, assessing companies according to their
stand concerning clear-cutting, a very old method employed by
environmental organisations against entrepreneurs.
The United Nations Committee on Sustainable Development then
took up the issue and spoke out against clear-cutting.
An activist workbook dealing with a case study of Clayoquot
was published, to be used by NGos.
After all these unfounded accusations, the timber industry
seemed to recognise that it was not the logging industry alone
that had been affected but also the paper and pulp branch and
the publishers. So publishing companies finally became allies
of their suppliers.
After this, Greenpeace really made a point in a press
statement, the headline of which was "North American
publishers board sinking ship".
For those interested in obtaining more information on this
campaign I prepared an excerpt from the e-mail network, guite
a few pages, which I can furnish on request.
Remembering this escalation, you may imagine the tremendous
costs involved for the timber industry to set the record
straight, if possible at all.
I doubt this, as public opinion in British Columbia is by now
opposed to clear-cutting, as this slide shows (slide 12).Don't
you find it amazing that people depending on the timber
industry turned against it?
This story is no single case. It seems to be the rule. If you
investigated issues in the chemical, pharmaceutical,
biotechnological, and, of course, the nuclear industry you
would find a similar pattern.
Industry still does not seem to have learnt from the past. The
pyramid of events and reactions seems to be valid even today
(slide 13)
What me bothers most is the reaction in the last stage:
business as usual. This attitude will draw more and more
people from the critical public to the side of
environmentalists because they feel fooled by such a
behaviour.
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Another short-sighted reaction to be observed in industry is
the effort to come to terms with an opposition which is either
ideologically or for sheer financial greed not willing to
compromise. Not only in the United States, but world-wide,
executives in the industry hoped that mainstream environmental
organisations would be more reasonable.This expectation was
justified, but for a relatively short period of time only.
The example of the Sierra Club shows, however, that the
members of these organisations have not been pleased at all
with their give-and-take executives and started to campaign
against them. What is even more remarkable: Mark Dowie just
published a book stating that the third stage of
environmentalism will be followed by a fourth, which will be
uncompromising from the very beginning./5/
I have already mentioned that the nuclear industry has been no
exception to the rule. If you analysed the situation in the
nuclear industry, the similarities to other branches of
industry would be really bewildering. We in the nuclear
industry made the same mistake every branch made. We
underestimated our opposition.
We were even worse. We thought the solution to our problem
would be presenting facts. I still do not understand why we
arrived at such a conclusion. If you looked at the headlines
in the media, you immediately recognised that there are many
branches of industry the public does not trust. You would see
how many issues there are in the public debate. Is there
really anyone in the audience who believes that providing
factual information alone could solve the problem? Does anyone
believe in a royal road to learning?
When criticising my own community I think I ought to mention
that we should not describe ourselves as perfect beings
developing perfect technology. If we say we are and we do, we
must be aware that every single step we take will be closely
watched and every minor mishap will be savoured by our
opponents.
One should not forget that not all people behave alike in a
country. There are various types, so for instance:
- the progressive person who believes in the future,
- the undecided type who can live with the present situation,
and
- the pessimist who believes that stopping progress in its
present form is the only way to survival.
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The various degrees of willingness to accept risks were
demonstrated by a poll conducted in Germany. (Slide .14)
Acceptance of risk is highest in those who support nuclear
energy, whereas opponents would rather live without any
technology at all before accepting risks. The trust in our
capability to solve technical problems shows nearly the same
attitude (slide 15).
Most revealing is the following result of a public opinion
survey (slide 16). Only the proponents of nuclear industry
believe that increased reactor safety would positively
influence the opinion of the general public. The opponents
clearly state that they do not believe it will change
anything. Even the majority of people who want to maintain the
present situation does not believe that improved safety will
change anything in the attitude of the public.
Our executives seem to ignore these results. They still offer
improved safety, which will be to no avail if you consult
public opinion polls, but rather makes nuclear less
competitive.
As far as the public at large is concerned, a further obstacle
to establishing confidence in the soundness of industrial
activities is the attitude of the media concerning research
results.
- 73 % of journalists prefer to publish "research" findings
that are not peer-reviewed,
- whereas 71 % of scientists think that research results
should only be made available to the mass media after peerreview. /6/
I know that the time was too short to share with you even the
most important points of my research, let alone details.
Nevertheless, I do hope that you have now some new ideas for
seeing public acceptance from a different angle.
We could summarise this second part as follows.
Industry still tries to come to terms with environmentalists.
This seemed successful as long as some of the so-called
mainstream environmental organisations were prepared to
compromise.
This attitude, however, will not last forever. As Dowie /5/
stated, the next wave of environmentalism is just emerging and
its representatives will not be prepared to accept any
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compromise. I believe Dowie describes a plain truth: if funding
gets scarce only those kicking hardest will survive.
The evaluation of past failures and successes in this area should
be convincing. It might, however, be possible to strike a deal
with politicians and renowned and reasonable leaders of the
environment movement when national prosperity and democracy are
at stake.
What I have said so far may seem a little theoretical.
would be the answer to the question "what can we do?"
I do not have a definite answer.

So what

However, I would recommend:

- Do not care too much about your adversaries. Concentrate on
what benefits you can offer to society.
- Make decisions transparent.
- Forget technical details. Concentrate on basic safety
principles.
- Show your interest in surviving as a company. Stress the
quality of your products.
- Stress the benefits. Mentioning the drawbacks is mere
disinformation. If I had to deliver a balanced speech on
nuclear power I could list up benefits on several pages before
summing up the drawbacks in one sentence.
- I suggest to give up the attitude of being a paragon. A
paragon only attracts opposition.
- It is more persuading to use an old German proverb: where there
is much light there is bound to be some shadow. In other
words, nuclear offers such an awful lot of advantages that some
drawbacks are natural.
- Concentrate on economics 111. Do not forget that bankers play
a decisive role in financing major projects.
- Nuclear is a long-lasting energy resource. All estimates about
how long nuclear resources might last have been nonsense. No
clear-headed business person would invest that much in
prospecting if he knew that his investment would be returned
decades later. If you do not agree, please see these pictures:
(slide 17, slide 18). Despite sharply increased consumption,
the availability of the resources increased.
- Get rid of the management breed that goes under the term "being
concerned is their profession". Your top management should be
those people who are determined to be successful even when
taking risks, that is decision makers.
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- Learn from our opponents - choose on the right battlefield,
and that is politics. Stop fighting on the battlefield of
facts only, which many think is the right and only one.
- Concentrate your efforts on basic human characteristics,such
as
- everyone wants to make his or her decisions,
no one wants to be persuaded,
- everyone wants to understand the decision making process,
- no one wants decisions to be imposed on him or her,
everybody wants to be recognised as a thinking and caring
human being,
no one wants to be told what he or she should or should
not do.
Education in the sense of explaining technical details does
not meet longings of human beings. Quite to the contrary, this
way will be regarded as imposing.
Education here means showing people basic relationships and
interdependencies, assisting them in making their own informed
decision in the end.
Finally, as a representative of Germany I feel some obligation
to explain the present situation concerning the so-called
consensus talks.
For a better understanding of the circumstances I have to
mention that
- we have surplus capacity in electricity generation,
- nuclear energy was very competitive compared to electricity
produced from domestic coal. This is about to change as the
European Union will not tolerate subsidies to the coal
industry forever,
- the interim storage for spent nuclear fuel is sufficient for
decades,
- therefore, there is no real necessity to arrive at a common
decision about energy policy now.
To my mind, the whole debate therefore consists mainly of hot
air because there is no direct need for an immediate
settlement
I
I
-

would like to come to a conclusion now.
really do hope I made clear that
competitiveness is of utmost importance,
public acceptance is a way to deprive us of our favourable
position,
- public acceptance is used as a means for other ends.
Public acceptance is the scapegoat for
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- changing society,
- not making the necessary decisons and thereby,avoiding
attacks from environmentalists,
- sticking to the "not in my backyard" syndrome,
- making profits at the cost of others,
- getting business advantages by green-washing,
- investing in subsidised businesses (solar, wind)
What I said may have been rather provocative. All I want is to
get the nuclear industry out of its self-imposed dilemma.
Nuclear energy is the energy for the future, unless the
nuclear industry destroys this future by unreasonable safety
standards that would lessen the competitive advantage. Let us
work towards the goal of reasonable public acceptance work and
improved competitiveness of nuclear energy.
Thank you for your attention.
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What is your opinion:
I have witnessed too often that politicians do not tell the truth.
Therefore ! don't trust them and I don't rely on what they say.
Of course leading politicians try to gloss over their politics. They may not tell
everything, but they don't really lie. Generally speaking, you might trust them.
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The Politics of Economic, Technical and
Regulatory Issues Associated with
Spent Fuel Storage
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THE POLITICS OF ECONOMIC, TECHNICAL
ASSOCIATED WITH SPENT FUEL STORAGE

AND

REGULATORY

ISSUES

Reprint of remarks delivered to American Nuclear Society on November 17, 1994
in Washington, D.C. by Miller Hudson, Public Information Director, Mescalero Spent
Fuel Storage Initiative
I would like to begin my remarks this afternoon by stating very clearly, and for the record,
that the opinions I will express during the next few minutes are mine and mine alone.
They are not the opinions of the Mescalero Apache Tribe or its Tribal Council. No one
has asked to review, nor has anyone read my comments until today. The conclusions
I will express regarding the nuclear waste problem--and we should always remember; it's
only a problem, it's not an "issue"--these conclusions have developed and matured during
the three-and-a-half years I have been employed by the Mescalero Spent Fuel Storage
Initiative. As hard as it may be for you to believe, I harboured no prior ambitions to work
as a nuclear trashman. Frankly, the career choice never crossed my mind.
To be completely truthful, I was "dimly aware" that a political skirmish was taking place
between the more rabid of the anti-nuclear zealots and the nuclear utilities—somewhere
out there on the fringes of public policy they were squabbling about nuclear waste. It
sounded a lot like ten year-olds arguing over a call in a pick-up baseball game. And I
confess, I pretty much tuned it out.
I like to think of myself as a reasonably well-informed citizen, but, I now know-as the
Country song says-"things I didn't know then". I assumed the "big boys", at the big
power companies, could, and were, taking care of themselves-and their trash. Boy, was
I wrong! I'm not telling you anything you don't know, but utilities are getting pulled
through grommets by a handful of charlatans that we, you and I, and our beloved media,
let masquerade as environmentalists.
But, let's face it, this handful of chronic whiners could never create full-scale policy
gridlock without substantial assistance from our politicians. Although I must admit to once
holding public office-as an elected member of the Colorado Legislature--I've learned,
since then, that the prayer on most voters' lips is this one: "Dear Lord, spare us from our
leaders". I'm not sure Newt Gingrich understands that when he calls for prayer in the
schools. Let me tell you one thing I do know for sure-nuclear waste alarmism is a bipartisan sport. If it's in their backyard, they're against it-Democrat or Republican!
When John Hughes called me and asked that I contribute a paper to this panel, I was
amused by the session title: "Economic, Regulatory and Technical Issues Associated with
Interim Storage of Spent Fuel". It has a nice, substantial quasi-academic ring to it. But
let me assure you, as someone who has just spent three years on the front lines of the
interim storage issue-it misses the central point. Economic, regulatory and technical
issues are relatively trivial—as most of you in this room know. There is only one real
issue currently driving spent fuel storage decisions in this country and that is politics.

I intended the title of my remarks to be a tongue-in-cheek play on words-an indication
that economic, regulatory and technical considerations cannot be separated from the
politics of nuclear waste. John scrubbed up my abstract for these proceedings in a way
that lends it more gravity than I probably intended. I would prefer to share anecdotal
observations with you today. I hope you will find them illuminating.
Let's start with the fact that a small Apache tribe in New Mexico is currently concluding
negotiations with 33 nuclear utilities for the joint construction and operation of a
centralized spent fuel storage facility. There's no getting around it--that's a bizarre
development, isn't it? You don't have to know much about public policy to suspect this
wasn't the original plan. So, how did it happen, and is it a good idea?
It's hard to know where to start in providing an answer to these questions. The roots of
nuclear waste policy failure in this country probably extend back a half century or more-and the list of villains is long-government secrecy at the outset of the Atomic Age,
shoddy science education in our schools, arrogance and elitism in the nuclear industry
and an ignorant and alarmist media, to name just a few. The accepted, "normal" reaction
to all things nuclear in America is to be afraid.
I acquired this insight from a persistent reporter-one among dozens I've dealt with as a
project spokesman for the Mescaleros' Spent Fuel Storage Initiative. He kept badgering
me with a single question, "Why aren't you scared of this stuff?" All the assurances in
the world about engineering safeguards wouldn't shut him up. Eventually, after I decided
he wasn't trying to "slit our throats" with a negative story, I asked him why he expected
me to be frightened. Actually a science writer, he told me he had never interviewed a
supporter of a nuclear project who hadn't had some personal familiarity with the
technology or the science.
I acknowledged to him that my father worked for the Atomic Energy Commission and that
I had grown up in nuclear towns like Idaho Falls, Oak Ridge and Los Alamos. I was still
in grade school when my father first took my brother and I out to look at a spent fuel pool
and the nifty blue glow in the water. That's not to say I don't appreciate the risks
involved. My father died ten years ago at 59--even he suspected his illness was
occupationally related, but he harboured no bitterness about it. He recognized that there
had been a carelessness, even recklessness, in the early years of the Atomic Age when
risks were not fully understood. Nonetheless, he retained his faith in the benefits that
would eventually accrue to society from the application of nuclear technology. He was
a scientist and an optimist.
I suppose I carry some of those attitudes with me. Though the near-term prospects for
nuclear power in this country are dismal, I can't imagine we will continue to rely on coalfired generation fifty or a hundred years from now. Unfortunately, when the time comes
to convert from fossil fuels, it appears we will have to purchase the requisite technology
and expertise from the Japanese or the European Community. Nuclear power in America

is terminal. I strongly suspect that outside this hotel there is virtually no public
constituency for the expansion of nuclear power.
I was joking with John at lunch on Monday that attending American Nuclear Society
meetings is rather like partying with buggy whip manufacturers at the close of the
Nineteenth Century. You're certainly great folks, but you really ought to think about
"getting on with your lives". The public debate in America over nuclear power has been
lost. The public mistrusts you, much of the media detests you and politicians wish there
were some way to put you out of business.
As David Guston and Kenneth Keniston point out in the current issue of Technology
Review, "popular support for science has waned. The almost unqualified public
enthusiasm that characterized the immediate post-war period has given way to a far more
nuanced view of science and technology. Attitudes have been negatively influenced by
conspicuous technological failures-Chernobyl, Bhopal, the Challenger-which raise
concerns about science by the reverse application of the logic that predicts technological
benefits from scientific triumphs." Into this breach have rushed the apostles of what Irving
Langmuir, the Nobel Laureate, identified forty years ago as a "pathological science" or
"the science of things that aren't so."
In collusion with tabloid journalism, catastrophists of every stripe allege that virtually every
aspect of modern life is contributing to disease and death-despite objective data which
demonstrates increasing life expectancies and improved public health. Nasty public
debates erupt over purported health effects that always seem to reside at the limits of
detectability. The public is then further confused when scientific opinion concedes its
inability to prove a null hypothesis. At the same time we ignore the ravages of alcohol,
auto accidents and domestic abuse because we think we understand their origins--and
they "happen" to everyone.
It wouldn't be fair to conclude my remarks without mentioning the role of public apathy
and individual ignorance. I was reminded of this last Tuesday when a voter told an "exit"
pollster that he had just voted Republican for the first time because he was tired of
Washington "fooling around with his Medicare".
Americans are similarly schizophrenic about things nuclear. They love "warp drive" on
Star Trek~\hey even tell pollsters they expect to see more nuclear plants in the next
century--but they don't want any built next year, or the year after, or anywhere near them.
In a utility survey that asked customers for their preference among a hydroelectric dam,
a coal-fired plant and a nuclear generating station as a source of expanded capacity-one
respondent wrote back and said, "I don't want any of them. I just want electricity like you
get out of the wall." If this country is to enjoy a secure energy future, there is a huge,
huge public education process which needs to be launched. (I would like to commend
ANS for its teacher workshops and similar programs that make a small dent in this
problem.)

While some public opposition to spent fuel storage grows out of legitimate and reasonable
concerns about health and safety-concerns that can usually be calmed with full and
accurate information-there also exists a vocal, politically-sophisticated anti-nuclear
community whose antipathy to nuclear power is visceral, emotional and often religious in
character. These individuals sincerely believe that nuclear technology represents a
disrespectful tampering with the fundamental, divine laws of the universe. Nuclear power
plants and the wastes they produce symbolize a sacrilegious "pact with the devil" that will
inevitably lead to some form of horrific retribution visited upon arrogant humans.

Oddly enough, this attitude is portrayed by the media as "liberal" or "left" in nature, when
it is actually a kind of "know nothing" conservatism that advocates a return to the 17th
Century with vaccines. Philosophically, it is premised on the fallacy of a romantic, "lost"
agrarian past free of the strains and stresses of modern life. The media would have us
believe this delusion represents an authentic environmental ethic. Nothing could be
further from the truth. To the contrary, it constitutes a recipe for ecological disaster and
widespread social insecurity. What's worse, they're winning the public debate!
One of my favourite writers on contemporary politics is Lewis Lapham, the editor of
Harper's Magazine. I treasure each issue for Lapham's "Notebook" column. This past
June he wrote about Washington and observed that, "Congress warily avoids solutions
to "real problems" because solutions invariably mean that somebody has to lose
something or give up something; solutions imply change, and change is unacceptable
because change translates into resentment, and resentment loses votes." This analysis
says all that needs to be said about spent fuel storage. Gridlock is the preferred political
solution.
While I served in the Colorado Legislature, I used to joke that whenever a Member
received five letters-I'm talking about real letters now, not the form letters which are
becoming far too prevalent as PR firms attempt to influence Congress and statehouses
by creating the illusion of grassroots involvement-but five genuine letters on a particular
issue, then the legislator began to worry whether a revolution was underway back in the
district. For better or worse, that's how politicians react-it can even be argued that that's
what they should be doing-representing the folks back home, even when "the folks" are
ignorant and self-destructive.
What it means is that we get "squeaky wheel" government and non-solutions. The
creation of the Nuclear Waste Negotiator's office is a typical example. Utilities bellyached about DOE's failure to produce an MRS, so Congress created a Negotiator to nose
around for a "voluntary host" community. No one really expected the office to succeed,
and they were horrified when it flushed out willing applicants. Governors were authorized
to veto participation, which they did-unanimously, leaving sovereign Indian nations as the
only active participants in the federal program. The anti-nuclear community promptly
charged "environmental racism" and everyone dove under the bed-Congress, DOE, and

the Negotiator-eventually killing the grant program.
It was assumed that would be the end of the matter, but, they underestimated the
perseverance and toughness of the Mescalero Apache Tribal Council. In a community
that can avoid the disruption of its internal political dialogue by outsiders and where voters
actually have confidence in their leaders, it was possible to reach the conclusion that a
great business opportunity existed with very little associated risk. The Mescaleros are
pursuing that business opportunity, without government help, in the form of a joint venture
agreement with 33 nuclear utilities.
Now, you would think that Washington should be ecstatic-that Congress would be
organizing a ticker-tape parade for the Mescaleros. Think again! The Mescaleros have
pursued their involvement in both the federal MRS process, and now their own private
fuel storage initiative, against a background of nearly constant muttering and grumbling
about "this Indian thing". Anti-nuclear activists, whose self-professed goal is to shut down
all nuclear plants as quickly as possible, are nearly apoplectic. Wrapping themselves in
the righteous mantle of environmental "guardians", they practice a racist paternalism
which would substitute their "better", non-Indian judgement for that of the Mescaleros
themselves. They seem to believe the Apaches should reside in a living history museum
that freezes their social development and tribal culture in a Nineteenth Century time warp-even if this residency must be enforced against their will. The Twenty-first Century
apparently is to be reserved for everyone but Indians.
These frauds, and they are frauds, are aided and abetted in this behaviour by a mutant
form of journalism that claims it has an obligation to report "both sides" of every
controversy. Let me assure you that nothing has frustrated me more over the past three
years than my encounters with these self-proclaimed, "balanced" journalists. They
subscribe to a very peculiar definition of what composes "both sides" of an issue.
If a member of the Mescalero Tribal Council carefully explains why he or she believes
spent fuel storage will be a safe business and then goes on to outline the economic
benefits that are expected to improve the lives of tribal children as a consequence of the
project, opponents are not asked to contradict these points-to provide evidence that the
facility will be unsafe, or to argue that jobs and money will not, in fact, strengthen the
economic condition of the tribe. Instead, they are encouraged to offer unsupported and
scurrilous slanders alleging chicanery, intimidation or corruption.
Thus, the stories that eventually reach the public appear in a skewed and perverse light
that confuses rather than clarifies the issues at dispute. This is all transpiring in a political
arena with no real constituency for nuclear power~or its wastes. The Mescaleros have
persisted out of self-interest and concern for the prosperity of generations not yet born.
The spent fuel storage solution the tribe offers is a truly win-win opportunity for the
Mescaleros and the nuclear industry, but let me assure you that success is a long way
off and the alliance fragile. Incoming fire is heavy and will remain so!

If the nuclear power industry is to have a future in our country, beyond the boundaries
of this annual conference, we must reach a point where each of you would advise your
son or daughter to major in nuclear engineering. I doubt many of you would do that
today. We must restore confidence in our collective future. We must embrace our
capacity to direct the imagination of the human mind towards the improvement of all our
lives. This is a political challenge, not an engineering problem.
If we permit ourselves to grow ever more fearful of our technologies, ever more fearful
of our capacity to fully comprehend the universe we have been given-then we will be
doomed to follow the apostles of ignorance into a new dark age of poverty, superstition
and perpetual conflict. One slogan from the Sixties had it right: "The personal is political".
I recommend you get personally involved in the politics of spent fuel storage-whether it
is support for dry storage at a plan near you, or support for a centralized facility on the
Mescalero Reservation. We all have a stake in the outcome.
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I HAVE BEEN ASKED TO COMMENT, FROM A "RISK COMMUNICATIONS" PERSPECTIVE, ON
THE DIFFICULTIES THAT THE NUCLEAR INDUSTRY HAS BEEN EXPERIENCING IN
SECURING PUBLIC ACCEPTANCE FOR THEIR DEVELOPMENT PROPOSALS, WHETHER
NEW POWER PLANTS OR FACILITIES FOR THE PERMANENT DISPOSAL OF RADIO-ACTIVE
WASTE. THEREFORE, THE KEY QUESTIONS ON WHICH I WANT TO FOCUS ARE:

WHY IS THERE SUCH A POOR CORRELATION BETWEEN THE KINDS OF ACTIVITIES THAT
ACTUALLY TEND TO HARM OR KILL PEOPLE IN LARGE NUMBERS AND THE ACTIVITIES
WHICH FRIGHTEN AND ANGER PEOPLE? IN PARTICULAR, WHY IS IT THAT THE NUCLEAR
INDUSTRY IN N. AMERICA AND W. EUROPE, DESPITE ITS EXTRAORDINARILY GOOD
SAFETY RECORD, NEVERTHELESS OFTEN END UP FACING INTENSE PUBLIC OPPOSITION?

AND SECONDLY, WHAT PRACTICAL STRATEGIES CAN THE NUCLEAR INDUSTRY
ADOPT IN ORDER TO REDUCE THIS PUBLIC FEAR AND ANGER AND BUILD PUBLIC1
ACCEPTANCE? IT IS NATURAL FOR PEOPLE TO BE NERVOUS ABOUT "CHANGE", TO BE
SUSPICIOUS ABOUT OUTSIDERS AND TO OPPOSE INTRUSIONS INTO WHAT THEY REGARD
AS THEIR "BACKYARD" AND IT IS NOT SURPRISING THAT IN A PLURALISTICDEMOCRACY, SOME ORGANIZED PRESSURE GROUPS, SOME ELEMENTS OF THE MASS
MEDIA AND SOME POLITICIANS (AND LAWYERS) WILL EXPLOIT THE EMOTIONS THAT
RESULT FROM THESE NATURAL HUMAN INSTINCTS TO CYNICALLY ADVANCE THEIR
OWN AGENDAS. BUT MY POINT IS SIMPLY THAT THE NUCLEAR INDUSTRY IS NOT THE
POWERLESS VICTIM OF IRRATIONAL SOCIAL AND CYNICAL POLITICAL FORCES HERE; IN

(2)
OTHER WORDS, WHILE NOT DISPUTING THE UNIQUE CHALLENGES ASSOCIATED WITH
NUCLEAR ISSUES, I BELIEVE THIS INDUSTRY HAS A CONSIDERABLE ABILITY TO AFFECT
ITS DESTINY. THROUGH ITS OWN ACTIONS, IT WILL EITHER FURTHER AGGRAVATE THESE
PUBLIC FEARS AND POLITICAL IMPULSES OR, ALTERNATIVELY, MODERATE THEM AND
THEREBY REDUCE ITS VULNERABILITY TO THE "CHARGE OF THE FRIGHT BRIGADE" -THAT IS, THE ALARMIST POETICAL TACTICS OF ITS UNCOMPROMISING OPPONENTS.

AS I'LL DISCUSS BELOW, BUILDING PUBLIC ACCEPTANCE IN TODAY'S ATMOSPHERE OF
HIGH PUBLIC CONCERN AND LOW TRUST HAS MORE TO DO WITH BUILDING TRUST AND
STRENGTHENING RELATIONSHIPS THAN IT DOES WITH EXPLAINING RISK STATISTICS.
IN SHORT, THE NUCLEAR INDUSTRY'S "HIGH TECH" ENGINEERING SKILLS MUST BE
COMPLEMENTED BY A COMPARABLE PROFICIENCY IN"HIGH TOUCH" COMMUNICATIONS.

THE PUBLIC AND EXPERTS APPROACH RISK lSSlJES VERY DIFFERENTLY

LET ME TURN NOW TO THE FIRST QUESTION CITED ABOVE: WHY IS IT THAT, DESPITE THE
SUCCESS OF THE NUCLEAR INDUSTRY AND ITS REGULATORS IN REDUCING THE RISKS
FROM NUCLEAR FACILITIES TO A VERY LOW LEVEL, THESE FACILITIES USUALLY STILL
END UP BEING VIEWED AS UNACCEPTABLY DANGEROUS AND STRENOUSLY OPPOSED BY
AREA RESIDENTS? WHAT IS THE SOURCE OF THE PUBLIC'S ALARM, AND WHY DOES
THERE SEEM TO BE SUCH A MUTUALLY FRUSTRATING NON- DIALOGUE BETWEEN THE
RISK EXPEiRTS AND THE CONCERNED PUBLIC

THE ANSWER IS TEIAT WHEN THE PUBLIC AND THE RISK "EXPERTS" IN INDUSTRY AND
GOVERNMENT DISCUSS "RISK". THEY'RE TALKING ESSENTIALLY ABOUT DIFFERENT
THINGS. THE GENERAL PUBLIC TENDS TO RESPOND (OFTEN EMOTIONALLY) TO MANY
DIFFERENT DIMENSIONS OF RISK AS COMPARED TO THESE TEC! IN1CAL EXPERTS.
RISK EXPERTS TEND TO FOCUS. SOMEWHAT CLINICALLY, ON THE QUANTIFIABLE LEVEL
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OF RISK, WHICH THEY DEFINE AS BEING A FUNCTION NOT ONLY OF THE CONSEQUENCES
OF AN ACCIDENT BUT ALSO THE PROBABILITY OF THE ACCIDENT ACTUALLY OCCURING.
THEIR APPROACH TO RISK IS ALSO CHARACTERIZED BY AN AWARENESS THAT ZERO
RISK IS IMPOSSIBLE AND A CONVICTION THAT REASONABLE RISK-TAKING AND
TECHNOLOGICAL INNOVATION ARE IMPORTANT ASPECTS OF "PROGRESS". THEY ARE
ALSO VERY FOCUSED ON WHAT THEY VIEW AS SOCIETY'S NEED FOR AND BENEFITS
FROM THE PROPOSED PROJECT. BECAUSE OF THEIR TECHNICAL TRAINING AND
RESPONSIBILITIES, THEY EMPHASIZE THE IMPORTANCE OF COLD, OBJECTIVE FACTS AND
TEND TO INSTINCTIVELY VIEW HEATED EMOTIONS AND SUBJECTIVE PERSPECTIVES AS
LESS APPROPRIATE CONSIDERATIONS IN DECISION-MAKING. AS A RESULT, THESE
EXPERTS SPEND MUCH TIME AND MONEY IMPROVING DESIGNS AND PROCEDURES TO
MINIMIZE RISKS AND DOING QUANTITATIVE RISK ASSESSMENT STUDIES TO FACTUALLY
CONFIRM THE EFFECTIVENESS OF THEIR WORK. THEY UNDERSTANDABLY BELIEVE THAT
WHEN THESE SCIENTIFIC STUDIES SHOW THAT THE RISK ASSOCIATED WITH A PROJECT
HAS BEEN REDUCED TO A LOW LEVEL, THIS PROJECT SHOULD BE ACCEPTED BY THE
PUBLIC AS "SAFE".WHEN THE PUBLIC REFUSES, THEY OFTEN TEND TO ATTRIBUTE THIS
TO EITHER IRRATIONALITY, IGNORANCE OR THE MACHINATIONS OF "FANATICAL"
ENVIRONMENTAL GROUPS, SENSATIONALIST MEDIA OR OPPORTUNISTIC POLITICIANS.

IN CONTRAST, WHAT THE GENERAL PUBLIC FOCUSES ON IS NOT SO MUCH THE
QUANTIFIABLE "LEVEL" OF RISK BUT THE MORE SUBJECTIVE CONCEPT OF THE
"ACCEPTABILITY" OF THE RISK. FOR THE PUBLIC, A PROJECT OR ACTIVITY IS SAFE ONLY
IF THE RISKS ARE ACCEPTABLE. AND IN JUDGING ACCEPTABILITY, THE PUBLIC
CONSIDERS AND REACTS TO MANY OTHER LEGITIMATE ASPECTS OF RISK WHICH
THE EXPERTS OFTEN DO NOT THINK ABOUT AS MUCH AS THEY SHOULD. WHAT ARE
THESE OTHER ASPECTS OF RISK THAT CAN RESULT IN THE AFFECTED PUBLIC GETTING
VERY UPSET ABOUT EVEN SOME RELATIVELY NON-HAZARDOUS PROJECTS?

(4)
DIMENSIONS OF RISK THAT CAN LEAD TO PUBLIC FEAR AND ANGER

RISK COMMUNICATIONS RESEARCH REVEALS THAT THE PUBLIC TENDS TO
JUDGE RISKS AS HIGHER AND LESS ACCEPTABLE WHEN :

(1) THE RISK IS MAN -MADE, RATHER THAN NATURAL OR AN ACT OF GOD.
(PEOPLE WILL "CUT GOD A LOT OF SLACK" BUT NOT PROFIT SEEKING MULTINATIONALS;
NATURALLY OCCURING RADON IN ONE'S BASEMENT DOESN'T UPSET THE PUBLIC THE
WAY A HUMAN DECISION TO DELIBERATELY DISPOSE OF RADIO-ACTIVE WASTE NEAR
THEIR HOME DOES - EVEN IF THAT DISPOSAL IS LESS RISKY TO THEIR HEALTH.)

(2) THE RISK IS THE RESULT OF SOME TECHNOLOGY OR ACTIVITY THAT PEOPLE
ARE NOT FAMILIAR WITH. ( PEOPLE STOP FEARING THEIR BASEMENTS WHEN THEY
ARE 4 OR 5 YEARS OLD — BUT THE EXOTIC TECHNOLOGY OF A REGIONAL NUCLEAR
PLANT, HOWEVER STRINGENTLY REGULATED, IS A MAJOR CAUSE OF ANXIETY.)

(3) THE RISK IS CREATED BY AN ORGANIZATION THE PUBLIC NEITHER KNOWS NOR
TRUSTS. ( IT'S EASIER FOR PEOPLE TO THINK IN NEGATIVE STEREOTYPICAL TERMS
ABOUT ORGANIZATIONAL LEADERS THEY DON'T PERSONALLY KNOW. AND WHEN
THE PUBLIC DOESN'T TRUST YOUR MOTIVES, THEY WONT EVEN LOOK AT YOUR DATA.)
(4) THE RISK IS VIEWED AS HAVING BEEN IMPOSED ON THEM INVOLUNTARILY. (IF THE
PUBLIC IS EMPOWERED TO SAY "NO", IT IS EASIER FOR THEM TO SAY "MAYBE".)
(5) THE PUBLIC FEELS IT HAS NO PERSONAL CONTROL OVER OR MEANINGFUL INPUT TO
THE RISK CREATING OR RISK MANAGEMENT DECISIONS. (TO SEE HOW THIS DESIRE FOR
MEANINGFUL INPUT IS A UNIVERSAL SENTIMENT, JUST THINK HOW YOU WOULD LIKELY
REACT IF, WHEN YOU COME HOME AFTER WORK, YOU FIND A BUNCH OF STRANGERS,
LET'S SAY NUNS, MAKING ROSARIES IN YOUR BACKYARD, AND WHEN YOU ASK
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WHAT THEY ARE DOING, THEY ANNOUNCE THAT THEY DID A DETAILED SITE-SELECTION
STUDY WHICH CONCLUDED THAT YOUR BACKYARD WAS THE BEST PLACE IN THE
ENTIRE REGION FOR LOCATING A ROSARY MANUFACTURING PLANT. NOW, INSTEAD OF
NUNS AND ROSARIES, LET'S SAY YOU FIND UTILITY EXECUTVES AND A NUCLEAR
PLANT IN YOUR BACKYARD')

(6) THE RISK-CREATING ACTIVITY COULD EXPERIENCE AN ACCIDENT WHICH, HOWEVER
IMPROBABLE, WOULD BE POTENTIALLY CATASTROPHIC IN ITS CONSEQUENCES.
(ALTHOUGH, OVER TIME, THE COAL MINERS AND GAS WORKERS WHO HELP SUPPLY
THESE ENERGY FORMS TO POWER PLANTS DIE IN SIGNIFICANT NUMBERS FROM ILLHEALTH AND ACCIDENTS, THESE DEATHS, HOWEVER TRAGIC, CAUSE LITTLE PUBLIC
OUTRAGE BECAUSE, IN PART. THEY TYPICALLY OCCUR ONE OR TWO AT A TIME. IN
CONTRAST, DESPITE NUCLEAR PLANTS' MANY YEARS OF ACCIDENT FREE OPERATION,
THE SIMPLE POTENTIAL FOR AN ACCIDENT AT A NUCLEAR FACILITY FRIGHTENS THE
PUBLIC BECAUSE IT IS SEEN AS MORE LIKELY TO BE CATASTROPHIC.)

(7 ) THE RISKS ARE HIGHLY MEMORABLE BECAUSE OF PERSONAL EXPERIENCE OR
DRAMATIC MEDIA COVERAGE OF PAST INDUSTRIAL ACCIDENTS. ( WHEN SOMETHING IS
MEMORABLE, IT NATURALLY MAKES IT EASIER FOR ALL OF US TO IMAGINE THINGS
GOING WRONG. ALTHOUGH CHERNOBYL WAS THE PRODUCT OF A VERY DIFFERENT
SOCIETY AND TECHNOLOGY. AND ALTHOUGH THREE MILE ISLAND WAS REALLY A
MAJOR NON-ACCIDENT WHICH SHOWED THAT SAFETY SYSTEMS ACTUALLY WORKED,
THE PUBLIC'S VIVID MEMORY OF-" THESE EVENTS IS A MAJOR CAUSE OF THE PUBLIC'S
INCREASED NUCLEAR PHOBIA OVER THE LAST 25 YEARS. THE MASS MEDIA, WITH ITS
SENSATIONALIST, "CRISIS, CONFLICT, CONTROVERSY"APPROACH TO NEWS. WHICH
LEADS IT TO LARGELY IGNORE THE MANY TECHNOLOGICAL SUCCESSES IN FAVOUR OF
A FOCUS ON THE FEW FAILURES. MUST BEAR A MAJOR RESPOSIBILITY HERE.

(8) THE RISK IS DIFFICULT TO DETECT, HAS DELAYED AND POSSIBLY INTER-GENERATIONAL EFFECTS AND IS SEEN AS DREADFUL IN ITS POSSIBLE HEALTH EFFECTS, SUCH AS
CAUSING CANCER, LEUKEMIA OR BIRTH DEFECTS. (BECAUSE RADIO-ACTIVITY RISK IS
SEEN TO HAVE THESE TRAITS, THE THREE MILE ISLAND INCIDENT IS ONE SITUATION
WHERE JOURNALISTS ACTUALLY WANTED TO GET FURTHER AWAY FROM THE STORY!)

(9) THE LEVEL OF RISK IS THE SUBJECT OF UNCERTAINTY AND DISAGREEMENT
AMONGST THE EXPERTS. (THE PUBLIC IS NOT VERY FAMILIAR WITH THE SCIENTIFIC
PROCESS AND THEREFORE IS MORE NERVOUS IN THE FACE OF UNCERTAINTY
THAN ARE THE EXPERTS. WHEN THE PUBLIC CONCLUDES THAT "EVEN THE EXPERTS
DON'T KNOW FOR SURE HOW DANGEROUS THIS LEVEL OF RADIATION WOULD BE", THEY
TEND UNDERSTANDABLY TO WANT THE RISK SHOULD BE AVOIDED ENTIRELY.)

(10) THE RISK-CREATING ACTIVITY IS SEEN AS IMMORAL OR WRONG IN PRINCIPLE.
(BECAUSE MANY NUCLEAR CRITICS VIEW URANIUM MINING AND NUCLEAR POWER
AS INHERENTLY IMMORAL AND OPPOSE THEM WITH RELIGIOUS INTENSITY, NO AMOUNT
OF FACTUAL INFORMATION ON THE SAFETY RECORD AND ECONOMIC BENEFITS OF
THESE OPERATIONS WILL PERSUADE THEM TO RECONSIDER THEIR OPPOSITION.)

(11) THE RISK IS VIEWED AS UNFAIR BECAUSE COUNTER-BALANCING BENEFITS ARE NOT
BEING PROVIDED TO THE LOCAL RESIDENTS WHO DIRECTLY FACE THE INCREMENTAL
RISKS FROM THE NEW DEVELOPMENT. ( PEOPLE TODAY ARE MORE LIKELY TO ASK
"WHAT'S IN IT FOR ME?" WHEN A CONTROVERSIAL DEVELOPMENT IS PROPOSED FOR
THEIR AREA.. NOR AM 1 INCLINED TO REGARD THIS SELF-INTEREST AS UNREASONABLE
OR BLACKMAIL. IF YOU'RE A BUSINESS PERSON, I ASK YOU: WHAT WOULD HAPPEN IF
YOU TOLD ANOTHER BUSINESS PERSON: "I KNOW THIS IS NOT A VERY GOOD DEAL FOR
YOUR COMPANY, BUT YOU SHOULD ACCEPT IT BECAUSE IT'S GOOD FOR CANADA.")

(7)
(1 2) THE RISK IS BEING MANAGED BY PEOPLE WHO SEEM UNCARING AND BY A
PROCESS THAT IS UNRESPONSIVE TO LEGITIMATE PUBLIC CONCERNS. ("PEOPLE DON'T
CARE WHAT YOU KNOW UNTIL THEY KNOW THAT YOU CARE." AND SHOWING "YOU
CARE" INVOLVES MANY THINGS: IT MEANS BEING A GOOD LISTENER, BEING OPEN AND
HONEST, SPEAKING RESPECTFULLY AND COURTEOUSLY, APOLOGIZING WHEN YOU
WHEN YOU MAKE MISTAKES, TAKING COMPLAINTS SERIOUSLY, SHOWING YOUR
ORGANIZATION IS MOTIVATED BY A RECOGNITION OF ITS MORAL AND SOCIAL RESPONSIBILITIES AS WELL AS ITS LEGAL RIGHTS, ADOPTING A COOPERATIVE APPROACH TO
PUBLIC CONCERNS, DISPLAYING COMPASSION, AND GENERALLY AVOIDING THE ALL TOO
FREQUENT CONFRONTATION BETWEEN THE "COLD" EXPERT AND A "HOT" AUDIENCE)

"RISK" INVOLVES QUESTIONS OF PROCESS AS WELL AS SUBSTANCE

THESE THEN ARE THE DIMENSIONS OF RISK THAT LEAD THE PUBLIC TO REJECT EVEN
LOW LEVELS OF RISK AS UNACCEPTABLE. THESE RISK DIMENSIONS DEMONSTRATE
THAT RISK CONTROVERSIES INVOLVE NOT ONLY QUESTIONS OF TECHNICAL SUBSTANCE
BUT ALSO OF DUE PROCESS, NOT ONLY A QUESTION OF "WHAT IS TO BE DONE'.'" BUT
ALSO "WHO DECIDES?" BECAUSE RISK ISSUES INVOLVE PERSONAL FEELINGS AND
VALUES AND NOT JUST "HARD FACTS", A PROJECT PROPONENT SELDOM CAN DEFUSE
PUBLIC CONCERNS BY SIMPLY COMMISSIONING YET ANOTHER SCIENTIFIC STUDY OR
INSTALLING EVEN MORE SAFETY EQUIPMENT. NOR CAN A SUPPORTIVE PUBLIC
CONSTITUENCY BE BUILT ONLY BY MORE AGGRESSIVE "FIGHT FIRE WITH FIRE" PUBLIC
RELATIONS CAMPAIGNS AGAINST ANTI-NUCLEAR LOBBY GROUPS. AS THE EIGHTEENTH
CENTURY FRENCH PHILOSOPHER VOLTAIRE WROTE: "WHAT YOU DO SPEAKS SO LOUD I
CANNOT HEAR WHAT YOU SAY"

INSTEAD, PIVOTAL TO THE ACHIEVEMENT OF PUBLIC ACCEPTANCE ARE CONCRETE
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ACTIONS THAT CONTRIBUTE TO THE EARNING OF TRUST AND CREDIBILITY AND THE
FORGING OF STRONG COOPERATIVE RELATIONSHIPS WITH KEY COMMUNITIES AND
STAKEHOLDER GROUPS. ULTIMATELY, THE CHALLENGE FACING THE PROPONENT
OF A NUCLEAR PROJECT IS ONE OF ANGER MANAGEMENT AS WELL AS RISK
MANAGEMENT. BECAUSE UNTIL THE PUBLIC'S ANGER IS REDUCED, THE WAY CANNOT
BE CLEARED TO A CALM AND INFORMED DISCUSSION OF THE ACTUAL RISKS (AND
BENEFITS) AS WELL AS A COOPERATIVE AND REASONED RESOLUTION OF THE ISSUES.

MEANINGFUL PUBLIC INVOLVEMENT IS KEY TO PUBLIC ACCEPTANCE

SO WHAT ARE THESE CONCRETE ACTIONS THAT WILL "SPEAK SO LOUD", THAT WILL
HELP REDUCE PUBLIC FEAR AND ANGER, AND CONTRIBUTE TO THE BUILDING OF
PUBLIC ACCEPTANCE? IN MY VIEW, AT THE CORE OF THE NUCLEAR INDUSTRY'S ACTION
PLAN MUST BE MEANINGFUL PUBLIC INVOLVEMENT AND EMPATHETIC RISK COMMUNICATIONS PROGRAMS IN SUPPORT OF BOTH EXISTING AND PROPOSED FACILITIES.

EXPERIENCE HAS SHOWN THAT WHEN PEOPLE HAVE A HIGH LEVEL OF CONCERN ABOUT
EMOTIVE ISSUES LIKE THEIR FAMILY'S HEALTH AND SAFETY, WHEN THERE IS LITTLE
TRUST IN BUSINESS AND GOVERNMENT, AND WHEN PEOPLE FEEL EMPOWERED BY A
SENSE OF THEIR OWN POLITICAL RIGHTS AND EFFICACY, THEY DEMAND AND MUST BE
GIVEN AN OPPORTUNITY TO BE MEANINGFULLY INVOLVED IN THE PLANNING OF
DEVELOPMENTS THAT ARE PROPOSED FOR WHAT THEY REGARD AS THEIR "BACKYARD".

BRIEFLY, I BELIEVE THE KEY CHARACTERISTICS OF A MEANINGFUL PUBLIC
INVOLVEMENT PROGRAM ARE THE FOLLOWING:
1 . AN EFFECTIVE SHARING OF CONTROL WITH THE PUBLIC OVER KEY PROJECT SITING
AND RISK MITIGATION DECISIONS; IN THE CASE OF THE NUCLEAR INDUSTRY, I BELIEVE
THAT THIS MUST GO AS FAR AS A VOLUNTARY HOST COMMUNITY APPROACH TO

PROJECT SITING WHENEVER FEASIBLE.
2 . INVITING ALL STAKEHOLDERS AND INTERESTED GROUPS TO THE PROCESS
REGARDLESS OFTHEIR VIEWS; BEING FLEXIBLE AND INCLUSIVE RE PARTICIPATION
3 . SOLICIT PUBLIC INPUT INTOTHE VERY DESIGN, SCHEDULE AND PROCEDURES OFTHE
PROCESS AS WELL AS THE ISSUES THAT WILL CONSTITUTE ITS AGENDA
4 . BUT IF THERE ARE SOME DECISIONS CONCERNING WHICH YOU WILL NOT
SHARE CONTROL WITH THE PUBLIC, CLARIFY AND EXPLAIN THIS AT THE VERY START
OFTHE PROCESS SO AS TO MINIMIZE SUBSEQUENT SURPRISES AND FRUSTRATION
5 . THE EARLY , CANDID AND CONTINUOUS SHARING OF ALL PERTINENT INFORMATION
6 . ADOPT A COOPERATIVE APPROACH TO RISK ASSESSMENT AND FACT FINDING, SO AS
TO AVOID THE COSTS AND CONFUSION RESULTING FROM ADVERSARIAL SCIENCE.
7 . AVOID THE APPEARANCE OF A "FAIT ACCOMPLI"; WHEREVER POSSIBLE, PROVIDE
DESIGN AND MITIGATION OPTIONS AS WELL AS A COMMUNITY-SENSITIVE PROCESS FOR
SUPPLEMENTING AND EVALUATING THESE OPTIONS.
8 . CREATE A NON-THREATENING ATMOSPHERE WHERE ALL PARTIES ARE ENCOURAGED
TO BE CANDID, RESPECTFUL AND SUPPORTIVE OF A COOPERATIVE APPROACH TO
ISSUES AND A MEDIATION-BASED APPROACH TO CONFLICT.
9 . MAINTAIN ONGOING COMMUNICATIONS WITH THE GRASS-ROOTS CONSTITUENCIES OF
THE STAKEHOLDER REPRESENTATIVES ACTIVE IN THE PUBLIC INVOLVEMENT PROCESS
10. REASSURE BOTH THE PUBLIC AND REGULATORS THAT, SHOULD YOUR PROJECT BE
APPROVED, YOU WILL CONTINUE TO BE COMMITTED TO PUBLIC INVOLVEMENT AND A
COOPERATIVE APPROACH TO THE INVESTIGATION / RESOLUTION OF OPERATING ISSUES.

THE BENEFITSLJ^LMjEANlNGfiyLPVBLIC INVOLVEMENT

BESIDES ADDING REAL VALUE TO PROJECT PLANNING, PUBLIC INVOLVEMENT BRINGS
MANY BENEFITS IN TERMS OF BUILDING PUBLIC ACCEPTANCE:

(10)
< A ) BY ACKNOWLEDGING THE LEGITIMACY OF THE PUBLIC'S DUE PROCESS RIGHTS,
EMOTIONS ARE DEFUSED.
( B) THE INFORMAL, COOPERATIVE INTERPERSONAL RELATIONSHIPS THAT
CHARACTERIZE PUBLIC INVOLVEMENT PROCESSES PROVIDE AN IDEAL PLATFORM FOR
EMPATHETIC RISK COMMUNICATIONS, FOR DEMONSTRATING YOUR ORGANIZATION'S
UNDERSTANDING OF AND RESPONSIVENESS TO THE PUBLIC'S RISK-RELATED CONCERNS
DESCRIBED ABOVE. A CARING ATTITUDE FURTHER REDUCES PUBLIC FEAR AND ANGER.
( C | BY REDUCING EMOTIONS IN THIS WAY, PUBLIC INVOLVEMENT CLEARS THE WAY FOR
A MORE CALM AND INFORMED DISCUSSION OF RISK ISSUES AS WELL AS PROJECT
BENEFITS, THEREBY REDUCING ADVERSARIALISM AND BUILDING PUBLIC ACCEPTANCE.
( D) DISPLAYING EMPATHY AND SHARING CONTROL ALSO SERVE TO ENHANCE YOUR
ORGANIZATION'S TRUSTWORTHY NE-SS AND RELATIONSHIP WITH THOSE LOCAL COMMUN1
-ITIES WHO HAVETHE MOST DIRECT EXPERIENCE WITH YOUR OPERATIONS. THE PUBLIC
REGARDS SUCH COMMUNITIES AS WELL AS YOUR OWN UNIONIZED WORKERS AS THE
MOST CREDIBLE JUDGES OF YOUR RELIABILITY ON SAFETY ISSUES.THEY KNOW YOU
BEST AND WOULD BE Tl IE FIRST TO SUFFER IF YOU FAILED TO SHOW DUE DILIGENCE.
THE ENDORSEMENT OF SUCH CREDIBLE STAKEHOLDERS IS AN ESSENTIAL STRATEGY IN
FENDING OFF THE ATTACKS OF HOSTILE PRESSURE GROUPS, WINNING MORE POSITIVE
MEDIA COVERAGE, REASSURING NERVOUS GOVERNMENT OFFICIALS AND ULTIMATELY,
IN ACHIEVING MORE BROAD BASED PUBLIC ACCEPTANCE OF THE NUCLEAR INDUSTRY.
(E) AND BECAUSE YOU DO HAVE SUCH A GOOD STORY TO TELL, KEEP IT IN MIND THAT.
FAR FROM BEING AN ALTERNATIVE TO FORCEFULLY PROMOTING THE SAFETY AND
BENEFITS OF YOUR INDUSTRY, THE IMPLEMENTATION OF A PUBLIC INVOLVEMENT
STRATEGY ACTUALLY PREPARES THE WAY TO A MORE FOCUSED AND CREDIBLE
PRESENTATION OF YOUR CASE IN THE COURT OF PUBLIC OPINION AND A MORE
RECEPTIVE PUBLIC RESPONSE TO YOUR MESSAGE.
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Abstract

Diffraction is one of the principal tools of the scientist for studying materials. The
diffraction pattern yields the spacing of the atomic lattice, which characterizes the chemical
and physical state of the material. The broadening of the diffraction lines provides
information on the degree of cold-work and their intensity gives the degree of crystallographic alignment or texture generated in the manufacturing process. The main advantage
of neutron diffraction over X-ray diffraction is that thermal neutrons easily pass through,
for example, 25 mm of steel, so that measurements can be made at depth in engineering
components. A program at Chalk River to investigate the industrial applications of neutron
diffraction began with measurements on over-rolled Zr-2.5Nb pressure tubes, a topic of
major concern in the eighties. It was quickly realized that neutrons could provide
measurements of residual stress accurate enough to be of real interest. Over the ensuing
period, major contributions have been made in measuring stresses and crystallographic
texture in components for the nuclear industry including end-fittings, steam generator
tubing, pressure tubes and calandria tubes, and weldments. In addition to work for the
nuclear industry, there have been many applications in the aerospace, automotive, defence
and pipeline industries in Canada and throughout the world.
Residual stresses arise because of inhomogeneous plastic deformation of the material.
Inhomogeneous plastic deformation not only occurs on a macroscopic scale but also on the
scale of the grain size. The stresses that occur on this scale are called intergranular or
type-II stresses. These intergranular effects, taken with the strong crystallographic
alignment in zirconium alloy tubing, determine the growth of components in the reactor
environment. Systematic studies of the origin of intergranuiar residual stresses arising from
thermal effects and plasticity effects were carried out on Zircaloy-2 and Zr-2.5Nb alloys
which have led to a theoretical understanding of component growth. Finally, a very recent
texture scanning technique was able to shed light on the microstructure of zirconium alloy
components.
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Introduction

The properly of thermal neutrons that makes them valuable for testing industrial
components is their high penetration through widely-used industrial materials such as
aluminum, steel or zirconium. This means that neutron diffraction can be used as a nondestructive probe to obtain residual stress and crystallographic texture information deep
within engineering components. Diffraction is one of the main tools of the scientist for
studying metals and ceramics. The positions of diffraction peaks yield the spacings of
the atomic lattice which characterize the chemical and physical state of the material. The
broadening of the diffraction lines is related to the plastic deformation which the material
has undergone and the intensities of the diffraction peaks are related to the degree of
crystallographic alignment, or texture, of the grains making up the material. With neutron
diffraction we are able to measure lattice spacing as a function of position in the
component, and it is a short step from this to infer the magnitude of the lattice strain and
then to calculate the stresses.
The NRU reactor was built at Chalk River in 1957, and at that time it was the world
leader in neutron flux at 3 x 1014 neutrons cm'2 sec. It still has about the fifth highest flux
in world after 38 years of service. In addition to engineering testing and isotope
production the reactor has been used for neutron beam research over this whole period
beginning with the seminal experiments of Nobel Laureate B.N. Brockhouse in inelastic
neutron scattering. By the 1980's the funding of basic research throughout the world was
less assured and under funding restraints scientists began to look for applications of their
expertise. The first tests were made at Harwell by the group of Windsor and Hutchings,
who produced an early review of the field [1]. Shortly thereafter, S.R. McEwen carried
out some interesting experiments [2] at the Argonne National Laboratory on intergranular
stresses in Zircaloy-2. This acted as a stimulus for us to begin work at Chalk River on
over-rolled pressure tubes [3], a topic of major concern at AECL in the eighties. It was
soon realized that neutrons were capable of providing accurate measurements of residual
stress for the Canadian nuclear industry and, as we began to refine the technique, an
increasing variety of applications became apparent.
There were several key components in pursuing this program effectively. The necessary
expertise and equipment existed at Chalk River to optimize the measurements, since
changes in the fourth decimal digit of the lattice spacing have to be measured accurately.
The equipment, a highly sophisticated triple-axis crystal spectrometer developed by
Brockhouse, was able to do the job with minor modifications. It was very important to
work with knowledgeable engineers and metallurgists who were able to advise the
technique practitioners of the important problem areas. Over the years we have
developed the methods necessary to do high precision lattice-spacing measurements on
bulky and heavy components such as lengths of rail steel, large section girth-welds or
shielding flasks containing radioactive material. We continue to develop ways of
speeding up the measurements without sacrificing accuracy, so that neutron stress
measurements remain an attractive and economic proposition to our customers.

Residual stresses occur when there has been an inhomogeneous plastic deformation of
the sample, in which some parts have been plastically deformed in manufacture whereas
other locations have only been elastically deformed. This can happen on a macroscopic
scale as in a permanently bent bar, where regions near the surfaces have been deformed
plastically, but regions near the neutral axis have deformed elastically. This situation is
analogous to the case of a bent steam-generator tube which we will later consider.
Inhomogeneous plastic deformation also occurs on the scale of the grains, where some
grains with particular crystallographic orientations, say the cube edge [002] direction in
a cubic material, deform elastically whereas grains with other orientations, for example
the body-diagonal [111], deform plastically. The two types of stress are labelled
macrostress and microstress and both can affect performance as we will discuss.
Residual stresses are important because they add to applied stresses, so that the yield
point may be exceeded unexpectedly in local areas. Tensile residual stress fields favour
crack propagation thus reducing fracture toughness. Conversely, compressive fields,
such as those generated by shot-peening, mitigate against cracks. A very complete book
on residual stress has been written by Noyan and Cohen [4] and a review for a general
audience on neutron stress measurements has been written by Krawitz and Holden [5].
The examples chosen in this paper to illustrate the technique were all drawn from our
experience in carrying out measurements for the Canadian nuclear industry and include
work on rolled joints, welds, pressure-tubes and calandria tubes and steam generator
tubing.
2

The Neutron Technique

The basic equation underlying all diffraction measurements of strain is Bragg's law
(1)

where dul is the lattice spacing between interatomic planes characterized by Miller indices
(hkl), 26W, is the angle through which the neutrons are diffracted and X is the wavelength
of the monochromatic incident beam, calibrated with a standard powder sample such as
silicon. To determine the elastic strain, eMi, from the lattice spacing requires a knowledge
of a stress-free lattice spacing, d°w,, as follows
e«, = (d«i - d ' j a v

(2)

To determine d° w / a reference sample must be prepared, or scientific intuition must guide
us to a location which is likely to be stress free, since neutron measurements are made
inside the material where the stress-state is generally triaxial.
Stress-balance
considerations can also lead to a good reference value.
In general, interest focusses on the variation of stress as a function of position in the
sample, for example the distance from a weld in a plate. The incident and scattered

neutron beams are defined by slits in neutron absorbing cadmium masks placed before
and after the sample as shown in Fig. 1. The strain information only comes from the
region of intersection between the incident and scattered beams, which is referred to as
the gauge volume. Typically, the gauge volume is 5 mm3 but some experiments have
been carried out with volumes as small as 0.5 mm3. By moving the sample on an XYZ
translator, any point in the sample may be moved into the gauge volume and the strain
measured. The strain is measured only along the bisector of the incident and scattered
beams since diffraction only occurs from the grains with plane normals in this direction.
Hooke's law provides the relationship between the measured principal elastic strains, e1^,
and the stresses, o\ for example,

E

(3)

*u

where EM, and v ^ are diffraction elastic constants for the particular [hkl\ direction. These
constants may be determined experimentally by subjecting the material to a known stress
and measuring the resulting strains for various planes. Alternatively they may be
calculated from single crystal properties [6,7].
A material is said to be crystallographically textured if it has a non-random distribution of
crystallite orientations. Industrial processes involving plastic deformation always generate
texture. The distribution of orientations is obtained by measuring the intensity of the
diffraction peaks as a function of tilt and azimuth. Texture is important in its own right,
in determining the plastic flow of components. As an example, texture determines
whether beverage cans are mis-shapen in manufacture. It also effects the interpretation
and planning of stress measurements.
3

Measurements of Macroscopic Strain Fields

3.1

Over-rolled Pressure Tube [3]

In a CANDU* reactor the pressure tubes are attached to the end-fittings by rolled joints
as illustrated in Fig. 2. To make a joint, the tube is slid into the end-fitting, which has
three circumferential grooves machined in it. To aid the insertion of the pressure tube
into the end-fitting, the inside of the inboard end is tapered by a few degrees. A rolling
tool is inserted from the outboard end and forces the pressure tube into the three grooves
in the end-fitting to make a seal. In a correctly made joint, the deformation of the
pressure tube ends where the taper begins and the thrust of the rolls is carried by the
end-fitting. In over-rolled joints, the rolling begins too far into the pressure-tube, with the
result that the tube flares into the tapered region, generating high residual stresses.
These, combined with operating stresses, may lead to concentration of deuterium in this
area, reorientation of zirconium deuterides and consequent cracking.

Zirconium alloys, which possess the hexagonal close packed structure at room
temperature, are plastically anisotropic i.e., the individual crystals are easily plastically
deformed in directions perpendicular to the hexagonal axis and much less easily
deformed parallel to the hexagonal axis. As a result of this property, when tubes are
extruded there is very strong grain alignment. The c-axes of individual grains, [0002], are
heavily concentrated in the hoop direction of the tube while the prism directions [1010]
are very strongly aligned along the tube axis. Fig. 3 shows a schematic diagram of the
grain alignment of a pressure tube. Grain 1 refers to the "ideal orientation" of grains. To
find out how most grains are behaving, one would examine the (0002) reflection for the
hoop component of strain, the (1010) reflection for the axial component of strain and the
(1210) reflection for the radial component of strain. Fig. 4 shows the hoop strain for an
over-rolled pressure tube (not a radioactive one!) with very large tensile hoop strains
about 20 mm down the tube and beneficial compressive strains closer to the end-fitting.
The reference lattice spacing in this case was the value well away from the end-fitting,
so the measured strains arise from the overrolling and the constraint of the end-fitting.
Subsequently the pressure tube was slit and a 12 mm wide coupon extracted. The
results on the coupon are also shown in Fig. 4. The effect of the cutting is to remove
part, but not all, of the residual strain. This result taught us a very important lesson. If
we think of a pressure tube as a homogeneous "continuum" of material we will probably
underestimate the effects. Deformation affects the individual crystals making up the
material and different crystallographic orientations of crystals deform quite differently as
was mentioned above. In this case the plastic deformation produced by overrolling has
led to intergranular stresses which are not relieved by slitting because they are on the
scale of the grain size. These stresses can still have deleterious effects because the
grains are all aligned.
In parallel with these early neutron efforts there was a program of stress measurement
by slitting and strain-gauging and good agreement was registered between the two
methods.
3.2

Prototype Rolled Joints

In the late 1980's, a prototype rolled joint was considered for the CANDU-3 reactor with
a less massive end-fitting than previously used. In this case the end-fitting was only 0.25"
thick, but was supported during the rolling operation with a strong backing. The question
of interest here is the magnitude of stress in the end-fitting near the three grooves. The
advantage for neutron experiments is that measurements can be made through the endfitting and through the pressure tube. (In the previous experiment part of the hub had
been machined away to access the over-rolled region.) Since the steel end-fitting was
not strongly textured the (110) peak of the body-centred cubic structure of iron was used
for measurements in the three principal directions. From the strains in the three principal
directions the residual stresses were calculated with the aid of equation (3). The result
[8] for the hoop stresses, observed in the as-rolled state indicated by the full curve, and
after an anneal at 350°C for 350 hours designated by individual points joined by a dashed

line, are shown in Fig. 5. Firstly, large tensile hoop stresses are observed near the
grooves and smaller values in between the grooves as would be expected from an
operation which was essentially trying to expand the hub. Secondly the heat treatment
was sufficient to reduce the stresses between the grooves to a low level, but left the hoop
stress quite large near the grooves. Thirdly a large residual stress was noted beyond the
groove locations with a maximum near the end of the taper. The material for the
endfitting was changed to take account of these results.
3.3

Residual Stress and Texture in Welds [9,10,11]

Zr-2.5Nb is widely used in the petrochemical industry, as well as in the nuclear industry,
because of its strength and its corrosion resistance. The economically favoured mode
of joining tubing is by welding and electron-beam welding gives a particularly good
product. Some of these welds were examined by neutron diffraction. The welds were
between 4 and 5 mm wide at the base and the surface of the tube was discoloured over
a width of 11 mm. The crystallographic texture was similar to that indicated in Fig. 3 with
the majority of grains having a [1010] direction along the tube axis and anJ0002] direction
tangential to the tube. In a measurement of the axial strain the (1010) reflection is
expected to be strong and similarly for the hoop strain, the (0002) reflection is expected
to be strong. Fig. 6 gives the variation of intensity of these peaks through the weld,
where CL denotes the centreline, L the edge of the weld and D the extent of the oxidized
region. Approaching the weld, the strong axial (1010) intensity begins to fall rapidly about
10 mm the weld centre, to a few percent of its original strength. The (0002) peak,
normally weak in the axial direction, suddenly increases dramatically to a maximum 7 mm
from the weld centre and then falls to zero. The drop in the (0002) peak in the hoop
direction matches the drop of the (1010) peak in the axial direction. These observations
show that welding causes re-orientation of grains in the heat-affected zone as well as the
melted zone. Of technical significance is the "ring" of grains with [0002] orientations
aligned axially. The variation of the strains associated with these reflections is shown in
Fig. 7. The biggest stress component in a tubular weldment is usually the tensile hoop
component since the weld metal shrinks around the tube. The next largest component
is expected to be axial tension at the inner surface of the tube. We observed tensile
hoop strains approaching the weld with balancing hoop compressive strains beyond
15 mm from the centreline. Remember, however, that the number of grains with [0002]
along the hoop direction is decreasing rapidly, because of grain re-orientation near the
weld, so that (0002) may not be representative of the material behaviour in the hoop
direction close to the weld. The axial strains as measured by (1010) appear to become
strongly compressive, running counter to our simple expectations. But the real problem
is the tensile strain in the axial direction 7 mm from the weld centre shown by the axial
(0002) measurements. The increased basal plane strain provides a natural location for
zirconium hydride platelets to form in a hydrogen rich environment which are oriented with
the platelet normals nearly axial. Cracking of the platelets can cause guillotine failure.
It is interesting to note that a stress-relieving heat treatment changes matters very little.

Similar work has been carried out on welds in zirconium plates [11] and on the effect of
aging a weldment in a test loop in the NRU reactor. To do this latter experiment on a
weldment emitting gamma radiation of 25R hr'1 on contact, it was necessary to build a
special shield with 60 mm of lead encased in steel. Small windows through the lead
annulus allowed the neutron beams to reach the weldment. The results on the aged weld
as well as on a fresh weld, prepared in an identical fashion are shown in Fig. 8. The
familiar hoop stress increase on approaching the weld-centre is observed. The slight
differences between the irradiated and unirradiated welds are more likely to be due the
variability between welds than the effect of aging at temperatures typical of an operating
reactor, in the range 250°C to 300°C. The maximum residual hoop stress was observed
to be 130 MPa which is much less than the 0.2% offset yield stress of the material.
3.4

Residual Stresses in Steam Generator Tubing [12]

A major problem facing conventional as well as nuclear power generating stations is
stress corrosion cracking in steam generator tubing. This occurs in regions of high stress
at the apex of the bends in the tubing, at tube-to-tubesheet rolled joints or at points where
the supporting structures touch and interfere with the tubes. In North America, the loss
of revenue due to steam generator failures totals billions of dollars. If a tube has to be
sealed to prevent leaks in a heat exchanger, this represents a straight loss of efficiency.
A bent tube is the analog of a plate with a permanent set bent beyond the yield point.
The residual stress distribution, zig-zag shaped, is calculated in elementary engineering
textbooks. The dependent variable is the distance from the neutral axis, and this is equal
to the sine function of the angle around the tube from the neutral axis multiplied by the
tube radius. After forming the tube into a U-bend shape, residual stresses remain in the
tube near the bend. These are undesirable because they may make the tube change
shape in service, and make it prone to stress corrosion cracking if high tensile stress and
a concentration of salts in an area of dryout coincide. Experiments on tubes are easy to
perform and permit benchmarking between experiment and finite element analysis. The
latter can then be confidently applied in geometries which are less accessible to
experiment. A bent tube is expected to be an uniaxial stress system with the stress
oriented along the tube axis.
The axial, hoop and radial strains in bent incoloy-800 steam-generator tube are shown
in Fig. 9 as a function of the sine of the angle from the flank of the tube (the neutral axis).
Measurements of strain were made in grains with [002], [111] and [220] crystallographic
orientations along the axial, hoop and radial directions. The very surprising feature about
Fig. 9 is that the axial residual strain for the [002] grain orientation is twice that for [111].
At the top of the bend, these two strains even have opposite signs. The hoop and radial
strains for a given diffraction line are equal to each other within the uncertainty. They are
reversed in sign with respect to the axial strain and reduced by a factor of about three so
that the bent tube does approximate to an uniaxial stress system. Recent experimental

work on lnconel-600 and Monel-400 tubes, all face-centred cubic materials, shows exactly
the same trends and anomalies, so these are generic effects.
The macroscopic stresses calculated with the (002) and (111) strains with eq. (3) turn out
to be positive and negative respectively at the apex of the bend. The macroscopic stress
field cannot, by definition, be positive and negative in the same volume, so the stresses
observed must be a superposition of type-ll stresses, the grain interaction stresses, on
some average stress field. The type-ll stresses are generated by the bending process
which, involves subjecting individual grains to different amounts of plastic deformation,
depending on their crystallographic orientation. In the analysis of the problem, it was
recognized that different grain-orientations had different yield points, corresponding to a
common critical resolved shear stress, and that the strain hardening was also different.
With these assumptions a semiquantitative theory was constructed which reproduced the
main experimental effects.
Recently, these differences between the grains in polycrystalline Incoloy taken beyond
the yield point, were explored in a series of tensile tests carried out on the diffractometer.
The test samples were accorded a heat treatment similar to steam generator tubing and
the microstructure was similar. Measurements were made of the total elastic plus plastic
strain with an extensometer, and neutron elastic strain measurements were made with
several diffraction peaks. The measurements were made as a function of stress above
and below the 0.2% offset yield point, following several cycles of loading and unloading.
The results for the longitudinal strain response for (111) and (002) peaks to a longitudinal
stress are shown in fig. 10 and are most surprising. The (002) strain response beyond
the yield point falls below the line of the stress-strain curve in the strictly elastic region.
On unloading to zero stress from successively higher stresses, the residual strain in (002)
grains becomes progressively more tensile. On the other hand, the (111) strain response
beyond the yield point lies above the line of the stress-strain curve in the elastic region.
On unloading from successively higher stresses, the residual strain in (111) grains
becomes compressive. Thus uniaxial stress generates intergranular residual strains and
stresses in a tensile test sample of a cubic metal when the 0.2% offset yield is exceeded
even though there is no net stress on the sample after unloading. The most unexpected
result is that the (111) grains behave as though they are deforming plastically and
transferring load to the (002) grains which continue to deform elastically, and eventually
sustain large residual effects.
The residual strains in the bent lncoloy-800 tube for both (002) and (111) grains can be
calculated from the response curves to stress. We calculate the bending moment for the
U-bend operation and make the classical assumption that the tube unloads elastically.
Since the U-bend process and the tensile test were both uniaxial no further information
is required. The agreement between calculation and experiment is surprisingly good.
It was interesting to find that an urgent applied problem when thoroughly investigated
gives a very good understanding of the more fundamental problem of the way residual
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stresses are generated in polycrystalline material. Deforming a metal beyond the yield
point produces different stresses and strains in grains characterized by different
crystallographic orientations. This is because of the different angles between the
deforming stress axis and the slip directions in the slip plane for the different crystallite
orientations. The tensile testing revealed just how the different orientations respond to
applied stress.
3.5

Intergranular Stresses in Zirconium Alloys

Intergranular stresses, stresses on the scale of the grain size, are often ignored by
engineers. However, taken with a high degree of crystallographic alignment they can
strongly affect macroscopic properties. For example, the initial creep and growth
transients of Zr-alloys in a fast-neutron flux depend on residual intergranular stresses [13].
The stresses arise in Zr-alloys because the plastic response beyond the yield point is
strongly anisotropic, even more so than cubic materials discussed in the previous section,
and because the coefficient of thermal expansion along the hexagonal axis is twice as
large as it is perpendicular to the hexagonal axis. In zirconium alloys this means that
large intergranular stresses will be generated when the material cools after annealing or
thermal stress-relieving.
Usually crystallographic texture is considered a nuisance in stress measurements, but the
very strong alignment of Zircaloy-2 or Zr-2.5Nb, offers the possibility of measuring
complete strain tensors [14] for ideal orientations since there is a one-to-one
correspondence between sample direction and crystallographic orientation. These strains
are thermal strains caused by the higher thermal expansion in the [0002] direction than
perpendicular to it. Fig. 11a shows a schematic view of the grain orientations in a 4.7
mm thick annealed Zircaloy-2 plate cold-rolled by 10% and given a four hour
recrystallization anneal at 1070 K. The texture is such that there are two ideal
orientations, labelled 1 and 2, defined to within about 15°. These have a common [1010]
direction along the rolling direction. The two hexagonal axis orientations, [0002], lie in the
normal-transverse plane offset respectively ±40° from the plate normal. The Bragg peak
intensities in the appropriate directions are about ten times brighter than they would be
for a random orientation. The representation of intensity as a function of sample
orientation is known as a pole figure and the (1010) pole figure is shown in Fig. 12.
Every region of high intensity was identified as belonging to one or other of the ideal
orientations. It was a straightforward matter to align the sample on a goniometer so that
the conditions for diffraction were fulfilled at the angular locations of the high intensity
regions for the appropriate reflections. Since intergranular stresses are on the scale of
the grain size, circular discs were cut from the zircaioy-2 plate without destroying the
stresses, and these were aligned and assembled into a cylindrical sample of volume
2000 mm3.
A pole figure representation of the strain tensor is shown in Fig. 11b for grains 1 and 2
with solid contours representing the magnitude of the tensile strains and dashed contours

for compressive strains. An interesting aspect of the strains is that they are large but
balanced. Thus the large tensile strain in the [0002] direction in grain 1, at about +40°
from the normal direction, is balanced by the large compressive strain in nearly the same
sample direction along the [1210] direction of grain 2. It is interesting to note that the
strains along the rolling, normal and transverse directions are nearly zero. One would
have been quite wrong about the stress state if one had confined attention to the principal
axes of the plate. The reason for this is, that the strains are locked into crystal
orientations because of the way the individual crystals deform under load.
Progress in understanding the intergranular stresses and the effect of irradiation growth
has been quite rapid in recent years with the advent of a self-consistent model of the
strains which treats each grain as an elliptical inclusion in an average matrix [15].
Thermal strains and plastically induced strains can now be modelled satisfactorily from
first principles. The models have been used to predict the growth behaviour of calandria
tubes in a fast neutron flux, particularly the early transient behaviour and Fig. 13 shows
that a good fundamental understanding is developing.
3.6

Neutron Diffraction as a Probe of Microstructure

Neutrons are diffracted from crystal planes that are defined by Miller indices (hkl).
However, the neutron beam is only diffracted from crystallites whose plane-normals, [hkl],
are parallel to the scattering vector, which is the bisector of the incident and diffracted
neutron beams. Only a subset of the grains within the volume is correctly oriented for
diffraction to occur. The intensity of the neutron diffraction peak is directly proportional
to the volume fraction of correctly oriented grains. This fact can be exploited to make
neutron diffraction a probe of microstructure.
For example, suppose that the material is composed of grains with a completely random
distribution of orientations. Diffraction peaks are measured by a detector that spans
about 0.5° in the scattering plane and 2° vertically. Crystal plane-normals may point in
any direction, not necessarily within the angular range subtended by the detector. In fact,
when diffracting from the (200) peak in a cubic material, only about 1 in every 7000
grains is correctly oriented to scatter neutrons towards the detector. If the gauge volume
is 1 mm3, and the typical grain diameter is 50 um, then, on average, only one grain
contributes to the diffracted signal. However, at a given position of the gauge volume
within the specimen, there is a reasonable probability that no grains are correctly
oriented, or that two or more grains might be suitably oriented to scatter neutrons
towards the detector. The measured intensity therefore fluctuates statistically, from zero
to several times some mean value, on scanning the gauge volume from position to
position within the engineering component. Similar intensity fluctuations would also be
observed at a single position in a specimen that was rotated to place the scattering vector
in a selection of specimen directions.
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The fluctuations of intensity about a mean value, from position to position or from one
orientation to another, are reduced when there are more grains contributing to the
measurement. When N grains contribute to the measured intensity, the expected
fluctuation is ±VN. If the typical grain diameter was 10 urn, there would, on average, be
125 grains contributing to the measured intensity and the fluctuations in the measurement
would be about 9% of the mean value. With an average grain diameter of 20 urn, the
fluctuations would be about 25% of the mean value. By selecting a suitable gauge
volume, and evaluating intensity fluctuations from position to position, the microstructural
information of average grain size can be determined with reasonable precision over a
wide range of values. However, this technique cannot stand alone because it is based
on grain volume. Microscopy is required to determine the shapes of grains, such as the
aspect ratios of the major axes. Only then, in a randomly textured material, can the
volume fraction of correctly-oriented grains be converted into the dimensions of typical
grains. When the crystallographic texture of the material is not random, further
measurements and corrections must be made to determine grain dimensions.
The most complex situation occurs when there are variations of crystallographic texture
from one position to the next in a specimen. At each position of the gauge volume, the
crystallites have a local orientation distribution, with maximum (hkJ) pole densities in
particular specimen directions. The volume that encapsulates crystallites with a given
orientation distribution is denoted as a texture zone. At another position in the specimen,
the crystallites may belong to a new texture zone, where the pole-density maxima point
in different specimen directions. Scanning the gauge volume from one position to the
next, variations of diffraction intensity are observed as one moves from one texture zone
to another. An example of this phenomenon in a Zr-2.5Nb is depicted in Fig. 14. In this
figure, the intensity of the (0002) diffraction peak is measured as a function of direction,
X, which is the angle from the radial direction of the tube, towards the hoop direction.
The x-scans are shown from three positions, each separated by 2 mm in the hoop
direction, and all 2 mm from the outer surface of the tube. The direction of the poledensity maximum shifts substantially over a small spatial displacement in the hoop
direction, and texture zones can be identified.
It has been found that some texture zones extend upwards of 10 mm in the axial direction
of the experimental pressure tube. These zones may be vestiges of coarse body-centred
cubic p-zirconium grains formed early in the fabrication process. The tube is made by
a combination of forging, heat-treating and extrusion operations. The original 0-grains
are distorted by these operations, and transform into colonies of fine a-grains on cooling.
Despite the deformation operations, each colony of a-grains may be oriented partially
towards the original orientation of the parent p-grain, and each colony therefore forms a
distinct texture zone. The phenomenon of "roping" a result of the formation of texture
zones analogous to the effects we have observed in zirconium alloys has been observed
previously in the formation of ferritic stainless-steel sheets [16,17]. Neutron diffraction
scanning techniques are well-suited to map out the dimensions of texture zones, and to
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evaluate the effects of fabrication procedures on the development of texture zones in Zr
alloy components.

4

Future Developments

We can confidently anticipate many future applications of the technique by improving the
intensity of the neutron beams, and the efficiency of data collection, so as to be able to
probe very small regions of critical interest to engineers. Small gauge volumes are
needed for measurements of stresses near crack-tips which will then improve our
understanding of fracture. Another area requiring the use of small gauge volumes is the
region between 0.1 and 1.0 mm of a sample surface. Current surface modification
methods, such as shot-peening, offer protection against crack formation by generating inplane compressive stresses often of order of the yield point. Methods have recently been
developed at Chalk River to probe this near-surface region accurately.
The cases described here give an idea of the scope of problems which can be tackled
effectively by neutron diffraction. It is clear that industrial work of this nature not only
demands high accuracy in lattice spacing measurements, but also requires all the
crystallographic information that can be gleaned from the measurements. When we
investigate problems such as the anomalous results for steam generator tubes we are
forced to tackle fundamental issues in the understanding of the deformation of metals,
which then impact on how residual stresses are understood throughout the world.
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Incident beam
Cadmium Mask
Gauge
Volume

Diffracted
Beam

Specimen

Fig. 1

Experimental arrangement for measuring the spatial dependence of residual
strain in a sample. Slits in absorbing cadmium placed in the incident and
scattered beams define the gauge volume, the region from which the diffraction
peak information is obtained.
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\

PRESSURE TUBE

TAPERED SECTION IN END FITTING

Fig. 2

Rolled joint in a CANDU reactor, showing the pressure tube, end fitting and the
location of the grooves.
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(0002)
(0002)
(RADIAL)
(TANGENTIAL)

Fig. 3

(1210)

Schematic representation of hexagonal close-packed grain alignment in Zr2.5Nb pressure tube material. Grain 1 represents the ideal orientation of
grains, while grain 2 corresponds to a rotation of 90° about the [1010] direction.
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Fig. 4

Hoop residual strains in an intact overrolled 2r-2.5Nb pressure tube and in a
coupon cut from the pressure tube. The cutting process has removed the
macroscopic strain field but intergranular residual strain effects remain which
are large.
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Fig. 5

Hoop residual stresses calculated from the hoop, axial and radial strain
components in the vicinity of an end-fitting. The solid curves represent a
spline fit to the hoop stresses prior to a heat treatment at 350°C for 350
hours.
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Integrated intensities of diffraction peaks determined in the measurement
of axial, (a) and (b), and hoop strains (c) in a Zr-2.5Nb welded tube. The
results for the as-welded tube are shown by open circles and after strain
relief by closed circles. D refers to the edge of the oxidised zone and L to
the edge of the lap mark.
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Residual strains in the axial direction, (a) and (b), and the hoop direction,
(c), of a Zr-2.5Nb welded tube. Open circles denote the as-welded
condition, and closed circles denote a strain relieved condition. The [0002]
grains reoriented into the axial direction show large tensile effects.
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Hoop stress in aged and as-prepared Zircaloy-2 weldments.
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Fig. 11

(a) Schematic representation of the grain orientation in Zircaloy-2 strip,
cold-rolled by 10% and annealed.
(b) Residual strain tensors observed for the ideal grain orientations plotted
on a pole-figure contour format.
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(1010) pole figure for Zircaloy-2 strip, cold-rolled by 10% and annealed.
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Calculations of the in-reactor growth of calandria tube material in a high
fast-neutron flux compared with experiment. The calculations were based
on the intergranular strain tensors derived from neutron diffraction.
Theoretical results are represented by open symbols, experimental results
by closed symbols. The curves are guides to the eye.
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Fig. 14

The intensity of the (0002) diffraction peak as a function of the angular
offset from the radial direction in an experimental Zr-2.5Nb pressure tube.

