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Abstract

International cooperation and transnational division of labour is a distinctive feature of the nuclear industry,
but it is conspicuously lacking at the back end of the nuclear fuel cycle. Meanwhile, national efforts to close the fuel
cycle have remained largely unsuccessful. Governments and the nuclear industry are paralyzed in a gridlock of
indecision and obstruction. This pattern has been reinforced at the international level. More recently, however, a
number of dynamic challenges to governments and the industry has opened up new prospects for internationalization.

1. INTRODUCTION

Internationalization has been a distinctive feature of peaceful nuclear activities since the
beginning of the Atomic Age. From the Baruch Plan downward, internationalization was regarded
not only as a preventive measure against weapons proliferation but also as a positive support for the
spread and development of nuclear power utilization. This expectation has largely become true. The
nuclear industry is characterized today almost everywhere by a high degree of international
cooperation and transnational division of labour, ranging from research and development to reactor
building, ownership and operation, from safeguards to safety standards, from electricity generation
and distribution to finance and insurance. Joint undertakings, shared responsibilities and
interdependent activities cutting across national boundaries have been a well-established practice of
the nuclear industry for many years, often supported and regulated by intergovernmental agreements.

Remarkably, though, such cooperative achievements are virtually absent at the back end of
the fuel cycle where the final disposition and disposal of spent fuel and radioactive material is
concerned. Here only national solutions to problems of individual countries are being actively
pursued, although none has advanced very far. At the same time, tentative exploration of various
schemes of internationalization has regularly foundered at an early stage. The historical record of the
past decades is littered with the acronyms of defunct proposals for an internationalized back-end fuel
cycle: RFCC, INFCE, IPS, ISFM, INWAC, IMRSS, to name the most ambitious. Not only have these
proposals not materialized; it appears that at the back end of the fuel cycle internationalization is
actually on the retreat. Multinational ventures in reprocessing, such as EUROCHEMIC, have been
abandoned. Previous commitments by some leading nuclear countries, notably the Soviet Union and
the United States, to take back spent fuel from their client countries have been revoked. Exploratory
talks with several countries to accept foreign nuclear wastes for burial on their national territory
(Argentina, Iran, China, the Soviet Union, among others) have come to nought. Even in those cases
where international cooperation seems now to be well under way (with countries like Japan,
Germany, Belgium and Switzerland having some of their spent fuel reprocessed in France and
Britain), this is only a half-hearted and temporary exercise, pending more permanent national
solutions. In addition, final waste disposal remains entirely in the national domain.

All this raises a lot of questions. What are the reasons for the nuclear industry's failure to
extend international cooperation to such areas as spent fuel management, waste disposal and
plutonium treatment? Which arguments weigh in favour of internationalization, and which factors are
working against? How do technical, political, legal, institutional and commercial criteria relate to
each other at the back end of the fuel cycle when international arrangements are at stake? How does
the civilian and military interface of nuclear technology come into play? For which purposes and
under what kind of circumstances is international cooperation most likely to succeed?
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2. COMMON PROBLEMS

Why should we expect a process of internationalization at the back end of the fuel cycle? The
simplest answer is suggested by the fact that all countries with a nuclear power programme (their
number presently stands at 32) have to solve the same problem: What to do with the stream of spent
fuel coming out of the nuclear reactors under their jurisdiction. In principle, of course, all 32
countries could individually and separately seek a solution to the problem all of their own and
entirely for themselves. This would be a folly, however, for three obvious reasons: it would be
useless, because the number of possible solutions is quite limited; it would be uneconomical, because
it would forgo the efficiencies that result from an international division of labour; and it would be
dangerous, because in many cases a reckless national solution may prejudice the safety and security
of neighbouring countries. It is easy to conclude, therefore, that any national fuel cycle policy
without a considerable degree of international cooperation is in the end unlikely to succeed.

Yet the fact remains that internationalization is not forthcoming. National solutions are
instead being sought and upheld. A recent survey shows that among countries with nuclear power all
but a few have chosen for themselves one of two possible approaches: either reprocessing, which
most countries seem to prefer, or direct disposal of spent fuel; in a few countries, a combination of
both approaches is also envisaged 1. At the same time, however, not one country has actually
consummated its avowed fuel cycle strategy. Some appear to be on their way, although with
considerable delays as compared to original schedules. Others have run into technical, administrative
or legal difficulties which brought implementation of their programmes effectively to a halt. Most
countries have deferred their decision and postponed definitive commitment to a specific fuel cycle
scheme. As a result, the prevailing pattern is for spent fuel to be kept in cooling ponds and interim
storage, with some plutonium having been separated and recycled. High level waste has not reached a
final repository anywhere.

In other words: While little or no progress has been made on the international level to resolve
the back-end problems of the fuel cycle, little or no progress has been made on the national level, too.
Stalemate and procrastination seems to be a general phenomenon of fuel cycle policy everywhere.
This calls for a closer look at causes and effects, and at the interrelationship between the two levels.
A popular presumption seems to be that internationalization cannot take place before national
programmes are firmly assured. But this may be the wrong way of looking and reasoning. Possibly it
is the premature assurance of programmes which stifles progress on the national as well as on the
international level.

3. THE GRIDLOCK OF NATIONAL FUEL CYCLE POLICY

In many countries with nuclear power the survival of the industry is threatened by a peculiar
double-bind situation. Popular resistance, media attention, legal action and regulatory requirements,
all of which used to impede the construction of power plants for many years, are now focussed
mainly upon the back end of the fuel cycle. Anti-nuclear sentiment has turned more and more away
from operating reactors towards the issues of spent fuel storage and transport, plutonium use and
waste disposal. While nuclear electricity generation has gained some reputation as a smoothly
running business the industry, in the absence of a closed fuel cycle, is accused of operating
irresponsibly ,,like an airplane that has taken off without a landing strip in sight". The accusation is
not entirely unfounded. After all, the closing of the fuel cycle, scheduled in some previous
projections to be completed by the 1980s, has not yet happened a decade later and is, indeed, today
farther away than at any time before. As a result, and in anticipation of anti-nuclear arguments,
governments and regulatory agencies together with the nuclear industry itself have gone out of their
way to assure the public that there is nothing to worry about. The landing strip for the nuclear
airplane, as it were, is promised to be under construction. Typically, national governments have
underwritten this promise, taking upon themselves the responsibility to guarantee its fulfillment. The
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nuclear industry in individual countries is under the legal obligation to provide for the safe
disposition of spent fuel and the final disposal of radioactive waste. In some countries this obligation
is directly tied to the operating license for power plants. Nuclear electricity generation must be shut
off if a judicial court finds assurance of the legal obligation to be lacking. In this way, the back end of
the fuel cycle has come to be the most vulnerable spot of the nuclear industry in many countries.

The dilemma resulting from this situation is twofold. National governments and the nuclear
industry are locked with each other in an uneasy alliance, seeking to obtain the same objective, the
credible assurance of a closed fuel cycle, while trying not to become altogether dependent on each
other. The industry, which in many countries is not strictly speaking a nuclear industry but a mixed
bag of commercial enterprises, mostly electric utility companies with business activities beyond
nuclear power alone, is primarily interested in a dependable return on investment for the lifetime of
their nuclear plant. Their choice of fuel cycle strategy is determined by technical feasibility,
commercial profitability and the set of rules and regulations defined by the respective government.
Governments, on the other hand (at least in democratic societies, which is today the case almost
throughout the nuclear group of countries), are primarily interested in political legitimacy, support
and stability within their respective constituencies. Their choice of fuel cycle strategy is determined
by public opinion and popular sentiment, constitutional and institutional setting, partisan politics and
electoral expectations.

The interaction of governmental and industrial interests has resulted in three characteristic
effects on back-end fuel cycle policy everywhere. First, a strong preference for separate and
independent national policy choices has been established. As they are confronted with domestic anti-
nuclear opposition, governments opt for and hold fast to what they believe to yield the optimal
political pay-off within their own territorial constituencies. Structural contingencies reaching across
national borders count as a liability rather than an asset in such a calculation. Thus, in an automatic
and almost inevitable reflex of institutional self-interest, governments tend to refuse having foreign
nuclear wastes located on or near their own territory, and in some cases actively encourage wastes
originating from their own territory to be shipped abroad.

In federal systems (like the United States, Germany, Switzerland, and presumably Russia in
the years to come) this pattern is repeated on the subnational level of territorial units (states, Lander,
cantons, autonomous republics or regions), resulting in a complicated vertical and horizontal trade-
off of interests between competing governments. When national governments, for obvious reasons,
refuse to accept foreign nuclear waste on or near their own territory (,,not in my back yard", as the
saying goes, or NIMBY for short), they imply as a matter of fact that the nation-state is the
appropriate authority to define the legitimate territorial dimension for nuclear waste disposition. Such
a claim is openly challenged, however, in those federal systems where sub-national governments
refuse, in the true spirit of NIMBYism, to accept on their soil spent fuel or waste from other parts of
the national territory. There is an obvious lesson to learn from this: It is the territorial dimension of
political legitimacy which makes the problem of nuclear waste so difficult to resolve. Someone's
back yard is always another one's front porch.

The self-reference of territorial politics in the nuclear field has traditionally been reinforced
by industrial interests. The nuclear industry, being used for historical reasons to an extraordinary
degree of governmental guidance, supervision and regulation, has tended to accept quite readily the
national framework of political tutelage. Nuclear reactor development and construction benefited for
a long time from public subsidies as a measure of national industrial policy. Electric utility
companies, mostly state-owned until quite recently, have enjoyed for many years the benefits of
legalized monopoly status and state-controlled price stability for their product. Electricity generation
is traditionally associated with a business culture more like a public service than a competitive
enterprise. Nuclear electricity generation in the face of popular opposition is totally dependent on
government protection and support. Consequently the nuclear industry grew up everywhere in a close
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symbiosis with national governments and has managed to survive and flourish only in those countries
where national governments persisted in their support.

Government support cannot, however, guarantee the smooth functioning of industrial
activities. At the back end of the fuel cycle, industrial projects such as reprocessing and waste
disposal have collapsed because national governments could not prevail in the political process (this
is a typical situation in federal systems) or because they raised regulatory standards so high as to
make the projects uneconomical for the industry. In both cases the nuclear industry may find itself in
a gridlock of conflicting interests and commitments from which it is difficult to extricate itself.
Governments, on the other hand, tend to arrogate for themselves an industrial leadership role in
nuclear affairs which may overstrain their capacity for effective problem-solving.

The latter point is most obvious where nuclear waste disposal is concerned. Taking their cue
from reactor safety standards, where it makes good sense to require infinitesimal risk margins to be
achieved, governments have lapsed into the false analogy to require similar risk margins for spent
fuel and waste management. Hence, political and legal commitments are entered into which claim to
be valid for more than the half-life of harmful nuclear fission products, i.e., for thousands of years.
The idea is, of course, to create trust and confidence in the public at large and thereby lay a solid and
dependable foundation for the operation of national nuclear industries.

The opposite may result, however. Anti-nuclear critics are right to scorn such unlimited
commitments and to point fingers at the gross incongruity of national fuel cycle policies which claim
to be made for eternity but are, in fact, being changed and reversed ever so often before everybody's
eyes. Governments expose themselves to ridicule when they pretend to take adequate precautions for
the well-being of hundreds of future generations at the same time as they find it difficult to provide
adequately for the living. The pretense of caring for a distant future is often proof of a failure to
handle more immediate tasks.

In considerations about back-end nuclear fuel cycle policy the standards of scientific, ethical
and practical reasoning have become warped and garbled in a peculiar way. It is a folly to promise
assurance of safety and security in a uniform fashion for the lifetime of nuclear installations
regardless of whether this extends over a few decades (as with power reactors) or over a period of
time far beyond any human experience (as with spent fuel, plutonium and high-active waste). On a
technical level the latter is, in fact, far less demanding than the former. What is a stake, however, is
not really the solution to a technical problem but the discharge of a political responsibility. Technical
solutions may endure for an infinite time; political responsibilities can be honored only for very
limited periods. Any back-end fuel cycle scheme, whatever its technical specifics, can be assured
politically only for a very limited period. If more is promised, the promise itself will undermine the
creditability and legitimacy for which it was made.

The basic argument here is this. Political institutions, including sovereign nation-states, are
notoriously short-lived, fragile and unstable. They are historical creatures with an in-built tendency
towards failure and decay. A responsible fuel cycle policy cannot be predicated on the longevity of
nation-states. While their individual half-life cannot be established in advance, historical experience
suggests it to be on the average quite brief. Two-thirds of the United Nations' present membership
was not yet in existence when the first atomic chain reaction was accomplished. In the past 20 years
alone, several dozens of states were affected by revolutionary upheaval, the breakdown of law and
order, collective violence, civil war, separatism and territorial disintegration - including one in every
two states with nuclear power plants. Ironically, among those which broke apart more recently there
was a significant number of states which had subscribed to an official ideology predicting the
,,withering away of the state" as a consequence of social progress. Whatever the twists and jerks of
social progress, they should better not be allowed to define the optimum of fuel cycle management at
any given time.
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Nuclear energy is all too often associated with an elevated mystique of time and space. A
more pragmatic approach would search for the mundane treatment which it deserves. Immunity
against the unstable nature of political institutions is now mostly sought in technical solutions, such
as multi-barrier repositories for nuclear wastes in deep geological formations, which appear to take
care for themselves. It would be wrong, however, to expect such technical fixes to work
independently of political change. Firstly, for safety and security reasons, they require continuous
monitoring over indeterminate periods and, therefore, a certain amount of institutional continuity or
adaptation. Secondly, unforeseen kinds of human intrusion (advertant or inadvertant) into a
supposedly remote location cannot be excluded forever. What seems to be an ideal geological
repository today (salt, granite, tuff, etc.) may turn out to be totally inadequate within a relatively brief
period. Who would have expected only a few generations ago, for instance, thousands of deep
boreholes being brought down in the Arabian peninsula, the North Sea, Alaska or Siberia in search of
oil and gas?

It follows that any responsible long-term scheme must not ignore or deny the fragility of
political institutions, of nations-states and of international relations, but must accept it as a given fact.
What is needed for the back end of the fuel cycle is, therefore, a kind of provisional assurance to
remain reversible, flexible and adaptable under the most unlikely circumstances of political change.

4. NEGATIVE INTERNATIONALIZATION

National preoccupation with national problems in a national framework of interests is the
major reason for the nuclear industry's failure to reach beyond national boundaries at the back end of
the fuel cycle. But it would be wrong to see this as the only reason. National policies are not made in
isolation from other countries or in disregard of foreign relations - in the nuclear field even less than
in other fields. What can be observed is in fact a high degree of international coordination and a
remarkable amount of international rules and regulations stretching across the whole range of nuclear
policy. International policy-making is not absent at the back end of the fuel cycle. It is there, but with
a paradoxical result. It does not stimulate transnational cooperation but tends to stifle it; and instead
of overcoming national segmentation it tends to reinforce it. It reflects what might be called negative
internationalization.

Negative internationalization is caused by the deliberate effort of the world community of
states to emphasize the sole and exclusive responsibility of states for all nuclear matters. The non-
proliferation regime is the most prominent and powerful expression of this effort, imposing upon
national governments the obligation to account for and hold under their sovereign sway everything
that has to do with nuclear materials on their territory. It implies a strict separation between nuclear
and non-nuclear materials and between civil and military uses. Other international conventions have
reaffirmed the responsibility of national governments for nuclear matters such as technical safety,
physical security, transportation, civil liability, radiation protection and so on. All of these
international agreements impinge on the back end of the fuel cycle in one way or another, and some
deal with it explicitly, such as the Antarctic Treaty, the Basel Convention, the London Dumping
Convention and the recently concluded Draft Convention on the Safety of Spent Fuel Management
and Radioactive Waste Management.

Non of these international agreements prohibits international cooperation; most of them are
in fact expressly in favour of it. And yet, their practical and cumulative effect is different. National
governments are encouraged to keep everything nuclear under their control, simply because this is
the acknowledged and routinely established practice; whereas internationalized schemes of any kind
require explicit and complicated efforts to bring them in line with existing legal commitments.
Nuclear industrial enterprises have little leeway and few incentives to drive forward across national
boundaries on their own without governmental prodding and support. Some possible paths of waste
disposal in the global commons are explicitly foreclosed by international conventions, such as deep
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sea dumping or burial in Antarctica. Others are strongly discouraged for nonproliferation reasons,
such as reprocessing, which is under international strictures from the U.S. Government.

International organizations and multilateral legal instruments reinforce the tendency for
national governments to commit themselves for infinite time periods when it comes to nuclear safety
issues on their respective home territory. At the same time, exploration of the possible benefits of
shared responsibilities is implicitly discouraged. Under the questionable trademark of
,,sustainability", there is a hallowed preference for the territorial status quo in waste policies (nuclear
and non-nuclear), with primary approval being given to waste deposit in the country of origin. In a
globalized economy, however, there is no reason why some countries should not make use of their
comparative advantage in international trade by accepting the waste of other countries, provided of
course that international safety standards are assured.

The legal and political situation is such that most governments will find it convenient and
tempting to avoid any engagements in internationalization; instead, they are likely to stick to a
strategy of wait-and-see and, in effect, do nothing. If some countries should decide to go forward
with more ambitious plans of their own, they may well encounter resistance from an international
alliance of sorts. Many governments are outright hostile when it comes to spent fuel from abroad
passing through their territory or waste being stored near their borders. Opposition against such plans
is particularly vehement, of course, among anti-nuclear groups. It is ironic to note that some of these
groups, like Greenpeace, are now organized on the international level more effectively than any
governmental or industrial coalition. The masterful campaign by Greenpeace against the Brent Spar
deep sea dumping project in 1995 is a case to remember.^

International organizations like the IAEA or the EU, should not be expected to take the
initiative or give significant momentum to internationalized fuel cycle projects. Such organizations
are not well suited to exercise industrial leadership, they are too much under the influence of national
governments and confined by legal restrictions to overcome the inertia of established practices. In the
case of the EU where the free flow of nuclear goods and services among member countries was
agreed to in principle many years ago, it has not even been possible to do away with the resistance of
some governments against transborder movements of spent fuel. And yet, it is clear that these
organizations are indispensable to define and uphold the regulatory framework without which no
nuclear cooperation could survive.

5. PROSPECTS FOR CHANGE

Neither governments nor international organizations are likely to bring about significant
progress towards internationalization of the back end of the fuel cycle. Nor is the nuclear industry
likely by itself as long as it remains under the spell of national governments. But change there will
be, and it can be expected to contribute to internationalization in a variety of ways.

Several of the seemingly persistent conditions under which the nuclear industry used to
operate are in the process of breaking down. The previously sacrosanct separation of civilian and
military fuel cycles appears increasingly questionable. Since an outrageous amount of health, safety
and environmental malpractice has been uncovered in the military facilities of nuclear weapon states
there is growing pressure from governments and public opinion worldwide to bring the management
of military fuel cycles in line with the accepted standards of civilian nuclear facilities.

The urgent task of reducing the amount of excess weapons plutonium in nuclear weapon
states has far-reaching implications for back-end fuel cycle strategies in these countries and
elsewhere. As the task cannot be accomplished within a reasonable time, particularly in Russia,
without extensive international cooperation, nation industrial activities will have to be readjusted and
harmonized at least between the cooperating countries to accommodate for the additional streams of
nuclear material originating in the military sector. It should be noted that this is essentially an
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industrial task which requires official approval and support but cannot successfully be devised,
financed and managed except on a commercial basis.

Whatever the formal organization and the technical specifics of an international cooperative
undertaking for weapons plutonium might be (whether thermal recycling, underground burial,
breeder development or what else), they would inevitably affect the structure, timing and economics
of national fuel cycle strategies in participating countries. If the blockage in national spent fuel
processing continued to be in effect in many countries, resulting in a rapid accumulation of
inventories in temporary storage, this might add up to an increased necessity for nuclear power plant
managers to seek an outlet in foreign or international spent fuel services. Much will depend on
whether or not such services are available in due time at prices that are affordable for nuclear
operators.

Economic considerations are likely to play a more prominent role in determining future fuel
cycle choices. Previous cost calculations for spent fuel treatment and waste disposal are more and
more being called into question as implementation of national programmes is stalled by indecision
and postponement. In some countries utility companies are beginning to balk at mandatory
contributions to reserve funds which are set aside for the financing of nuclear waste repositories,
because time schedules have become obsolete and costs unpredictable. Utility companies themselves
are changing, and are finding themselves in a changed environment. Privatization and deregulation
programmes in many countries are gradually taking hold. Utility companies, mostly for the first time,
are being projected into the role of competitive enterprises in liberalized electricity markets. It is by
no means certain whether nuclear power, with all that regulatory baggage on its back, can easily
survive under such conditions.3 More and more utility companies are now responding to the
challenge by forging international alliances and trying to capture foreign markets through direct
investment, mergers and acquisitions. This is a trend that may undermine the reasoning which has
until now favoured national solutions to problems of the nuclear fuel cycle's back end.

The trend is particularly visible in Europe. If European integration moves forward and the
internal market for electricity finally becomes a reality, there is a reasonable prospect that it will in
the end encompass the whole range of the nuclear fuel cycle, including waste. This could become
even more important when Eastern European countries, where the spent fuel problem is already a
serious burden for nuclear power, join the European Union. Many years after its foundation the
European Atomic Community might then eventually fulfill its early promise.

6. A LOOK AHEAD

If the nuclear industry is deadlocked in national systems of indecision about back-end nuclear
fuel cycle policy, ways should be sought out of the predicament. Internationalization may be an
adequate way as well as an appropriate end in itself. The concept of internationalization does not
prescribe a definitive structure; it is simply a paraphrase to include all forms of industrial
collaboration and division of labour across national boundaries. In contrast to the historical pattern,
where international cooperation was typically engineered by governments and international
organizations, it will henceforth have to come mainly from industrial interests. Governmental actors
should not be expected to take the lead, but they should be urged not to stand in the way of more
dynamic industrial initiatives.

In this vein, what could be done to improve international collaboration? First, priorities
should be set and problems identified which are more urgent than others and at the same time most
rewarding in terms of international pay-off. One of these is surely the problem of excess weapons
plutonium in Russia. Others include the problem of spent fuel management in Europe, the region
where countries with nuclear power are heavily concentrated, and perhaps East Asia, the region
where the growth of nuclear power is now more rapid than elsewhere.
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Second, projects should be pursued which can come to fruition and prove their merits within
a relatively short time. Collaborative efforts should focus not on an indeterminate future beyond
everyone's horizon but instead on tasks which can be fulfilled to the benefit of currently living
generations.

Third, internationalization should be sought on a modest scale with limited objectives,
preferably building upon existing structures with proven value. Grandiose schemes with global
aspirations, starting from the bottom to reach the blue sky, should be avoided; they are bound to fail.
Instead, competing projects with different designs should be put to the test in various settings.

Fourth, irreversible decisions and irremediable commitments should be avoided. Flexibility,
resilience and adaptability are of the essence. Internationalized schemes should be open to
experimentation and must be able to learn from experience and failures.

Fifth, international projects, in order to endure and persist, should not be dependent on
subsidies and contributions. They should be self-sufficient and possibly profitable, operating as an
enterprise and not like a bureaucracy. Participants in such a joint project should collaborate out of
self-interest rather than a legal obligation.

Is there a role for an international organization like the IAEA in the creation of such
enterprises? Not in the sense of some superior authority or direct managerial function, as was
originally envisaged in the Agency's statute and several subsequent projects dealing with spent fuel
and plutonium. But the IAEA could lay the foundation for such enterprises by defining the minimum
of necessary rules, stimulating discussion, encouraging initiatives and providing legitimacy for
innovative projects of industrial internationalization.
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