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Abstract

Recent NEA work on plutonium has been, essentially, targeted at economic and scientific aspects and the need
to identify suitable technical solutions, despite the existing political uncertainties associated with their
implementation. Such studies provide the facts and current views concerning plutonium and its civil use; address
questions influencing the choice of fuel cycle options and illustrate how economic and logistic assessments of the
alternatives could be undertaken. An ad-hoc expert group, with a membership drawn from fifteen countries and three
international organisations, which was formed in early 1994 under the auspices of the NEA, with the task of
identifying, examining and evaluating the broad technical questions related to plutonium management, has just
published its work. This paper discusses the work and main conclusions of the expert group and focuses on the
following two topics:

• Technologies, already implemented, which provide for short and medium-term storage of plutonium or
for recycling the plutonium through reactors. A brief review is provided of experience gained with them
and technical commentaries are made on their potential future deployment.

• Such technologies may, in the longer term, be joined by a further range which are, in some cases, already
under development. Attention is drawn to those additional options that may become available.

Another NEA expert group studied in detail the economics of the open and closed fuel cycles and reported, in
1994, its main findings:

••* Some economic considerations of importance to various aspects of plutonium recycling are also presented
in this paper.

1. INTRODUCTION

National policies and programmes concerning the civil use of plutonium are quite diverse, being
influenced by a number of complex factors and by different evaluations of the benefits arising from
plutonium seen as a quasi-indigenous energy source. The situation regarding plutonium stocks, and
plans which are underway to use them, differ from country to country. In some countries, MOX
programmes are already actively implemented, in others, though, recycling of separated plutonium is
not expected to take place in the short term. There is clearly public interest in the management of this
plutonium including any that may become available from non-civil sources.

In recent years the NEA has published reports prepared by international ad-hoc expert groups on
the economics of the closed and open fuel cycles, on spent fuel management and storage, on the
economics and logistics of using plutonium in mixed uranium-plutonium fuel (MOX) and on the
physics of plutonium recycling [1, 2, 3, 4, 5, 6, 7]. Additional studies regarding the above mentioned
topics are either under way or will be performed in the future.

The increasing quantities of separated civil plutonium and the postponement or the
abandonment of plans for fast breeder reactors (FBRs) have resulted in a growing interest, in a
number of OECD countries, in recycling plutonium in light-water reactors (LWRs).

To the extent that it is seen as desirable that the option of using plutonium as fuel should be
maintained in the future, it should be demonstrated that civil stocks of plutonium would continue to
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be managed well in the medium term. In addressing the choice of technologies to be used, it would
be valuable to compile and assess:

• the availability of and experience in using technology for all segments of the plutonium
recycle route and for storing plutonium;

•J* the potential for further improvements in technology, aiming, for example, at even higher
standards of environmental protection, safety, worker health and reduced costs; and

• priorities for further research and technical developments.

With the above considerations in mind, an international ad-hoc expert group — the only one of
this kind — was assembled in early 1994, under the auspices of the NEA, with the task of
identifying, examining and evaluating the broad technical questions related to plutonium
management. Recognising that this was a subject of interest to all countries, whether or not they had
in stock separated plutonium or, indeed, any intention of using plutonium, the following nominated
participants to the expert group: Australia, Belgium, Canada, France, Germany, Ireland, Italy, Japan,
Korea, the Netherlands, Norway, Switzerland, the United Kingdom and the United States. Experts
from Russia were invited to participate in the NEA study, in view of their country's accumulated
experience with plutonium production, handling and use. The IAEA and the European Commission
were also represented.

The expert group was concerned with the technical options for management of civil plutonium,
including any that may become available from non-civil uses, but did not consider military
plutonium per se. As in previous NEA work on plutonium, institutional aspects, non-proliferation
and physical security issues were not addressed. The report of the expert group was published in May
1997 [8].

2. MANAGING PLUTONIUM: EXPERIENCE GAINED

Production and handling of civil plutonium are now into their fourth decade and equipment and
systems are at an advanced state in terms of:

• quality control;

• minimisation of effluents;

• minimisation of doses to operators and the public;

•!• radiological and non-radiological safety;

• safeguards; and

*t* physical protection.

Safety considerations are of prime importance in the design, construction and operation of
plutonium facilities. All such undertakings, which operate in environments that prevent release of
alpha-particles, with automated and remotely controlled equipment, are in strict compliance with the
conditions of licences issued by the competent authorities. In modern plutonium handling plants, the
inventory at all stages of the process is routinely determined from central computers linked to an
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array of installed monitors. Some of the monitors are indeed the property of EURATOM and the
IAEA who verify the data supplied by the operators.

2.1. Packaging, storage, purification and transportation of plutonium

Civil plutonium production at the major reprocessing facilities in the United Kingdom and
France is in the form of dioxide powder which is packaged in stainless steel cans to provide adequate
containment, to avoid the possibility of criticality, and to assist in the removal of the decay heat.

Packages of plutonium dioxide are stored within massive concrete cells to ensure protection
against major external hazards, such as seismic events and aircraft crashes. The stores are also
designed to avoid criticality, and to take account of the release of heat and the physical containment
and protection of the plutonium.

Purification of aged plutonium and its recovery from ashes and solid waste are now practised at
the industrial scale. The implementation of such operations in the plutonium cycle provides improved
flexibility of the overall plutonium management scheme since it would allow for purification of "old"
plutonium that has accumulated significant amounts of americium.

Over the past 35 years, separated civil plutonium, in any of its forms (mainly oxide, but also
nitrate and, in earlier years, metal), has been safely transported, internally within Europe, Russia and
Japan, and internationally from the United Kingdom and France to Japan. Transport by road, rail, air
and sea have all been used, under international regulations, within approved transport containers.

2.2. MOX fuel fabrication

Since the earliest days of commercial utilisation of nuclear power, plutonium arising from
reprocessing of spent fuel was technically recognised to be best used in FBRs. In the 1950s, the
general opinion was, however, that reprocessing capacities in excess of the requirements for feeding
FBR prototypes would be available up to a period of 20 years. It was then decided to launch an
important R&D programme on MOX fuels which was essentially conducted within the framework of
a co-operation agreement between EURATOM and the U.S. Atomic Energy Commission. In the
1960s, interest in plutonium recycle in thermal reactors grew steadily as civil plutonium surpluses
appeared unavoidable. As a result, additional countries started R&D activities on MOX fuels: mainly
Germany, and to a lesser extent, France, Switzerland, Italy and Sweden for LWRs, as well as Japan
for the ATR. The United Kingdom demonstrated MOX utilisation in the Windscale AGR.

MOX fabrication technology was, however, in its infancy during these periods: the main
emphasis was placed on simplifying the manufacturing techniques and several alternative processes
to pelletizing-sintering were tried out. After the political decision in the United States, in 1976, to
defer reprocessing indefinitely, MOX technology was phased out in the United States but continued
in:

• Germany and Belgium, both for LWR MOX and FBR fuels;

• Japan, for ATR and FBR fuels; and

• France and the United Kingdom, for FBR fuel.

The industrial MOX manufacturing techniques utilised today were developed during that period,
through a trial and error approach, based on the lessons learnt from the demonstration programmes.
Meeting the demand of the customers of big modern reprocessing plants (UP2 and UP3 in France and
THORP in the United Kingdom) resulted in a rapid expansion of the industrial utilisation of the
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MOX fuel which was limited, essentially, by the time required to implement and qualify new
fabrication facilities, and by political considerations.

In Belgium, the Belgonucleaire Dessel PO plant has been operational since 1973 and its earlier
fabrication process was used for partial reactor loads and the irradiation supplies for both thermal and
fast reactors and facilities. The reference production capacity of the plant is nominally, since its
refurbishment in 1985, 35 tonnes HM per year. The CFCa COGEMA plant in France has been
processing plutonium fuel since 1962, mainly for FBRs. The capacity of the plant is now being
progressively increased to reach 35 tonnes HM per year. During 1995, COGEMA started up
industrial MOX fuel production, in its modern 120 tonnes HM per year MELOX plant located at
Marcoule. In Japan, the PNC Tokai facilities have produced 144 tonnes MOX fuel in the last 15 years
for the fast reactors Monju and Joyo, as well as for the Fugen ATR. The SIEMENS Hanau plant in
Germany began operation in 1972 and was shut down in 1991 after a contamination incident. Its
capacity during the period 1987 to 1991 was between 20 and 25 tonnes HM of MOX per year for
both LWRs and FBRs. Construction of the new Hanau MOX fabrication plant (120 tonnes HM per
year) started in 1987. Today, although the plant is 95 per cent completed, SIEMENS and the German
utilities have decided not to operate it for political reasons. In the United Kingdom, BNFL and
UKAEA have collaborated over the last 30 years in the manufacture of plutonium fuels for a variety
of reactors. Recently, BNFL has taken over UKAEA's interest in the collaboration including the
development facilities and is currently operating a small-scale manufacturing facility, the MOX
Demonstration Facility (MDF) at Sellafield which became operational in 1993 with a design nominal
capacity of 8 tonnes HM per year.

Within a period of about 10 years, a total capacity of approximately 400 tonnes HM per year
will be available, in reasonably close balance with the total production of the then operating
reprocessing plants. Additional MOX fabrication plants are expected to be operational: the
Belgonucleaire Dessel PI plant (401 HM/y); the BNFL SMP plant (120 t HM/y); the MELOX
extension (501 HM/y) and the Japanese MOX plant (about 100 t HM/y).

New MOX fabrication plants offer better protection against earthquake, aircraft crash, pressure
wave and fire. They have larger flexibility in terms of fuel designs as well as in terms of fabrication
campaign sizes. Extensive process automation or remote control of operation has been introduced to
cope with the use of plutonium arising from the reprocessing of high burn-up spent UO2 fuel, and
the manufacture of MOX fuel designed for increased discharge burn-up.

In Russia, efforts have been essentially focused on the development of MOX fuel for fast
breeder reactors. Initially, in 1957, a core of a metallic alloy was fabricated for the pulsing fast
reactor IBR-30. Starting in 1959, MOX fuel was made, first for the BR-5 and IBR-2 reactors, and
later, from the mid-1970s, for the BOR-60 and for experimental sub-assemblies tested in the BN-
350 and BN-600 reactors. Two technologies are being developed to process plutonium into MOX
fuel: pelletizing and vibrocompacting. They are implemented at Mayak, Chelyabinsk and at RIAR,
Dimitrovgrad, respectively. As a consequence of the delay of the construction of three to four units of
the BN-800 fast power reactor type, construction of a MOX fuel fabrication plant, called
COMPLEX-300, is currently suspended.

Given the characteristics of plutonium of low irradiated fuels (reduced alpha activity and
neutron flux, low 241 Am built-up and a significant decrease of the gamma irradiation level) as
compared with plutonium commonly known as reactor-grade, the technologies currently involved in
the MOX fabrication plants may be easily adapted to the fabrication of MOX fuel with such
plutonium. The MOX option for the disposition of such plutonium could effectively benefit from the
experience gained in Europe for further reductions in development and licensing costs, and time.
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2.3. Plutonium use in reactors

The physical characteristics of plutonium and uranium-fuelled reactors are only slightly
different and plutonium recycling is possible in most of the current LWRs (PWRs or BWRs). MOX
fuel, however, cannot substitute for uranium oxide fuel without some relevant precautions which are
necessary to cope with a reduction of the absorber efficiency, a smaller loss of reactivity during the
exposure and a modification of the power distribution at the boundary between MOX and UO2
assemblies. From a practical point of view it is possible to deal with such consequences without
major problems. The reactor's control and safety characteristics are dependent on the utilised MOX
ratio. If the share of the MOX fuel in the core is low (less than 50 per cent, as is the case today), it is
generally easy to adapt existing reactors to the use of MOX fuels. This ratio could be increased up to
100 per cent by the use of specifically designed and licensed reactors or, in some cases, by modifying
the control rod systems of existing reactors. Concerning MOX fuel failures, the failure characteristics
and the activity releases are very similar to those of uranium oxide fuel.

In Germany, after the early plutonium recycling programmes in BWRs (Kahl, KRB-A), the
beginning of commercial MOX use in LWRs was concentrated in PWRs. The three KONVOI PWRs
in Germany are licensed for the irradiation of up to 50 per cent MOX fuel assemblies of the type
18x18 and several BWRs have requested a MOX insertion licence or have already received such a
licence, e.g. KRB-B. Experience also exists in Switzerland with MOX loaded both in the Beznau-1
and Beznau-2 plants. The French programme regarding the 900 MWe PWRs of EDF started with a
first reload including 16 MOX fuel assemblies in 1987 at St. Laurent-Bl and comprises, at present,
nine plants. Seven additional 900 MWe PWRs of EDF are licensed to recycle plutonium. In Belgium,
after the 1963-1987 data base acquisition programme in the BR3 PWR (with up to 70 per cent MOX
in a reload), two 900 MWe PWRs have been loaded with MOX fuel since 1995. Lastly, in Japan test
MOX fuel assemblies have been loaded in the Tsuruga-1 (BWR) and the Mihama-1 (PWR) which
are both commercially operated reactors. It is expected that MOX recycling, on an industrial scale,
will commence in the near future in Japan.

The experience accumulated up to now with MOX fuel recycling and the different strategies
aimed at increasing the use of plutonium in MOX fuel in PWRs and BWRs, leads to the conclusion
that MOX fuel can be considered an industrial product, like uranium fuel. However, as is normal for
every industrial product, future possibilities are discernible for improving MOX fuel in order to gain
more efficiency and reactivity.

For countries and utilities involved in fuel recycling, the following main trends could be
observed:

• Continuation with MOX recycling on a broad industrial basis in Europe and Japan.
Currently, 32 LWRs are licensed to use MOX fuel. Beyond the year 2000 it is expected that
additional reactors would use MOX fuel in these countries.

• Improvement of fuel utilisation by multi-recycling strategies.

• Increasing bum-ups by using new MOX fuel assembly designs with higher plutonium
contents and higher percentage of MOX assemblies in the cores.

• Stronger efforts towards standardisation in order to improve economics.

Several fast breeder reactors (e.g. Phenix, Superphenix, PFR, BN-600, Monju) have been in
operation for many years in a number of countries. The design, construction and operation of such
plants and their related MOX fuel manufacturing facilities have provided extensive experience of
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more than 200 reactor-years as a basis for engineering further improvements. Experience has also
been gained in Japan with the prototype Advanced Thermal Reactor Fugen (a heavy-water
moderated, light-water cooled, pressure tube type reactor of 165 MWe), which is characterised by the
capability to utilise plutonium both flexibly and efficiently.

3. ECONOMIC CONSIDERATIONS

The economics and the related logistics of plutonium recycling have been well studied over the
years [1, 2, 5]. It is understood that other plutonium management methods which are currently under
investigation have large associated economic uncertainties.

In early 1991, an expert group with a membership drawn from fourteen countries and four
international organisations was formed by the NEA to examine the economics of the nuclear fuel
cycle with particular reference to costs associated with a large modern pressurised water reactor
commissioning in the year 2000. The expert group published its report in July 1994 [2]. That report,
being the only reference work in this area, has been heavily quoted, translated in other languages, it
has also been widely discussed and scrutinised.

The primary task of the expert group was to update the earlier NEA study which was published
in 1985 [1]. That earlier study analysed the fuel cycle cost using internationally accepted, investment
appraisal methodology.

Two back-end options were considered in the study. The first was based on prompt reprocessing
of the spent fuel. The basic cost estimates used were supplied by BNFL in conjunction with
COGEMA. These estimates assumed that the fuel would be reprocessed in a newly constructed plant.
In costing this plant the experience gained from the design, construction and operation of the latest
reprocessing plants of THORP at Sellafield and UP3 at La Hague has been taken into consideration.
The second option was based on long-term storage followed by direct disposal. Cost estimates
developed by the SKB company in Sweden were used as the reference case.

The expert group concluded that levelised lifetime fuel cycle costs have been reduced, by 40 per
cent, since the 1985 NEA study. Resulting reference discounted costs were 6.23 mills/kWh for the
reprocessing option and 5.46 mills/kWh for the direct disposal option. In overall fuel cycle cost
terms, the direct disposal option remained at about 10 per cent lower than the reprocessing option,
based on the reference cases studied. However, in the light of the underlying cost uncertainties, that
small cost difference was considered to be insignificant and, in any event, represented a negligible
difference in overall generating cost terms. Given that fuel cycle costs are very strongly country
dependent, it is likely that considerations of national energy strategy including reactor type,
environmental impact, balance of payments and public acceptability would play a more important
role in deciding a fuel cycle policy than the small economic difference identified.

Concerning plutonium separation, handling and use, some of the economic parameters
considered by the expert group are briefly discussed below.

Although reliable commercial MOX fuel fabrication cost data are, in general, lacking, it is
known that they are higher than those of enriched uranium oxide fuels. This is due to the higher
investment cost of a MOX plant and to the latter's modular nature which does not confer the same
advantages of scale that apply to a uranium plant. As the use of MOX fuel increases and the new
MOX fabrication plants reach higher commercial throughputs, the present MOX fabrication prices
will fall. The industry expects that, on current plans, the MOX fabrication price will have fallen to
about three times that for uranium fuel by 2010. However, the reference case in the 1989 NEA
Plutonium Fuel study [5] assumed that by the late 1990s, MOX fabrication prices would be four
times those for enriched uranium fuel. For the purpose of the 1994 NEA Economics study, it was
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agreed that the reference case would prudently use a ratio of four over the entire reactor lifetime.
Thus, the reference price was set at $1 100 per kg HM, with a corresponding range for sensitivity
studies of $800 to $1 400 per kg HM. This range corresponded to the use of fabrication price ratios of
three and five, respectively. It also corresponded to the use of the low and high uranium fuel
fabrication prices ($200 and $350 per kg U, respectively), which were adopted by the expert group,
with the reference MOX fabrication factor of four. The prices used in the study were considered to be
very robust. Depending on the study's costs of uranium purchase and enrichment, as well as on the
MOX fabrication prices used, a range of plutonium credit values of $-10.0 to $17.0 per g of fissile
plutonium were obtained. The reference credit value was $5.0 per g of fissile plutonium.

Published costs of plutonium storage vary widely owing to differences in the size of stores and
the economic and financial differences which exist between countries. They are usually taken to be in
the region of $1 to $2 per g of total plutonium, Pu(t), per year. Some countries requiring longer-term
storage are incurring additional prices of this order. Reprocessing companies include the cost of
short—term storage as a minor component of the overall reprocessing price.

As noted above, long-stored plutonium may need to be purified, by the removal of in-grown
americium before it can be recycled. The extent to which this will be necessary will depend upon the
source of the plutonium, its period of storage and the design of the MOX fuel fabrication plant. The
cost may vary [5] between $10 and $28 per g Pu(t); a price of $18 per g Pu(t) would be appropriate
for plants treating about two tonnes Pu(t) per annum. This figure relates to americium removal from
plutonium oxide; it would be less if the plutonium could be stored as a nitrate solution.

If plutonium transport is needed, the price would be far higher per kg than that of spent fuel due
to the more onerous criticality and physical security requirements. Indicative figures of around $500
to $900 per kg, which will vary with the mode of transport (air, land or sea) have been published [5].
Plutonium transport costs within a single site would be trivial by comparison.

Lastly, the expert group adopted the view that the strong likelihood of economies arising from
technological developments and commercial pressures would make any upward movement of
reprocessing prices highly unlikely in the future.

4. FUTURE OPTIONS UNDER DEVELOPMENT

The future utilisation of plutonium will critically depend, among other factors, on the evolution
of nuclear policies. The NEA expert group addressed plutonium burning in fast and other reactor
systems, as well as geological disposal of plutonium. Such technologies, which are currently under
research and development, would need to be fully demonstrated and accepted.

4.1. Studies concerning currently available reactor concepts

There are various important R&D activities going on in many countries regarding the utilisation
of reactors, currently used for power generation, in managing present and future plutonium
inventories. As designed, a fast breeder reactor produces more plutonium than it burns, but, at the
conceptual stage, it is possible to transform it into a burner if reducing the plutonium inventories is
needed, whether the plutonium originates from power reactors or from ex-civil uses. Similar
concepts can also apply to both CANDU reactors and PWRs.

In France, the CAPRA project has been launched to demonstrate the feasibility of a plutonium-
burner fast reactor core compatible with the European Fast Reactor (EFR) technology. Similar
studies have also been carried out in Japan. The R&D programme in support of this activity is
complemented by various international collaborations with Japan, Russia, Switzerland and Italy.
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In Japan, conceptual studies have been carried out on the modification of high conversion PWRs
to reduce surplus plutonium and on a new concept for the LWR fuel matrix which can become
chemically stable during irradiation, hence capable of being disposed of without further processing.

Although CANDU reactors have not up to now been fuelled with MOX fuel, they have been
operating with natural uranium in which fissile plutonium is the largest contributor to energy
production. This feature is a result of the high conversion ratio of the natural uranium — heavy-water
lattice. Over 200 reactor-years of operation demonstrate the ability of existing CANDU plants to
burn plutonium-bearing fuels.

4.2. Advanced concepts

Concerning the longer term, very efficient, reliable and safe fast breeder systems could be
envisaged to extract all the fissiie energy from the stockpile of depleted uranium which would have
been accumulated over the years throughout the world. These systems may incorporate modular and
integral type reactors with metal, nitride or carbide fuel. They could operate with equilibrium fuel
cycles using the uranium stockpile without increasing the overall TRU inventory and minimising, in
this way, the waste and TRU generation per unit of energy produced.

High temperature gas-cooled reactor (HTGR) options which would burn plutonium to the point
of almost not requiring reprocessing are also being considered. Pebble bed type HTGRs using
plutonium balls (to burn plutonium) and fertile balls (thorium or 238TJ J 0 breed) can offer almost 100
per cent plutonium burning because a continuous supply of fresh plutonium balls would compensate
reactivity partially lost to maintain reactor operation.

In the far future, new reactor concepts like molten salt reactors might become more attractive
for plutonium and minor actinide burning.

Other concepts relate to certain rock-like LWR fuels, consisting of mineral-like compounds,
which are, chemically and thermodynamically, so stable that they are not soluble in nitric acid in
normal ways. During irradiation in reactors, most of the solid fission products would be solidified by
their substitution in the matrix compounds and/or precipitated as new mineral-like compounds in the
fuels. The phases thus obtained in the spent fuels would become stable for geological periods.
Accordingly, they would be suitable for direct disposal without further processing.

43. Geological disposal of separated plutonium

Should it be decided by national policies not to use plutonium as a fissile resource, stocks may
in future be conditioned in a form compatible with regulatory requirements for final disposal.

A thorough evaluation of the issues associated with the management and disposition of
plutonium, concentrating primarily on weapons plutonium, but also considering civil plutonium, was
completed in 1994 [9] by the Committee on International Security and Arms Control of the U.S.
National Academy of Sciences (NAS). The NEA expert group reviewed the conclusions of that
committee regarding a number of feasible disposition options which should be so designed to place
the excess plutonium in a physical form that is at least as inaccessible for future weapons use as the
plutonium in spent fuel from civil nuclear reactors. After the completion of the work of the NEA
expert group, the U.S. Department of Energy published a Technical Summary Report for Surplus
Weapons-Usable Plutonium Disposition [10].

The disposal options reviewed included both vitrification and burial in deep boreholes, as
recommended in the NAS study. Also treated were variants of the vitrification option that have
recently been identified as having promise: both involve the immobilisation of plutonium in ceramic
or metallic forms together with fission products. The vitrification option and its variants would all
yield a product that is self—protecting and resistant to retrieval of the plutonium, rendering it virtually
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as inaccessible as in spent nuclear fuel. The ultimate waste form would be disposed in a mined
geologic repository.

Laboratory experiments have produced experimental glasses with 7 to 15 wt. per cent
plutonium, but these glasses have not yet been fully characterised, so that their performance over
long times in a repository is not known. In addition, most plutonium disposition options generate one
or more high-level radioactive waste streams which are not included in the current plans for the
existing high-level waste geological repository programmes of most countries. Disposition of
plutonium in a geological repository raises a new set of issues and potential impacts. The severity of
these impacts depends on both the nature of the plutonium waste forms considered and on the
baseline design of the repository. Waste forms differing from those currently expected would have
significant impacts on the waste management system.

Facility impacts could include safeguards, radiation and thermal output, required capacity and
public perception. Design and operational impacts could result from safeguards requirements,
physical or chemical attributes of the wastes and thermal and radiation output.

In summary, there are a variety of options for plutonium disposition which would result in
geologic disposition of unique wastes. Such techniques will require additional research and
development prior to implementation. Suitability and performance of these wastes must be assessed
against the particular requirements of the disposal facility for which they are destined.

5. CONCLUSIONS

Quantities of separated plutonium, which have a variety of isotopic compositions, have been
increasing over the past three decades and are expected to continue to increase during the next few
years. Although the evolution of plutonium inventories over the coming decades is subject to
significant uncertainties, successful implementation of mixed uranium-plutonium oxide recycling
programmes, which are under way in a number of countries, would result in an equilibrium between
plutonium production and consumption and would eventually reduce civil plutonium stocks.

The NEA expert group concluded that in the next 15 to 20 years:

• In a number of OECD countries, a significant part of the separated plutonium will be
recycled as MOX in thermal reactors. The technology for thermal recycling is already in
use without problems, and is properly safeguarded. The temporary plutonium accumulation
will need to continue to be stored and some will need to be purified in order to have the
internally arising americium removed before recycling. The addition and expansion of
existing industrial capacities will enable the reduction of stocks to the level required for the
efficient operation of the facilities.

• Existing technologies for storage and recycling developed in the civil fuel cycle can cope,
if necessary, with surplus material produced from non-civil sources.

In the longer term, depending on the evolution of nuclear policies, the following alternatives
(alone or in combination) may be considered:

• A continuation of the current management techniques, as quoted above.

•$• Plutonium burning in fast neutron reactors and other dedicated reactors, including thermal
reactors.
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•!• Conditioning plutonium in a form compatible with regulatory requirements for final
disposal.

Such long-term technologies would still have to be fully demonstrated through continuous
research and development efforts.

In summary, the management of separated plutonium presents no major technical difficulties,
but is a matter of carefully applying existing technology to the minimisation of any plutonium stocks.
Nevertheless, a number of complex and interrelated non-technical factors, which have not been
addressed by the NEA expert group, such as considerations of national and international policy
concerns: non-proliferation, public acceptability, economics, environmental impact and
infrastructure, would inevitably play a central role in thoroughly developing, implementing and
completing the technical options examined.
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