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FOREWORD

The selection of an option for the back end of the nuclear fuel cycle is an important decision
for all countries with nuclear power programmes. Likewise, the process for making that option
selection is also important. Some countries have begun utilizing nuclear energy for electricity
generation without formally determining what would be done with the spent nuclear fuel and
radioactive wastes. In a number of those countries the inventories of spent fuel are approaching their
storage capacity — and an option selection must soon be made. This report provides an analysis of
both the policies chosen by a number of Member States and the process that led to those selections.
The intent of this analysis and this publication is to assist other countries in their deliberations on this
subject. This publication presents conclusions concerning the factors that were considered important
by different countries and the processes which they followed in making their determination of the
policy for disposal of nuclear waste.

This report is the product of a Technical Committee meeting held in June 1993 in Vienna. The
materials were further refined at a consultants meeting in March 1994 and through numerous
exchanges between the participants. The successful development of this document was in part due to
the able leadership provided by R. Dodds of the United Kingdom.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect those
of the governments of the nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA to
reproduce, translate or use material from sources already protected by copyrights.
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SUMMARY OF THE TECHNICAL COMMITTEE MEETING

1. INTRODUCTION

All countries with nuclear power programmes are faced with the management of spent fuel.
Some countries have chosen a management policy, the closed cycle, based on recycling of the
uranium and plutonium recovered from reprocessing and the disposal of the resulting high level
nuclear waste. Other countries have chosen to pursue the once-through cycle involving ultimately the
direct disposal of the spent fuel after appropriate conditioning. Still other countries have chosen to
delay their choice; they also are faced with the interim storage of their spent fuel. The objective of
this TECDOC is to provide specialists and policy-makers in countries that have not yet selected their
spent fuel management strategy with assistance in selecting the strategy appropriate to their particular
circumstances. The decisions of countries which have already made such a selection are used to give
some insight into the evaluation of the issues involved.

2. BACKGROUND

The preparation of this publication was begun at the Technical Committee Meeting on
"Evaluation of Strategies for the Back-end of the Nuclear Fuel Cycle" held from 1 to 4 June 1993
in Vienna. The objectives ofthat meeting were to:

identify relevant characteristics of back end strategies from studies conducted in the past;

exchange data, decision-making methodology, and criteria reflecting national programmes;

identify factors used by Member States to select their back end fuel cycle strategy;

identify areas where acquisition of additional data, further development of methodology, or
analysis of specific policy characteristics by the IAEA should be undertaken;

produce a consensus methodology for back end option selection, if possible.

The countries represented at that TCM are pursuing one of three routes: the once-through
cycle (with direct disposal of spent nuclear fuel), the closed cycle (including reprocessing of spent
fuel, extraction and recycling of fissionable materials, and conditioning and disposal of the high level
waste products), or the deferral of an active decision. Some countries have chosen different options
for different types of nuclear waste. Both of the first two options lead to geologic disposal of the
final, highly radioactive wastes. A number of countries have either actively selected the last option
or are de facto following that course. They are seeking to better evaluate the issues before settling
upon a back end policy. Since no final geologic repository has yet been established and licensed, all
countries are presently storing the materials that will ultimately be disposed in such a repository.

3. STRUCTURE OF THIS TECDOC

First, there is a description of the three options — the once-through cycle, the closed cycle
and the "delayed decision" options. Then there are status reports from those countries which
participated in the Technical Committee Meeting, identifying the main driving forces in their decisions
on spent fuel management and illustrating the rational for selecting the open or closed fuel cycle.
Summaries from additional status reports made available to the IAEA are provided for a number of
other countries with nuclear energy programmes.



From all these status reports, factors relevant to the choice of back end strategy are identified.
The factors identified were: national policy, energy resources, international politics, environment &
safety, economics, acceptance, technology, siting, flexibility and uncertainties.

4. DESCRIPTION OF OPTIONS

4.1. General considerations

Pursuing any nuclear cycle option includes carrying out many operations involving complex
technology. These operations depend on the type of reactors and so are largely country specific. This
TECDOC, however, does not address the detailed technology that is necessary to implement a
strategy. For simplification, this TECDOC distinguishes three options; the once-through cycle without
recycling, the closed cycle with recycling, and the deferral of the selection of either of the first two
options. Many countries have selected the third option — that is to postpone the decision on back end
strategy. Their activities are focused on storage technologies. This TECDOC does not address storage
technology issues.

4.2. The once-through cycle

In the once-through cycle strategy, the fuel discharged from the reactor is considered to be
a waste from which no re-usable material is sought and which is destined to be disposed of in a deep
geologic formation. The various stages necessary for implementing this strategy are the following:

• discharge of spent fuel
• storage of fuel for some time to allow for radioactive decay
• additional storage of the fuel for some period1

• conditioning and packaging of the spent fuel for disposal2
• shipment of spent nuclear fuel (SNF) to the repository site2

• placement in the geologic repository
• (eventual) closure of the repository.

4.3. The closed cycle

The closed fuel cycle strategy is based on recycling the plutonium and uranium recovered by
reprocessing the spent fuel. The stages necessary to implement this strategy are the following:

• discharge of spent fuel
• storage of fuel for some time to allow for radioactive decay
• reprocessing with the separation of the plutonium and uranium
• fabrication of MOX fuel
• shipment of HLW to the repository site
• irradiation of MOX fuel in reactors
• packaging of the high level wastes (HLW) for storage for some extended period
• placement of the high level waste in the geologic repository
• (eventual) closure of the repository.

1 May be at different locations (away-from-reactor (APR) as opposed to at-reactor (AR) or in different
media (dry vs wet storage) - see Glossary for definition of terras.

2 These steps may be reversed if final conditioning facility is located at the repository.



For some countries there may be an opportunity to export spent fuel to Russia, with Russia
determining the subsequent fate of the fuel. It is not considered necessary to classify this as a
separated option, although its significance particularly to the countries involved in relation to the
HLW products of reprocessing, including wastes that might be returned to the country of origin,
would need to be taken into account. Furthermore, this paper considers domestic reprocessing and
commercial reprocessing abroad as the same option.

4.4. Deferring the selection of a strategy

This option simply defers selection of a strategy. Countries that are following this course,
either actively or passively are the intended readership of this TECDOC. The early stages that
characterize this strategy are identical to the first two stages of the other two approaches, that is:

• discharge of spent fuel
• storage of fuel for some time to allow for radioactive decay.

The remainder of the stages must await the selection of a strategy.

5. COUNTRY STATUS SUMMARIES

5.1. Country summaries provided at the TCM

From the work presented by the participants at the Technical Committee meeting the current
strategy of nine countries was examined. This material is presented below.

France

The domestic resources available to meet the French energy requirements are limited. The
oil crisis showed the uncertainties of fossil energy supply from foreign countries. So, energy
independence became a national objective. For economic and environmental reasons, France chose
nuclear energy as the main long term source for the production of electricity. As the French uranium
resources are limited, this policy includes a strategy for the back end of the nuclear fuel cycle based
on reprocessing, recycling nuclear materials for the best use of their potential to produce energy, and
appropriate processing of the waste. The availability of domestic know-how and technology in this
area and the continuity and consistency of the French governmental policy has contributed to make
this choice successful. Moreover, in France the closed cycle showed other advantages: development
potential, flexibility, public acceptance, and domestic economic activity.

Hungary

Hungary is a small country, with only one nuclear power plant with four WWER type
460 MW units. Spent fuel has been shipped back to the supplier (Russia). This situation was the basis
of Hungary's back end policy. Recent problems with the re-shipment of spent fuel to Russia forced
Hungary to reconsider the strategy. Negotiations with the fuel supplier on this issue are on-going, but
the preparations for establishing an interim spent fuel store have also been started. If the negotiations
on the further re-shipment are not successful, most probably the interim storage facility will be built.

Major issues in Hungary's decision making process were:



the only issue for Hungary, whichever option they take, is the disposal of radwastes,

because Hungary is a small country, with a small nuclear programme, reprocessing (if
chosen) would take place abroad,

only proven technology will be selected with resolved safety and environmental issues, i.e.
Hungary does not want a nuclear development programme,

economics are of great importance (no Plutonium credit, small size of the country and of the
nuclear power programme),

in Hungary it will be difficult to find a suitable permanent geological repository site, and

public acceptance presents a special problem, because the Hungarian people were told that
spent fuel would not remain in the country.

India

The Indian nuclear power programme is mainly based on self-reliance for the supply of
nuclear fuel. Therefore, because India has limited deposits of uranium but has one of the world's
largest deposits of thorium, the Indian nuclear power programme has three stages planned: first
pressurized heavy water reactors, followed by fast breeder reactors utilizing the plutonium recovered
in the first stage, and finally the U233-Th cycle for the third stage. This programme incorporates the
reprocessing and recycling option. Therefore technology development is being continued in
reprocessing, MOX fuel fabrication, recycling, and waste disposal. The progress achieved solar
clearly indicates that all these are technically feasible. Geological formations in some parts of the
country appear to offer the possibility for long term storage and even for disposal of high level
wastes; candidate sites for disposal are under investigation.

India is not in favour of disposing of spent fuel sent as waste because this is neither an
economical proposition nor an established safe practice. While the quantity of fission products
disposed of will be more or less the same as that in the reprocessing option, the plutonium to be
disposed of will be about 200 times more. Delayed reprocessing on the other hand, has the same
problem of safe temporary storage of a large inventory of spent fuel. Reprocessing and closing the
back end of the nuclear fuel cycle is now an industrial reality which enables the full exploitation of
the energy producing potential of uranium. Based on these techno-economical considerations Indian
strategy for the back end of the nuclear fuel cycle is reprocessing and recycling.

Japan

The national nuclear energy strategy of Japan was determined by the Atomic Energy
Commission of Japan. This was provided in the "Long Term Program for Development and
Utilization of Nuclear Energy", which was originally issued in 1956. It is reviewed every 5 years.
Detailed issues may be discussed and formalized by sub committees under the AEC. It is presently
being reviewed and it is expected to be re-issued by mid 1994.

In Japan, with a fairly large population, high economic growth, and scarce energy resources,
it is important to ensure the availability of a reliable and stable energy resource consistent with a
strong concern for non-proliferation and protection of the global environment. It was decided that
limited resources should be utilized conservatively to the largest extent possible, and that the
management of waste should be optimized to ensure the least burden to future generations. Uranium
and plutonium can be recycled and this, from a long-range point of view, provides a potential for a
more economical and stable energy resource. Furthermore, in the process of nuclear fuel recycling,
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it is possible to separate radioactive waste, especially the high level waste produced by reprocessing,
into a smaller volume that can be easily solidified into a stable form. Thus the back end of the fuel
cycle in Japan is based on recycling by reprocessing of nuclear fuel to:

make the best use of limited resources,
preserve a potential to become independent from foreign resources, and
optimize waste management.

Mexico

Due to the uncertainty about the economics of either the direct disposal or the reprocessing
option and to increase public confidence in the availability of a safe interim solution for the back end
of the fuel cycle, Comision Federal de Electricidad (CFE) increased the spent fuel storage capacity
of the Laguna Verde power plant to 3300 assemblies for each of the two units. Therefore, at present,
each unit of Laguna Verde has a storage capacity for one discharge in an emergency and for the total
expected fuel to be discharged during the commercial life of each reactor. In this way, CFE has
sufficient time to study other long term options for the back end of the fuel cycle of Laguna Verde,
which has two BWR units of 654 MWe capacity each, loaded with 444 fuel assemblies.

Slovenia

The continuous operation of nuclear power plant Krsko for almost eleven years has resulted
in approximately 130 tonnes of spent fuel stored in a pool at the reactor. Since it is anticipated that
available storage capacity would only be adequate until 2000 it is time to develop an appropriate
solution to the radwaste management issue. The essential condition for solving the problem
successfully and efficiently is the adoption of a national strategy (Slovenia has not yet selected a
national strategy) for radwaste management taking into consideration what might be done with spent
fuel. Among the factors which could affect national policy, two factors have been identified (in
Slovenia):

1. Size of the nuclear power programme - the nuclear power programme is very small and the
national economy as a whole is also very small. As a consequences, there are: limited and
non-defined financial resources available, and limited technological potential to develop a
solution.

2. Public Perceptions — the Slovene public is very sensitive about matters relating to the
environment, especially those relating to radwaste management. This situation is being made
worse by a lack of information, by the influence of some political parties, and by the lack of
a clearly expressed political will to solve such problems.

Spain

In the early 1970s when Spanish nuclear power plants started their operation, spent fuel was
sent abroad for reprocessing because this option was considered more attractive than direct disposal.
This was based on the conditions of the contracts available at that time giving credit for the uranium
and plutonium recovered, (based on the then projected price of uranium and the prospects for use of
plutonium), and the non-return of the wastes. In the early 1980s, due to the unavailability of the
continuation of these conditions, reprocessing contracts were not extended, except for the gas-cooled
reactor where reprocessing was required for technical reasons. Taking into account the nuclear
capacity of the country and the future prospects of the energy demands, the construction of a
reprocessing plant in Spain was not considered appropriate. The 1983 Energy Plan indicated that the
spent fuel must be considered, in principle, as a waste, without reprocessing. Since that time the
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Spanish strategy for the back end of the fuel cycle has consisted of the storage of spent fuel at the
nuclear power plants (NPPs) followed by a period of interim storage at a centralized facility. The
spent fuel will then be sent for final disposal in a deep geological repository. The adoption of this
strategy was based mainly on changes in uranium prices and the perception of future trends and on
the fact that in Spain there was no plan to recycle plutonium. There were also concerns about the
large number of waste types to be managed compared to those in the open cycle.

Finally, the adopted strategy is reversible. If the circumstances change, it is possible to
consider again the reprocessing option, taking into account that the final disposal of the fuel will not
occur until at least the year 2020 on current schedule for repository development. A substantial part
of the R&D activities foreseen for the spent fuel repository would also be common to the HLW
repository that would be required if the closed cycle were selected.

UK

After privatization of the UK's electricity supply industry in 1989, and even though the
companies operating the nuclear stations remain under Government control, the Government has made
it clear that decisions on spent fuel management rest with the companies. However, in 1986/87
industry and government studies concluded that reprocessing of Magnox fuel (uranium metal with
magnesium alloy cladding) must continue on technical grounds, and that in any event, direct disposal
of such fuel was unlikely to meet with public approval. Under, current plans, Magnox reprocessing
facilities will be operated until 2005/2006 and if station lifetimes are extended, that requirement could
be extended.

Nuclear Electric has contracted for the reprocessing of the spent fuel arisings from its AGRs
through the year 2005 in BNFL's THORP plant. Decisions beyond that time will be taken on
economic grounds. Scottish Nuclear, the other Company operating AGRs, has contracted for
reprocessing of its fuel arisings up to about 1995 but has decided, on economic grounds and subject
to planning consent, to dry-store subsequent arisings. Scottish Nuclear has not however decided
whether such fuel after storage would be reprocessed or directly disposed.

For PWR fuel (including that from Sizewell B which is scheduled to be in operation in 1994)
decisions will only be taken when appropriate. At-reactor storage facilities for Sizewell B and other
possible UK PWRs are designed to take 20 years or more of spent fuel arisings.

The waste management infrastructure in the UK is predicated on reprocessing. Whatever
longer term decisions are taken on spent fuel management, there will be a need to dispose of the
waste arisings from about 50 years of Magnox reprocessing and the UK commitments to THORP
reprocessing. This disposal requirement includes some overseas LWR fuel to which BNFL took title
under pre-1976 contracts.

USA

The current US strategy for the back end of the fuel cycle calls for interim storage of spent
fuel followed by direct disposal in a geologic repository. The ultimate decision for the US back end
strategy was made through an amalgam of political, economic, cultural, and technical considerations.

The main factors that shaped US strategy in the nuclear fuel cycle and choosing direct disposal
of spent fuel are:

Non-proliferation: Concern over the proliferation risks associated with the world-wide
accumulation of separated plutonium and its associated facilities led the Carter Administration
in 1977 to defer "indefinitely" commercial reprocessing in the USA. Although this embargo
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was lifted by the Reagan Administration in the early 1980s it was reimposed by the Clinton
Administration in 1993 (the proliferation issue remains a concern to the USA).

Economics: Lack of a clear economic incentive to reprocess spent fuel because of the
following factors:

Low uranium prices
oversupply of enrichment services
high MOX fabrication costs, relative to fabrication of fuel from virgin uranium

- high breeder reactor costs relative to LWR
high risk for capital investment in reprocessing facilities.

Geologic disposal of spent fuel (and the high level waste) will continue to be, for the
foreseeable future, a satisfactory option, as evident by an increasing world-wide scientific consensus
that this option would afford more than adequate protection to the population.

5.2. Country summaries for countries not participating at the TCM

Country strategy summaries for seven countries not participating in the TCM are given below.
These summaries were developed from material contained in the technical report: "Options,
Experience and Trends in Spent Nuclear Fuel Management" (Technical Reports Series No. 378,
IAEA, Vienna (1995).

Canada

Canada has a nuclear fuel cycle based on a unique reactor system, the CANDU, that uses
natural uranium in a once-through fuel cycle. The focus of current spent fuel management strategy,
in Canada, is interim storage using both wet and dry storage methods, followed by direct disposal of
spent fuel; if necessary, long term storage might be used prior to disposal. The question of fuel
reprocessing has been kept open in Canada. The reference disposal concept is encapsulation of spent
fuel in corrosion resistant containers and their deep underground burial in the plutonic rock of the
Canadian Shield.

Germany

The spent fuel management strategy in Germany is based on interim storage and subsequent
reprocessing of spent fuel. The waste will be disposed of in a geological repository. Additional
alternative back end fuel cycle techniques, such as the direct disposal of spent fuel without
reprocessing, are being tested and might at a later date be used for disposal of spent fuel that is not
suitable for reprocessing.

Republic of Korea

The continuous expansion and development of the nuclear power programme in the Republic
of Korea has resulted in the generation of a significant volume of spent fuel (2000 tonnes by 1993
and about 4000 tonnes by the year 2000). At present, the Korean programme is best characterized
as a heterogeneous mixture of PWR and CANDU reactors. Instead of following paths taken by other
advanced nuclear nations, the Republic of Korea plans to take advantage of the unique circumstance
provided by PWRs and CANDUs. The best solution for long term spent fuel management has not
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been established. Adoption of safe temporary storage for spent fuel and the reduction in the volume
of spent fuel arisings through increased fuel burnup have short term advantages. This will allow
sufficient time for Korea to establish its strategy. On the basis of this policy, the Republic of Korea
is trying to expand AR storage capacity for PWR spent fuel and to have interim storage of CANDU
spent fuel in dry concrete canisters. In parallel the option of recycling the uranium from spent PWR
fuel into CANDU reactors is being examined. The present strategy for spent fuel management is to
store it in AR storage pools and to later transfer it to the APR for several decades storage.

Russian Federation

At present the Russian Federation has nine nuclear power plants with a total capacity of 21
GWe producing over 11% of the total electric energy of the country. Spent fuel from WWER-440
and BN-reactors is reprocessed in RT-1 at Chelyabinsk, a plant with a reprocessing capacity of 400
tonnes of uranium fuel per year. The recovered uranium is used for RBMK fuel. Plutonium in the
form of dioxide is stored for future use in the BN-800 reactors. It is intended to reprocess WWER-
1000 spent fuel in a new plant RT-2 under construction at Krasnoyarsk. However, construction of that
plant has been halted. The WWER-1000 fuel is continuing to be stored at the RT-2 site. The storage
capacity of this facility is 6000 tonnes of uranium. RBMK spent fuel will not be reprocessed because
of its small fissile content (0.4% U-235, 0.25% Pu-239, 241). After cooling in reactor storage pools,
this fuel is shipped to intermediate storage facilities (APR) at the NPP sites to be stored for not less
than 40 years. It is expected that in the future RBMK fuel will undergo final disposal in geological
formations. The search for appropriate formations is now being carried out in various areas of the
country. Storage in water pools is still the prevailing mode. However, dry storage modes will become
more important in the future.

Slovakia

More than 55% of the electricity generated in Slovakia is produced by four commercial
reactors (of the WWER-440 type) located at the Bohunice site. Approximately 4500 spent assemblies
have been produced during the past 12 years of operation. Spent fuel is stored in at-reactor pools for
radioactive decay and then in an on-site wet intermediate storage facility. Part of the spent fuel,
produced in Dukovany NPP (in the Czech Republic) is also temporarily stored at this site. A small
part (about 17%) of the spent fuel was shipped to Russia. Several preliminary geological studies have
been carried out for the final spent fuel repository in The Slovak Republic. Final disposal is intended
to start in approximately 2030.

Sweden

About 50% of the electricity in Sweden is generated in 12 LWRs located at four sites and with
a total capacity of 10 000 MW. The four utilities have jointly created SKB, the Swedish Nuclear Fuel
and Waste Management Company, which has been given the responsibility to manage the spent fuel
and radioactive waste from its origin at the reactors to the final disposal. SKB has developed a system
for the safe handling of all kinds of radioactive waste from the Swedish nuclear power plants. The
keystones now in operation for this system are: a transport system; a central interim storage facility
for spent nuclear fuel, CLAB; and a final repository for short-lived, low and intermediate level waste,
SFR. The remaining system components being planned are: an encapsulation plant for spent nuclear
fuel and a deep repository for disposal of the encapsulated spent fuel and other long-lived radioactive
wastes.
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Switzerland

Switzerland currently has 3000 MWe being delivered from five nuclear power reactors. The
current spent fuel management and waste disposal programme includes reprocessing contracts for
spent fuel and which have extension options. A centralized interim store - ZWILAG - for spent fuel,
high level waste and low/medium level wastes from nuclear power reactors is being planned. The
Interim store for Federal Radwastes (BZL) started operation in November 1992, after only IVi years
of construction. Progress has been made on the development of a final repository for low and
intermediate nuclear waste.

6. FACTORS RELEVANT TO MAKING THE CHOICE BETWEEN OPTIONS

Selection of strategies for the back end of the fuel cycle in each country was/is being made
through an integrated consideration of economics, technical issues, future societal needs, continuity
of existing programs, concerns about acceptance, non-proliferation issues and other socio-political
considerations. All existing facilities, either for the once-through or for the closed fuel cycle, should
be designed to maximize safety and minimize radiation exposure. Each country has the responsibility
to manage materials and facilities so that threats to health, safety and the environment are minimized
for future generations as well as workers, regardless of which option is chosen.

In the course of discussions a number of participants from small countries observed that the
availability of regional facilities such as storage and disposal would ease their problem.

The Committee concluded that, although it would be possible and helpful to consider and
record the considerations that a particular country had taken into account in coming to their decision,
it was not feasible to produce a prescriptive procedure or algorithm that would allow other countries
to reach a decision, since inevitably many issues would be country specific. Nevertheless, from the
country reports presented above, the major factors relevant to the choice can be listed and illustrated
as appropriate from these reports.

6.1. National policy

Concerning the national policy, the main questions which are relevant to the choice of the
back end strategy are the following:

How does national policy and continuity of that policy affect the choice?
Does the country follow an energy self-sufficiency or limited dependence policy or not?
Has nuclear energy made a large contribution to the energy mix of the country or not? What
are the future desires?
Is the security of external resource supply good or not?

France and Japan, with a large nuclear programme (75% of electricity in France and 30%
in Japan) and a dependence on foreign resources, are committed to the closed cycle. Following a
limited confidence in the uranium commercial market, the Indian nuclear programme is mainly based
on self reliance for nuclear fuel in a closed cycle including plutonium recycling and then introducing
the thorium cycle. For the other countries, these factors do not seem to be relevant to the choice of
the back end strategy.

It may be national policy to allow utilities, as in the case in the UK, to make their own
decisions on back end strategy. In such circumstances the choice may vary from one utility to another
depending on their respective perceptions of the significance of the factors set out above.
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However, there may be other factors, not related to the back end of the fuel cycle that have
an overriding influence on the strategy chosen. This may be related to national aspirations or other
national issues. The situation in Sweden exemplifies this. The consequence of the referendum in
Sweden to phase out nuclear generation by 2010 is to pre-empt the back end strategy. It would not
make sense for Sweden under these circumstances to embark on a programme of recycle.

National policy on back end fuel cycle strategy for each country will result from the
weightings of all factors by that country.

6.2. Energy resources

The choice between the recycle and once-through options depends on the size of the nuclear
programme and the availability of energy resources. The main questions that must be addressed are:

What are the domestic energy resources, in terms of uranium and other sources, and what are
their respective costs?
Are plutonium and recovered uranium relevant energy resources for the country?
Does the country manage the energy resources with a short term vision or with a long term
vision?

France with limited alternative resources and Japan with scarce energy resources, each with
a large nuclear programme, are striving to minimize uranium use through a strategy involving the
recycle of plutonium and saving the uranium for future generations. Russia is also pursuing a similar
strategy which is providing a reduction in the use of domestic uranium. Conversely, the USA and
Canada, each with a large nuclear programme and an abundance of uranium, are more motivated by
considerations other than conservation and are pursuing the once-through cycle. The decision in
Sweden not to pursue a recycle strategy (nor to continue with nuclear generation beyond 2010) was
taken on grounds other than considerations of resources. Countries with small nuclear programmes
are unlikely to base their decision on general world-wide resource considerations.

6.3. International politics

In the area of international politics, the following questions must be addressed before selecting
a strategy:

Are the options consistent with the country's position with regard to the Non-Proliferation
Treaty?
Can the options be implemented under security and safeguards control to meet proliferation
risks, both in short term and in the long term?
Do bilateral or other international agreements influence the choice of a strategy?

There is a growing concern, especially in the USA, that there are increasing proliferation risks
associated with the potential world-wide accumulation of fissile materials. Specifically, the USA
announced in September 1992 in their non-proliferation policy, that they do not encourage the use of
plutonium and accordingly does not itself engage in reprocessing and separation of plutonium for
either nuclear power or nuclear explosive purposes. These concerns are being addressed by the Non-
Proliferation Treaty, the London guidelines and the many bilateral agreements related to the
production and use of fissile materials. Thus the major factor to be considered from an international
politics prospective in selecting a fuel cycle option is non-proliferation.

Non-proliferation must be addressed for all the stages of back end strategies. The IAEA
through its LASCAR programme has recognized the safeguardability of large-scale reprocessing
facilities. The UK and France operate commercial reprocessing and fuel fabrication facilities under
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the control of the IAEA, and they have demonstrated the security and safeguardability of recycling
plutonium. Japan also operates the closed fuel cycle strategy under safeguards. The safeguardability
of fuel storage has also been demonstrated by countries engaged in all strategies. Safeguards rules
have to be defined to ensure that fissile materials, if disposed, cannot be recovered from the waste.
This is especially true since the fissile materials get easier to recover as time goes by due to the decay
of fission products. In that the open and the closed cycle strategy bury quite different quantities of
plutonium, the application of those rules could be significantly different. In a related development the
USA has proposed a multilateral convention to ban production of fissile materials for nuclear
explosives. This proposal is called the Cut off Treaty international management arrangements on
separated plutonium.

In the option selection process, long term custody, storage, safeguards, the applicable
regulations, economic cost, and uncertainties must be considered in minimizing the proliferation risk.
Each country must consider transparency measures, and safeguards inspections as means of providing
assurance about their plans for holding and using plutonium for peaceful purposes. In countries in
which full scope safeguards are applied, all civil nuclear materials are placed under IAEA safeguards.
The IAEA accordingly applies their verification process, including inspection to plutonium production,
storage, and use. Some countries consider this essential for long term storage of spent fuel as well.

6.4. Environment and safety

Safety is not a primary issue in the choice of a back end option since all facilities would need
to be designed and operate to meet consistent standards. In the area of environment, the following
questions must be addressed before selecting a strategy :

Can plutonium and uranium be considered as waste?
Is there a national policy of conservation and recycle?
What are the environmental consequences of each option choice?
What are the wastes in terms of radionuclide inventory, volume and toxicity?
Over what time frame are these questions considered?

In the utilization of nuclear energy for power generation, the environmental effects including
the collective dose (see below) must be considered from the front end of the nuclear fuel cycle starting
with the uranium mining to the final disposal of radioactive waste. Thus in order to plan for the Back
End of the nuclear power programme, the first question is, "Is plutonium a waste?" Plutonium is
produced inside a reactor and reacts similarly to uranium-235 from the standpoint of power
generation. The amount of plutonium produced in light water reactors in spent fuel when ready for
discharge is comparable to the remaining uranium-235 in the fuel. Both the uranium and the
plutonium are recovered in the reprocessing. However, because of the low cost of uranium and
enrichment services, and for the prevention of nuclear proliferation, the USA has decided to dispose
of the spent fuel including the plutonium directly to a geological repository, treating plutonium as a
waste. Countries such as France and Japan consider plutonium a domestic energy resource, especially
for the long term and have ambitious development and commercial programmes. To these countries,
meeting needs of energy resources and at the same time conserving energy resources through the most
efficient use of uranium is the objective of recycling.

Evaluation of the toxicity of the waste is being done for both of the disposal options. The
technology for recycling has been commercialized and, even with the additional handling of
radioactive materials required in the closed cycle, no significant collective dose is expected in this
choice. No significant collective dose is expected from the direct disposal.

The inventory and/or the volume of the radioactive waste can not be determined without the
waste being well defined. In the closed cycle option, as plutonium is not considered to be a waste,
the inventory of the waste, especially for long term storage, is minimized. Waste packages are
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designed especially to minimize the volume. In France a significant reduction has been achieved;
efforts are planned to reduce the waste to be disposed in a deep repository to less than 0.5 m3 per
tonne of heavy metal. In the direct disposal option, volume reduction is achieved by removing as
much of the fuel assembly structural material surrounding the fuel pins as possible. Conservation
of natural resources for future generations is promoted in the closed cycle, especially with the fast
breeder reactor which was developed in a context of uranium shortage and may be able to use
uranium many times better than the one-through cycle.

In a general environmental analysis of the options including collective dose and toxicity of
waste, the time frame is very important. With a long term view to reduce the potential dose to the
public from disposal in the future, France and Japan have chosen the closed cycle.

6.5. Economics

In the area of economics, the following questions must be addressed before selecting a
strategy :

What is the investment cost of each option, including total cost and cost profile?
What are the available commercial services and cost world-wide for each option?
What are the front end fuel cycle costs and the perception of future trends?
What is the significance of the sources of funding?
What is the effect of the choice of an option on balance of payment?
How will the choice of the strategy effect employment?
How important are the economic risks of the investments for both options?
Is the country more concerned with short term or long term issues economic considerations?

Economic comparisons of the once-through and the recycle options generally show that for
today's technology and with the low price of uranium, there is some cost advantage to the once-
through cycle. The cost difference is not large and a recent OECD/NEA study concluded that for a
typical PWR the difference represents about 14% of the overall fuel cycle costs which is about 2%
of total generating costs. Moreover the OECD/NEA report also shows that if reprocessing is
conducted on the same timescale as direct disposal operations, the cost differential is essentially zero.

There are significant economies of scale for reprocessing; it is unlikely that a country with
a nuclear programmes producing less than about 800-900 t U/a would find it economic to build its
own reprocessing facilities unless it was able to sell reprocessing services to external customers as
the UK and France have done. A major objective of reprocessing is to develop advanced technology
to bring down the unit cost of reprocessing; this would allow smaller plants to be economic. However
a commitment to reprocessing on an early timescale to permit meaningful recycle of recovered
uranium and/or plutonium does imply a substantial early investment either as payment for external
reprocessing services or for the construction of domestic facilities. From the economic point of view,
it must be noted that those two possibilities have substantial differences. The first can imply capital
transfer for commercial fuel services. In the latter case there are also the substantial costs of
technology transfer to be faced on an even earlier timescale.

There are other economic considerations in the choice of back end options. Small countries
such as Slovenia and the Czech Republic would find it difficult to obtain the external credit necessary
to fund large investment programmes for reprocessing. This is one important economic reason why
such countries have adopted the strategy of interim storage prior to commitment to either the once-
through or the recycle options. There are other economic factors to be taken into account including
balance of payment reduction of recycle from reduced uranium and separative work requirements.
Such considerations are likely to be of greatest concern to countries with large nuclear programmes,
no domestic uranium resources, and which also depend on external fuel cycle services. Opportunities
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for employment may also be a consideration in both small countries and large countries particularly
during periods of recession.

Economic risk is also a major consideration; this would apply to the investment either in a
reprocessing facility or in a disposal facility, each of which is vulnerable to external political
pressures. The experiences with Barnwell reprocessing plant in the USA and more recently with the
Siemens MOX facility at Hanau and BNFL's THORP facility at Sellafield are examples of such risk.

Taking all of these issues into account, it is considered unlikely that economic considerations
will be a major factor in the choice between the once-through and the recycle options. They may,
however, have a substantial influence on small countries, encouraging a deferral of decision through
the adoption of interim storage.

6.6. Acceptance

In the area of acceptance, noting that issues of National and International Politics have been
addressed explicitly, the following questions must be addressed before selecting a strategy:

Is the licensing and regulatory process in the country likely to be more favourable to one
option?
Is public opinion more favourable to one option?
Will delay change the responses to these questions?

The responses to these questions will vary from one country to another. For the countries
which have postponed their decision on the selection of a strategy, (such as Hungary, Mexico and
Slovenia), public confidence is a major issue in the choice. For the countries which are committed
to a defined strategy, public opinion is also an important issue; communication with the public to gain
acceptance for the option selected are usually undertaken. In many countries the discussion of the
strategy is a public debate among the political parties; this results in a strategy which is acceptable
to the public. The major problem is disposal siting, no matter what strategy is chosen. Countries like
France and the USA have delayed the construction of a deep geologic repository because of the
difficulties in the acceptance of the repository site selection. They are now involved in studies on the
characterization of the sites and in a comprehensive acceptance process which involves the local
population and all levels of government organization. These activities have become codified in law
in those countries. In Japan the public would not accept the disposal of spent fuel with its fissile
content. In some countries such as Germany, public acceptance influenced decisions and led the state
to stop the development of domestic reprocessing activities, to delay the start-up of a MOX fabrication
plant and to examine at Federal level modification of Federal law to permit consideration of additional
alternative back end fuel cycle techniques such as the direct disposal of spent fuel without
reprocessing.

6.7. Technology

In the area of technology, the following questions must be addressed before selecting a
strategy :

Does the available domestic technology favour either of the options?
Is the domestic infrastructure able to receive the necessary technology?
Can the necessary technologies be developed?

Since nuclear energy requires an integration of high level technology, it is most important that
the country considering nuclear energy be aware of the domestic technology involved and available.
A reasonable technical infrastructure is required to complete any strategy in the back end of the
nuclear fuel cycle. For the existing nuclear power plants, research and design started as early as the
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1940s. Countries such as the USA and France have over 100 and 50 nuclear power plants
respectively. In order to design and construct a disposal site, whether for the closed cycle or the once-
through cycle, most of the countries have decided to use deep geologic repositories. However, in
order to choose the site, a thorough survey of the geological environment as well as a detailed
artificial engineered barrier design has to be done. In recent years excavation for site characterization
in the USA, and construction of an underground laboratories in Sweden and Switzerland have started.

Extraction and conditioning of fissile materials as well as the vitrification of the high level
liquid waste are required for the closed cycle. Because of the high and integrated technology involved,
large scale commercial reprocessing plant presently exists only in France, UK and Russia with Japan
just starting construction. Plutonium multiple recycling and actinide separation and transmutation must
be developed in the future to allow future improvements of the closed cycle. The technology required
to achieve these goals, is of the high and integrated nature; countries with small scale nuclear power
generation and which have no further plans to enlarge their programmes, do not seek to reprocess
domestically. Some of these countries seek these services from abroad. Although there are no plans
at present, some countries with small nuclear programmes look forward to regional disposal sites.

6.8. Siting considerations

Both the direct disposal option and the recycling option require a final disposal site for the
spent nuclear fuel and/or the high level waste. The delay option does also — but may delay the
process somewhat, at the cost of development of a monitored retrieval storage facility.

In the area of siting, the following questions must be addressed before selecting ä strategy :

What are the possible sites for disposal?
What are the possible sites for fuel cycle facilities?

The major considerations for siting of disposal facilities are suitable geology and public
acceptance. For some countries sea access or proximity may also be important. Suitable geology is
judged to be that which provides a ground retention time measured in thousands of years coupled with
seismic stability. This can be achieved in salt domes (such as that at Gorleben) but more commonly
in granite formations. The retention criteria can be achieved variously by relying on the so called near
field characteristics of the repository or by providing an engineered barrier. In Sweden a principle
has been adopted to rely primarily on a copper overpack to provide integrity for 105 to 106 years
whereas in the UK the intention is to rely almost exclusively on the repository characteristics. There
is no substantial difference in requirements for dealing with the high level waste (HLW) arising from
reprocessing or with spent nuclear fuel arising from direct disposal. The additional long term heat
loading arising from actinides in spent fuel does however give rise to a need for a larger repository.
The search for possible candidate sites, site selection and characterization (including the probable
requirement for an underground rock laboratory), and repository construction are likely to occupy a
minimum of ten years. This could well be extended if public opposition must be overcome. It is
possible that such opposition could be greater for the disposal of fuel containing plutonium than for
the disposal of the HLW arising from reprocessing.

Public acceptance usually relates to two groups, one in the immediate vicinity of a proposed
repository (or any major development) and the other, more general, arising from pressure groups
opposed to any development of nuclear facilities. Local opposition may be minimized by locating a
repository in an area, assuming it is geological acceptable, already enjoying the benefits from
employment in the nuclear industry and/or receiving development grants or other investment support
for such activities. The choice of Sellafield by NIREX as the preferred site for the UK's ILW deep
repository was made largely for this reason even though it is acknowledged that the geology there is
not ideal. In the case of Gorleben, opposition to the siting of the repository has been mainly from
external groups with broad anti-nuclear interests.
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Siting of fuel cycle plants and in particular reprocessing plants, poses geographical rather than
geological demands. Coastal siting of a reprocessing plant provides the potential for liquid effluent
disposal through dispersion and a reduction in the requirement for associated waste treatment
facilities. Countries with no coastal boundaries or with limited sea access are particularly
disadvantaged. France's La Hague facility, the UK's THORP and Japan's planned Rokashamura are
all on coastal sites which additionally have the advantage of access to sea transport. Such
considerations are of lesser importance for the establishment of plants required to prepare
(encapsulate) fuel for disposal. Proximity to large populations are undesirable particularly in respect
of radiation uptake.

6.9. Flexibility

In this area, the following questions must be addressed before selecting a strategy :

Does the country want to develop advanced technology?
Does the country anticipate the implementation of advanced technology?
Does the country wish to maintain the present "flexibility" by deferring an option selection?

The main difference between the flexibility of the first two fuel cycle options is in the overall
management and development of the nuclear power programme. Plutonium recycling reduces the
requirements for new uranium by about 14% in LWRs. With advanced technologies, especially
exploitation of fast reactors, savings could be substantially greater. This is a stated objective in
programmes in Japan, France and Russia. Flexibility on the other hand is not an important issue in
countries which have large uranium resources, which are not developing advanced reactors or which
oppose the use of plutonium. Further, countries with small programmes may find that plutonium
would not add flexibility. Such countries might have difficulty licensing its use or, once the plutonium
is separated, finding an acceptable disposal scheme.

6.10. Uncertainties

In this area, the following questions must be addressed before selecting a strategy :

Are there uncertainties in the regulatory approval of the operations to be implemented for
each strategy?
Are there uncertainties in the political approval?
What are the uncertainties related to the economics of each strategy?
Will these uncertainties be reduced over time?

Some countries think it is inevitable that with the collapse of the cold war and the concerns
associated with the disposition of weapon materials that these concerns should extend to separated
plutonium in the civil nuclear cycle and even to the concept of reprocessing itself. Thus in addition
to the domestic issues determining political approval, there is also an international dimension imposing
an umbrella of uncertainty that will remain, at least until a strategy of dealing with military plutonium
has been agreed internationally. Also, if a country felt that the uncertianties (political, technical, etc.)
would decrease over time, it might make the "deferral of the choice option" more appealing.

This uncertainty relates to both the recycle and the once-through options since it is not clear
that a resolution of the situation with military plutonium will ultimately lead to a political climate
favouring either disposal option. This international uncertainty is in addition to the domestic political
uncertainties that normally exist and which stem variously from national culture, national
organization, Government Parliamentary majority, proximity to elections and perceptions of the
public. Such issues are often country specific and may weigh more heavily with one option than with
another. There are additional uncertainties related to regulatory aspects of planning, construction and
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operation of facilities. These uncertainties are of particular relevance even after investment approval
and construction of a facility, since operation may be substantially delayed or even denied in the
approval process.

Cost studies of the direct disposal option and the recycle option show a relatively small
difference in overall fuel cycle costs. The recent OECD/NEA study concluded that such a difference
was negligible in light of the cost uncertainties of either option. Such uncertainties, which are country
specific, will encourage deferral of a decision and adoption of interim storage of spent fuel rather than
influence the choice of one disposal option rather than another.

7. CONCLUSIONS

Countries with nuclear power programmes are pursuing the once-through (direct disposal)
option, closed cycle (recycling) option, or alternatively they are deferring a decision on which of these
options to select. The reasons for selecting a national strategy are specific to each country and are
based primarily on economic and political considerations. From the information given by experts from
those countries represented, the following conclusions emerged:

1. Countries with recycling and reprocessing as a back end strategy typically have limited energy
resources and a strong nuclear programme. These countries have chosen to use commercial
reprocessing and/or invest in domestic reprocessing capacity. They consider plutonium a
useful energy source and advocate recycling of it to exploit its energy potential fully as an
acceptable back end strategy to ensure national energy independence and waste management.
They operate recycling under security and safeguard control.

2. Countries with monitored retrievable storage and direct disposal as a back end strategy have
selected this option for non-proliferation and/or economic reasons and then for social and
cultural considerations. From the proliferation prospective, the USA considers that separation
of plutonium would result in large amounts of plutonium in civil commerce leading to
concerns about proliferation of nuclear weapons. From the economic prospective, they find
that the immediate expense for recycling is great and the uranium price is currently low.

3. Many countries with small nuclear power programmes have not yet made a decision and are
storing the spent fuel due to uncertainties in which strategy to adopt. They have chosen to
delay the selection of a specific disposal option.
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Abstract

France has chosen the "closed" fuel cycle with reprocessing of spent nuclear fuel and recycling of plutonium
and uranium for several reasons. The closed cycle option makes sense from a long term view (centuries not just
decades) where nuclear is expected to continue to play a major role. This is because this option conserves energy
resources (raw materials) and provides a degree of flexibility. It also minimizes environmental impact (waste volume
and toxicity minimized) and promotes non-proliferation goals — no plutonium is left in unsafeguarded spent nuclear
fuel. At present plutonium is recycled as MOX in LWRs; eventually FBRs will be developed and used.

1. INTRODUCTION

France has limited indigenous energy resources to meet its power requirements. The oil crisis
brought this fact home and provided a case study of the vulnerability brought on by dependence on
foreign supplies of fossil fuels. From that point forward, energy self-sufficiency became a national
objective for France, and nuclear energy was chosen as the only viable long-term energy alternative.
Because France also has limited uranium resources, an important feature of the nuclear energy
program is a "closed" fuel cycle, including reprocessing of spent fuel, recycling of recovered energy
materials, and processing of remaining waste into safe final forms for disposal. Not only is there a
political consensus on these goals, but the industrial infrastructure and technological capability are in
place in France to achieve them.

Thus, the French strategy in the back end of the fuel cycle is based on uranium and plutonium
recycling in power plants and disposal of final waste forms. The strategy uses today mixed oxide
(MOX) fuel in light water reactors. This paper sets forth the bases for the French
reprocessing/recycling strategy and describes how it is put into action.

2. BASIS FOR STRATEGY SELECTION

Two strategies for the back end of the fuel cycle are in competition with each other:

• the "open" fuel cycle in which the spent fuel is considered to be waste, and

• the "closed" fuel cycle in which nuclear materials are recycled and waste is processed for
disposal.

The open fuel cycle strategy is characterized primarily by the fact that the fuel discharged
from the reactor is considered to be a waste from which no reusable material is sought and which is
destined to be disposed of in a deep geologic formation. The various stages necessary for
implementing this strategy are the discharge of spent fuel, fuel storage for about 3 years to allow for
radioactive decay, shipment in specialized casks, storage in a centralized facility for several decades,
conditioning for final disposal and shipment to the repository site, placement in the geologic
repository, and closure of the repository. Various concepts for these operations are under
examination, particularly in Sweden, Germany, Canada and the USA.
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The closed fuel cycle strategy is based on recycling of reusable materials contained in the
spent fuel, particularly plutonium and uranium, and on optimized management of non-reusable
materials, including waste minimization and processing into safe final forms. The stages necessary
to implement this strategy are spent fuel discharge, fuel storage for at least 3 years to allow for
radioactive decay, reprocessing to separate the plutonium and uranium and to process the waste into
final forms, fuel fabrication using recycled materials and burn up in a reactor, storage of solidified
waste in a centralized facility for several decades, placement of the waste in the geologic repository,
and repository closure. Countries that are engaged in the closed fuel cycle strategy are France, Japan,
UK, Germany, Switzerland, Belgium, Russia, India and China with each country in varying stages
of industrial implementation.

In addition, many countries decided to postpone their decision on the selection of a strategy
to a later date. This postponement is based on a retrievable repository for spent fuel, similar in design
to the storage phase necessary for the open fuel cycle.

For countries opting for the closed fuel cycle, this choice accompanies an energy policy in
which nuclear makes major contribution. The principal reasons invoked for this choice are energy
self-sufficiency and long term vision encompassing good resource management for the future
generations. Countries opting for the open cycle or postponing their decision put forward short-term
economic considerations linked primarily to the very low price for uranium or political considerations
concerning proliferation.

In the light of these elements, the principal bases for selection of a strategy for the back end
of the nuclear fuel cycle are 1) economic — energy policy, time scale covered by political vision and
2) responsibility towards society — whether or not natural resource use is optimized, minimization
of environmental impacts, non-proliferation control of fissile materials.

Energy Policy

The selection of an open or closed fuel cycle strategy makes sense only if the country's
energy policy includes a continuous nuclear program: in the case of a scheduled stoppage of the
nuclear program, for example, the closed fuel cycle is not very attractive. The selection of the closed
fuel is particularly attractive when the government is committed to energy self-sufficiency and when
there is a pro-active nuclear program.

Political Time Frame

Long term vision (several decades or hundreds of years) may be characterized by various
concerns: taking into account the needs and rights of future generations, requirement for a certain
amount of flexibility in the energy supply system to contend with economic and political unknowns,
organization of power generation to favour the long-term rather than short-term economic
profitability, commitment to progress including perfecting existing technologies and developing
solutions for future challenges, making decisions today rather than postponing them to a future date.
This vision naturally leads to the selection of the closed fuel cycle. Inversely, short-term
considerations such as immediate availability of natural resources and their current price may favor
the open fuel cycle strategy, in a context of relative abundance linked to depressed market prices.

Resource Conservation

Strictly from an energy point of view, uranium shortages are not expected to occur over the
short to mid term, based on worldwide uranium reserves and consumption projections. Nonetheless,
it is unreasonable to expect the uranium market to escape the ups and downs and price runs that affect
all other raw materials, especially since annual uranium production in market economy countries has
fallen short of satisfying worldwide nuclear power plant requirements for several years. The average
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price of uranium over the long term will be higher than today's price, which has been kept artificially
low by the draw-down of large inventories.

Beyond this consideration, conservation of raw materials such as energy whenever possible
is clearly a civic duty. Uranium and plutonium recycling does this. One gram of plutonium is the
energy equivalent of one tonne of oil. Through recycling, one fourth of the natural uranium reserves
can be conserved.

Environmental Protection

Radioactive waste disposal is a sensitive issue with long-term environmental ramifications.
To the extent possible, radioactive inventories and waste volumes must be minimized and waste
conditioning must be highly reliable for disposal. Plutonium recycling and the closed cycle contributes
to these aims. In fact, the volume of waste requiring disposal, including vitrified fission products and
solidified waste from reprocessing plant operation, is less than the initial volume of the fuel, and
plutonium in spent fuel is recycled instead of disposing of it in the environment as waste.

Non-proliferation

The closed fuel cycle makes it possible to achieve two important non-proliferation objectives:
1) to control the inventory of fissile materials, and 2) to safeguard fissile materials by international
organizations. As a result of these safeguards, plutonium separated by reprocessing and recycled into
fresh fuel is protected at all times; the same cannot be said for the plutonium contained in
unreprocessed spent fuel elements in repositories which tends to create disseminated "plutonium
mines", from which the fissile materials get easier to recover as time goes by, thanks to the decay
of fission products.

3. THE FRENCH STRATEGY FOR THE BACK END OF THE FUEL CYCLE

Originally, reprocessing technology was developed for defense purposes. Later, as civilian
nuclear power programs grew, the question of what to do with the spent fuel arose.

In the energy-poor 1970s, inaccurate predictions of an exponential growth in energy
requirements, coupled with the perception that uranium resources were scarce, led to fears of a
uranium shortage. This, in turn, prompted the adoption of reprocessing and recycling policies by a
majority of the nations that would be affected by such a shortage. At the same time, France, Germany
and Japan planned major construction programs for large-scale fast breeder reactors. These reactors
were designed to produce more fissile energy material than they consume by transforming non-fissile
uranium into fissile plutonium.

Thus, uranium, which in its natural state contains 99.3 % of non-fissile U-238, would be used
more efficiently than in today's conventional reactors, which run on energy generated by U-235,
available in only 0.7 % of the natural uranium. The only way to provide the initial core of plutonium
fuel required by fast breeder reactors, such as Superphenix, is to separate the plutonium from
conventional fuel by reprocessing.

In the late 1970s, a decision was made to upgrade the La Hague plant from 400 to 1,600
tonnes per years. The UP3 plant started up in August 1990: through the year 2000, the plant's 800
tonne per year capacity is reserved for fuels from the foreign utilities that financed its construction.
The UP2-800 plant is scheduled to start up in mid-1994; it also has an 800 tonne per year capacity,
which is set aside to the year 2000 for Electricité de France (EOF) fuel.

In the mid-1980s, when it became apparent that there were large uranium reserves, that
energy consumption would grow at a reasonable rate and that widespread use of the breeder reactor
was not an attractive near-term solution, the reprocessing-recycling solution was re-examined. Studies
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conducted at that time confirmed the attractiveness of recycling with plutonium no longer destined
to be recycled in breeder reactors, but rather as mixed uranium/plutonium oxide fuel (MOX) in
Electricité de France's (EDF) conventional light water reactors. There was already a substantial
experience base in the development of MOX fuel, which had begun 30 years earlier in Belgium and
Germany, and the technical and economic feasibility of recycling in the form of MOX fuel had been
demonstrated in Belgium, Germany and France at sites such as the Franco-Belgian Chooz reactor.

The resulting reprocessing-recycling policy, forged in 1985, has been pursued unchanged ever
since: COGEMA is completing the La Hague plants and is building MOX fuel fabrication facilities
with a throughput coherent with that of the plutonium separated at La Hague, while EDF is gradually
introducing MOX fuel into its reactors.

After these historical data about the French strategy, the major features of the current
"reprocessing — conditioning — recycling" national strategy for the Back end are described in the
following paragraphs.

3.1. Use of uranium and plutonium in light water reactors

Plutonium recycling is more widespread than one may think. In fact, when one considers that
a significant portion of the plutonium formed by irradiation of uranium fuel in the reactor core enters
into the fission processes, thereby contributing to power generation, one could say that all nuclear
reactors inherently recycle plutonium to some extent. To illustrate, about 600 kilograms of plutonium
are formed annually by transmutation of U-238 in a 900 MWe French PWR fuelled with enriched
uranium and operated in quarter core mode (45 000 MWd/t). Four hundred kilograms of this
plutonium enter into fission, accounting for up to 40% of the electrical power generated by the
reactor.

Extrapolating these figures to worldwide reactors, it becomes apparent that a significant
percentage of the world's electricity is in fact generated by plutonium fission. With such a potent
source of energy available to us, it seems only natural to seek to recover plutonium from spent fuel
and recycle it into fresh reactor fuel.

The first application for recovered plutonium is to reload it in the reactor which produced it,
replacing fissile U-235 with the fissile isotopes of plutonium and thereby conserving uranium.

EDF's experience in the use of MOX fuel dates back to 1974 and experiments conducted in
the Chooz Al reactor, a 310 MWe PWR. The utility committed to large-scale plutonium recycling
in French light water reactors in 1985. The Bl unit at Saint Laurent was first loaded with MOX in
September 1987; the B2 unit at Saint Laurent was loaded with MOX in September 1988; and in 1989,
units Gravelines units B3 and B4 and Dampierre unit 1 were loaded with MOX. None of these
reactors have experienced any significant operating difficulties. By late 1992, 140 tonnes of MOX fuel
containing approximately 8 tonnes of plutonium had been loaded in light water reactors in France.
In addition to recycling plutonium, French MOX fuel is fabricated with a depleted uranium structure,
thus partially recycling that material.

The French recycling strategy for the coming years is to balance the production of plutonium
in reactors and the use of this plutonium in MOX fuel. Of EDF's 52 light water reactors in service,
16 are currently licensed by the regulatory authority to load 30% of the core with MOX fuel. MOX
loading in those reactors could increase significantly as new MOX fuel fabrication capabilities become
available after 1995.

Twelve more French light water reactors could be licensed and loaded with MOX fuel without
technical modifications. In addition, the design of the future N4 reactor series (1450 MWe PWR)
includes a core with 30% MOX fuel.
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MOX fuel design will continue to be improved, particularly in terms of burnup. The MOX
operating license allows a maximum burnup at 39 GWd/t for a third core fuel reload cycle. Research
is under way to bring MOX fuel performance to the highest levels currently achieved with uranium
fuels, which have an average burnup of 45 GWd/t. During the transition period, the reactors will be
operated in a hybrid scenario: quarter-core fuel reload for uranium oxide fuels, third-core fuel reload
for MOX fuels.

Lastly, the French nuclear fuel cycle industry has the necessary resources to fine-tune its
recycling strategy in the future: the feasibility of industrial recycling of reprocessed uranium has
already been demonstrated, and the specific requirements for multiple plutonium recycling — which
will be implemented in a decade or so — are currently being studied. In addition, research and
development continues in the fields of advanced light water reactors and breeder reactors, particularly
with regard to optimized plutonium management.

3.2. Fabrication for recycled fuels

The CFCa facility at Cadarache, initially designed to fabricate fast breeder reactor fuel, is
now dedicated to the fabrication of MOX fuel for PWR's. Its 1992 production of 9 tonnes for fuel
was increased to 15 tonnes in 1993 and will rise to 35 tonnes by the end of the century. In addition,
Cogema and Belgonucleaire are partners in the fabrication and marketing of MOX fuel, particularly
through their subsidiary Commox. Belgonucleaire's PO plant in Dessel produced 32 tonnes of MOX
fuel in 1992. All of these resources and associations have given France commercial experience in the
fabrication of plutonium fuel for light water reactors.

Pursuant to a 1985 EOF decision to recycle plutonium in its light water reactors, Cogema
began construction of the Melox plant at Marcoule. The plant, with a nominal capacity of 120 tonnes
of heavy metal per year, will begin operating at a capacity of 50 tonnes of fuel in its first year of
operations in 1995, with annual production rising to 100 tonnes by 1996 and to approximately 160
tonnes by the year 2000.

France is also in a position to fabricate fuel using re-enriched reprocessed uranium at its
uranium fuel fabrication facilities.

3.3. Materials separation during reprocessing

Spent fuel reprocessing has two objectives: to separate reusable materials particularly
plutonium and uranium, and to safely manage the waste. Industrial reprocessing experience began in
France with the UP1 plant at the Marcoule site, dedicated to gascooled reactor fuel. With respect to
light water reactor fuel, current French capabilities are as follows:

the UP2 plant at the La Hague site, with a nominal capacity of 400 tonnes per year through
1994 and of 800 tonnes per year beyond that time as the result of the UP2-800 upgrade
project;
the UP3 plant, also at La Hague, with a nominal capacity of 800 tonnes per year, in operation
since 1989-1990. Contracts with foreign utilities cover the operation of the UP3 plant for 10
years.

By the end of 1992, 4800 tonnes of fuel, of which 1600 tonnes was French fuel, had been
reprocessed by Cogema at the La Hague site. Thanks to progress achieved in the past ten years, today
France has an excellent mastery of reprocessing processes:

over 99.5% of the plutonium and uranium contained in the fuel is separated,
the level of impurities in the plutonium is less than IjitCi/g (for the specified and regulated
figure of 8 /*Ci/g), and
waste treatment and solidification is integrated into the process.
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Over 8000 tonnes of French PWR fuel is committed for reprocessing in the UP2-800 plant
(including amounts already reprocessed). In the coming years, the French strategy is to adjust the
amounts reprocessed, and MOX fuel fabrication, in order to minimize the amount of plutonium in
storage.

By 1995, France will have a commercial reprocessing capacity of 1600 tonnes per year, able
to meet well over all French requirements (EOF discharges approximately 1000 tonnes of fuel per
year). Moreover, the new plants are designed for new fuel designs, particularly the increase in burnup
and the discharge of MOX fuel.

In addition, new improvements are planned, such as the removal of americium from the
plutonium, which will make it possible if necessary to rejuvenate aged plutonium.

3.4. Waste management

From the beginning, the French nuclear fuel cycle industry has been concerned about what
happens to its waste, and it has acquired substantial industrial experience in its solidification, storage
and disposal. In the closed fuel cycle, the following waste is packaged at the reprocessing stage:

technological waste generated by equipment contamination during plant operations,

activation products contained in non-fuel bearing components (hulls and endfittings of
assemblies) activated by neutron capture during irradiation in the reactor and separated after
fuel dissolution in the reprocessing plant,

fission products and minor actinides from neutronic reactions in the fuel, which are also
separated by reprocessing.

The first type of waste is primarily low level or Category A waste, which can be disposed
of in a near surface facility. The volume of such waste is roughly 80 m3 per year for loading one
reactor with MOX fuel, to be compared with an average 2500 m3 per year of mine tailings avoided
thanks to MOX fuel substitution to uranium fuel. The second is medium level or Category B waste
containing long-lived elements. The last is high level or Category C waste containing long-lived
elements.

All waste is packaged in containers in solidified form. Each category of waste has its own
process designed to provide radioactive containment, such as the vitrification of fission products, also
an integral part of the reprocessing process.

Major efforts have been devoted to waste volume reduction, whether the waste is low level
or destined for geologic disposal. In terms of high level waste, the goal is to reduce volumes to
0.5m3 per tonne of initial heavy metal by the year 2000.

The Centre de la Manche near surface disposal facility, opened in 1969 for low level waste,
has received 500 000 m3 of waste and is in the process of being closed. A new low level waste
disposal site has been created to the Centre de l'Aube, which has a capacity of 1 000 000 m3 and
began operating in January 1992. Waste shipped to these facilities comes primarily from normal
reactor operations but also from fuel cycle and medical facilities. Both sites are managed by Andra,
the national radioactive waste management agency, created in 1979.

There is substantial experience in France in storing long-lived waste at the production sites,
particularly vitrified products, whose thermal release requires a storage phase for cooling prior to
final disposal. In addition, Andra is charged with recommending a site for the construction of an
underground laboratory designed to test various repository concepts prior to selecting a site for a deep
geologic repository, which is to be available in the early part of the twenty-first century.
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3.5. Research and development

Major R&D programs are being conducted in the areas of 1) recycling and 2) reprocessing
and waste management in support of spent fuel management.

Recycling Research

Research on recycling focuses on the recycling of plutonium in existing reactors, including
both LWR's and FBR's, and later in advanced LWR's and dedicated FBR's. The near-term goal for
plutonium recycling is to increase the number of LWR's loaded with MOX and to reduce or even
eliminate the constraints associated with the presence of this fuel in the core. Recycling research
concentrates on increasing the fuel reload rate from the current third-core to quarter-core and on
demonstrating the potential for load-following.

Advanced LWR reactor research targets reactors designed specifically for plutonium recycling
and capable of operating with a 100% MOX core, which presents the advantage of operating at a
negative plutonium balance. This goal will require several modifications, particularly to the
moderating ratio. Research is in progress on both under-moderated reactors and reactors with higher
moderating ratios. Nonetheless, the decline in the isotopic content of plutonium after multiple
recycling is an inherent limitation on plutonium recycling in LWR's.

FBR operated in "burner" mode also results in a negative plutonium balance, but has the
added advantage of producing plutonium with good isotopic quality regardless of their configuration
or the number of recyclings. Accordingly, the isotopic content of MOX fuels previously recycling in
a LWR can be rectified in an FBR. Table I compares the plutonium balance for the subject reactor
types.

TABLE I. PLUTONIUM INVENTORY BY REACTOR TYPE

Plutonium
(kg/yr)

Loaded

Balance

PWR

U02
33 GWd/t

0

+256

MOX
33 GWd/t

409

+69

Advanced
PWR

MOX
56 GWd/t

1 250

-150

FBR

Breeder
80 GWd/t

1 719

+200

Burner
80 GWd/t

2500

-300

The CEA recently began work on the Capra research program, which centers on reactors
designed specifically to burn plutonium and is looking at 1) reloads with either MOX fuel with over
30% plutonium, nitride fuel, or non-uranium bearing fuel, and 2) innovative fuel designs, including
testing of new fuel matrices such as cerium or yttrium as part of the Masurca program.

Waste Management Research

The Waste Act of December 1991 identifies three major objectives for long-lived radioactive
waste research programs to be conducted over the next fifteen years:

reduction of the long term toxicity of long-lived waste by partitioning and transmutation;

evaluation of retrievable and non-retrievable disposal options in deep geologic formations
through the creation of underground laboratories; and

solidification and long term surface storage of waste.
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The CE A launched a major long term R&D program called the SPIN program on separation
and incineration of long-lived (actinides) in response to the first of these research objectives. Spin is
divided into sub-programs: Puretex and Actinex.

The Puretex program, to be conducted during the 1991-2000 time frame, focuses on volume
reduction of waste from reprocessing to 0.5 m3 per tonne of reprocessed heavy metal. This will be
accomplished by modifying the Purex process, particularly through reduction or elimination of
sodium, by new liquid waste management methods designed to eliminate the bitumen waste form, and
by improved waste solidification processes, such as hull compaction. The other goals of the Puretex
process are to enhance plutonium separation and first-stage separation of minor actinides, particularly
Np-237.

The longer term Actinex program focuses on separation and transmutation of long-lived
elements to reduce waste toxicity, initially by a factor of 100 (within 20 years) and ultimately by a
factor of 1 000 (within 40 years) compared to direct disposal for spent fuel. In the separations area,
several paths are under investigation to achieve these volume reductions:

simultaneous extraction of actinides and lanthanides in steady state oxidation (valence III for
Am, Cm and lanthanides) followed by separation of each series;

selective extraction of actinides in steady state oxidation in nitric solution with specialized
products; and

selective extraction of a actinides with a valence of greater than III after oxidation (IV or VI).

Separations research currently targets types of extractants: diamides (including picolinamides)
and macrocycles (crown ethers, calixarenes). Tests on non-simulated, active solutions may be
performed in 1994 in the laboratories of the Atalante facility at Marcoule, licensed for radioactive
operations in December 1992 and dedicated to research on high level chemistry.

After chemical separation, the long-lived minor actinides and fission products may be fixed
with fuel or made into target elements for transmutation. Transmutation research is looking at two
paths:

data validation for incineration tests ( cross-sections, assays, decay calculations), and

parametric studies to identify parameters and assess the feasibility of actinide incineration
(reactor type, fuel type, etc...)

In an experiment called Superfact run in the Phénix FBR, fuel elements with low (2%) and
high (40-45%) Am and Np concentrations were tested to demonstrate the feasibility of design,
fabrication and irradiation of this type of fuel and to compare their performance to that of
conventional fuel elements. A panel of experts consulted by the Ministry of Research has
recommended that similar tests be conducted on a larger scale into the Superphenix reactor.

The Superfact II experiment looks into high burnup fuels to achieve high transmutation
efficiencies, with testing to be conducted in the Osiris research reactor to validate the PWR model
as part of the Actineau experiment. In parallel, research will be conducted on the use of
Pu/Am/Np/Cm oxide fuel in advanced reactors such as the EFR and on accelerators, including hybrid
systems such as the proton accelerator in subcritical mode.

The CEA is also conducting research in the other two areas mandated by the 1991 Waste Act:
1) evaluation of retrievable and non-retrievable disposal options in deep geologic formations through
the creation of underground laboratories, and 2) solidification and long-term surface storage of waste.
In particular, the long-term behavior of radioactive concrete, bitumen and glass waste forms when
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exposed to leaching has been studied for many years to model radionuclide release rates. These
models will be validated in the underground laboratories, two of which should be operational by the
year 2000.

4. CONCLUSION

The essential alternative in spent fuel management is the choice between recycling and
non-recycling, with its impact on waste minimization. Such choice mainly depends on the continuity
of nuclear energy programs in a global energy strategy.

Those countries which recognize the long term future of nuclear energy will also recognize
the validity of a closed nuclear fuel cycle, thus limiting the drawdown of natural resources and
disposing only of the ultimate waste.

On the contrary, countries which choose the open fuel cycle — unless they have decided to
abandon nuclear energy — or a "wait and see" attitude, will ultimately be faced anew with the issue
of what to do with accumulated spent fuels, in view of the inevitable trend towards rational use of
energy resources and waste minimization.

The French view is basically that we should not leave the burden to solve that issue to future
generations, but we should prepare today the solutions for tomorrow: the RCR policy
(Reprocessing/Conditioning/Recycling) is essentially a solution for progress with a relative — and
bound to decrease — impact on the price of KWh from nuclear generation which is negligible when
compared to long term challenges.
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STATUS OF THE NUCLEAR FUEL CYCLE
BACK END STRATEGY IN HUNGARY

G. BUDAY
Paks Nuclear Power Plant Ltd,
Paks
G. FERENCZI
ETV-EROTERV Rt, Power Engineering Contractor Co.,
Budapest
Hungary

Abstract

Hungary has one nuclear park which includes four VVER-440 type units. Originally, shipment of spent
nuclear fuel to the USSR had been planned during the lifetime of these units. However, with the changing political
situation, it is no longer possible to ship spent nuclear fuel to Russia. A facility to store the spent nuclear fuel at the
facility through the year 2040 is now under construction.

1. INTRODUCTION

The Paks Nuclear Power Plant Ltd (Paks NPP) operates the only nuclear power plants in
Hungary, consisting of 4 WWER-440 type units, each with 460 MWe capacity. The units were
commissioned in 1982, 1984, 1986 and 1987. These NPPs generate almost 50% of the Hungarian
electricity. Their continuous operation demonstrates the stability of the Hungarian electricity system.

2. ORIGINAL PLAN FOR THE BACK END OF THE FUEL CYCLE

The fresh fuel is imported from Russia (previously from the Soviet Union). According to the
agreement between the operator of the plants and the Supplier, the spent fuel could be shipped back
to Russia after 5 years of storage in the spent fuel pools at the plants. The first shipment according
to the agreement was carried out in 1989, from unit I using the standard Soviet Railway Transport
Unit, which includes 4 containers of the TK-6 type.

An average of 120 spent fuel assemblies are discharged from each reactor of Paks NPP
annually, which is equivalent to 14.4 tonnes of HM. The capacity of near-reactor cooling pools (due
to introduction of compact racks) allows cooling of the spent fuel assemblies for five years. In the
sixth year it is not possible to discharge the spent fuel taken from the reactor unless the needed
positions are emptied.

According to the original practice 1-2 times per year the spent fuel assemblies were shipped
back to the Soviet Union (later to Russia), providing the necessary cooling pool capacity. If the
number of places emptied in the cooling pools by shipping back the spent fuel is less than the quantity
of the annually produced spent fuel assemblies, it would become impossible to operate the NPP (we
can take actions which delays for a short time with great difficulties the necessity of shutting down).
The shipping back of the Hungarian spent fuel to the Soviet Union (Russia) according to the original
practice was regulated by a private law contract. The spent fuel assemblies were reprocessed in
Russia, and all the products produced during reprocessing (radwastes of different activity levels, the
plutonium, and the uranium) stayed in Russia. The number of the spent fuel assemblies sent to Russia
under the contract and the price for these services have been negotiated annually. The price of the
back-shipment has increased each year, but even so Hungary favoured this practice, bearing in mind
that the produced wastes were not returned to Hungary.
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3. CHANGES IN THE BACK END STRATEGY

With the political and economic changes that started in Russia, the NPP's management has
recognized that the back end of the fuel cycle has become uncertain. Therefore since 1990 work is
going on to develop new back end ideas, which according to our opinion will be optimal for the
Hungarian Republic under these conditions and is acceptable in the international (IAEA) practice,
especially for small countries. The plan is to construct an intermediate spent fuel storage, facility to
store the spent nuclear fuel for 50 years, with the final option: either direct disposal or reprocessing
to be determined at a later date.

4. STEPS TAKEN TO DEVELOP A NEW Back end STRATEGY

The key issue in the development of the new strategy is the selection, licensing and
construction of the intermediate spent fuel storage facility. With this aim the following actions were
taken at Paks:

Making use of the WANO's information channels the Paks NPP obtained information on the
ways to deal with insufficient spent fuel storage capacity. As a result of this review of the
options (further expansion of the storage capacity, rod consolidation, temporary storage in
other countries, reprocessing, final direct disposal, long term interim storage) the intermediate
storage was found to be the only feasible option.

The early concepts could not be compared due to differences in assumptions. After receiving
information on potential companies, we decided to call for Feasibility Studies, to be made on
a common basis from the companies which we considered to be most reliable on the basis of
available information. We have already involved the Hungarian Licensing Authority (NBF),
the ERÖTERV and a Swedish Engineering Company (SKB) to ensure unambiguous and
adequate criteria and input information.

We have received Feasibility Studies from seven vendors between August and November
1991: CEC ALSTHOM - MVDS; GNS (GNB) - dual purpose container; NAC — dual
purpose container; IVO — wet store; ONTARIO HYDRO — concrete container;
WESTINGHOUSE-SKODA — dual purpose container; and PACIFIC NUCLEAR —
NUHOMS (HSM).

During the Feasibility Studies we prepared our evaluation criteria and entered into contracts
with those Hungarian institutes involved in the evaluation process (7 companies). We also
invited the IAEA to become involved in the decision process particularly regarding safeguard
issues.

After receipt, the Feasibility Studies were submitted to the Hungarian Authorities, to the
Hungarian Scientific Institutes, to the IAEA, to SKB and to the evaluation team of the NPP.

We have scheduled a series of hearings for the seven foreign vendors where the
representatives of these were present, giving the opportunity to the vendors to provide
additional information and the opportunity to everyone else to ask questions concerning the
technical details.

Subsequently, the Hungarian Scientific institutes, SKB, and Paks NPP, independent carried
out their evaluations and those opinions were combined.

The IAEA under the Irradiated Fuel Management Advisory Programme (IFMAP) assembled
a team of experts who were independent of all spent fuel storage vendors, to give assistance
in the evaluation of the storage options.
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The Hungarian authorities also gave some guideline views, and we have started the
preparation of the licensing procedure.

The top management of Paks NPP have narrowed the choices to the proposals of
GEC-Alsthom, NAC and GNB.

We invited those three companies to submit a commercial proposal for the license and
construction designs.

Having evaluated the commercial proposals, the Paks NPP selected the GEC-ALSTHOM's
MVDS proposal.

Accordingly the scheduled construction of the MVDS could be finished by 31 March 1995.

5. FUTURE TASKS RELATED TO FUEL CYCLE BACK END

In February, 1992 the National Atomic Energy Commission decided to develop an inter-
departmental project for the final disposal of radioactive wastes produced in the nuclear power station.
In its first phase a radioactive waste management strategy shall be elaborated. As one element of the
strategy, the future tasks related to fuel cycle back end are to be determined. ERÖTERV was
requested to develop this strategy. This will be accomplished by the middle of 1994. The section of
the plan related to the fuel cycle back end will describe the quantity and characteristics of spent fuel
produced in the 4 units of the Paks Nuclear Power Plant during the projected 30 years of operation,
the practice followed so far in spent fuel management (the five years on-site storage and the
subsequent shipping back to Russia), the situation of intermediate on-site storage (for approximately
50 years), as well as the international practice of reprocessing or direct disposal respectively and the
tasks associated with each particular solution.

In view of the present Hungarian and international situation, we assume the temporary storage
facility at Paks NPP will be commissioned in 1995, (and shipping spent fuel back to Russia will
continue to be impossible), and spent fuel will be stored there for 40 to 50 years. The basic objective
of the plan is to develop the final disposal facility for high level radioactive wastes (reprocessing) or
for spent fuel assemblies (direct disposal) that will be in operation in Hungary by 2040.

With a view to achieving the basic aim, we propose to implement the following programme:

before 1995 develop the details of the final disposal of high level reprocessing wastes and
spent fuel assemblies in containers, including the specification for the disposal facilities, and
a national survey programme aiming at the identification of several site candidates;

before 2000, based on requirements specified above for the facilities, explore the prospective
sites within a nationwide study, and define the possible solutions to permit a preliminary
decision to be made whether to reprocess or directly dispose of spent fuel, on the basis of the
various analyses, including economic analysis;

before 2010 choose one from the site candidates, and make a final decision concerning
reprocessing or direct disposal;

before 2025 perform the detailed site investigation and complete the technical design of the
disposal facility;

before 2040 construct the disposal facility.
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In the course of the above programme, in each phase, we should use the experience of
countries "ahead of us", and watch for the improvements in the fields of reprocessing and direct
disposal.
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INDIAN STRATEGIES FOR THE BACK END
OF THE NUCLEAR FUEL CYCLE

M.K. RAO, M.K.T. NAIR, A.N. PRASAD
Bhabha Atomic Research Centre,
Trombay, Bombay, India

Abstract

The nuclear energy programme in India envisages three stages of implementation involving installation of
natural uranium fuelled thermal reactors in the first phase followed by utilization of separated plutonium in the fast
breeders in the second phase and in the third phase, reactor systems based on U233-Th cycle. This three stage
approach perforce calls for the reprocessing and recycle option for the back end of the nuclear fuel cycle. The paper
gives an overview of the Indian nuclear power scenario adopted for the back end option and techno-économie
considerations for adopting the Reprocessing and recycle option. A brief description of the Indian programme on
reprocessing, radioactive waste management, plutonium recycling and benefits derived therein is also given.

1. INTRODUCTION

India has one of the world's largest deposits of thorium but somewhat modest deposits of
uranium. Our strategy for nuclear power therefore considered installation of natural uranium fuelled
reactors in the first phase, followed by fast breeder reactors in the second phase using the plutonium
from the first phase reactors along with uranium-238 or thorium as the blanket, followed eventually
by reactor systems based on the uranium-233 thorium cycle. Thus, the Indian nuclear energy
development and utilization programme since its inception has consistently called for recycling of
nuclear material. Therefore India has recognized the vital role of reprocessing, waste treatment, and
disposal right from the beginning and has been actively pursuing the development of these
technologies along with the nuclear power programme. To use the plutonium recovered from
reprocessing, development of a conversion technology is also essential along with the MOX fuel
fabrication technology.

2. OVERVIEW OF NUCLEAR POWER DEVELOPMENT

India's first nuclear power station consisting of two boiling water reactors of 210 MWe each
went into operation in 1969 at Tarapur. However, a decision was taken at this stage in favour of
PHWRs as the principal line to be utilized in the first phase of our nuclear programme. Therefore the
second power station located near Kota in Rajasthan consisted of two PHWRs of 220 MWe each
which went into operation in the seventies. The third plant at Kalpakkam near Madras and the fourth
at Narora are 2 x 235 MWe PHWRs. Recently one more PHWR of 220 MWe has been
commissioned at Kakrapar at Gujarat and the second unit is expected to go critical shortly. The sixth
power station consisting of 2 X 220 MWe PHWR units is in the advanced stage of construction. In
addition, a few more 220 MWe and 500 MWe PHWRs are under construction/planning at various
locations.

Development of Fast Breeder Reactor (FBR) technology holds a special place in India's
nuclear energy programme. While commercial development of FBRs in developed countries is being
held back because of an abundance of low cost uranium and low growth rate of electricity demand
in these countries, the conditions prevailing in India are different due to limited availability of
uranium and higher growth rate in demand of electricity. Consequently earlier commercialization of
FBRs and achieving economic competitiveness is considered essential for our country. Therefore our
FBR programme was initiated by setting up a 40 MW thermal FBTR at Kalpakkam. The experience
derived from setting up and operating the test reactor will be fully utilized in the 500 MWe prototype
Fast Breeder Reactor (PFBR) the design of which has already commenced.
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3. STRATEGIES FOR THE BACK END

With the advent of the nuclear reactor as a source of commercial power came the inevitable
questions of economics and fuel efficiency and endless debate on various strategies. Even after making
a choice on the reactor system the question regarding what to do with the spent fuel looms large. The
fission products, plutonium, transuranic elements and activated materials are radioactive. They must
be processed to prevent dispersion into the environment. Most of the fission products will decay after
a few hundred years, but significant amounts of plutonium-239 and other transuranic elements will
still be present for tens of thousands of years.

Mainly there are three options open:

(i) Reprocessing and recycling: this is by far the option most extensively investigated to date.
During reprocessing unburnt uranium and more than 99% of the plutonium formed are
separated which represent nearly 97% of the initial quantity of fuel and can be recycled back
for nuclear power generation.

(ii) Delayed reprocessing: this option calls for reprocessing after the spent fuel has undergone
storage for several decades. The substantial cooling provided for the spent fuel reduces the
radioactivity significantly thus making the reprocessing easier.

(iii) Once-through cycle or permanent disposal: in this option the spent fuel is disposed of as
waste in a safe, permanent manner. While the fission products to be disposed of are more or
less same as that in reprocessing option, the quantity of plutonium to be disposed of as waste
will be around 200 times of that in the reprocessing option.

The fuel efficiency of various strategies unmistakably points out that economical
considerations alone dictate the need for reprocessing. However, other socio-political considerations
have been allowed to cloud the judgement and different countries have been adopting different
strategies most suited for them. The decision is either prejudiced by one or more of the above factors
or just based on the fact that unlimited supply of cheaper uranium is available to them which is
outweighing other options.

Purely from the fuel efficiency point of view, recycling of spent fuel makes sound sense.
Chemical processing of spent uranium fuel and recycling of the recovered energy carrier materials
into the thermal reactors reduce their uranium consumption by nearly 40%. From the stand point of
long term conservation of fuel (natural uranium) the recycled material should feed fast breeder type
reactors, since it is known that with FBRs very substantial improvement of fuel efficiency can be
achieved. On the other hand delayed reprocessing option entails a drawback in that it poses the
problem of safe temporary storage of spent fuel for a much longer period. In addition substantial
capital investments are required to reprocess a large backlog of spent fuel and the cost of such
investments increases with time.

4. THE INTERNATIONAL SCENE

Large scale reprocessing has been carried out since the middle of the fifties in different parts
of the world. While commercial reprocessing has come to a standstill in the USA, countries like the
UK, France and Germany have been progressively stepping up their reprocessing capacities. Japan
is going for a much bigger reprocessing plant after establishing the capability in the Tokai Plant.

After careful review of various options several states have recognized that reprocessing is the
only process and a dependable way to get rid of spent nuclear fuel. In case the reprocessing
programme develops faster than the FBR programme, then there is every possibility of utilizing the
accumulated plutonium for recycling in thermal reactors.
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5. THE INDIAN SCENE

The decision taken in the early sixties to base the Indian nuclear programme on the use of
pressurized heavy water reactors (PHWRs) also included a strategy for the back end of the nuclear
fuel cycle based on reprocessing, waste conditioning for final disposal in the most suitable form in
terms of safety, and plutonium recycling in fast breeder reactors. Thirty years have passed since then
during which substantial developments have been made in the nuclear industry. New evidence has
emerged especially regarding fast breeder technology and plutonium recycling; however, the initial
choices have proved to be sound. From the very beginning of the development of nuclear energy in
India, it was considered as of prime importance to pay special attention to the strategy covering spent
fuel, and in parallel with the construction of nuclear power plants it was decided to proceed with the
programme of reprocessing of the spent fuel followed by plutonium utilization.

India does not believe that spent nuclear fuel is waste. This is neither an economical
proposition nor an established safe practice. All those who believe in this option also are presently
storing the spent fuel under conditions suitable for interim storage only. Methods are yet to be
identified, developed and studied if one has to adopt the once through cycle policy. In the Indian
context we do not consider this as an option at all.

6. REPROCESSING PROGRAMME

The Reprocessing Programme in India was launched with the commissioning of the plutonium
plant built at Trombay in 1964 to reprocess the spent fuel from the research reactor CIRUS. The plant
was not only useful in generating trained manpower and expertise for future plants but also helped
in identifying areas for further research and development on various aspects of reprocessing.

With the advent of power reactors at Tarapur (BWRs) and Rajasthan (PHWRs), a need arose
for the construction of a Power Reactor Reprocessing Plant (PREFRE) at Tarapur for reprocessing
Zircaloy-clad oxide fuels.

To cater to the reprocessing of spent fuel from the Madras Atomic Power Station, a new plant
is being built at Kalpakkam located near the power station. The plant also employs the chopleach for
head-end, followed by Purex for the chemical separation. The plant has built-in flexibility in the
layout to incorporate changes later so that the useful life span of the plant could be extended to match
that of the reactor station. Provision is also included for incorporating as a separate line the facility
for reprocessing of spent fuel from the Fast Breeder Test Reactor at Kalpakkam (FBTR).
Development work on reprocessing of such a fuel has been in progress for a number of years.

In view of the progressive increase in the spent fuel arisings from the planned growth of
nuclear power generation in the country, reprocessing capacity is being enhanced in a phased manner
to keep pace with the plutonium demands as well as to obviate the need to store large quantities of
spent fuel in the storage pools. Medium size reprocessing plants are planned to be co-located at
reactor sites with considerable spent fuel arisings so that large scale transportation of spent fuel across
the country is avoided. A conceptual design of such a medium size reprocessing plant (350 Te/yr)has
been taken up.

7. RADIOACTIVE WASTE MANAGEMENT

It was recognized quite early in India's nuclear programme that safe management of
radioactive wastes is vital for its success. More than a decade before commissioning the power
reactors, emphasis was laid on studies relating to the impact of radioactivity on the environment.

In principle the Indian programme envisages two distinct modes of final disposition in respect
of radioactive wastes; near surface engineered extended storage for low and intermediate level active
wastes and deep geological disposal for high level and alpha bearing wastes. While other options such
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as sea dumping for low level wastes and emplacement are being studied as possible options for the
future, our present strategy does not include these modes of disposal.

The low level liquid radioactive wastes are treated by chemical ion-exchange or evaporation
methods. With the continuing trend to restrict the discharge of radioactivity to the environment to as
low a level as possible, solar evaporation has been found to be a promising process. Bitumen and
polymer are used respectively as matrices for low and intermediate levels of activity. Permanent
storage or disposal of radioactive solid wastes is invariably carried out only at controlled sites which
have been evaluated for the purpose.

On the basis of techno-économie considerations, it has been planned to provide for interim
tank storage of the liquid wastes for a period of three to five years in fuel reprocessing complexes.
Apart from less severe handling problems, resulting from reduction of activity levels due to decay
of short-lived radionuclides, this ageing of the wastes also affords overall economy in the
solidification process.

On the basis of the already developed melt matrices and processes, the first high level waste
immobilization plant (W.I.P.) has been built at Tarapur for immobilizing the high and medium level
liquid wastes from the fuel reprocessing plant. The plant is based on a semi-continuous pot glass
process involving calcination followed by melting in the processing vessel and subsequently casting
the glass in the storage container. The medium level wastes are fixed in bitumen matrix. The
construction work on the second waste immobilization plant at Trombay has been started for
processing the reprocessing wastes. Construction of another immobilization plant at Kalpakkam has
also been started now.

An interim storage facility based on natural convection air cooling with induced draught has
been constructed at Tarapur for storing the solidified wastes. The system is self-regulating and can
compensate for changes in heat load or weather conditions.

As regards ultimate disposal in India, the choice is restricted to igneous rock formations and
some selected sedimentary deposits. Some geological formations, appear to offer scope for long-term
storage and even for disposal of high level wastes. These are known to have been stable for hundreds
of thousand years. The programme currently envisages investigation of candidate sites for a repository
in peninsular igneisses and granite formations which are homogenous and massive.

8. PLUTONIUM RECYCLING IN THERMAL REACTORS

The feasibility of recycling of plutonium in boiling water reactors was considered in the late
seventies and a programme was initiated to work out schemes which would facilitate such a recycle.
The objectives were to fuel a BWR utilizing plutonium without altering the operational modes or
requiring major changes of mechanical design of fuel bundles. Based on the studies, a possible
fuelling scheme was conceived. Fabrication of experimental MOX rods was carried out in B ARC for
irradiation in the research reactor CIRUS and tested to specified design limits. Three clusters of
experimental MOX rods were fabricated and irradiated as a part of this exercise.

The utilization of plutonium in PHWR recycle mode has many advantages such as improved
fuel utilization, extended burnup and very significant front-end and back end cost economics. The
quantitative requirements of plutonium for this scheme are quite small and easily met. A viable fuel
design has been worked out and the relevant safety studies related to bulk implementation of this
scheme have been conducted. It is felt that in the long run this would be a major programme of
plutonium utilization in thermal recycle of plutonium.

Based on the pilot plant fabrication experience at Trombay a new industrial scale MOX plant
has been set up at Tarapur and is presently being commissioned for the implementation of the above
programme.
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9. CONCLUSION

In the Indian context Reprocessing and Recycling is the best suited strategy as it fully meets
the fuelling requirements for its three stage growth of nuclear power. Reprocessing and closing the
back end of the fuel cycle is now an industrial reality which enables full exploitation of the energy
producing potential of uranium. Plutonium recycling in thermal as well as fast breeder reactors has
been established and considerable experience is being gained in this direction. Reprocessing is the
only responsible approach with respect to future generations since it ensures safe long term
management of radioactive wastes by suitable segregation and optimized safe disposal.

10. SUMMARY

The Indian nuclear power programme is based on a three stage approach with natural uranium
fuelled reactors in the first phase, followed by fast breeder reactors in the second phase followed
eventually by reactor systems based on the uranium-233 thorium cycle. This perforce calls for
reprocessing and recycle option for the back end of the nuclear fuel cycle. Therefore India from the
beginning has been actively pursuing the development of these technologies. Presently nine nuclear
power reactors are working in the country and the tenth unit is scheduled to go critical shortly. In
addition, several 220 MWe and 500 MWe PHWRs are under construction/planning. The FBR
programme in India was initiated by setting up a 40 MWth FBTR. This will be followed by setting
up the 500 MWe prototype Fast Breeder Power Reactor.

Mainly there are three options available for the back end of the nuclear fuel cycle;
(i) reprocessing and recycling, (ii) delayed reprocessing, and (iii) once through cycle or permanent
disposal. The spent fuel efficiency of various strategies unmistakably points out that economical
considerations alone dictate the need for reprocessing. However, other socio-political considerations
have been allowed to cloud the judgement.

Recycling of the recovered energy carrier materials into the thermal reactors reduces the
uranium consumption by nearly 40% and very substantial improvement of fuel efficiency can be
achieved with FBRs. On the other hand delayed reprocessing option poses the problem of safe
temporary storage of spent fuel for a much longer period. Substantial capital investments are also
required to reprocess a large backlog of spent fuel. The Indian nuclear programme based on the use
of PHWRs and reprocessing and recycling strategy for the back end formulated in early sixties has
proved to be very sound. Even today and in parallel with our nuclear power programme the
reprocessing and plutonium utilization programmes are also being actively pursued.

India does not believe spent fuel is waste. This is neither an economical proposition nor an
established safe practice. All those who believe in this option are also presently storing the spent fuel
under conditions suitable for interim storage only. Methods are yet to be identified, developed and
studied if one adopts the once through cycle. In the Indian context, this is not considered as an option
at all.

Reprocessing in India was launched with the commissioning of the plutonium plant at
Trombay for reprocessing the spent fuel from CIRUS, followed by the construction of a Power
Reactor Reprocessing Plant at Tarapur for reprocessing BWR and PHWR spent fuel. A new plant is
being built at Kalpakkam for reprocessing MAPS spent fuel. Reprocessing capacity is also being
enhanced in a phased manner, keeping pace with the nuclear power programme and meeting the
plutonium demands.

Safe management of radioactive wastes is vital for the success of the nuclear power
programme. Near surface engineered extended storage for low and intermediate level active wastes
and deep geological disposal for high level and alpha bearing wastes have been adopted in the
country. Permanent storage or disposal of radioactive solid wastes is carried out only at controlled
sites which have been evaluated for the purpose. Interim tank storage is provided for the intermediate
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and high level liquid wastes from reprocessing which are subsequently immobilized in waste
immobilization plants. The programme of ultimate disposal of high level solid wastes currently
envisages investigation of candidate sites for a repository in peninsular igneisses and granite
formations which are homogenous and massive.

The utilization of plutonium in thermal reactors has many advantages such as improved fuel
utilization, extended burnup, and very significant front-end and back end cost economics. As a part
of this programme an industrial scale MOX plant has been set up at Tarapur which is presently being
commissioned.

In the Indian context Reprocessing and Recycling is the best strategy as it fully meets the
fuelling requirements for its three stage growth of nuclear power. Reprocessing and closing the back
end of the fuel cycle is now an industrial reality which enables full exploitation of the energy
producing potential of uranium. Reprocessing is the only responsible approach with respect to future
generations since it ensures safe long term management of radioactive wastes.
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THE BACK END STRATEGY OF THE NUCLEAR
ENERGY UTILIZATION PROGRAMME OF JAPAN

R. MUKAIBO
Power Reactor and Nuclear Fuel Development Corporation,
Tokyo,Japan
Abstract

Japan has chosen the closed cycle option for the back end of the fuel cycle. This option reuses plutonium
and uranium, thus minimizing the consumption of natural uranium. This reduced uranium consumption promotes a
stable uranium market and makes this option more economical. This option also contributes to waste management by
minimizing the volume of waste to be disposed. Japan is also embarked upon developing all parts of the nuclear fuel
cycle domestically including MOX fuel fabrication, reprocessing , and high level waste disposal.

1. INTRODUCTION

In 1956, the Atomic Energy Commission of Japan was established and peaceful use of nuclear
energy in Japan began. The AEC this year, drew the first "Long-Term Programme for Development
and Utilization of Nuclear Energy". The utilization of nuclear power as an energy resource and the
decision to develop breeder type reactors by recycling fissionable material was made. At the same
time, there was a strong commitment made that Japan would not do any research or development on
nuclear weapons and history has shown its strong enforcement.

In Japan, the general direction of nuclear energy development is decided by the AEC of
Japan. The following items, especially II, III and IV are from an official report from an Advisory
Committee report authorized by AEC and is the basis of the Japanese strategy.

2. RECYCLING NUCLEAR FUEL

Research and development, and commercialization of peaceful applications of nuclear energy
have been carried out in Japan since the mid-1950s. Today, nuclear energy plays an important role
as a key energy source in the nation's energy supply. Recently, world-wide opinion has called for
restraining dependence on fossil fuels as much as possible. This is due to increased concern for
protecting the global environment, and because of tense international relations in the aftermath of the
Gulf War that have seriously undermined confidence worldwide in stable oil supply. Clearly, the
importance of nuclear energy as a future source of energy is increasing. In promoting its nuclear
energy policy, Japan must not only take domestic conditions such as demand for a secure energy
supply into account, but also maintain an international perspective that encompasses an understanding
of global conditions in energy. Japan needs to place more emphasis on this international perspective
in its nuclear fuel recycling programmes in the future.

3. NECESSITY AND SIGNIFICANCE OF NUCLEAR FUEL RECYCLING

Japan's nuclear energy development and utilization programme, since its initial stage, has
consistently called for recycling of nuclear fuel. This involves reprocessing spent fuel and recycling
the recovered plutonium and uranium as nuclear fuel. This policy is based on the reasoning that Japan
being scarce in natural resources, must effectively utilize uranium resources, to enhance the stability
of nuclear energy as a domestic energy source. Such reasoning on necessity of nuclear fuel recycling
remains unchanged even today. In view of the recent domestic and international developments, the
necessity and significance of nuclear fuel recycling are summarized in the following three points:

First of all, nuclear fuel recycling re-uses useful materials as an energy resource, all of which
would otherwise become waste. This contributes to the preservation of uranium resources and
reduces environmental impacts of energy use.
Secondly, nuclear fuel recycling makes nuclear energy a more economical and stable energy
resource from a long-range point of view so that the national energy security may be further
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increased. Japan, being scarce in natural resources, has given particular importance to this
point.
Thirdly, through nuclear fuel recycling, it is possible to separate radioactive wastes from
useful resources, which are recovered as energy resources. The high level radioactive waste
produced by reprocessing is small in volume and easily solidified into a stable form. Nuclear
fuel recycling therefore can improve the management of radioactive waste, and contribute to
the preservation of the environment.

4. BACK END STRATEGY

Since the initial stage of nuclear power development in Japan, recycling of plutonium
extracted from spent fuel reprocessing to be used in fast breeder reactors was the basis of the
programme. It was later decided that high level radioactive waste which is a product of this cycle
shall be disposed in a deep geological repository. The reasoning for this strategy is:

to make the best use of limited resources
become independent from foreign resources
realize an optimized means to manage radioactive waste

Following this strategy, it was decided that high level radioactive waste, which is a by-product
of spent fuel reprocessing is to be vitrified, temporarily stored for decay and then be disposed in a
deep geological depository. Due to this,

(1) Reprocessing technology has been adopted at Tokai since 1977 and the construction of a
commercial plant started this year at Rokkasho, in the northern part of Honshu.

(2) Vitrification technology has been developed at Tokai and a demonstration plant will start hot
tests there in 1994. A commercial plant will be constructed adjacent to the Rokkasho
reprocessing plant.

(3) The storage facility for vitrified waste, returned from Europe is expected to be completed for
receival in February, 1995.

(4) There has been an official report authorized by the Atomic Energy Commission, issued in
August 28, 1992 on the disposal policy. This can be summarized by:

(i) Start the operation of a repository as early as 2030 and no later than 2040.
(ii) Establish an implementing organization for high level waste disposal near the year 2000.
(iii) Utilities are expected and not limited to secure funds for disposal.
(iv) PNC shall be the core organization to ensure the smooth progress of research and

development as well as to carry out studies of the geological environment. In accordance
with this, PNC has issued a first phase report of a long range programme and the next
one is expected to be issued near the year 2000.

5. PEACEFUL USE OF NUCLEAR ENERGY IN JAPAN

5.1. Nuclear power generation

As of April 1992, 42 nuclear power plants are under operation, with an output of 31,645
MWe capacity in Japan. They consist of one Magnox type gas cooled reactor, 21 BWRs, 19 PWRs
and one Advanced Thermal Reactor. The first commercial operation started in 1967.

5.2. Nuclear fuel cycle facilities

Development works for gas centrifuge enrichment, MOX fuel fabrication, spent fuel
reprocessing, vitrification of high level liquid waste, advanced thermal reactors and fast breeder
reactors are done by PNC. Commercialization of all these technologies have either started or are
under planning for the near future.
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CURRENT SITUATION OF THE SPENT FUEL MANAGEMENT
IN THE LACUNA VERDE NUCLEAR POWER PLANT

C.V. MORENO
Laguna Verde Nuclear Power Plant,
Veracruz, Mexico

Abstract

Mexico has two 654 MWe nuclear reactors at the Laguna Verde facility. The original at reactor storage
capacity for each unit has been increased twice from the initial 580 assemblies capacity to the present 3300 assemblies
capacity. Each pool will therefore hold all SNF discharged from its associated reactor during the entire lifetime of
the reactor. The plant operator will therefore have sufficient time to carefully consider what back option best meets
our needs.

The Laguna Verde nuclear power plant, owned and operated by Comision Federal de
Electricidad (CAFE), has two units of 654 MWe of net electrical capacity each, with boiling water
reactors of 1931 MWt of thermal capacity, supplied by General Electric. The initial core of each
reactor has 444 fuel assemblies.

The spent fuel pools of each reactor were originally designed in 1972 with a storage capacity
of 580 fuel assemblies, enough for a whole core and a little over one yearly discharge of irradiated
fuel. However, as the commercial reprocessing option was not a reality yet at the end of the 1970s,
CAFE made the decision to increase the capacity of the pools to 1242 assemblies each, enough for
a whole core plus 7 annual reloads.

The new high density racks were installed during the construction of the 2 units, in the mid
1980s. However, due to lack of certainty about the economy of the reprocessing option and to
increased public confidence in the availability of a safe interim solution for the back end of the fuel
cycle, CAFE decided to continue studying options to increase the spent fuel storage capacity of the
Laguna Verde power plant.

Several options were reviewed initially, including additional higher density reracking, dry
storage, cask storage, and away from reactor wet storage. Very soon it was clear that the most
economic one would be to further increase the storage capacity of the fuel pools in the reactor
buildings to 3300 assemblies each.

Feasibility studies were carried out including criticality analysis, material accounting, chemical
stability, structural and seismic stability, heat removal and clean up system capability and impact on
other operational systems of the plant.

The safety analysis report of the impact of the proposed change were presented to the
Comisön Nacional de Seguridad Nuclear y Salvaguardias (CNSNS), the national nuclear regulatory
authority, which did an extensive review, using as reference the experience obtained by the United
States Nuclear Regulatory Commission (USNRC) in similar cases of reracking in plants of that
country.

The CNSNS approved the proposed reracking presented by CAFE, which was done in the
first unit of Laguna Verde after the initial core was loaded, but before the first reload took place. The
final tests were finished in July 1991 and the first 92 assemblies of irradiated fuel were discharged in
September ofthat year. 116 additional assemblies were discharged in August 1992.

The new racks of the second unit were completely replaced and tested by December 1991 and
the initial core will be loaded in January 1994.
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At present, each unit of Laguna Verde has a storage capacity for one initial core and the total
expected fuel discharged during the life of the reactor. The cost of the reracking was of the order of
$8 million dollars for each unit. In this fashion CAFE has bought enough time to continue exploring
other long term options for the back end of the fuel cycle of the Laguna Verde nuclear power plant.
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STRATEGY OF NPP SPENT FUEL IN RUSSIA

Y.V. KUZNETSOV
Khoplin Radium Institute,
Saint Petersburg, Russian Federation

Abstract

Russia has selected reprocessing and recycling of uranium and plutonium for its management plan for the
back end of the fuel cycle. All WWER and fast reactor fuel will be reprocessed — only RBMK fuel (low enriched)
will be disposed of without reprocessing. The high level waste (HLW) will be solidified for geologic disposal or
partitioned and some components transmuted (in reactors or accelerators) before solidification. Disposal in outer space
is also being considered.

In early 1993 twenty-eight reactors at nine NPP's with a total power output of 19 340 MWt
were operating in Russia, producing about 15% of all the electric power generated. Nuclear power
in Russia is based on WWER-440, WWER-1000 and RBMK type reactors (Table I) with potential
to use plutonium fuel (reactor grade plutonium) extracted from WWER spent fuel in fast or WWER
type reactors. Russia has chosen the closed fuel cycle. The development of fast reactors was organized
in a two-purpose direction: in the "reprocessor" regime and in the "breeder" regime.

Due to the unreadiness of the new generation of fast reactors (FN-800 and FN-1600), the
tightening up of safety requirements (after the Chernobyl accident), and the availability of sufficient
resources of natural uranium, the development rate of nuclear power has been revised more than
once.

Spent nuclear fuel (SNF) from RBMK-100 and RBMK-1500 reactors is unsuitable for
reprocessing, SNF from those reactors will be sent to long term dry regional repositories, for
example, in Novaya Zemlya. After the Chernobyl accident, it was decided not to involve them in
further development of the country's nuclear power. The WWER-1000 is considered as the optimum.

After the Chernobyl accident, public reaction to the development of nuclear power was
obviously negative. However, the improvements of the reactors' design and increasing their safety,
on the one hand, and the evident trend towards exhaustion of conventional energy sources, (coal, gas
and oil), plus the environmental consequences of the construction of hydroelectric power plants on
the other hand, promoted a favourable change in public opinion towards the construction of the
previously planned reactors as the most important large-scale source of electric power generation. The
nuclear share in electric power generation in individual regions of Russia is: in central Russia, 25%;
in the Leningrad region, 60%, and on the Kola peninsula, 75%. However, after the year 2000, the
reactors of the Baltic, Leningrad, Novovoronezh, and Kola regions will be decommissioned, having
completed their service life. Nuclear is the only economically and ecologically justified way to
provide the needed power (Tables I and II). Table II presented data on the planned commissioning
of new reactor units up to the year 2010. The main spent nuclear fuel management plan in Russia is
the closed fuel cycle with reprocessing of the SNF for almost all types of reactors with the re-use of
uranium and plutonium.

The realization of this plan allows:

considerable decrease in the radioactive waste due to the removal of fissile materials from the
waste, concentrating the HLW in small volume solid blocks;
reclamation of the unburnt uranium and accumulated plutonium for the fuel cycle, thus
reducing the consumption of natural nuclear fuel; and
an increase in the safety of the whole nuclear power complex.
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TABLE I. POWER REACTORS IN OPERATION OR OPERABLE IN RUSSIA

Nuclear
Power Plant

Balakovo 1
Balakovo 2
Balakovo 3

Kalinin 1
Kalinin 2

Kola 1
Kola 2
Kola 3
Kola 4

Novovoronezh 3
Novovoronezh 4
Novovoronezh 5

Kursk 1
Kursk 2
Kursk 3
Kursk 4

Leningrad 1
Leningrad 2
Leningrad 3
Leningrad 4

Smolensk 1
Smolensk 2
Smolensk 3

Beloyarsk 3

Bilibino 1
Bilibino 2
Bilibino 3
Bilibino 4

MWe

1 000
1 000
1 000

1 000
1 000

440
440
440
440

417
417

1 000

700
700

1 000
1 000

1 000
700

1 000
1 000

1 000
1000
1 000

600

12
12
12
12

Type

PWR
PWR
PWR

PWR
PWR

PWR
PWR
PWR
PWR

PWR
PWR
PWR

LGWR
LGWR
LGWR
LGWR

LGWR
LGWR
LGWR
LGWR

LGWR
LGWR
LGWR

FBR

GBWR
GBWR
GBWR
GBWR

Model

V-320
V-320
V-320

V-338
V-338

V-230
V-230
V-213
V-213

V-179
V-179
V-187

RBMK-1000
RBMK-1000
RBMK-1000
RBMK-1000

RBMK-1000
RBMK-1000
RBMK-1000
RBMK-1000

RBMK-1000
RBMK-1000
RBMK-1000

BN-600

EGP-6
EGP-6
EGP-6
EGP-6

Order

1978
1982
1983

1971
1971

1966
1966
1974
1974

1965
1965
1969

1968
1968
1974
1974

1968
1968
1975
1975

1971
1971
1981

1968

1965
1965
1965
1965

First Power

12/1985
10/1987
12/1988

05/1984
12/1985

06/1973
12/1974
03/1981
10/1984

12/1971
12/1972
05/1980

12/1976
01/1979
10/1983
12/1985

12/1973
07/1975
12/1979
02/1981

12/1982
05/1985
01/1990

04/1980

01/1974
12/1975
12/1976
12/1976

The following spent fuel management scheme is envisaged for WWER-440, WWER-1000,
FN-350, FN-600 and FN-800 reactors:

Temporary storage of fuel in near-reactor facilities for three years (all types of reactors) and
for 40 years in in situ or regional facilities.
Transportation of fuel from near-reactor facilities in special protective containers to facilities
for fuel reprocessing. The necessary containers have been developed and manufactured for
the transportation of fuel from WWER-440, WWER-1000 and RMBK-1000 reactors.
Temporary storage of fuel at reprocessing plants. The storage capacity at the RT-2
reprocessing plant under construction (Krasnoyarsk) is 6000 t of SNF.
Reprocessing of fuel to extract unburnt uranium and plutonium for subsequent use as nuclear
fuel.
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TABLE II. DATA ON THE PLANNED COMMISSIONING(X) OF NEW NPP UNITS UP TO
THE YEAR 2010

Names of NPPs
[No. of units]

To be completed

Balakovskaya 4
Kurskaya 5
Kalininskaya 3

Replacement of the
decommissioned units

Bilibinskaya 5
Bilibinskaya 6
Bilibinskaya 7
N. Voronezhskaya 6
N. Voronezhskaya 7
Kola 5
Kola 6

New Units

Balakovskaya 5
Balakovskaya 6
Voronezh. NHP 1
Voronezh. NHP 2
South Ural 1
South Ural 2
South Ural 3
Beloyarskaya 4

New NPPs and NHP

Far-Eastern 1
Far-Eastern 2
Primorskaya 1
Primorskaya 2
Chabarovskaya NHP 1
Chabarovskaya NHP 2
Sosnovy Bor l

Storage of SNF

Smolenskaya
(Stor. SNF)

Power Mw

1000
1000
1000

32
32
32

1000
1000
630
630

1000
1000
500
500
800
800
800
800

600
600
600
600
500
500
630

1992-95

X
X
X

X

1996-2000

X

X
X
X

X

X

2001-05

X
X

X
X
X

X

X
X

X

X

X
X

2005-10

X

X

X

X

The operating plant RT-1 was built and commissioned in 1977; it reprocesses the fuel from all
WWER-440, FN-350, FN-600 reactors. The SNF reprocessing is based on the Purex process and has a
capacity of 400 tonnes of SNF per year.

At present the construction of the RT-2 plant is underway for reprocessing the fuel from WWER-
1000 reactors. It is scheduled for commissioning in the year 2000 (the 1st phase 1000 t/year). These two
plants will reprocess the fuel from WWER-440 and WWER-1000 reactors. Those reactors have a capacity
of 100 GW of electric power. Also under construction is the mixed uranium-plutonium fuel fabrication
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facility for fast neutron (FN-800) and thermal neutron (WWER-1000) reactors. That facility is being
designed and constructed at the IA "Mayak"; its commissioning is planned for 1995. Fabrication of
uranium fuel with 2.0-2.4% enrichment by mixing high enriched uranium with low enriched uranium from
reprocessing the fuel from WWER-440 reactors is underway. This uranium is used for manufacturing
RBMK-1000 and RBMK-1500 fuel. This facility has been in operation since 1987.

It is not economic (due to the low quality of uranium and plutonium extracted) to reprocess the
spent fuel from RBMK-1000, and RBMK-1500 reactors. The following is the fuel management plan for
this fuel:

Temporary storage for 30-40 years in special facilities at the reactor or in regional facilities. The
facilities at the NPPs will receive and store the spent fuel up to the year 2000. Then additional
facilities will be built.
Transportation of fuel to a conditioning facility. Containers for WWER-1000 reactor fuel
transportation may be used for this purpose.
Temporary storage of fuel at the conditioning facility.
Preparation of fuel for long term storage by means of containerization.

HIGH LEVEL WASTE MANAGEMENT

In accordance with the concept of management of high level liquid waste arising from fuel
reprocessing, it is envisaged that:

Liquid waste is stored in special tanks of stainless steel. This stage is common to all the
reprocessing facilities.
Wastes will be solidified by the vitrification method. A pilot-industrial shop was commissioned
at the RT plant in 1987.
Temporary storage of vitrified wastes in a special facility for 30-40 years. The first phase of the
repository was commissioned at the RT plant in 1987.
Burial of solidified wastes in deep geological formations with plans to put this repository into
operation in the years 2020-2030.

Geologic repository construction will begin after 2010. During the preceding 20-25 years we will
carry out many research, development and design projects to perfect a system for the solidification of high
level waste, fully satisfying safety requirements. All the technical issues and economic problems of the
operation and design of burial facilities will be resolved as well.

Our calculations show that SNF reprocessing with uranium-plutonium recycle in thermal reactors
will reduce the total demand for natural uranium by a factor of two in the years 2000-2030 and to decrease
the capital cost of generating electric power by 12-15%. In parallel with research and development in
projects for securing a safe disposal of conditioned HLW in geological formations, other methods of
disposing of HLW are also being considered. Methods to eliminate the radionuclides of the greatest
potential long term hazard by transmutation in nuclear reactors as well as in proton accelerators are being
developed. Ways of preparation and disposal of individual fractions of radionuclides in space are also
being studied. (See Scheme below).

CONCLUSIONS

Thus the main arguments in favour of the closed fuel cycle in Russia are:

1. The closed fuel cycle allows the isolation of long-lived and highly toxic radionuclides from the
environment more reliably than direct burial of spent nuclear fuel due to:

(a) the incorporation of fission fragments into reliable, high-stability matrix materials with
subsequent disposal of them in deep geological formations, using the concept of the
multibarriers — providing safe isolation of iodine-129, technetium-99 and carbon-14; and
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(b) the fractioning or portioning of liquid high level waste — separating the isotopes of cesium,
strontium, plutonium and transplutonium elements; the safe management of these
radionuclides allows the development of a flexible scheme including:

incorporation of small-volume and ballast-salt-free fractions of radionuclides into very
stable matrix materials (basalts, synroc, etc.) with subsequent safe disposal in
geological formations;
transformation of long-lived radionuclides into stable or short-lived ones by
transmutation in reactors and accelerators;
disposal of solidified waste forms in special containers into space.

2. The closed fuel cycle allows reduced natural uranium consumption and the utilization of plutonium
for fuel.

SCHEME

Recently, researchers in Russia have concluded that only a combination of traditional methods and
new technical approaches can ensure an acceptable solution to the waste management problem. In this
connection specific research is being carried out such as: the partitioning of long-lived radionuclides, the
demonstration of nuclear transmutation of long-lived nuclides, and the analysis of radioactive waste
disposal in outer space. In partitioning, we expect first to separate the radioactive materials from stable
salts in the waste, and then to separate radionuclides, isolating them individually or in a group, depending
on the general waste management plan.
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BASIS OF THE NATIONAL STRATEGY FOR SPENT
NUCLEAR FUEL MANAGEMENT IN SLOVENIA

B. DUHOVNIK
Elektroprojekt Ljubljana,
Ljubljana, Slovenia

Abstract

The continuous operation of NPP Kräko for almost ten years has resulted in the approximately 1301 of spent
nuclear fuel in the storage pool next to the reactor. Since it is anticipated that the available storage capacity would
only be adequate till the year 2000, it is time the appropriate solutions are found for radwaste management after 2000.
The essential condition for solving the problem efficiently (and thus assuming the reliable and safe usage of nuclear
power), is the adoption of a national strategy for radioactive waste management. The efficient implementation of the
national programme depends on the clearly defined organizational relations, on taking advantage of the available
infrastructure, on considering global and update legislation, on getting international co-operation, and on continuous
and reliable assurance of financial resources.

1. INTRODUCTION

The Republic of Slovenia is the smallest country using nuclear power for the generation of
electrical energy. The only Nuclear Power Plant Krsko (NPP Krsko) in Slovenia is a plant with a
pressurized light water reactor (PWR) of 632 MWe capacity. This reactor uses entirely American
technology — the main supplier is Westinghouse and the main design engineer is Gilbert
Commonwealth. The owners of NPP Krsko are Slovenian and Croatian Power Authorities
(Elektrogospodarstvo Slovenije in Hrvatska Elektroprivreda). Each Power Authority owns 50% of
NPP Krsko and is entitled to 50% of its output. In 1991 the share of electricity generation from NPP
Krsko amounted to 25.5%, see Fig. 1.

Commercial operation of NPP Krsko started in 1982. Since then NPP Krsko has produced
over a hundred of tonnes of spent fuel which is being stored in the pool next to the reactor. Since
reprocessing of the spent fuel is not planned, the SNF is, according to the present legislation,
classified as high level radioactive waste (HLW). Despite the presence of HLW in Slovenia, the
national strategy for radioactive waste management has not been adopted yet. Some basic studies have
been carried out [1] to set the guidelines for the development of a waste management programme.

The aim of this article is to outline the present condition concerning the adopted policy for
handling the spent fuel in Slovenia.

2. STATUS OF SPENT FUEL MANAGEMENT

The spent fuel from NPP Krsko and from the Research center TRJGA at the Institute of Jozef
Stefan is collected as HLW. Since there is no waste disposal policy, the issue of HLW is being solved
simultaneously as it appears and according to operational needs. Up to now there has been some
expansion of storage facilities at the reactor center Podgorica as well as at NPP Krsko. In the
preliminary plan the pool at NPP Krsko could store 4/3 of core, i.e. 160 fuel elements. Due to
storage problems in the former Yugoslavia, the storage facility needed to be expanded. NPP Krsko
adopted the concept of high density racks for the spent fuel. Thus they would obtain room for the
storage of 828 fuel elements [2]. At present there are 358 elements in the storage facility, their total
mass amounting to 138 551 kg. The filling schedule of the storage facility is presented in Table I.
Table I indicates also average burnup for fuel elements that were removed from the reactor at the end
of the cycle. Later some of these elements were reinserted into the reactor.
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TABLE I. DYNAMICS OF FILLING THE STORAGE FACILITY WITH THE SPENT FUEL

Reactor Fuel
Cycle

1

2

3

4

5

6

7

8

9

Number of Spent Fuel
Elements

40

82

122

154

194

226

266

314

358

Number of Removed
Fuel Elements

40

45

41

41

41

36

41

48

44

Average Burnup
(MW d/t)

15017.4

23438.8

30697.0

31207.3

30752.4

34316.6

34093.9

36686.6

39134.5

Assuming that space for the whole core (121 elements) is to be always available in the storage
facility, it is estimated that the present storage capacity, considering update dynamics of filling, is
sufficient only until the year 2000. However, it is possible that the storage facility will be full later,
since the plant has been trying to increase the efficiency with longer fuel cycle and burning more
highly enriched fuel. The enrichment level of the fresh fuel is approximately 4% U-235; the
authorized enrichment is 5%. At discharge from the reactor after three fuel cycles, the uranium 235
in the fuel still amounts to 1 %.

The spent fuel pool is of cubic shape with a volume of 1629 m3. Demineralized water with
the addition of boron (>2000 ppm i.e. 0.2%) provides for the regulation of fuel reactivity and for
the removal of waste heat. The overall estimated heat generation in the beginning of the 10th fuel
cycle is 2.2 ±0.5 MW. During an outage, when the whole core (121 elements) is in the pool,
generation of heat increases to 5.5 ±0.5 MW. The waste heat is discharged into the Sava river via
heat exchangers of capacities 2009 and 2727 Kw. During the outage with the increased heat
generation both exchangers are in operation, otherwise, the smaller heat exchanger is sufficient. The
temperature of the water in the pool is not to exceed 56°C. When the discharge to the pool is
completed, the activity of the spent fuel starts to drop. The activity of the spent fuel in the pool in
the beginning of the 10th cycle is 9.25 ±1.85. 1018 Bq (2.5 ±0.5 . 108 Ci).

3. PERSPECTIVES OF HANDLING SPENT FUEL IN NPP KRSKO

Handling of the spent fuel depends on the decision of whether NPP Krsko continues to operate
or is to be decommissioned. Furthermore, it depends on the adopted national programme for handling
of HLW. Since these decisions have not been made yet, handling of the spent fuel may be according
to the following scenarios:

immediate decommissioning of NPP Krsko with total dismantling,
decommissioning of the plant before the year 2000, with the storage facility remaining,
decommissioning of the plant after its planned life period.

Each scenario requires a different approach for handling spent fuel. However, combined or
intermediate scenarios can also be solutions within the scenarios as follows:
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Immediate Decommissioning of NPP Krsko

Deciding to immediate decommission NPP Krsko would require the conversion of the nuclear
facility into a non-nuclear facility, restoring the location to its previous condition. To decommission
the plant, first all the radioactive substances would be removed, including spent fuel. The spent fuel
would be transferred to the central storage building for the spent fuel in Slovenia or temporarily
exported and stored in the appropriate storage abroad or sent to be reprocessed. Since Slovenia does
not have such a central storage and it is unlikely that another country would be willing to store our
spent fuel or HLW produced by recycling, a new storage facility for the spent fuel would have to be
built, if this scenario is implemented. And it can be pointed out that with the new storage for the
spent fuel, Slovenia would have a new additional nuclear facility.

The IAEA has proposed the idea of regional co-operation and interconnection with regard to
radioactive waste which comprises the construction of regional repositories [3]. Slovenia is actively
interested in this idea, however, the project would not be implemented before the year 2010. Until
then, the issue still remains unsolved. We conclude that this scenario would require extremely high
and unpredictable costs, not to mention other problems that might arise, and would be irrational as
well as very difficult to implement.

Decommissioning of the NPP Krsko before the year 2000, while maintaining the spent fuel storage
facility

In this scenario, NPP KrSko is to be shut-down the generation of electrical energy stopped
and the power plant decommissioned. The spent fuel storage facility and the related buildings would
remain intact. The capacity of the storage building will meet the operational demands till the year
2000. Should NPP Krsko be shutdown before 2000, the capacity of the existing storage facility would
be used as an independent storage facility. From the technical point of view, this scenario is quite
feasible and the costs for storing remain approximately the same as the costs up to now. Such a
storage facility would represent an intermediate solution till the operation of regional storage facilities
and repositories or till construction of dry storage facility units. The latter are more conservative and
could gradually replace the overall capacity of the storage pool.

Decommissioning of the plant after the expiry of its life period

Should NPP Krsko continue to operate after the year 2000, the storage capacities for spent
fuel would have to be expanded. In order to meet the requirements of NPP Krsko the following two
solutions would be appropriate and economically justified:

expansion of the existing storage pool capacity at the reactor, and
the construction of dry storage facilities.

Examining the first alternative of expanding the current storage capacity, it is possible to
replace the existing racks with the racks of greater neutron absorption capacity and also possible to
install additional racks. The combination of both would also be possible provided the loadbearing
capacity of the building is adequate.

The expansion of the storage facility can be carried out also by double tiering the spent fuel
[4]. The depth of the water in the pool is approximately 11.7 m and the height of the rack for fuel
elements approximately 4 m. This means that the thickness of the water above the upper fuel elements
would be sufficient i.e. even substantially greater than the thickness needed to assure the safe
radiological protection (3 m). However, the feasibility of handling the spent fuel is questionable as
well as the adequacy of waste heat discharge. Moreover, the static and seismic stability of the building
must also be considered.
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The capacity of the storage facility could also be expanded by rod consolidation. The
feasibility of this procedure and requirements for additional equipment should be carefully considered.
Furthermore, the experience of others should be taken into account, especially the problems they
encountered with the consolidation procedure and with ensuring the safety of personnel.

Analysis indicates that the storage pool capacity expansion is possible; however, major
reconstruction within the storage building would be required. Since the alternative would not require
the construction of additional buildings, it would be acceptable from the social-economical point of
view.

The second alternative, (i.e. the construction of dry storage facility or the erection of casks
for dry fuel storage) is hardly possible. The public would probably oppose the construction of new
buildings, even within the NPP Krsko region, despite the fact that long-term dry fuel storage would
be safer and cheaper. Dry fuel storage also requires prior cooling in a wet storage pool.

After the expiry of NPP Krsko life period and its decommissioning, the storage facility could
become an independent nuclear facility. For dry storage, casks would be the most convenient, since
they would meet the storage, transportation and disposal requirements or at least the requirements of
two of the three stages. Regardless of the scenario selected, the final disposal of the fuel into the
repository is the last stage. The planning for the expansion of storage capacities in NPP Krsko (in
case the decommissioning does not take place before the life period expiry) will have to be started
in the very near future. This again raises the subject of appropriate national strategy with regard to
SNF management.

4. NATIONAL STRATEGY FOR SNF MANAGEMENT

We cannot ignore the fact that radioactive waste in Slovenia exists and that Slovenia has not
developed a strategy for disposal of SNF, which is one of the basic conditions for safe and strategic
use of nuclear power. Despite adequate scientific and professional potential and available
administrative organization, we have come only as far as the selection of a location for low and
intermediate radioactive waste, which is being implemented at present. Should the national programme
not be adopted, the future of this project is still uncertain. Any national programme must have public
support and be consistent with environmental protection. However, financial constraints must also be
considered, which imposes an even greater need for coordinated work within the frame of a national
programme.

The adoption of a sound energy policy would assure energy supply and effective planning;
the requirements for environmental protection and safety would be met. The strategy adopted should
consider HLW and spent fuel together with LLW, since these materials should be treated in an
integrated way. The radwaste issue should be solved as a whole - by individual projects according
to sectors (e.g. LLW and ILW, HLW, decommissioning, etc.). The first step is to clearly identify
the objectives of protecting humans and the environment against the undesirable exposure. Efficient
procedures with regard to handling radwaste and spent fuel adopted worldwide are essential. During
the development of a national strategy, all relevant experts from interdisciplinary fields should co-
operate. The effects of the adopted strategy should impact all levels of authority; the strategy should
provide guidelines for the adoption of laws and regulations by the government; for other
administrative bodies and executive organizations the strategy would represent guidance for
consideration and implementation of laws, [5]. Since the present legislation concerning nuclear power
is incomplete and outdated, it would be essential to develop and update all legislation to support the
national strategy programme. The organization should assure a consistent programme implementation
and control over it. The organization should include all the administrative and professional
organizations engaged in the field of nuclear power (Fig. 2). The Ministry for Science and
Technology, which is not now involved in the issue of radioactive waste management, should
contribute a great deal to the successful implementation of projects with research and development
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activities. Additionally, the Ministry of Environment and Regional Planning as well as the Ministry
of Economic Affairs are to be involved. The role of the former would be consulting and control with
regard to nuclear safety and protection against radiation (with the assistance of Republic
Administration for Nuclear Safety) while the role of the latter is to ensure that the national energy
policy is in compliance with the requirements for handling of radioactive waste. In order to assure
safe radioactive waste management, the Government of Slovenia established the Radioactive Waste
Management Agency. Its activities are specified by the Decree. By law in Slovenia, authorized
professional and research organizations must be involved in all activities involving ionized radiation.

The basic conditions for the successful implementation of the national strategy for radioactive
waste management is to establish and implement many research and development programmes for
which all national power authorities, especially those with small nuclear programmes, lack the
sufficient potential. Therefore international co-operation in the field of research and development as
well as exchange of information and technological expertise present an essential part of many national
programmes.

Among international programmes that are actually being implemented, Slovenia has been
primarily interested in regional repository for spent fuel. A regional repository would be a reasonable
for countries with small nuclear programmes and/or inadequate technological and financial resources.
Such countries are not in a position to build repositories without foreign assistance since such a
repository would, due to small capacity, be very expensive. Slovenia may well be considered as one
of these countries. The idea of a regional repository as a final solution for HLW should find its place
in the national programme. Accordingly, the following is to be taken into consideration:

Even if a regional repository is established, the programmes developing other solutions for
solving HLW issue and programmes essential if the regional repository fails, should not be
terminated.

During the development of a regional repository, co-operation would be advisable to assure
usage of repository.

Radioactive waste should be disposed of only in those repositories that are built in compliance
with technical and safety regulations. Export to exotic countries is, from a long-term point
of view, an unprofitable adventure.

To implement a national strategy resources are required, among them financial resources are
considered as a top priority, [5]. Legitimate Authority responsible for the implementation of the
adopted strategy must assure the financial resources are available to meet the relevant requirements.
Initially, financing from the budget would be most appropriate should in the near future an alternate
payment mechanism not be established. The alternate mechanism would result in an increase in the
price of electrical energy.

5. CONCLUSIONS

For the successful exploitation of nuclear power and nuclear materials in all areas, it is
imperative that a national strategy for radioactive waste management and spent fuel be adopted. The
national strategy is to take into consideration all radioactive substances (LLW and ILW as well as
HLW) and is not to be limited only to high level radwaste and spent fuel. The following elements
should be included in the implementation:

Update legislation.

Establish an organizational structure with effective communication between administrative and
control authorities, consumers, executive organizations, research and development
organizations, and educational organizations.
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Co-operate with international and regional projects.

Assure reliable financial resources including funds for special purposes.
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STRATEGIC ASPECTS AND TECHNICAL DEVELOPMENTS IN RELATION
TO THE FINAL MANAGEMENT OF NUCLEAR FUEL IN SPAIN
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Abstract

The official policy for the hackend of the fuel cycle is, since 1982, direct disposal. Spain originally opted
for the reprocessing option for the back end of the nuclear fuel cycle. However, with reduced forecasts of future
nuclear generation and falling prices for uranium and plutonium, Spain reevaluated its back end strategy and has
chosen the direct disposal option. Repository construction is expected to start by 2015 and operations by 2020. Three
media (granite, salt and clay) are being evaluated. Economics and flexibility are very important to the Spanish option
selection process.

1. INTRODUCTION

The aim of this paper is to present the strategy adopted by Spain for the back end of the
nuclear fuel cycle. The contents include a description of nuclear activities in Spain, the definition of
the adopted strategy in relation to spent nuclear fuel and a brief description of the activities which are
being developed as a consequence of the strategy. Finally a set of conclusions is included.

2. BACKGROUND

2.1. Nuclear activities in Spain

Spain's nuclear plants generated 53,4 billion KWh — or 38.6 % — of the country's electricity
demand in 1992. Load factors averaged 85.8% and availability factors 88.9%. These figures, along
with those achieved in other recent years, make it possible to speak of the good operation of Spanish
NPPs in general. To evaluate these results, it is necessary to put them in the context of the nation's
entire installed generating capacity:

MWe %

Hydro 16 698 36.8
Fossil-fuelled 21 283 46.9
Nuclear 7 400 16.3

45 381 100.0

The nuclear capacity listed here, includes the 23 MWe uprating at Trillo NPP and the 8 MWe
increase at Vandellos II — both in 1992. Today the gross nuclear generating capacity is 7400 MWe.
Spain's consumption of electricity climbed 0.4% in 1992, bringing the average annual increase
1983-1991 to 3.9%. According to these figures the Spanish Nuclear Programme is an important
contributor to the electricity supply. The National Energy Plan (PEN), approved in 1992, foresees
that the existing NPPs will continue to operate beyond year 2000.

For the future, the PEN establishes that work should be performed, in conjunction with other
countries, to develop an advanced reactor that could be built after year 2000. The prolongation of the
nuclear freeze poses the need for measures to maintain the technology acquired during the
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construction and operation of our NPPs. The high percentage of national participation achieved and
the quality of the projects carried out manifest in the high safety and reliability of the plants — are
valuable assets that cannot be allowed to disappear, in spite of no new projects being undertaken in
the short term.

2.2. Fuel cycle organization in Spain

ENUSA, a state owned company, was created in 1971 to deal with the front end of the fuel
cycle. The Juzbado fuel fabrication plant was designed with a capacity of 200 tU per year to meet the
needs of Spain's NPPs. It was equipped to work with two reactor types — Westinghouse PWR and
General Electric BWR. In 1985 the factory began making fuel assemblies to the design of the day (i.e.
PWR 17 x 17 with inconel grids and standard nozzles, and BWR GE-7 with non-barrier tubings).
Since then, major design, fabrication and irradiation experience has been achieved.

This year a new uranium concentration plant has been commissioned. With a nominal capacity
of 950 t U3O8/year, which represents around 80% of the total Spanish needs. ENUSA has designed
reloads for the Spanish PWRs and for BWRs except Trillo NPP and even has exported fuel elements.
With a total of seven PWR and two BWR, Spain's very wide diversity of plants and fuel types —
PWR, BWR, 14 x 14, 17 x 17, 8 x 8, etc. — demanded a great effort, especially in design and
fabrication.

Empresa Nacional de Residues Radiactivos, S.A. (ENRESA) was created in 1984 by a royal
decree to deal with the back end of the fuel cycle including all the radioactive wastes generated in
Spain. ENRESA reckons that the total volume of radioactive wastes to be generated, and conditioned,
in Spain during 1991-2005 will amount to 224 090 m3. Of this, 212 410 m3 will be low and
intermediate level wastes (LLW), and the remaining 11 680 m3 correspond to spent fuel from nuclear
power plants and high level wastes from reprocessing OCR fuel. In Spain, as in the rest of the
Western world, the treatment and ultimate destination of the radioactive wastes produced are governed
by very strict standards and controls. ENRESA, a state owned company especially created for that
purpose, is the only company in Spain permitted to manage such wastes.

3. STRATEGY SELECTION

The first generation of NPP's in Spain included three units, a PWR (1986) type, a BWR
(1971) type and a GCR (1972) type respectively. At the beginning of the operation fuel was sent to
BNFL in the UK, in the case of BWR and PWR fuel, and to COGEMA's facilities in Marcoule,
France, in the case of the GCR fuel. In those years reprocessing, was the basic option chosen because
of the expected magnitude of the Nuclear Power Generation. In particular in the period between 1973
and 1982 the construction of 23 Nuclear Power Plants was contemplated as well as the construction
of a reprocessing plant in Spain. Later the energy demand did not justify the construction of such a
number of NPP's. Then the plan was adjusted in the period between 1983 and 1992 for seven
additional units in addition to the three mentioned above. Also, the company ENRESA was created
with the responsibility for the radioactive waste management, including spent fuel. According to this
new plan, ratified in the Radioactive Waste General Plans, the fuel is considered, in principle, waste.

The reasons for this change of strategy are basically economic, due to the high reprocessing
costs and also due to the changing prices of uranium and plutonium. Also aspects related to waste
generation and management as well as safety considerations were taken into account in that decision.
The strategy defined by ENRESA and approved by the Authority (Ministerio de Industria, Comercio
y Turismo), for management of the spent fuel unloaded from the Nuclear Power Plants is presented
below. However, according to the wording in force, there is nothing to prevent review and
modification of the decision if the economics of reprocessing changes.
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4. ADOPTED STRATEGY IN RELATION TO THE SPENT FUEL

According to the strategy the spent fuel from light water nuclear power plants — the most
important type as regards volume — and the vitrified wastes from reprocessing in France of the fuel
from Vandellös I will have to be disposed of in Spain. Before disposal, the spent fuel must spend
some time in intermediate storage in order to cool down and allow radioactive decay. Since the
storage capacity of the nuclear power plant pools is limited, complementary solutions must be devised
to increasing the existing capacity.

Therefore the following strategy has been established:

Increasing the capacity of the pools by changing the fuel storage racks, providing an
additional capacity for storage of the spent fuel generated during a 30-year period of
operation.

Increasing storage capacity by means of metallic containers. These containers could be used
for transport, for storage at a centralized facility, and for storage at the nuclear plant itself.
Work is proceeding to guarantee the availability of the containers to meet the needs of the
different nuclear power plants; in this context the following may be pointed out:

ENRESA is participating in designing and licensing of metallic containers suitable for
both the storage and transport of spent fuel. This process, which is being carried out in
the United States, is important from the technological point of view, and will make it
possible to license and manufacture in Spain the number of these containers — or similar
units — required for adaptation to the specific characteristics of the fuel elements used
in Spanish nuclear plants.
The first storage container was manufactured in Spain in 1992.

Temporary Centralized Storage (TCS): parallel to the activities described above, the need of
an intermediate storage for spent fuel is being maintained; start-up of this approach will be
postponed as a result of the increased pool storage from the reracking concept. The
advisability of having a TCS facility is still being considered.

The strategy for the disposal of high level, long-lived wastes is: following the period of
intermediate storage of these wastes, their transport and encapsulation, they will be disposed of in a
deep geological formation. Waste conditioning or encapsulation will be carried out at a plant to be
constructed on the same site as the disposal facility. The technique to be used for this operation is
currently in the study and research phase throughout the world. It would appear to be advisable to
put off a decision at present since the problem does not require a short-term solution in this country.
A strategy for disposal of this type of waste has been under development since 1987. This strategy
includes three elements:

A. Search for a site for the facilities.

The geological media considered are granites, salts and clays. Both a National Inventory of
Favorable Formations (IFA Project) and a siting process known as the "High Level Regional
Studies" (ERA Project) have begun. Work is currently under way on the Second Phase of the
process, the duration of which (1990-1994) has been modified with respect to previous
forecasts.

B. Acquisition of technology and training of teams required for characterization of the chosen
site and construction of the storage facility.

The main obstacle here is the lack of laboratories and installations for development of the
necessary technology and training of the research team. To overcome this situation, centers
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for research in geology and mining will be prepared in the next five years. At each of these
centers the technologies and phenomena associated with deep geological storage such as
geochemical processes, analysis of the thermomechanical behavior of different formations,
the hydrogeological characterization of low permeability media, application of geophysical
methods, etc will be studied. In no case will these centers be converted into disposal facilities.
Additionally collaboration with other countries will continue, with a view to training the
Spanish research personnel and performing joint R&D projects.

C. Development of the basic design for a deep geological repository.

Progress is being made in defining future surface and underground installations. This project,
which was initiated in July 1990 and is being performed by Spanish companies with the
collaboration of Swedish and German organizations, is to perform systems analysis of various
detailed storage concepts. This entire process centralizes the R&D activities and is necessary
for construction of the storage facility regardless of the geological medium considered. The
first milestonnee is the development of a preliminary conceptual design for salt and granite
formations; the design for clays is delayed due to its having been started later. Once ENRESA
has analyzed the results, the second and subsequent phases of the project will be addressed,
ending with the storage system project itself. The objective is to initiate construction of the
storage facility in the year 2015 — after acquisition of detailed knowledge of the chosen
geological formation, and initiating operation in the year 2020.

5. TECHNICAL DEVELOPMENTS

5.1. Reference concepts for the geological reposition

Studies undertaken by ENRESA have recently selected a reference repository concept for the
final disposal of spent fuel and HLW in deep geological formations. Two non-site specific preliminary
designs have been developed; one considers granite as host and the other salt formations. The studies
were performed with the assistance of the Spanish consultant INITEC and the Swedish SKB for the
repository in granite, and the Spanish firm EE.AA. and DBE from Germany for the repository in salt.
The Spanish Radioactive Waste General Programme also considers clay as a potential host rock for
HLW disposal. Analysis for a repository in clay is in its initial phase of development. The guiding
principles followed for the selection of the reference concepts and repository designs have been to:

Ensure safety of the repository during the operational phase.
Ascertain long term performance based on the multibarrier principle.
Use proven techniques and methods for the design, wherever possible.
Devise repository facilities flexible enough to be easily adapted to possible variations of waste
quantities, forms and repository operational time schedule.
Minimize the global cost of the back end of the nuclear fuel cycle.

The salt repository concept contemplates the disposal of the HLW in self-shielding casks
emplaced in the drifts of an underground facility at a depth of 850 m in a bedded salt formation. The
Gustos Type 1(7) cask takes up to seven intact PWR assemblies or 21 BWR assemblies. The final
repository will accept a total of 20 000 fuel assemblies (PWR and BWR) and 50 vitrified waste
canisters over a period of 25 years. The total space needed for the surface facilities amounts to 322
000 m2, including the rock salt dump. The space required for the underground facilities amounts to
about 1.2 km2. The granite repository concept contemplates the disposal of the HLW in carbon steel
canisters, embedded in a 0.75 m thick buffer of swelling smectite clay, in the drifts of an underground
facility at a depth of 500 m. Each canister can take 3 PWR or 9 BWR fuel assemblies. For this
concept the total number of canisters needed is 4860. The space required for the surface and
underground facilities is similar to that of the salt concept.
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5,1.1. Granite repository

The sensitivity analysis led to the selection of a canister with the following characteristics:

Material carbon steel
Outer diameter 0.83 m
Inner diameter 0.63 m
Length 4.54 m
Capacity 3 PWR/9BWR
Thermal load 1 100 W

Taking into account canister capacity, a total of 4860 canisters will be required. The average
weight per canister (loaded) is 13 t. The canister with the shielding overpack will weigh 45 t. The
disposal concept selected contemplates a mine-type repository at a depth of 500 m, consisting of an
array of full-face drilled drifts 2.4 m in diameter. The thermal analysis recommended a spacing of
35 m between drifts and l m between canisters in a drift. Each canister will be embedded in a buffer
of ~ .75 m thick compacted bentonneite clay; the space between canisters will also be filled with
compacted bentonneite. The disposal geometry selected is compatible with the requirement that the
maximum temperature in the bentonneite should not exceed 100°C at any point. The maximum length
of the drifts will be 500 m. Main access to the facility will be by ramp. One central auxiliary shaft
and at least two others for ventilation are planned. The design also includes room for testing and other
ancillary activities. The total underground space required is about 1 km2.

5.1.2. Salt repository

In this case the package, Gustos Type I (7) cask, loaded with intact spent fuel has been
selected as reference waste package. The Gustos I (7) is a shelf-shielding cask which can be handled
without additional radiation shielding. It is intended for drift disposal, with a capacity of 7 intact PWR
or 21 intact BWR fuel assemblies. The cask is about 5.4 m long, has a diameter of around 1.65 m,
and a weight (loaded) of about 70 metric tonnes. About 2.090 casks are required over a period of 25
years. From the analysis, a mined type repository at a depth of 850 meters has been selected,
consisting of a central area for the mining, an emplacement field for intermediate level waste, and
four HLW emplacement fields. The HLW emplacement fields consist of an array of parallel drifts
with a cross sectional area of about 16 m2. The disposal casks will be placed directly in the center
of the drift. The spacing between drifts is 19 m and 6 m between casks. After cask deposition the
empty space will be backfilled with crushed salt. The repository geometry is optimized with regard
to the HLW decay heat to limit the mechanical stress on the host rock. The repository is assumed to
have a distance of at least 75 m to the overburden and underlying no saliniferons strata and 300
meters to the rock salt flanks. The increment in temperature at the interface (salt/overburden), induced
by the waste decay heat must not exceed 25°C. The thermomechanical analysis demonstrated that the
design is consistent with the safety regulations; the maximum temperature in the salt was under 100°C
and is reached 45 years after the beginning of waste emplacement.

5.2. SITING

ENRESA has undertaken a siting programme for the waste repository in Spain. The first
phase of this programme involved only the evaluation of existing maps, reports, and literature. The
second phase involved the development of attributes related to the suitability of an area for a
repository. The second phase criteria were then used to evaluate the rock bodies identified during the
first phase. For the crystalline massifs this involved preparation of more detailed syntheses of the
available information as well as some complementary field investigations. The first two phases of the
programme have been completed and the third phase is now underway. The objective of the third
phase is to identify favorable areas from the favorable zones. Sufficient characterization will be
performed at these favorable areas during the third phase to provide geological, geophysical,
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hydrogeological and geochemical information at a scale of 1:50 000 (or 1:25 000 in some cases) to
evaluate areas in terms of geotechnical parameters. The third phase has three consecutive stages:

Preliminary Studies, between March and December 1990, produced geotechnical information,
plotted the information at a scale of 1:50 000, and made recommendations about additional
data needs for each of the favorable areas.

Topical studies (1991-1993) to obtain and prepare the additional documentary and technical
support required for selection and classification of those portions of the favorable areas
identified in the second phase. This information was gathered so that it could be used to carry
out an evaluation at the scale of 1:50 000 (or 1:25 000 in some specific cases).

Identification and Classification of Zones based upon the information collected and prepared
during the Preliminary Studies and Topical Studies. This stage will be carried out by
ENRESA in 1994.

5.3. R&D ACTIVITIES

The main function of ENRESA's R&D activities is to provide the technical support for the
Disposal Siting Plan, the Conceptual Storage Design and long-term analysis of Disposal Facility
Safety, both in relation to the design finally adopted and to the site selected. These activities have
taken the following forms:

Creation or reorientation of Spanish research groups to fall in line with ENRESA's
management strategy.

Development and/or adaptation by these groups of the tools required by the Spanish Nuclear
Plan, as indicated in the Spanish National Energy Plan.

Application by these groups of tools to solve problems in the fields of: capsules, backfilling
materials, sealing materials, characteristics of formations, modelling of processes and
subsystems.

Participation in waste-related R&D programmes and international forums to evaluate
objectives, methods and results.

The research considered in ENRESA's R&D Plan have been selected on the basis of:

Analysis of the R&D programmes of countries having opted for the "open-cycle".
The initial technological situation existing in public and private research organizations.
The specific characteristics of the Spanish Nuclear Plan.
The amount of information available on Spanish geological formations.

Accordingly, the high level waste R&D Plan has focused on near field and geosphere-related
activities, and to a lesser extent the biosphere, performance assessment, radiological protection and
the dismantling of nuclear and facilities.

5.5.1. Near Field R&D

The Near Field R&D activities are divided into three basic groups:

Waste study.
Waste disposal system.
Performance assessment and modelling.
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The specific waste study activities have included: fuel characterization, fuel leaching and
Structural Performance. Most progress has been made in fuel leaching, to which the greatest effort
has been devoted, the studies having been conducted on synthetic and simulated fuels and spent fuel.
The leaching medium currently being tested is one similar to that which would exist in a salt
formation (brine) disposal facility containing UO2 simfuel and spent fuel. The studies have also
included the effects of brines on the main components of the processes under study. In relation to the
above, the system studies have included testing of different alloys as possible storage capsule
materials. To date, generalized, stress and localized corrosion in saline media have been tested. In
the future, the capsules and fuel will be tested for performance during any leaching processes that
might occur in a granitic disposal facility.

The activities involving backfilling and sealing materials, to which considerable importance
has been attached in the R&D studies, have aimed first of all at selecting and demonstrating the
suitability of the Spanish bentonneite materials, primarily montmorillonites and saponites. Spanish
bentonneites are of high quality and hence highly suitable as backfilling and sealing materials. Fewer
experimental studies have been conducted on the saponites, which would make a fair substitute,
especially in view of the good thermal results that have been obtained. The current studies seek to
determine the long-term performance of the two materials with respect to high temperatures and high
seismicity. The structural performance of the fuel and capsule has so far been studied at a theoretical
level. Further studies will be carried out as the conceptual design advances and when the type of
capsule to be used is defined. Studies have also been performed of near field gas generation and its
effects on the transport of radionuclides in the geosphere. Studies are likewise being made of
backfilling and sealing materials in salt formations through ENRESA's participation in the DAM
Project in the ASSE mine.

5.5.2. Geosphere R&D

The geosphere-related R&D activities have sought to acquire a methodology for application
in the Site Selection Plan. At the same time specific partial characterization studies have been made
of certain geological formations in order to validate methodology and obtain specific reference data.
Even though these data do not come from a site, they may be used in the performance assessment
exercises currently underway. Likewise, general studies have been conducted of certain aspects such
as neotectonneics, seismotectonneics, geophysics, isotopics and geoprospection.

The R&D Plan geosphere studies encompass general activities applicable to the three
geological media under analysis (granite, salt and clays), the activities specific to each, and associated
modelling. In the general studies, neoseismotectonneic maps have been plotted on a scale of
1:200 000 and the geophysical techniques applicable to the site characterization have been reviewed,
leading to applied studies of high resolution seismicity and the use of radar between boreholes. The
geoprospective studies have begun with an analysis of the climatic changes of the last one million
years to predict the future evolution. Isotopic techniques suitable for use in the characterization
studies, including hydrogeology, paleohydrogeology and geochemistry, have been field proven.

In the studies of granite media, mobile hydrogeological and hydrogeochemical characterization
units permitting measurements and parameters to be recorded at depths of up to 1000 m, have been
tested and proven. Studies have begun to collect data on the interaction of radionuclides with the host
rock and fissurai backfills by laboratory tests. The main R&D activity is the Berrocal Project, which
studies the development of natural radionuclides in a fissured granite medium, under real conditions.
In the salt-related studies, ENRESA is participating in the HAW and TSS projects in the ASSE mine
and a thermomechanical test is scheduled in a Spanish salt formation. The clay-related R&D activities
aim to define the geomechanical and thermomechanical parameters typical of Spanish clays.
Accordingly, laboratory tests have been conducted and specific instrumentation has been developed
for on-site application in boreholes. Modelling is another key aspect of the geosphere R&D activities.
These activities have been linked to participation in international exercises (INTRAVAL, CHENVAL,

67



INTERCLAY) and to the specific numerical development in relation both to flow and to transport
phenomena in said media.

5.3.3. Other developments

Although Spain has not adopted reprocessing as the basic option for the back end of the
nuclear fuel cycle, ENRESA will continue to monitor all international R&D actions and projects being
carried out in this field, mainly EEC projects promoted by other bodies such as the NEA-OCDE,
IAEA, etc.

6. CONCLUSIONS

The following conclusions were reached from the Spanish experience for the back end of the
fuel cycle:

1. Economic were of the uppermost important in the selection of a strategy.

2. Reversibility is an important factor supporting the adopted strategy. This is especially true
considering the long time needed for the commissioning of a repository.

3. The studies, projects and developments, as well as the associated R&D, although focused on
direct disposal, are useful for both direct disposal and reprocessing options.
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STATUS OF SPENT FUEL MANAGEMENT IN THE UK

R. DODDS
THORP Division,
British Nuclear Fuels pic,
Risley, Cheshire, United Kingdom

Abstract

Nuclear generating capacity in the UK is relatively stable with Sizewell B nearing completion and no other
units under construction. Further expansion will depend on the outcome of the Governments 1994 review. Sellafield
has been selected as the site for the ILW/LLW repository. Prompt reprocessing of all Magnox fuel will continue.
Scottish Nuclear has contracted for some AGR reprocessing but is also considering dry storage followed by direct
disposal or reprocessing. No option selection has taken place for PWR fuel. The preferred recycle of plutonium is
in FBRs but the Government has withdrawn support for FBR development and forbade utilities from funding its
development.

1. BACKGROUND AND GENERAL ISSUES

The UK's nuclear generating capacity comprises some 3200 MW Magnox and 5100 MW
AGR operated by Nuclear Electric (NE) and 2450 MW AGR operated by Scottish Nuclear (SNL)
together with 400 MW Magnox operated by British Nuclear Fuels pic (BNFL). The only additional
nuclear capacity currently under construction is the 1175 MW Sizewell B PWR owned by NE and
which is expected to be in operation in 1994.

Further expansion of the UK's nuclear generating capacity will depend on the outcome of a
Government promised review in 1994. Although planning permission for the proposed Hinkley
Point C PWR station was approved in September 1990, construction approval will hinge on the
Government's 1994 review. NE is currently indicating a preference for a twin reactor station at
Sizewell (Sizewell C) as the next stage of its development programme. All of the Nuclear Generating
Companies in the UK have a controlling Government shareholding.

The main events that have taken place since the 1991 status report to the Advisory Group are
as follows:

Towards the end of 1992 a House of Commons Trade and Industry Select Committee was set
up to consider the consequences of British Coal's pit closure programme for the electricity
consumer, the Exchequer and the economy and to examine alternatives in terms of energy
policy. NE, SNL and BNFL have all given evidence to this Committee in respect of nuclear
power generation. At the some time an internal Department of Trade and Industry Energy
Review has also been underway. The findings of these two reviews are expected to be
announced early in 1993.

These proceedings will undoubtedly have a bearing on the 1994 Government Review of the
nuclear industry. However, the extent to which they may determine the scope and significance of the
review is not yet known.

In the first two years of trading following the restructuring of the UK's electricity supply
industry both NE and SNL have declared increasing profits and turnovers. In the 1991/92
financial year NE declared an operating profit of £482M on a turnover of £2432M whilst
SNL declared an operating profit of £68.7M on about £477M turnover.

Nirex are currently undertaking detailed site investigations to confirm Sellafield as the
location of the proposed ILW/LLW repository. The additional costs of transport of ILW from
Sellafield (where the bulk of ILW is produced) effectively ruled out the alternative candidate
site at Dounreay. As part of these investigations Nirex intend to develop an underground
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Rock Characterization Facility during 1994, subject to planning approval. The planning
application for the repository itself is expected to be the subject of a Public Inquiry, likely
to take place in the mid 1990s. Operation of the repository is anticipated to commence towards
the end of the first decade of the next century.

During 1992 the construction of the THORP plant, at Sellafield, was completed and work was
concentrated on commissioning activities. Active commissioning is expected to commence
later than originally anticipated. This is due to a delay in the start of the 8 week public
consultation period which forms a necessary part of the process which will lead to the
approval of new Sellafield Site Discharge Authorizations. These authorizations will allow
active commissioning to begin. Her Majesty's Inspectorate of Pollution announced on 16th
November 1992 that the public consultation period had begun. This was completed on 25th
January after a two week extension.

2. SPENT FUEL MANAGEMENT

Magnox Fuel

The strategy on Magnox fuel remains unchanged since the 1991 status report. Prompt
reprocessing is essential and the technical reasons for this have already been rehearsed with the
Advisory Group. All fuel will continue to be despatched to BNFL's reprocessing facility at Sellafield.

AGR Fuel

Agreement has been reached in principle between BNFL and SNL for the reprocessing in
THORP of a further 330 t U beyond their existing commitment of some 600 t U. SNL are currently
pursuing the alternative of dry storage followed by either direct disposal or deferred reprocessing for
the remainder of their AGR arisings. On 1st December 1992 a Public Inquiry began into SNL's
proposal to construct a dry-store for AGR fuel at their Torness power station. The Inquiry ended on
19 January and the outcome is expected to be announced within some months. Beyond current
proposed agreements in respect of some 3000tU, NE has made no decision regarding the spent fuel
management strategy it will adopt for later arisings of AGR fuel.

In all other respects the position on AGR fuel remains as reported in 1991.

PWR Fuel

Strategy remains unchanged. Although indicative costs for spent fuel management were
provided to both the Sizewell B and Hinkley C public inquiries in terms of reprocessing, the
reprocessing and direct disposal options remain open. The current UK design of PWR provides for
18 years of at-reactor wet storage and this would increase with the adoption of higher burnup and/or
rod consolidation. Full use will be made of the storage capacity available at the reactor. Decisions
on reprocessing or direct disposal do not have to be taken for some considerable time.

Recycle of Uranium

Over 15 000 t U of the uranium recovered by Magnox reprocessing has been recycled and
a large proportion of all AGR fuel has been produced from this material. The recycle of reprocessed
uranium from Magnox and AGR fuel currently has no strategic benefit and is assessed against
alternative commercial options. The forecast uranium market conditions are such that further MDU
recycle is unlikely and this is also likely to influence recycle of ORP. BNFL has however made
proposals to NE and to SNL for trial loadings in AGR in the next few years of recycled uranium with
characteristics similar to those expected in uranium recovered from THORP operations.
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Recycle of Plutonium

The position remains unchanged from that previously reported. Briefly, recycle to fast
reactors remains the preferred option but, given the Governments recent decision on the fast reactor,
in the shorter term recycle to possible UK PWRs including Sizewell B is an option. Recycle to AGRs
currently appears unlikely on economic grounds but all options remain under review.

Fast Reactor

The UK Government has signalled it's withdrawal of support for the Dounreay Fast Reactor
project in 1994 and has also ruled that the nuclear industry in the UK cannot itself fund the project.
Government support for the European Fast Reactor project will also be withdrawn in March 1993
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PERSPECTIVES ON THE BACK END STRATEGY
OF THE NUCLEAR FUEL CYCLE IN THE US

K.J. ARAJ
Bureau of Non-Proliferation Policy,
Washington, D.C., United States of America

Abstract

The back end fuel cycle option originally selected by the US was the closed cycle with reprocessing of spent
nuclear fuel and reuse of uranium and plutonium. This choice was made in the 1960s when rapid continued rapid
growth of the nuclear industry was anticipated. With this growth, rapid increases in uranium price and shortage of
enrichment capacity (and high enrichment prices) were also expected. It was also expected that fast reactor
technology, and MOX fuel fabrication would be only modestly more expensive than their LWR counterparts and that
reprocessing would not be expensive. During this period the climate in the US was generally favourable toward
nuclear power. However, in 1977 the US Government, concerned over the proliferation effect of the increasing
inventories of separated plutonium, decided to ban the reprocessing of spent nuclear fuel. In 1981 when the ban was
rescinded the climate of support of nuclear power had disappeared and no further reprocessing occurred. The US is
now committed to the open cycle for the back end of the fuel cycle based on non-proliferation concerns as well as
economics, safety, and environmental protection.

1. INTRODUCTION

This paper will present a brief account of the series of events that led to the selection of the
back end strategy in the US It will also present a status report on current activities of US waste
management program. In brief, the current US strategy calls for interim storage of spent fuel followed
by direct disposal in a geologic repository.

2. HISTORICAL PERSPECTIVE

The nuclear industry of the early 1970s was characterized by rapidly growing worldwide
demand for commercial nuclear power generating capacity, rising uranium prices, and an impending
shortage of enrichment capacity. There was a general consensus within the nuclear community that
spent reactor fuel would be reprocessed to recover residual uranium and plutonium for recycle in
LWRs, and ultimately to fuel breeder reactors.

Reprocessing — or in the jargon of the nuclear industry, "closing" the fuel cycle, was viewed
as "technically sweet" and was justified on the basis of conservation of natural resources; reduction
of health, safety, and environmental risks associated with nuclear waste management; preparation for
the breeder economy; and realization of short and long term economic benefits. Projected
reprocessing costs were low, and there appeared to be an urgent need to reduce the rapidly increasing
demand for virgin uranium in order to stem rising prices and prepare for early introduction of
breeders.

Reprocessing and U/Pu recycle in LWRs was originally projected to reduce fuel cycle costs
relative to a once-through fuel management scheme. Confidence that such cost reduction would be
realized was supported by commercial contracts for reprocessing services at unit prices below
$20/kgHM. The cost premium for mixed-oxide fuel fabrication was envisioned to be as low as 10-20
percent above the comparable cost of fabricating virgin uranium fuel. It was further assumed that
spent fuel would be reprocessed a relatively short time following discharge from the reactor, so that
recycled U/Pu could be returned to the reactor with minimal delay.

Until the mid-1970s, the political climate in the US was generally favorable toward nuclear
power, with little opposition to the construction and operation of fuel cycle facilities. Several LWR
reprocessing plants were built, and others were well advanced in the design phase. However, a variety
of factors, among which, US government concern over the potential for proliferation of nuclear
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weapons, led the Carter administration, in April 1977, to defer "indefinitely" domestic commercial
reprocessing. This precluded the start up of the nearly completed Barnwell Nuclear Fuel Plant, and
ultimately led to the loss of the owner's investment. The Exxon Reprocessing Plant project was
cancelled as well.

Even when the indefinite ban on domestic reprocessing was duly lifted on July 1981 by the
Reagan administration, the previously favorable political/institutional environment and the economic
incentives for reprocessing ceased to exist. The principal issues adversely affecting the resumption
of US reprocessing were:

Widespread cancellation of orders for nuclear power plants, resulting in a precipitous decline
in uranium concentrate prices from as high as $44/lb of U3O8 in mid-1979 to approximately
$17/lb only 3 years later.

Introduction of commercial gas centrifuge enrichment technology, completion of the Eurodiff
gaseous diffusion plant, and no new orders for US nuclear power plants transformed the
earlier forecast of a shortage of enrichment capacity to a condition of oversupply, resulting
in price reductions for enrichment services due to intense competition.

The capital cost of breeders proved unexpectedly high relative to LWRs, and the cost of both
LWR and LMR mixed-oxide fuel fabrication remained considerably higher than originally
anticipated. Large-scale deployment of commercial breeder reactors, once envisioned to begin
as early as the 1980s, was delayed indefinitely, and now appears likely to be deferred to
beyond 2030.

Lack of a clear economic incentive for the introduction of reprocessing and the closure of the
LWR fuel cycle as a result of the above events.

These formidable barriers to reprocessing led US utilities to continue with a once-through fuel
cycle, and prompted a re-optimization of LWR fuel management schemes. The utilization of longer,
higher-burnup cycles reduced the fissile uranium and plutonium content of the spent fuel, further
reducing the incentive to reprocess.

Furthermore, the benefit of reprocessing to nuclear waste management was not universally
accepted by the international community. Among the conclusions of INFCE was that the closed
uranium-plutonium cycle offers no significant advantage over the once-through cycle from the
perspective of waste management and disposal, either economically or in terms of health, safety, and
environmental risks. The spent fuel itself is a highly refractory and insoluble ceramic, so disposing
of it without reprocessing has unique benefits as well. A large additional benefit is the ability to
control the fate of plutonium much more assuredly.

Furthermore, the various TRU and low level wastes inevitably associated with reprocessing
never appear.

3. DEVELOPMENT OF US POLICY

Despite recognition of many difficulties, the nuclear waste management problem continued
without satisfactory resolution until 1982. At that time, 8000 metric tonnes of spent fuel from
commercial reactors were stored in spent fuel pools on site, and some reactors were expected to have
to shut down by 1986 if no away-from-reactor (AFR) storage could be arranged. Even with a prompt
start on developing HLW disposal sites, most of the 72 000 tonnes of spent fuel expected to exist by
the year 2000 would be in temporary storage. A key to progress was the assessment performed by
the congressional Office of Technology Assessment (OTA), which, at the express invitation of
Congress, offered a program for congressional action. In their April 1982 report, OTA saw no
insurmountable technical obstacles and proposed a program with three key elements:
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A. Commitment in law by the congress to these goals:

1. Develop several repository sites on a firm schedule.

2. Contract with electric utilities to accept commercial waste at a repository (or
repositories) on a conservative date when a repository would be available.

3. Aid the interim storage efforts by utilities, with dry storage demonstrations and provision
of some federal storage capacity.

B. Creation of institutional mechanisms to achieve the following goals:

1. Congressional approval of a binding management action program to guarantee meeting
the goals.

2. Assured funding via a mandatory user fee, paid by the utilities.

3. Assurance of adequate and stable managerial resources by creation of an independent,
single-purpose waste management agency.

C. Credible measures to address concerns by states and other groups:

1. Explicit plans and assured funds for involvement of lay and technical public.

2. Development of a regulatory process that allows for the one-of-a-kind nature of the
problem.

3. Provision for dealing with state and local concerns such as a formal role in siting
decisions and impact studies.

This assessment and other stimuli persuaded the US Congress to pass the Nuclear Waste
Policy Act (NWPA) of 1982 (December). In 1987, Congress amended the Act through the Nuclear
Waste Policy Amendment Act (NWPAA). The two Acts provide the current bases for storage,
transport and disposal of spent nuclear fuel as well as the high level waste (HLU) in the US.

NWPA directed DOE to proceed with a federal waste management system (FWMS) that
would begin accepting spent nuclear fuel from civilian reactors for disposal in a geologic repository
by 1998. The anticipated life of the FWMS is envisioned to be 80 to 100 years. The Office of
Civilian Radioactive Waste Management (OCRWM) was established within DOE to carry out this
directive. The NWPA also established a Nuclear Waste Fund and a funding mechanism that results
in full funding of the program by the electricity users through a one mill/kwhe fee imposed on all
electricity generated and sold by nuclear power plants. The NWPA expressly stated that the storage
of spent fuel until 1998 would remain the responsibility of the individual electric utilities that owned
and operated these plants. DOE's primary efforts involved the necessary scientific characterization
of multiple sites prior to eventual siting of a geologic repository.

However, NWPAA redirected DOE to perform a scientific characterization of only one
candidate repository site. The site selected for characterization was Yucca Mountain, which is located
approximately 90 miles north of Las Vegas, Nevada. Site specific activities that had begun at the
other two sites in Texas and Washingtonne State were to be phased out.

The NWPAA also authorized the siting, construction, and operation of a Monitored
Retrievable Storage (MRS) facility to store spent fuel on a temporary basis, until a permanent
repository becomes available for spent fuel disposal. In accordance with the NWPAA, construction
of an MRS facility may not begin until a license has been issued by the US Nuclear Regulatory
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Commission (NRC) for construction of a repository. In addition, the quantity of spent nuclear fuel
or high level radioactive waste that may be stored at the MRS facility is limited by law to 10 000
metric tonnes of heavy metal (MTU) until the repository begins acceptance of spent fuel. In addition,
there is a limit of 15 000 MTU that may be stored at the MRS facility at any one time.

The NWPAA also provided for the appointment of a Nuclear Waste Negotiator. The Nuclear
Waste Negotiator was appointed by the President of the United States. He is working independently
with the DOE to identify a site for an MRS facility.

Furthermore, the Nuclear Regulatory Commission (NRC) has the responsibility for setting
technical standards and criteria for the repository and for enforcing compliance with overall offsite
release standards proposed by the Environmental Protection Agency (EPA). Also, the Department of
Transportation (DOT) and NRC are responsible for regulating transportation of spent fuel.

In 1988, DOE announced a five-year delay for the start of waste acceptance in the geologic
repository until 2003 and, in November 1989, a further delay till 2010 was announced by DOE. The
revised schedule is shown in Table I.

TABLE I. OVERALL SCHEDULE

• 1987 - DOE is redirected to perform detailed site characterization on only the
Yucca Mountain candidate site.

• 1992 - Candidate Monitored Retrievable Storage (MRS) facility sites identified.

• 1998 - Start waste acceptance at MRS facility.

• 2001 - DOE recommends repository site to the President, if approved, DOE will
then submit an application to the NRC for construction of the repository.

• 2004 - Start repository construction.

• 2010 - Earliest date to start emplacing wastes.

4. CURRENT CONSIDERATION AND CIRCUMSTANCES

Characterization and Licensing of Yucca Mountain

Substantial surface-based site characterization activities continue at Yucca Mountain. These
activities include extensive trenching and fault mapping in Midway Valley to determine if recent
geologic faulting is present that could affect the location of repository surface facilities, deep borehole
drilling to remove core that will help scientists understand the underground geology in the unsaturated
zone, and continued drilling to help determine rainwater infiltration rates into Yucca Mountain.

Site preparation work began on November 30, 1992, for the pad construction of the
Exploratory studies Facility (ESF). The ESF is an underground laboratory that will consist of up to
22.6 km of tunnels through Yucca Mountain which will house individual laboratory and test facilities.
The ESF will allow scientists to conduct in-depth, subsurface studies of Yucca Mountain to help
determine if it is suitable for a repository. Construction began April 2, 1993, on the initial tunnel
section. This will serve as an assembly area and tunnel launch chamber for a Tunnel Boring Machine
(TBM). The TBM will be used to excavate tunnels through the mountain. As of the end of May, the
pilot tunnel has been excavated to a depth of 30 m.
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In order to minimize characterization costs and to build confidence as the program proceeds,
the US Secretary of Energy sent a letter to the Chairman of the Senate Committee on Energy and
Natural Resources on January 12, 1993. The letter proposes an alternative, phased, licensing strategy
for the permanent disposal of spent nuclear fuel. In contrast to current DOE plans, phased licensing
and emplacement of limited quantities of spent nuclear fuel underground would allow the NRC to
make formal findings periodically based on site-specific and materials-specific experimental data. This
approach will allow the suitability of the proposed Yucca Mountain site to be determined as soon as
possible.

Monitored Retrievable Storage

In 1991, the Nuclear Waste Negotiator began an intensive effort to locate a volunteer host for
a Monitored Retrievable Storage (MRS) facility, and issued a formal request for expressions of
interest. To date, twelve Phase I Grants have been awarded to state and local governments, and to
Indian Tribes. The Phase I Grants are used to assess the feasibility of siting an MRS within a
grantee's jurisdiction. There have been two Phase HA Grants awarded which will be used by the
prospective host to conduct public information activities and intergovernmental co-ordination,
culminating in a decision by the prospective host to enter into formal discussions with the Nuclear
Waste Negotiator.

On December 17, 1992, the US Secretary of Energy sent a response to the Chairman of the
Senate Committee on Energy and Natural Resources which reassessed the DOE position on spent
nuclear fuel receipt and storage. Given the difficulty in identifying a voluntary host site for an MRS
and the DOE intent to begin accepting spent fuel in 1998, a parallel plan was specified. The new
strategy, designed to broaden and complement existing siting efforts, includes a plan to design,
develop and license a multiple-purpose container system for receipt, storage, transport, and disposal
of spent fuel; and a plan to investigate federal government sites for interim storage. The Secretary
of Energy provided a preliminary schedule and asked the Congress to provide the legal guidance to
effect some of these changes.

New Administration

As a result of the November 1992 US election and consequent change of the Presidency and
in both chambers of Congress, the DOE is until now in a transition period as the new Administration
settles into management positions. The newly appointed US Secretary of Energy, Hazel R. O'Leary,
has stated in a testimony, earlier this year, before the Senate Energy and Natural Resources
Committee that she would support a review of the current waste program to see if it is proceeding
effectively.

At the present time, the multipurpose container concept is being actively pursued, while other
initiatives of the former administration are still being evaluated.

5. CONCLUDING REMARKS

Although the ultimate decision for selection of the US back end strategy was made through
an amalgam of economic, political, cultural, and technical considerations, it is instructive to attempt,
as a summary exercise, to identify the important factors that shaped that policy. The principal factors
were:

Nonproliferation — Concern over the proliferation risks associated with the potential
accumulation of separated plutonium was one element that contributed to the US decision to
favor direct disposal of spent fuel rather than the reprocessing route.

Economics — Declining uranium prices, excess supply of enrichment services and
higher-than-expected mixed-oxide fuel fabrication costs all supported the view that a
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once-through fuel cycle with direct disposal is more economical than one with reprocessing
and MOX recycle.

Safety and Environmental Issues — The main mission objective of the US program is the
protection of the health, safety of the public and of the workers and the quality of the
environment. Since the 1950s, several US scientific groups, including the National Academy
of Sciences, recommended geologic disposal as a preferred option.

It is interesting to observe, that many of the past problems and difficulties in the waste
management program, stem from the illusory quest for the "perfect" and the "best" solution. There
is no silver bullet in this class of problems. Geologic disposal is and will continue, for the foreseeable
future, to be a satisfactory option for isolation of nuclear wastes, as it is evident by an increasing
worldwide scientific consensus that this option would afford more than adequate protection to the
population.
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SPENT FUEL MANAGEMENT GLOSSARY

at-reactor (AR) storage. Spent fuel storage that is integral and associated with a reactor and part
of the refuelling operation.

away-from-reactor on site (AFR(RS)) storage. Spent fuel storage away from and independent df
the reactor(s) but still on the licensed site of the reactor(s).

away-from-reactor off site (AFR(OS)) storage. Spent fuel storage away from the reactor(s) and
off the licensed site of the reactor(s).

back end of nuclear fuel cycle. Refers to operations performed on spent fuel; these include storage
in water pools or dry storage facilities, reprocessing and/or disposal, recycling the products
of reprocessing and waste management.

dry storage. Storage of spent fuel and related components or radioactive waste in a gas environment
such as air or inert gas. Dry storage facilities include casks, silos and vaults.

front end of fuel cycle. Refers to operations in preparation of uranium for use in reactors, and
includes mining, milling, enrichment and fabrication of fuel.

fuel reprocessing. Recovery of fissile and fertile material from irradiated nuclear fuel using chemical
separation from fission products and other radionuclides (e.g. activation products, actinides).

geological storage. Storage of spent fuel and/or other radioactive materials in a geological formation.
The geological storage technology selected will require special conditioning of the spent fuel
and radioactive materials to meet storage criteria.

heavy metal (HM). Thorium, uranium or plutonium component of nuclear fuel. Only the metal
atoms are counted in reported weights, although the fuel may exist as metal, oxide, carbide
or nitride.

monitored retrievable storage (MRS). Storage of spent fuel or high level waste in facilities that
provides sustained monitoring capability and retrievability.
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ABBREVIATIONS

APR away-from-reactor storage

AGR advanced gas cooled reactor

AR at-reactor storage

HLW high level waste

HM heavy metal

LLW low level waste
LWR light water reactor

MRS monitored retrievable storage

MTHM metric tonnes of heavy metal
MOX mixed oxide fuel

MW d/t megawatt days per tonne (of uranium or heavy metal)
PWR pressurized water reactor
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