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Abstract. This paper presents an overview on spent fuel management strategies which range from
reprocessing to interim storage in a centralised facility followed by final disposal in a repository. In
either case, more spent fuel storage capacity (wet or dry, at-reactor or away-from-reactor, national or
regional) is required as spent fuel is continuously accumulated while most countries prefer to defer
their decision to choose between these two strategies.

1. INTRODUCTION

The management of spent nuclear fuel is among the most pressing issues to be addressed in
the nuclear fuel cycle. Because technologies, needs and circumstances vary from country to
country, there is no single, standardized approach to spent-fuel management. Two options
exist - an open, once-through cycle with direct disposal of the spent fuel and a closed cycle
with reprocessing of the spent fuel, recycling of reprocessed plutonium and uranium in new
mixed oxide fuels and disposal of the radioactive waste. The selection of a spent fuel strategy
is a complex procedure in which many factors have to be weighed, including political,
economic and safeguards issues as well as protection of the environment.

Delays in the implementation of the fuel reprocessing option in some countries, the complete
abandonment of this option in other countries and delays in the availability of final spent fuel
disposal in almost all countries has led to increasingly long periods of interim spent fuel
storage. This "wait and see" approach gives more time and freedom to evaluate the available
options and to select the most suitable technology. The problem of spent fuel management has
therefore increased in importance for many countries.

Continuous attention is being given by IAEA to the collection, analysis and exchange of
information on spent fuel storage. Its role in this area is to provide a forum for exchanging
information and to co-ordinate and encourage closer co-operation among Member States in
certain research and development activities that are of common interest.

2. SITUATION

2.1. Challenges

It is noted that there continues to be worldwide growth in the generation of electric power
using nuclear energy as its source. It is further noted that the rate of growth of nuclear energy
generation has essentially levelled in Europe and North America while it has increased
significantly in Asia. Although these trends have some impact on spent fuel management,
including storage, the worldwide spent fuel production rate continues at about 10 500t HM/yr.

Many at-reactor (AR) storage pools have been used to full capacity in recent years. This
threatens the routine operation of the power plant, in some cases. Due to limited pool capacity
away-from-reactor (AFR) storage is necessary to maintain operation.

The trend to higher fuel burnup, and consequently higher enrichment of the fresh fuel, and the
use of plutonium in mixed oxide fuel, leads to other spent fuel characteristics (i.e. higher
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decay heat and flatter downward curve over time). This demands a longer storage period
than for the present spent fuel with burnup lower than 40 GWd/t.

In many Member States, the lack of final repositories and the deferral of the decision will lead
automatically to long storage periods even of uncertain duration. The lifetime of existing
storage facilities will be extended and new facilities for long-term storage have to be built.
The design of new facilities has to take into account not only the fuel behaviour during long-
term storage but also the behaviour of the materials, equipment and installation.

With respect to operating experience, spent fuel can be safely stored for long periods of time.
Some spent fuel has now been stored for over 30 years. There is a scientific and technical
consensus that the present technologies of spent fuel storage give adequate protection to
population and the environment.

2.2. Spent fuel arising

About 35% of the spent fuel arising came from each of the two regions West Europe and
North and South America and 15% of each of the two regions East Europe and Asia and
Africa. Figure 1 shows the current and projected regional spent fuel arising.
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FIG. 1. Annual spent fuel arising in world regions.

The total amount of spent fuel accumulated worldwide is about 220 000 t HM. About
75 OOOt HM of this fuel were reprocessed. The remaining 145 000 t HM of spent fuel is
presently being stored in at-reactor (AR) and away-from-reactor (AFR) storage. Over 70% of
this amount is stored in at reactor pools, the remainder in away from reactor wet and dry
storage facilities.

Projections indicate that the cumulative amount generated in the world by the year 2010 may
surpass 340 000 t HM and 395 000 t HM by the year 2015. In 2010 about 225 000 t HM of
spent fuel has to be stored, in 2015 more than 260 000 t HM. Of this total amount in 2015, the
amount in West Europe will remain about the same (because of reprocessing spent fuel) and
will four fold in Asia and Africa.
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FIG. 2. World spent fuel arising and amounts of spent fuel reprocessed and stored.

On a regional basis, the picture looks different than the annual spent fuel arising. About 50%
is stored in North and South America, there is no reprocessing, 25% in West Europe and the
remaining part in East Europe and Asia and Africa.

2.3. Spent fuel storage capacity

Nearly all countries operating nuclear power plants have increased their original AR storage
capacity by reracking the spent fuel pools with high density racks and by implementing
burnup credit. Several countries commissioned additional AFR storage facilities. The AR
spent fuel storage pools are of the wet type, as were also most of the AFR spent fuel storage
facilities built in the past. Most of the newly built and future planned facilities are dry storage
type facilities. Dry facilities involve storage of spent fuel in a gaseous environment, such as
an inert gas or air, in casks, vaults or silos. A cask is a massive shielding container which may
or may not be transportable. Vaults consist of above or below ground reinforced concrete
buildings containing arrays of storage cavities suitable for containment of one or more fuel
units. Silos consist of a steel container as containment for the fuel and an outer concrete
shielding.

TABLE I. STATUS OF SPENT FUEL STORAGE CAPACITY IN WORLD REGIONS [kt HM]

Regions
West Europe
Asia & Africa
East Europe

North & South America
World

In
atNPP
26.1
20.0
14.3
94.9
155.3

operation
Wet
31.7
1.9
19.6
1.8
55.0

Dry
9.2
0.7
0.8
10.0
20.7

Total
67.0
22.6
34.7
106.7
231.0

Wet

0.7
0.8

1.5

Under construction
Dry
0.8
0.8
1.6
6.8
10.0

Total
0.8
1.5
2.4
6.8
11.5

Various types of wet and dry storage facilities are in operation. The current world storage
capacity is about 231 000 t HM, of which 46% is situated in North and South America, 30%
in West Europe, 15% in East Europe and the remaining part in Asia and Africa (Table I). The
storage capacity of facilities under construction world wide is about 12 0001 HM.
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FIG. 3. Comparison of capacities and inventories of different types of spent fuel storage.
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FIG. 4. Spent fuel storage capacity in world regions.

2.4 Balance of spent fuel arising and storage capacity

Figure 4 shows the projected spent fuel storage capacity.

At the beginning of 98, the spent fuel storage capacity world-wide exceeded the amount of
spent fuel to be stored by about lOOOOOtHM. All types of storage facilities had excess
capacity available. Fig. 3 compares the capacities of the various storage types with their
current inventories.

On a world basis, the projected spent fuel arising will overflow the existing storage facilities
and those under construction by around 2010, if no additional capacity is provided by that
time. The average values imply no problems. However a more detailed investigation is
necessary to note specific shortage in storage capacity.

Nationally, the situation differs from country to country and sometimes even from utility to
utility, hi some cases, the storage pools are fully occupied by spent fuel allowing emergency
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core unloading only by special measures like in Armenia. In other cases, additional storage
capacity has to be installed timely to replace wet storage facilities which can not be
refurbished, as is the case in Chernobyl

If there will be a delay in reprocessing, more spent fuel needs to be stored. This situation
would demand more storage capacity. Further postponement of the decision related to the
development of final repositories will also lead to a higher demand in spent fuel storage
capacity.

3. SPENT FUEL MANAGEMENT STRATEGIES

The spent fuel management strategies range from the clear strategy to reprocess as much fuel
as technical reasonable and close the fuel cycle, like in France, to the clear strategy of the
open fuel cycle, to store the spent fuel in a centralized facility and dispose of in a final
repository, like in Sweden. All other countries range more or less in between, most of them
choose the wait and see strategy with long-term interim storage to postpone a final decision.

Besides France reprocessing facilities operate in the UK, Russia, India and Japan and are
under construction in China and Japan.

The first final repository is operating in the USA, the WTJPP facility, the most advanced
investigation of a final repository in Germany is under question now. In the USA the Yucca
Mountain facility is under investigation and Sweden is steadily proceeding with its
preparation for closing the fuel cycle.

In Germany the Pilot Conditioning Plant, the first plant of its kind world-wide is ready for
operation and awaiting its license.

All other countries are far from final disposal and will have to store their fuel for long periods
of time.

4. FUTURE PERSPECTIVES

The world annual spent fuel arising, now about 10 500 tHM, will increase during the next
years to about 11 000 tHM in 2000 and about 11 500 tHM in 2010. As in the past, less than
one third of the spent fuel will be reprocessed and this mainly in Europe. Thus the storage
capacity has to be increased accordingly. Some initiatives can be noticed for developing
multinational spent fuel storage facilities even by private companies.

Several countries with a small nuclear power programme or only research reactors face the
serious problem of extended interim storage and disposal of their spent nuclear fuel. The high
specific costs for the construction of away-from-reactor extended interim storage facilities
and/or geological repositories for the relatively small amounts of spent fuel accumulated in
such countries is obviously not reasonable and, therefore, from an economical point of view,
access to a regional/multinational interim storage facility and/or repository for their fuel
would be an ideal solution.

It is interesting to note that de facto Regional/Multinational Spent Fuel Storage Facilities
(RSFSFs) exist in several countries. The word "regional" is used in the broad sense of the
word that is a geographical area covering more than one country.
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In Western Europe, Eurochemic was one of the most significant early projects for a
multinational arrangement. COGEMA and UKAEA-BNFL are effective involved in interim
storage of spent power reactor fuel from a number of countries while awaiting reprocessing.

Research reactor fuel of US origin from all over the world is at present stored in wet interim
storage pools at the Receiving Basin for Off-Site Fuels (RBOF) facility at DOE's Savannah
River Site. Proliferation concerns weighed heavily in this case.

The safety and economic benefits from the implementation of regional/multinational spent
fuel storage facilities are very attractive in terms of reduction of the number of spent fuel
storage facilities world-wide, enhanced economy due to the scale of storage construction, and
easier safeguarding to ensure non-proliferation.

However, there are still various problems to solve as to find operators of such facilities with
governmental support and to convince countries of proliferation concern to participate.

The time is ripe for serious discussion of such regional facilities and to begin planning for the
day when neither take-back programmes nor the reprocessing option might be available.

5. CONCLUSIONS

The duration of interim storage becomes longer than earlier anticipated and the storage
facilities will have to be capable of receiving spent fuel also from advanced fuel cycle
practices (i.e. high burnup and MOX spent fuel) in the future.

The handling and storage of spent fuel is a mature technology and can meet the stringent
safety requirements applicable in the different countries.

Wet storage remains dominant, even as the use of dry storage concepts increases. Wet storage
is essential for cooling newly-discharged fuel, and will continue to be the method of storage
used in connection with reprocessing.

Dry storage is being used increasingly, as more long-term storage of spent nuclear fuel is
done. Dry storage may prove to be a cost-effective activity that can easily accommodate
multipurpose systems (e.g., storage/transport, storage/transport/disposal).

More spent fuel storage capacity is required because most countries deferred their decision to
choose between the open and closed fuel cycle;

The first geological repositories for the final disposal of spent fuel are not expected to be
operational before the year 2010 anywhere in the world and many countries did not yet start
investigations. Thus, the use of interim storage will be the primary spent fuel management
option for the next decades in many of the IAEA Member States.

The "wait-and-see" option chosen by many countries and the use of high burnup and MOX
fuel with higher residual heat and longer heat decay times imply a longer interim storage
period before final disposal.

For long-term storage the dry storage technology has advantages if the fuel is stored in an
inert atmosphere.
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6. IAEA ACTIVITIES

The main IAEA activities in the field of spent fuel management for power reactors are
covered in the following tasks:

• Long-term storage of spent fuel including advanced, high burnup and MOX fuel
• Requirements for extremely long-term storage facilities
• Implementation of burnup credit in spent fuel management systems
• Technologies and safety aspects of regional spent fuel storage facilities
• Remote technology in spent fuel management
• Selection criteria for away from reactor storage facilities
• Spent fuel treatment
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