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FOREWORD

The purpote of this study is to review objectively each stage of spent fuel management, looking at
past experience and future options. It attempts to explain why the experts are confident that spent fuel
and high level radioactive wastes can be managed with acceptably low risks to man and the
environment.
The report has been prepared under the guidance of experts from 14 OECD countries and
4 international organisations. It represents their views and not necessarily those of Member
governments or participating organisations.
The original reference date for data in the report was 1984. However, it has been updated to
include recently published data for 1985, to the extent practicable.
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EXECUTIVE SUMMARY
lahoduclion
The management of spent nuclear fuel is a subject of substantial interest to those involved with
nuclear power issues, whether in the role of government decision maker, technical specialist or interested
member of the general public. This report draws on the knowledge of experts from fourteen OECD
countries to put into perspective for all of these audiences some technical and non-technical factors
regarding spent fuel management or, as it is sometimes called, the back-end of the fuel cycle.
The report focusses on uranium dioxide (or just oxide) which is the form of fuel used by most
commercial reactors now in operation. However, reference is also made to the significant amount of
experience gained with reprocessing uranium metal fuel from gas-graphite reactors.
Backgro—i
The volume of spent fuel produced in the world's nuclear power reactors is remarkably small
considering the amount of electricity generated. This fact has made it possible to store the spent fuel for
long periods at relatively low cost. However, it is projected that by the year 2000 some 1 S3 000 tonnes of
spent oxide fuel containingfissionproducts, uranium and other associated heavy metals (plutonium and
small quantities of heavier actinides), will have been generated in the OECD countries and inventories
will continue torisebeyond the turn of the century. Interim storage cannot be extended indefinitely and
eventually some form of permanent disposal will be necessary.
There are only two definitive options available for permanent disposal:
-

direct disposal of suitably packaged (or conditioned) spent fuel as waste;
reprocessing the spent fuel to recover the useful products it contains (plutonium and
unconsumed uranium), followed by disposal of the remaining waste products.

In both cases the wastes -vill be disposed of in repositories where they will be kept isolated from
the biosphere while their radioactivity decays to a level which no longer represents an unacceptable
hazard to man or the environment. Detailed design of repositories for spent fuel will not differ markedly
from those for reprocessing wastes as the technical aspects of the two options are similar in scope and
magnitude. Thus, much of the research now under way on repositories would be applicable to either
option and, as such, there is no technical necessity for a country to make a final decision on which
alternative to follow at the time it commences disposal research.
Interim storage will continue to be necessary, of course, either storage of spent fuel before
reprocessing or direct disposal, or storage of the reprocessing waste products prior to their disposal.
Current plans are for total storage times, in one form or the other, of 20 to 50 years prior to disposal.
Interim storage of spent fuel for extended periods has been well demonstrated and, in terms of impact on
the cost of electricity generation, it is not expensive. With either disposal option, relatively long period
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reduce heat production and radiation levels of the wastes that must ultimately be managed.
In the early years of nuclear power development, from the 1950s to the early 1970s, it was
assumed that all spent fuel would be reprocessed to extend the world's fuel resource base. It was known
that Fast Breeder Reactors (FBRs), utilizing plutonium from reprocessed spent fuel, could increase the
power extracted from every kilogram of uranium mined by somefiftytimes compared to conventional
(or thermal) reactors. Thus FBR development was started. Pilot and prototype units were built in some
countries as it was thought that a growing number of commercial units of this type of reactor would be
needed in the 1980s. These units were expected to be fuelled initially with plutonium extracted from the
spent fuel of thermal reactors and later with self-generated plutonium.
Consequently, reprocessing technology was developed and has now been established commercially. Some countries chose to follow the reprocessing option, either through building their own
reprocessing plants or through contracting for reprocessing services by other countries.
However, in recent years the forecasts of the rate of uranium use have fallen significantly, in step
with forecasts of reduced rates of growth for electricity and nuclear power, and additional large
quantities of uranium have been discovered. This has reduced the urgency for breeder reactors and
hence for widespread reprocessing. At the same time, some studies have indicated that the fuel cycle
costs for the reprocessing option may be higher than for the direct disposal option. Thus, at current
uranium prices at least, strong economic incentives to reprocess fuel have not developed though some
countries, especially those with strong nuclear programmes and without indigenous uranium resources,
continue to be interested in the reprocessing option, primarily for security of supply reasons. As a result
of these changing perceptions some countries are now actively developing the direct disposal option and
some are establishing a long term storage capability which will allow them to hold open both options
until some future year. Still, by the turn of the century significant quantities of plutonium will have been
separated from spent fuel and this material will have to be managed in a reasonable way. Some countries
are now moving towards commercial recycling of plutonium in Light Water Reactors (LWRs) since
FBR fuel will not consume all available plutonium for some years.
Against the above background the current state of development of each stage in the management
of spent fuel, with either disposal option, has been reviewed.
Transportation

Over 15 000 spent fuel shipments have been made by road, rail and sea within and between
OECD countries over a period of some 30 years with no incidents leading to significant exposures to
workers or the public. Cask designs have been well developed to rigid specifications. Some casks have
been developed for both transportation and long term interim dry storage of spent fuel; the Federal
Republic of Germany has developed this technology to a commercial stage.
White there is little actual experience with shipping of reprocessing waste the requirements are
similar to those for spent fuel and will not present new types of problems.
Transportation of spent fuel and reprocessing waste is technologically well demonstrated. Further
development in this area will likely be directed towards optimizing designs for ease of handling and for
shipping of larger quantities.
Spent Fuel Storage
There has been extensive experience in OECD countries with storage of spent fuel in water filled
pools. Some oxide fuel has been stored in such pools for over 20 years. There is less experience with dry
storage to date but this technology has also been shown to be technically feasible and it could prove
superior in the long term.
OECD countries expect to have storage capacity in place for about 200 000 tonnes of heavy
metal (t HM) of spent oxide fuel by the year 2000. Some of this capacity will be reserved for emergency
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unloading ofreactorsbut, in aggregate, it will be more than sufficient for the expected unreprocessed
inventory at the turn of the century. However some individual countries, and some individual facilities
within countries, may have to add further storage capacity to cover their expected spent fuel inventories
before that time.
The relative ease, safety and low cost ofspent oxidefuel interim storage technology in waterfitled
pools is well demonstrated. Many OECD countries will continue to store much or all of their spentfuel for
periods of20 to 50 years. Volumes are still relatively small and there are no strong economic incentivesfor
early disposal. Future development will likelyfocus largely on potentially lower cost dry storage systems
and storing fuel in more compact configurations.
Reproccasinc

Spent fuel reprocessing started in the early 1950s and for the last 20 years has been carried out on
an industrial scale. To the present time approximately 35 000 tonnes of spent natural uranium metal
fuel and over 2 000 tonnes of spent uranium oxide fuel have been reprocessed.
France and the United Kingdom have acquired a great deal of experience in reprocessing low
burnup, natural uranium metal fuel from their early gas-graphite reactors. Their existing facilities are
sufficient to handle the production of spent fuel from these reactors until the reactors are phased out of
use, probably sometime early in the next century. The French have modified one of their reprocessing
facilities, UP2, to enable it to also handle LWR oxide fuel and they plan to continue to reprocess some
domestic fuel as well as some foreign fuel in this facility. They will increase the rate of oxide fuel
reprocessing when a new plant, UP3, now under construction, is completed by 1990. The United
Kingdom's THORP plant for reprocessing LWR and Advanced Gas-cooled Reactor (AGR) fuel is also
under construction and will be used for reprocessing of domestic and foreign fuel when it is completed,
also by 1990.
In Japan, the Tokai reprocessing plant is in operation, a commercial plant is planned for
completion by about 1995, and utilities have some reprocessing contracts in place with overseas
suppliers. Although the current Japanese official plan is to reprocess all spent fuel, the capacity planned
and contracted will not cover all of the country's production this century, so some will be stored for an
interim period.
Belgium is considering restarting the Eurochemic reprocessing facility, which has sufficient
capacity to handle most of Belgium's spent fuel. The Federal Republic of Germany has a small
prototype plant in operation which it will replace with a larger plant at Wakersdorf in the
mid-1990s.
Italy has two pilot plants in operation and plans to build a commercial plant when it is
economically justified. At present Italian uranium metal fuel is being reprocessed in the United
Kingdom.
The high level wastes which have been and will be produced from reprocessing operations will be
incorporated into a chemically and physically stable solid matrix for subsequent storage and disposal.
Development work on suitable mairices has gone on in several countries for many years, with most
countries focussing attention on forms o, glass; that is, they vitrify the wastes. The French vitrification
process has been used commercially fo. some time and is now widely accepted both technically and
economically. In addition the PAMELA solidification process, developed by the Federal Republic of
Germany, has been successfully demonstrated at the Euroche. lie plant in Belgium. Packaged vitrified
blocks can be stored safely in air cooled shielded facilities awaiting disposal. Storage periods of up to
50 years are anticipated, depending in part on how soon the fuel is reprocessed after removal from the
reactor.
Reprocessing is a proven technology which has been demonstrated on a pilot plant basis in several
OECD countries and on a commercial basis by France and the United Kingdom. Several other countries
plan to have commercial reprocessing plants in operation in the 1990s. According to current national plans,
9

by the year 2000 about 40 per cent ofL WR and similar enriched oxidefuels dischargedfrom reactors by
that time could be reprocessed ifplanned capacity is realized and operated on schedule. Solidification of
high level reprocessing wastes by vitrification has been developed to a commercial scale. This stage of the
process can be considered as having a demonstrated solution. Future reprocessing development will likely
focus primarily on cost reductions, improvements to equipment maintainabiliy, reduction of effluents,
treatment of wastes and improvements in the process to minimize worker exposure and environmental
impact.
Waste Disposal

Research and development on options for the disposal of radioactive waste associated with spent
fuel have been underway for some years. Experience to date has been sufficient to convince some
governments that, based on current technology, these wastes can be safely disposed of in geologic
repositories. However, studies will continue to further improve systems for handling and packaging of
wastes and to advance the understanding of the long term behaviour of potential repositories.
Repositories will most likely be built in land based geologically stable deposits, though some feasibility
studies of disposal under oceanfloorscontinue. Hard rock, salt and clay formations are being actively
studied by several countries.
The Federal Republic of Germany and the United States both have programmes in place which
are scheduled to lead to first disposals by the turn of the century. Swedish law, requiring proof of
feasibility of safefinalstorage of high level waste or spent fuel before new reactors could be fuelled, led to
specific studies in that country. The evidence of feasibility provided by these studies was evaluated by
the Swedish Government and found acceptable (vitrified high level waste accepted in 1979 and spent
fuel in 1984). However, the Swedish plan does not anticipate disposal starting before about 2020.
By about the turn of the century, some other countries expect to complete research programmes
and choose repository sites for disposal of spent fuel or high level reprocessing wastes. These countries,
however, are unlikely to commence large scale disposal for a decade or more beyond that. There are
several reasons for delaying disposal, including technical and political factors, but perhaps the key point
is that there is not an economic incentive to move quickly. On the contrary, since repositories will require
a large capital outlay, economics may favour delaying construction until a sizable quantity of spent fuel
or high level waste has been accumulated so that a relatively rapid filling rate can be realized.
Some countries have a small nuclear programme which will not justify the cost of developing a
geologic disposal repository for the foreseeable future. They can store their wastes for an extended
period before making a decision on disposal, but it would clearly be of benefit to them if one or more
countries which do develop repositories would agree to accept foreign wastes.
Extensive study and research in OECD countries have provided a high level of confidence that both
waste disposal options, direct disposal of spent fuel and disposal of high level reprocessing waste, are
technically feasible. Safety assessments for possible repositories indicate that they would present no
greater long term risk to man and the environment than allowed by current radiation protection standards
or from radioactive materials occuring naturally in the earths crust. Studies are continuing to further
improve the already significant level of knowledge about long term behaviour of geologic repositories to
facilitate selection of suitable disposal sites and to optimize repository designs.
Economic Considerations
The economics of direct disposal of spent fuel and of reprocessing and waste disposal have been
studied by several OECD countries. Although there will continue to be a significant uncertainty in the
cost projections until all parts of the process are in place on an industrial basis, there is reasonable
agreement on the likely range of such costs. A recent NEA study, Economics of the Nuclear Fuel Cycle,
considered one specific reprocessing scenario and a direct disposal scenario. It estimated that on a
lifetime levelized basis the fuel cycle cost for the once-through option was about 10 per cent cheaper
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than that for the reprocessing option. However, the study also noted that the fuel cycle (including all
stages from uranium procurement to disposal of radioactive waste) represented only 20 to 40 per cent of
the cost of electricity generation in most nuclear plants. It concluded that: "....the small difference in
cost between the once-through and reprocessing cycle, while not insignificant in absolute terms, is
sufficiently small to lead to the conclusion that national or company policy and strategic and
environmental considerations can also influence fuel cycle choices without inflicting a major economic
penalty".
Individual countries will have their own views on economic input assumptions to the above study
(e.g. unit prices for various stages of the fuel cycle, future uranium prices, values of recovered uranium
and plutonium) and on the relative importance assigned to other factors referred to in the above
Quotation. Consequently, the decision on which fuel cycle option to choose will likely differ from one
country to another.
The cost of either bock-end option, direct disposal or reprocessing, will be a smallfraction of the
total cost of electricity generation. The economics of the two options are sufficiently similar that a
compelling argument cannot be made for one over the other on economic grounds alone.
PMBHC

CttKcra

Public concern about nuclear power has been increasingly concentrated on the back-end of the
fuel cycle. However, it appears that there is little technical basis for this concern to focus more on one
waste disposal option than on the other.
Public concern about the possible use of separated plutonium for non-peaceful purposes and the
constraints on reprocessing included in the non-proliferation policies of several countries exporting
nuclear materials and technology nsed to be taken into consideration by national decision makers.
However, in view of the fact that a range of technical and institutional measures have been developed for
safeguarding all fuel cycles, there is no reason for these 'actors to influence a decision in favour of one
rather than another spent fuel management option.
This study has shown that there should be no technological nor economic impediments to safe
disposal ofspent fuel or radioactive high level wastes. However, because thefirstgeologic repositories are
not expected to be in operation for more than a decade, some continuing level of public concern can be
expected. Important measures to meet this concern are clear and stable national policies, which will ensure
that appropriate actions are taken in a timely manner by governments and the private sectors, and making
comprehensive information available t- *he public.
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INTRODUCTION

Spent fuel has been leaving the world's nuclear reactors for nearly forty years. It is steadily
accumulating in reactor and other storage facilities and it is estimated that by the year 2000 about
153 000 tonnes of irradiated heavy metal will have been generated in the OECD countries. It is not
surprising, therefore, that the nuclear industry and national decision-makers are giving careful
consideration to policy alternatives concerning spent fuel management. In addition to defining the
available or practicable options, these considerations involve extensive analyses of their implications.
When nuclear power wasfirstconceived as an energy, source, and throughout its early years of
commercial development in the 1950s and '60s, it was considered inevitable that spent fuel would be
reprocessed and itsfissileand fertile constituents recycled. Now, in spite of the increasing use of nuclear
power, there is no longer a consensus for reprocessing, mainly as a result of changing political, economic
and technical factors. Therefore, while several countries still favour reprocessing, others are looking
seriously at the alternative of direct disposal of spent fuel. With either option the adoption of longer term
interim storage on a large scale has become a fact of life.
Now that specific options for spent fuel management have begun to emerge more clearly, it is
opportune to present a balanced international examination of the situation, and to explore the future
prospects for the back-end of the fuel cycle. The main part of this report reviews the history and technical
status of the various alternatives and discusses their short and long term implications. A series of
annexes has been appended so that each OECD country that so desired could highlight the particular
geographical, historical, political or economic features which were especially important in developing its
current spent fuel management policy.
This report is concerned with spent fuel from commercial nuclear power reactors. Since the
majority of commercial reactors are of the light water type, LWR spent fuel naturally commands the
lion's share of attention although other fuel types are addressed briefly to complete the overall picture.
The time frame covers mainly the years up to 2000 with a brief discussion of the outlook for spent fuel
management into the next century. In the interest of reacting a broad audience, detailed technical
discussion has been kept to a minimum.
Spent fuel management policy is not simply a question of technical and economic argument but
is bound up with sensitive commercial and political value judgements. However, these tend to be very
country specific and it would be impracticable to attempt to summarise them in a general way. For this
reason the paper dwells mostly on technical issues though some non-technical factors are included so
that the reader may gain an overall view of the major relevant factors. An understanding of the way in
which these factors have been weighed by the decision-makers will be of interest to everyone concerned
with spent fuel management and particularly to those in countries whose longer term policies have still to
be defined.
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Chapter 1

SPENT FUEL MANAGEMENT OPTIONS

1.1 GENERAL
Spent fuel management is defined as all activities, administrative and operational, that are
involved in discharge, handling, transport, treatment, storage, reprocessing and conditioning of spent
fuel. For the purposes of this report it is also considered to include disposal of spent fuel and/or separated
high level waste arising from reprocessing.
There are only two spent fuel management options which can be considered as definitive:
-

Reprocessing (or the recycle option), meaning the chemical separation and recovery of
reuseabPefissileand fertile components (plutonium and uranium) from the spent fuel and the
conditioning and disposal of the radioactive wastes.
Direct disposal (the once-through option), meaning the disposal of conditioned spent fuel
with no intention of recovery for reprocessing or any other purpose.

Both of these definitive options require the retrievable storage of spent fuel for varying periods,
either in water pools or in a dry gaseous atmosphere. Reprocessing normally requires a minimum cooling
time of 1-5 years to await the decay of short-lived radionuclides but after longer storage periods spent
fuel can be more easily reprocessed because of the decay of several significantfissionproducts e.g. Zr-95,
Nb-95, Ru-106. These isotopes nearly disappear after a few decades. Direct disposal will almost
certainly be subject to an initial cooling period in a retrievable store to reduce the residualfissionproduct
decay beat and to facilitate handling.
Extended storage can be safely used until a decision in favour of one or the other definitive
options is made. Several OECD countries have elected to buy time whilst they evaluate further the
economic, technological and political implications of the two choices. Certainly until the year 2000, and
probably beyond, the mass of spent fuel in store will be significant. An extended period of storage is,
therefore, considered as an interim option for spent fuel management.
1.2 BACKGROUND
Any historical review of spent fuel management will always give prominence to the reprocessing
option since it was not until the 1970s that any significant attention was given to direct disposal.
Reprocessing and the techniques of short term reactor fuel storage had their beginnings in the
United States in the 1940s, the essential purpose at that time being to recover plutonium for the
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manufacture of nuclear weapons. This approach was also adopted in the United Kingdom and France in
the 1950s for their own weapons programmes. Fuel burn-ups were low, turnround time was rapid and
hence water pool storage periods were brief. All the fuel was reprocessed.
When, in the 1960s, commercial nuclear power stations began to discharge spent fuel, it was
logical to use a processing route that had already been tried and tested and on whose development
considerable sums had already been invested. Furthermore, in those days it was considered that the
recovery of uranium and plutonium for later use in fast breeder or other advanced reactors was a
necessary part of the rapidly expanding nuclear industry. Reprocessing of spent enriched fuel was
thought, therefore, to be an obvious part of the fuel cycle.
Since the military programmes of the 1950s produced fuel with low burn-up compared with fuel
from power reactors, the industrial feasibility of reprocessing higher burn-up fuels still had to be proven,
a task undertaken at one and the same time in the United States, the United Kingdom and
France.
As early as 1956, an OECD (then OEEC) study group was set up to look at joint European
reprocessing requirements; in 1957 twelve countries signed the convention that set up EUROCHEMIC.
A thirteenth country, Spain, joined in 1958.
A number of commercial reprocessing plants were built in the 1956-66 decade (see Table 1), all
using adaptations of the PUREX (Plutonium Uranium Extraction) process. The Windscale Primary
Separation Plant in the United Kingdom (uranium metal Magnox-clad fuel) started up in 1964 and was
joined in 1966 by the La Hague plant in France (also for uranium metal, gas-graphite fuel), the
EUROCHEMIC technical and commercial pilot plant (uranium metal and uranium oxide fuels) at Mol
in Belgium and the West Valley NFS plant in the United States (thefirstplant for reprocessing both
metallic and oxide fuels (LWR) on a commercial basis). Up to the present day, approximately
35 000 tonnes of commercial uranium metal fuel have been reprocessed in OECD countries.

Table 1
OECD COMMERCIAL REPROCESSING PLANTS
Capacity I H M * / y
Country

U.S.A.

U.K.

Site

Ga> Graphite
(metallic)

LWR/AGR
(oxide)

West Valley
Morrit
Barnwell
Sellaftek)
+ Head End

OECD
Enrochcmic

Mol*"

F.R. Germany

Karlsruhe

Japan

Tokai Mura

France

Marcoule(UPI)
La Hague

300
350
1 200/1 500
1500
100

Date
Shut-down

1966

1972
never operated
never operated
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1964
1969

1973

60

1966

1974

35

1971

210

1977

800
800

1976
1966

(UP5)

400

+ Head End
LWR
*
"
•"

Dale
Surt-ap**

1976

Tonne* of Heavy Metal* (uranium and pratonium ph» imall amounts of other actinidet produced durine irradiation of uranium).
Start-up dale for the reproeeaaine of commrrciel reactor feel*.
Capacity of the Mol ptaftl: 100 t/y of metallic fact or 60 t/y oiide fuel

Note. Small plant* abw e«iet for the reprocxawif of Pail Breeder Reactor fuel* but hart not beer included in thai table.
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Ever since its first generation of nuclear electricity in 1962, one country persistently pursued a
different line on spent fuel management from all the others, and that was Canada. With its abundant
reserves of uranium and the low bum-up natural uranium oxide fuel discharged from the CANDU
reactors, the incentive to reprocess was and remains \ery low. For that reason, Canada chose to store
spent fuel in water-filled storage f,oo!s and has now accumulated more than twenty years of successful
experience with this technique.
Meanwhile, between the nid !le 60s and the middle 70s, reprocessing pilot plants were built in
the Federal Republic of Germany Italy and Japan. In France and the United Kingdom the first
generation reprocessing plants wer; equipped with head-end units enabling uranium oxide fuels to be
accepted and reprocessed. In 1973, an incident at the United Kingdom plant led to its closure after less
than 1001 U had been processed. It has since been decontaminated and modified, but has not been put
back into operation. In the United States, experiences were also mixed. The West Valley plant was shut
down in 1972 in order to have its capacity increased but was never restarted because new regulatory
requirements would have required co tly retrofits and the addition of new systems; cold testing of a new
plant at Morris, Illinois, indicated that technical problems would arise with a new, untried process and
the plant was never operated; the 1 5001 U/y Barnwell plant, due to start up in 1976, was never licensed
and has now been mothballed. The French oxide head-end plant (HAO), however, has continued to
operate successfully up to the present day. Some 2 100 t of spent oxide fuel had been reprocessed in
OECD countries to mid-1985.
In the late 1970s, a number of factors combined to temper the enthusiasm for reprocessing. The
growth rate in demand for electricity ftil significantly, leading to reduced nuclear requirements, and i'nc
price of uranium stabilised. In the United States, concerns that widespread reprocessing could
contribute to a proliferation of weapons capabilities caused the Administration, in 1977, to postpone
reprocessing indefinitely, pending a further evaluation. Many smaller countries, in particular, were
daunted by the complexity of building their own plants for reprocessing advanced reactor fuels and
seeking the necessary legislative approvals. In addition, the United States concluded that spent fuel, iike
waste, could be safely stored for decades or could be disposed of in geological .epositories. Finally, the
United States Nuclear Regulatory Commission in a Waste Confidence Rulemaking Proceeding
amended its rules to allow for on-site storage of spent fuel for 30 years after expiry of the reactor
operating licence.

1.3

RECENT TRENDS

Following these events, however, a certain turnround in the situation has occurred. In 1977, the
United States Government initiated the International Nuclear Fuel Cycle Evaluation (INFCE) to
develop a consensus about proliferation risks and to evaluate the application of safeguards. (The IAEA
coordinated the study and provided Secretariat services). Several countries took the view, during that
study, that the recycle of fissile and fertile materials from spent fuel was an essential part of their longer
term energy strategies. They thought there was considerable merit in plutonium extraction and secure
storage at a small number of approved sites (under IAEA safeguards) rather than the much wider
dispersion of unreprocessed spent fuel, and that stopping commercial reprocessing would not ensure
avoidance of the risk of nuclear weapons proliferation. Moreover, the present US Administration states
that it supports private sector reprocessing of spent fuel from commercial reactors provided that it is
economically justified, although no US company has yet taken up the option. Those companies that are
interested are seeking government assurances that, if there is another change of Admistration policy,
they will not be left with lar^e financial commitments in facilities that may not be permitted to
operate.
In the meantime, nuclear power has continued to expand in most countries. Spent fuel continues
to arise and, based upon current forecasts for nuclear generating capacity [ 1 ], oxide fuel discharges will
total over 9 000 tonnes per year in OECD countries by the end of the century.
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1.3.1 Reprocessing
In those countries firmly committed to reprocessing, there are plans 10 increase capacities
through the upgrading of existing plants or the introduction of now installations. Pclgium is considering
restarting reprocessing operations at Eurochcmic by the end of the 1980°; there are large new oxide
reprocessing piants under construction in France and the United Kingdom scheduled Tor start-up by
1990; the Federal Republic of Germany has committed constriction of a commercial unit for operation
by the mid-1990s, and Japan has firm intentions to exteid its small-scale plant experie ce to a
commercial-sized unit.
France and the United Kingdom in particular have pur. *ed a policy of installing reprocessing
capacity beyond the immediate requirements of their domestic utilities and have offered reprocessing
services to foreign customers. By this means, several OECD roi'~*tries whose reprocessing plants were
too small or for whom the capital outlay to build such a plant cc"Id not be justified, have successfully
contracted for spent fuel to be reprocessed abroad. Recent contracts *>ave included provision to reiura
separated uranium and plutonium, as well as associated radioactive wastes (suitably treated), to the
country of origin at a latei date. For this reason, most of the users of nuclear energy in the OECD region
are engaged in research into safe means of disposal of various forms of radioactive waste, the use of
plutonium to fuel thermal and/or fast breeder reactors, and the recycling of uranium.
1.3.2 Direct Disposal
The direct disposal option is being studied in several countries either in the context of a possible
non-reprocessing decision (as in Sweden), or as an alternative to long-term deferred reprocessing
(U nited States and Canada). Together these three countries account for about 60 per cent of spent oxide
fjc' arisings from OECD Members.
The Swedish study [2], the most advanced in this field, reflects a decision by the Swedish
Parliament to cease all nuclear power activity as from the year 2010. The quantity of fuel for final
disposal will then be about 7 000 tonnes, all from LWRs. (A limited amount of treated high level waste
returned from foreign reprocessing of some Swedish spent fuel will also be present). The plan would be to
dispose of this fuel in deep geological formations after several decades of storage under water (at least
40 years). The fuel would be packed in a multi-barrier system in order to provide acceptable long-term
(several million years) environmental safety. The problems with this kind of disposal are similar to those
of disposing of solidified high-activity waste with the difference that the latter contains very much
smaller quantities of uranium and plutonium.
Whilst the United States still officially supports commercial reprocessing, the argument for
continuation of that policy rests on a fine balance of politics and/or economics - the demand for
electricity, the timing of fast breeder reactor introduction (if at all), the costs of reprocessing versus
storage and disposal. The US Government is committed, by a law passed in 1982, to receipt of spent fuel
or high-level waste (HLW) from utilities, beginning in 1998. This law also directed the Secretary o
Energy to submit to congress a proposal for Monitored Retrievable Storage (MRS) as an option fo
providing safe and reliable management of high level radioactive waste or spent fuel.
The Federal Republic of Germany also intends to continue R&D studies on the direct disposal
option until 1993 although reprocessing remains its reference strategy.
1.3.3 Extended Storage
Table 'i provides forecasts of spent fuel storage capacities which show that the total will more
than double between 1985 and 2000 to reach about 201 000 tonnes of heavy metal. This increase will be
brought about by the provision of new facilities, usually at new reactor sites, or by closer packing of fuel
in existing stores. This latter technique has already been introduced in some countries and involves the
use of poisoned storage racks (to absorb neutrons and prevent risk of accidental criticality),
multi-element bottles and/or the dismantling and consolidation of fuel assemblies.
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Table 2
SPENT OXIDE FUEL STORAGE CAPACITIES IN OECD COUNTRIES TO 2tM
Tonnes HM
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INS

I9W

Fiance
Geranay. F.R.
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Spent fuel storage can be either under water or dry and either at the reactor site or
away-from-reactor at a reprocessing plant or possibly in a central storage facility. T.ie development of
storage techniques will be reviewed in the succeeding chapters. Suffice it to say here that there is now
experience of more than twenty years of zircaloy-clad fuel storage under water (in Canada) and fourteen
years for Magnox fuel in a dry storage vault (in the United Kingdom) without damage to fuel cladding:
spent fuel storage can now be considered as proven technology and there is no reason to suppose that fuel
could not continue to be stored, given the correct conditions, for many decades. It should be mentioned,
however, that the building of storage facilities represents a considerable financial investment. Stores
also require continuous scrutiny and do produce some low level radioactive effluents and solid wastes.
For these reasons, prolonged spent fuel storage cannot be considered as a definitive option and represents
merely an interim position. If reprocessing is contemplated, a storage period of 3-5 years is considered to
be appropriate, though about 10 years is more typical currently. For direct disposal of spent fuel (or
vitrified high-level waste), 20-50 years delay is commonly regarded as desirable to reduce heat
output.

\A

SUMMARY OF AVAILABLE OPTIONS

To summarise, a number of different ways of dealing with spent nuclear fuel have been
identified. There are two definitive options:
-

reprocessing and disposal of conditioned wastes,
direct disposal of spent fuel.
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Reprocessing c&n be either
-

early or deferred,

-

at home or abroad.

Both definitive options require storage for varying periods. Storage can be either
- v#et or dry,
- at reactor or away from reactor.
Long term storage represents a way of keeping future options open (at a price).
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Chapter 2

CURRENT PRACTICE AND FUTURE PLANS

2.1 SPENT FUEL STORAGE
Spent fuel storage technology has been developing for more than forty years. Most of the vast
experience that has been accumulated is concerned with storage in water-filled pools but, more recently,
dry storage techniques have received widespread interest following claims of economic and safety
advantages. Dry storage has been operated successfully on a commercial basis in the United Kingdom
since 1972.
Worldwide interest in spent fuel storage has increased in recent years. The OECD/NEA and the
IAEA sponsored jointly thefirstmajor conference on this topic in Madrid in 1978. INFCE Working
Group 6 studied storage in 1979/80 [3] and concluded that the technology had been established over
20 years for water pools without significant difficulties but that observations of spent fuel behaviour
should continue to be made. In 1982, the IAEA published a report of an expert group on spent fuel
management [4] and the results of a world survey of spent fuel storage experience [5]. This latter
document was redrafted and updated in 1984 to act as a Guidebook on the subject [6]. Also in 1982, the
OECD/NEA held in Madrid a Specialist Workshop on the dry storage of spent fuel elements [7],
recognising the significant advances which had been made in this direction.
As stated in Chapter 1, the combined effects of increasing nuclear electricity generation, delays
in the construction of reprocessing plants and the need for a cooling period before spent fuel could be
commi'.fsd to geological repositories, point to a rapidly increasing demand for interim fuel storage
capacity. Table 2 shows that OECD spent oxide fuel storage capacity, which stood at 98 5001HM in
1985, willriseto 201 0001 HM in the year 2000. This very large increase reflects abov-j all the desire of
many nuclear countries to play the waiting game, to delay making a decision on a definitive spent fuel
option until economic, political, technical and other considerations have been fully evaluated.
Most spent fuel storage capacity is located at reactor sites (AR). This is necessary to provide a
receptacle for emergency unloading of reactors and also to allow for minimum cooling prior to
transporting spent fuel to a reprocessing facility or to provide interim storage until a geologic repository
or a longer term retrievable storage facility is available. A multiplicity of relatively small stores is,
however, a relatively expensive way of storing fuel and in some countries consideration is being given to
larger centralised away-from-reactor (AFR) storage facilities to which fuel can be sent after initial AR
cooling. AFR facilities have been operated for several years at reprocessing sites in France and the
United Kingdom.
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2.2

REPROCESSING

Projected annual oxide fuel arisings for the years up to 2000 are presented in Table 3. The figures
are based on replies to an NEA questionnaire sent out to OECD countries in 1986. The corresponding
forecasts for reprocessing capacity, including FBR and UK AGR fuels, are shown in Table 4.
Cumulative totals are given in Table S and illustrated in Figure 1.

Table 3
PROJECTED SPENT OXIDE FUEL ARISINGS IN OECD COUNTRIES TO 2000
AMMNil A r i w p

CowMiy

ia Year Shorn (Tom» H M )

I9S4

1985

1910

1*95

2000

Belgian)
Canada
Finland
France
Germany, F.R.
Italy
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Netherlands
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Turkey
United Kingdom**
United State*

85
1070
64
200
300
26
630
12
120
245
60
0
100
1200

97
1420
65
300
350
38
625
12
160
238
85
0
200
1300

140
2100
68
700
600
26
860
15
225
250
85
0
250
1900

130
2 420
82
950
600
150
1265
45*
250
250
85
100
250
1900

160
2 420
105
1 100
600
270
1565*
75*
275
250*
110
200
400
1800

OECD total

4112

4 890

7219

8477

9 305

*
'•

Secretin*!'* estimtfe
Exchdt* Mafimi feci indaded i * Reference I.

Sotmtz

Reference I.

Table 4
PROJECTED OXIDE FUEL REPROCESSING CAPACITIES IN OECD COUNTRIES TO 2000
Tonnes HM/year
Conwy

Feel type

I9M*

I9»5*

1990

1995

2000

Belgium

LWR

-

-

-

120

120

France

LWR
FBR

250
2

350
5

600
5

1750
5

1750
5

Germany, F.R.

LWR

35

35

35

350

350

Japan

LWR

210

210

210

1010

1010

United Kingdom

Oxide
FBR

5

5

1200
5

1200
5

1200
5

502

605

2055

4440

4440

OECD total
*

Some data • tcl*al or expected ihraethpai. rather then rated ptonl capacita.

Satrcr.

Reference I pre* informetion from the Working Groap.
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Figurt 1.

CUMULATIVE OXIDE SPENT FUEL ARBINGS IN OECD COUNTRIES
REPROCESSED AND UNRE PROCESSED
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For the special case of natural uranium gas-cooled reactor fuels (omitted from the above tables),
the reprocessing situation is well in band. The fuel cladding will not withstand prolonged underwater
storage and reprocessing takes place one to three years after discharge. Adequate reprocessing capacity
for this type of fuel exists in France and the United Kingdom, a situation which will prevail until the
reactors are phased out, probably early next century.
Oxide fuel from gas-cooled reactors, primarily the United Kingdom AGRs, is stainless steel clad
and can be stored in ponds until the THORP plant, now under construction at Sellafield, comes on line in
1990.
For LWR fuels, the situation is quite different. Although many industrialised countries
committed to a nuclear power programme consider reprocessing as a desirable long term objective for
the nuclear fuel cycle, various factors have intervened to delay the installation of the necessary
hardware. Only France and Japan are currently operating commercial LWR fuel reprocessing plants,
with a small unit on line in the Federal Republic of Germany. In 1985, no more than 20 per cent of the
total LWR spent fuel arising in that year in OECD countries was reprocessed.
New major oxide fuel reprocessing plants are under construction in France and the United
Kingdom, scheduled to come on stream by about 1990. Japan is planning to have a similar plant by the
mid-90s, by which time, Belgium and the Federal Republic of Germany are also expected to have
introduced additional LWR reprocessing capacity. Between them, thesefivecountries are expected to
have processed as much as about 40 per cent of the cumulative arising* of spent enriched oxide fuel up to
the end of the century if the planned additions are realized and operated on schedule at nominal
capacities. A comparison of Tables 3 and 4 shows how installed reprocessing capacities are expected to
fall short of annual LWR fuel discharges.
Other OECD countries, particr'arly Canada, Sweden and the United States, have opted for
long-term storage of spent fuel, leaving open the question of whether or not to reprocess for decision at a
later date. In Belgium, Italy, Netherlands, Spain, Sweden and Switzerland, contracts have been entered
into for spent fuel to be reprocessed abroad whilst long-term storage facilities are constructed or
research and development work is undertaken on the definitive management options. The Federal
Republic of Germany and Japan have also entered into reprocessing contracts with foreign suppliers to
supplement their own reprocessing programmes.
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2... DIRECT DISPOSAL OF SPENT FUEL

All the OECD countries with major programmes of nuclear electricity generation are
investigating disposal of high level radioactive wastes in deep geological formations and several are
assessing the feasibility of disposal under the seabed. Whether or not the high level waste takes the form
of conditioned spent fuel or reprocessed products has been found to make little difference to the results of
safety assessments of such disposal systems.
Sweden and Canada have expressed little interest in reprocessing and are therefore inclined
towards eventual direct disposal of spent fuel. Neither one, however, expects to be operating a
commercial repository until one or two decades after the turn of the century. The United States, the
Federal Republic of Germany and Switzerland are also actively engaged in development work on the
direct disposal technique although they have each had varying proportions of their spent fuel
reprocessed in the past, and may continue to do so in future. Finland is also investigating direct disposal
for some of its spent fuel. It ships some spent fuel to the USSR. Spain and the Netherlands have only
limited nuclear capacity and have so far pursued a policy of securing reprocessing contracts abroad; this
situation could change at any time, particularly in the former country which has announced its intention
to limit its long term nuclear capacity to ten reactors. The remaining OECD countries either operate
domestic reprocessing plants or have announced plans to do so.
The technical features of the Swedish study [2] of the final storage of spent nuclear fuel will be
described in more detail in Chapter 3. It is envisaged that spent fuel and vitrified high level waste will be
placed in a retrievable store for 40 years to allow initial cooling. After that time, the material will be
enclosed in corrosion-resistant cannisters and buried, probably in granite. It is anticipated that selection
of a repository site will continue until about the year 2000, followed by a licence application, design and
construction of the disposal facility and operation from about 2020 onwards. The preliminary results of
site surveys for the best four of the seven sites studied are presented in the Swedish report. A similar
study [8] was carried out for the direct disposal of spent fuel from the Finnish BWR reactors at
Olkiluoto.
From 1977-1980, Sweden was involved in a series of co-operative experiments with the US
Department of Energy through the Lawrence Berkeley Laboratory. The tests were conducted at the
disused Stripa iron ore mine in central Sweden and examined the response of granite bedrock at a depth
of 350 m to the heating effects of simulated high level waste. The venture aroused international interest
and in 1980, the OECD/NEA set up a new co-operative research programme, ihe Stripa Project, to run
to April 1984. The participating nations were Canada, Finland, France, Japan, Sweden, Switzerland
and the United States. The main tasks in the Stripa Project were to investigate hydrologicat and
geochemical conditions in boreholes, the migration of simulated radionuclides and the performance of
bentonite based backfill materials. A second phase of investigations, in which the United Kingdom and
Spain are also participating, began in 1983 and is due for completion by mid-1986. The main tasks of
this phase are development of cross-hole techniques for detection of fracture zones, further study of
ground-water chemistry and methods for shaft, tunnel or bore-hole sealing with bentonite. It has now
been tentatively agreed to extend the investigation into a third phase, lasting an additional five
years.
Related experimental work has been carried out at two sites in the United States - the Climax
mine in a granite formation on the Nevada Test Site and a hard rock test facility at Idaho Springs,
Colorado. Three principal geological formations are currently under investigation: bedded salt and salt
domes, situated in Utah, Texas, Louisiana and Mississippi; basalt, centred on the Hanford, Washington
area; and tuff at the Nevada Test Site. Exploratory shafts into basalt and tuff formations will be drilled
in 1987 and into the salt formations in 1988 to host experiments through to 1990. It is intended that the
site for the first repository will be selected in 1990.
Canadian studies on geological disposal of nuclear fuel/waste are co-ordinated by Atomic
Energy of Canada Limited (AECL) from the Whiteshell Nuclear Research Establishment. There are
several options for the choice of host rock but investigations have focused on igneous intrusions called
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plutons of which there are many in the Canadian shield. Since Ontario is the only province with a major
nuclear electricity generation programme, research has mainly been undertaken there and at
Whiteshell itself in Manitoba. The latter has been selected as the location for an underground research
laboratory for which construction began in 1983. The facility, inside a granite pluton, will be used for
basic research but will not contain any nuclear fuel. Once the concept of deep underground disposal has
been evaluated and accepted by regulatory bodies and the government (targetted for 1990/91), plans
for site selection and commercial repository operation will be considered. Commercial operation could
occur around the year 2010.
Finally in the Federal Republic of Germany, in addition to the firm proposals to build a
3501 HM/y reprocessing plant in the 1990s, investigations are taking place on direct disposal [9]. This
policy was formulated in 1979 as part of the Entsorgung concept. Technical concepts for direct disposal
in salt deposits have been developed for a comparative study of options. If a high level waste repository is
established, this technology may be incorporated in its construction. The investigated site is at Gorleben
in Lower Saxony, and operation is envisaged to start by the year 2000. The repository design will mainly
be based on investigations in the Asse salt mine and on the experience already gained with disposal
demonstration tests of low and medium level waste in this mine.
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Chapter 3

REVIEW OF TECHNICAL ASPECTS

3.1

THE STAGES

Spent fuel passes through a series of stages after it leaves the reactor, whether it is to be
reprocessed or sent for direct diposal. In this section technical aspects of the stages are considered in
essentially the order shown on Figure 2. It should be noted, however, that the sequencing might vary
from that ibown in some cases. For example the interim storage discussed in Section 3.3. may be at the
reactor site so transportation, discussed in 3.2, might follow rather than precede it.
Disposal of spent fuel and reprocessing high level waste are similar in concept and are discussed
together in Section 3.S.
The buildup of undesirable isotopes (such as 1)236) in recycled uranium has led some planners to
believe that after several recycles uranium may be disposed of for economic reasons. However, even i
this should occur, it would introduce no new technical problems. Such recycled uranium would likely be
conditioned and treated similarly to unreprocessed spent fuel, though of course it would have a much
lower activity level since it would be separated from the fission products.

3.2

SPENT FUEL TRANSPORT

After the initial period of spent fuel storage in a reactor pool, transportation is an essential part of
spent fuel management whether reprocessing, direct disposal or extended AFR storage is contemplated.
Over the past 30 years, more than I5 000 movements of spent fuel have been made in Europe and North
America using road, rail or marine transport. Although minor accidents have occurred, no incident has
resulted in the release of transport cask contents or significant radiation exposure of workers or members
of the public.
Movements of spent fuel are covered by the IAEA Regulations for the Safe Transport of
Radioactive Materials. These aim to ensure the following principles:
-

containment of the radioactive material
protection against radiation emitted
safe dissipation of heat generated
prevention of any possible criticality.
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In practice, limitations are placed on the contents of any container and then the container design
ensures the necessary shielding, thermal conductivity, containment and impact protection.
A typical spent fuel container, or cask, is a massive steel box weighing 50-120 tonnes, eithei
forged or wrought and welded. Spherical graphite cast iron has also been used in some countries.
Gamma and neutron shields are provided within the walls, which normally measure about 0.35 m in
thickness, and exterior metal fins assist the dissipation of radioactive decay heat. The lid is held in place
by a large number of high-tensile steel bolts and integral compression seals provide a leak-tight seal.
Design variations exist to enable the spent fuel to be transported either dry or immersed in water, and to
ensure compatibility both with the fuel, for criticality reasons primarily, an ' with the reactor pool cask
handling systems Capacities generally range from 1-51 HM per flask.
Future optimized containers for transporting well-aged spent fuel are to be expected where
reduced shielding requirements will permit much larger spent fuel payloads.
One of the main premises of the IAEA regulations is to specify a series of rigorous tests which
each cask design must undergo to demonstrate its resistance to accidents. These tests comprise:
-

a drop of 9 m onto a rigid, non-yielding target, plus
a drop of 1 m onto a solid mild steel 15 cm diameter punch, followed by
an engulfing fire maintaining a temperature of 800 °C all round the flask for 30 minutes
an 8 hour water immersion at a depth of 15 m;
for casks licensed to contain more than 37 000 TBq of activity, a one hour immersion in water
at a depth of 200 m.

The resistance of spent fuel transport casks to collision damage was highlighted dramatically by the
Central Electricity Generating Board in the United Kingdom in July 1984. A 1401 diesel locomotive,
pulling 3 carriages weighing 1001, was crashed at 160 km/h into a standard production fuel cask which
had been placed on the track in the worst imaginable position. The locomotive was extensively damaged,
whereas the fuel cask suffered negligible damage. Measurements-taken after the crash showed the
original internal test pressure of approximately 700 kilopascals (about seven times atmospheric
pressure) had fallen marginally by 2 kPa demonstrating that the cask contents had been retained.
New designs of casks will continue to be developed, optimized for specific uses. However the
present well developed design, testing and regulatory process, plus the extensive worldwide experience
base, indicates that spent fuel transportation is proven and dependable.

3.3 STORAGE OF SPENT FUEL
3.3.1 Storage in water pools
At the outset of the discharge of spent fuel from nuclear reactors, water was chosen as the
preferred medium for the storage environment for three main reasons:
-

high thermal capacity facilitating heat removal;
transparency, allowing pool operators ease of inspection and control of fuel movements;
good radiation (gamma and neutron) shielding properties.

Water was also cheap, readily available and could be recycled through heat exchangers or
purifiers if required.
The first fuel to be placed in a water storage pool was unloaded from the X10 Reactor at Oak
Ridge, Tennessee, United States, in November 1943. The walls of the X10 pool were of reinforced
concrete without any special finish or lining. This particular facility was still in use in 1982. Most of the
fuel from these early reactors had received only low burn-up and the thermal loads on storage pools were
small. Hence there was no requiremt.it for heat exchangers. The fuel was predominantly aluminium'
clad and water chemistry was not too important since a protective layer of oxide was soon established on
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the outside of the cladding. Requirements for water purity were not as strict as they are now and
therefore the early pools were not provided with water purification systems. In general, spent fuel did not
reside in a reactor storage pool for more than 1-2 years before being transported to a reprocessing
plant.
It was noticed that the rough surface of a bare concrete pool wall tended to attract and
concentrate radioactive particulates and this became a problem at or near the pool surface where
radiation levels began to increase. A number of decontamination techniques, including high pressure
water jetting and scrubbing, with or without chemical agents, were developed and, in some cases, pools
were emptied completely to permit a thorough cleaning. Later pool walk were coated with paint or epoxy
resins to reduce the adhesion of contaminated sludges and facilitate their removal. Oaly a few cases have
been reported where resin coats have been affected by radiolysis and repairs have been carried out. Lead
or steel-lined coner dams have also been used in order to effect repairs to part of a storage jiool without
removal of the spent fuel.
A different type of problem was experienced with the leakage of slightly-radioactive water
through cracks in concrete walls in a few instances. The addition of welded metal (usually stainless steel)
liners then became common practice, an early example of which was the lining of the Canadian NRX
research reactor pool with stainless steel in 1956. Many pools have installed leakage detection systems
between the steel liner and the structural concrete outside. The Halden reactor pool (Norway) has
successfully operated with a painted carbon steel liner since 19S8. However repainting is a difficult
operation and the majority of operators prefer the better corrosion resistance of stainless steel,
particularly when subject to operational wear and tear. Since I960, most of the in-pool fuel handling
equipment has been fabricated from stainless steel; aluminium continues to be used in some storage
racks and Magnox reactor fuel particularly is still stored in painted mild steel skips or trays.
As fuel burn-ups increased, especially after the advent of light water reactors at the end of the
1950s, the high residual power of discharged reactor assemblies meant that storage pool cooling systems
were required.
Some early pools were filled with treated river water (e.g. at Hartford) or lake water (e.g. at
Scliafield) but nowadays virtually all research reactor, HWR, BWR and AFR (away-from-reactor)
pools use deionised water without additives. PWR reactor pools on the other hand are borated because of
the interconnection with the reactor primary pool where boron is used for fuel reactivity control. Storage
pools at AGR stations have always been borated to eliminate the risk of accidents, and neutralised with
caustic soda. The Magnox cladding of some gas-cooled reactor fuels undergoes a slow chemical reaction
with water leading ultimately to exposure of the uranium metal and, therefore, it was originally
envisaged that this type of fuel would be reprocessed after a relatively short storage period. It was found
that by maintaining the pH of the pool water at about 11.5, the Magnox corrosion rate could be retarded,
but the storage time is still a matter of months rather than years.
Pools for LWR fuel are usually rectangular and typically 12-13 m deep to ensure that the
assemblies (ca. 4.5 m long) can be lifted from vertical storage racks whilst maintaining an adequate
water shield of at least 3 m. Pool sizes vary but are typically 10-20 m long by 7-15 m wide. AFR pools
are now tending to be built in modular fashion so that additional units can be added later to
accommodate extra fuel. The first part of the CLAB facility in Sweden has been constructed in four
modules, each capable of holding 7501 HM, but with common water purification and cooling
systems.
Storage racks have been used for LWR fuel ever since 1959. They are usually fabricated from
aluminium or stainless steel. Some rack and other pool components have now been in use for twenty
years with only the occasional weld failure but no generic corrosion problems. In borated water stainless
steel racks are used almost exclusively since galvanic action between aluminium rack supports and
stainless steel liners would be accentuated.
The storage racks are necessary to maintain a minimum spacing between fuel assemblies to
prevent criticality. Older rack or basket systems typically provided an overall storage density of about
2.5 t/m 2 . Since the late seventies, however, when it was recognised that existing storage capacity in
many countries was not going to keep pace with spent fuel arisings, steps have been taken to increase fuel
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storage densities. Some pools had sufficient depth of water to accept double tiering: racks with extra
stainless steel to act as a neutron absorber can achieve densities of up to 3.9 and 4.7 t/m 2 for PWR and
BWR fuels respectively: racks poisoned with boron can increase these figures to 5.2 and 5.8 t/m 2 . Other
methods for increasing spent fuel storage capacity include:
-

revision of store licences using improved methodologies for calculation of criticality
parameters;
utilisation of redundant spaces in existing racks and pools;
removal of individual fuel pins from bulky reactor assemblies and their transfer to specially
designed storage containers;
filling of spaces left for the emergency discharge of current reactor cores (not generally
acceptable unless sharing can be arranged with adjacent reactors):
as a last resort, building a new pool or possibly extending an existing one.

In general, spent nuclear fuel has stood up extremely well to water storage conditions,
particularly zircaloy-clad water reactor fuel for which there is most experience. In 1982, the IAEA
reported [5] that the operators of 1 IS pools storing both stainless steel and zircaloy-clad fuels from
water reactors had not detected any significant degradation during storage, some of the fuel having been
stored for more than 20 years. There had been corrosion (clad sensitization) of stainless steel and
Magnox-clad gas-cooled reactor fuel but the effects can be limited by containerising the fuel or
controlling pool water chemistry.
Water chemistry control is achieved for most pools by a simple recycle system through
replaceable cartridge or sand bed filters followed by ion exchange. It is particularly important to remove
chloride ions which promote cladding corrosion. Uncovered pools with coastal locations are often highly
susceptible to chloride ingress.
Radioactivity is always present in storage pool water to a lesser or greater extent depending on
fuel type, cladding integrity and the efficiency of water purification systems. Radionuclides can either
be dissolved or adsorbed on particulate matter which then tends tofloator cling to the pool sides and can
lead to high radiation levels at the water surface. This is counteracted by installing skimmers to remove
water from the surface into the treatment system or by periodic decontamination of the pool sides.
There are two main sources of radioactivity in pool water: activation products from fuel cladding
or reactor cooling circuits e.g. S9Fe, ^Co, which are known to adsorb onto the oxide surface layers of fuel
assemblies; or fission products/actinides leached from the fuel itself through defects in the cladding
envelope. Leaching is much more rapid from uranium metal fuel than from the oxide, so much so that
defective oxide fuel is usually stored without the addition of secondary encapsulation whereas damaged
uranium metal fuel is normally enclosed. The release of radionuclides into pool water and the
consequent radiation exposure of operating personnel is one of the main factors which has precipitated
interest in the dry storage alternative.
3.3.2

Dry storage

As mentioned above, dry storage is gaining interest as an alternative to the well established wet
technique. Dry storage is not a complete alternative to pools because virtually all reactors (water or gas
cooled) have water pools to accept short cooled fuel and some can store it for several decades. Dry
storage becomes a more attractive technique when much longer periods are considered. Compared with
water pools, dry stores are claimed to:
-

be better for preserving fuel and cladding in pristine condition when an inert gas atmosphere
is used;
be particularly simple if air can be used as a cover gas;
result in lower radiation doses, especially to operators;
have lower operating and maintenance cost, especially if passive (natural convection) cooling
is achieved where there are no pumps, blowers, essential electrical supplies, etc.;
be better able to withstand certain hazards such as seismicity and loss of cooling, and
simplified avoidance of criticality;
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-

possibly be easier to decommission;
produce less active waste (none is produced once the fuel is in store);
be more reliable.

Fuel in dry storage conditions would always be at a higher temperature than under water due to
the reduced heat transfer properties of gas. During early stages of storage when decay heat rates are
high, the primary hazard with dry storage is ingress of air (oxygen) which can deteriorate the fuel and
cladding at oxidation rates which arc temperature dependent. Thus, many dry storage systems utilize
high purity inert gas atmospheres such as argon or helium. However research is underway to determine
the fuel temperatures that are acceptable with air.
There is, of course, extensive experience in dry handling of short cooled irradiated fuel
discharged from gas cooled reactors. Exposure to air is usually precluded for about 30 days in dry, CO2
filled, forced or natural convection cooled buffer storage tubes, after which time short term exposure to
air is allowed whilst discharging the fuel into water pools. In certain gas cooled reactors e.g. Magnox,
there are some completely dry routes but there is always an initial period in dry C 0 2 and exposure to air
occurs only after a substantial cooling period. Gas-cookd fuel is designed for heat transfer to a gaseous
medium and can be moved into dry storage conditions after shorter cooling times than water-cooled fuel.
This advantage is taken into account in the United Kingdom's design for an AGR fuel dry store which is
capable of accepting 100 day cooled fuel. The heat rating of this fuel is, of course, lower than for high
burn-up LWR fuel cooled for an equivalent period of time.
By far the majority of reactors, however, have an initial wet storage route and, if dry storage is
contemplated, then the problems of moving from wet to dry must be attended to. After about S years
cooling, the initial heat rating and activity of discharged LWR fuel will have reduced by a factor of
about 100 and although shorter cooled fuel could be accommodated (possibly with the penalty of
reduced packing density) it is generally thought preferable to allow a comfortable cooling period before
moving to a dry regime.
In the United States, where some pools could be full in 2-3 years [10], the possibility of moving
older spent fuel to dry storage has been recognised. Consideration has been given by some utilities to
extending on-site storage capacity by adding dry storage modules for longer cooled fuel.
Considerable attention has been given in recent years to the integrity of fuel pin cladding in a gas
environment and at higher temperatures. Small defects in cladding at the time of storage cannot be
excluded but these are thought to be acceptable provided either the atmosphere is inert or the
temperature sufficiently low. There is a need, however, to prevent a general deterioration of cladding
leading to mechanical failure of pins during long term storage. Tests carried out by Nukem and the Joint
European Research Centre of the European Communities, Ispra [11] showed that PWR and BWR fuel
maintained at 400 °C in helium showed no deterioration after 10 months. At the U.S. Battelle
Columbus Laboratories [12], PWR fuel has been held at 571 °C under He/ Air for several weeks with no
cladding breaches but creep strain was 70 times higher than at 400 °C.
For stainless steel cladding no difficulties would arise in a pure, inert atmosphere at temperatures
of approximately 400 °C. However, continuing work in the United Kingdom at the Berkeley Nuclear
Laboratories is showing some susceptibility of sensitised fuel cladding to intergranular stress corrosion
cracking in high humidity atmospheres, although substitution of argon for air improves cladding
endurance. Proposals for dry storage of stainless steel clad fuel in the United Kingdom are based on
temperatures below 300 °C in dry argon. The presence of air with defective fuel cladding is a fault
condition that needs consideration for both LWR and gas-cooled reactor fuel. Exposure of UO2 pellets
to air will cause oxidation to UjOg by a complicated reaction which is markedly temperature dependent.
The UO2/U jO» reaction is also accompanied by a large volumetric change and the UO2 ceramic breaks
down into a powder. A considerable amount of work is now in hand in many countries to establish
oxidation kinetics. Initial work considered that temperatures as high as 323 °C might be acceptable but
this was revised down in the United States to 250 °C. Further work in Canada, the United Kingdom and
the United States on irradiated UO2 indicates ever lower temperatures may be necessary if long term
storage of oxide fuel is to be achieved in air [13].
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Although the ignition temperature of Magna* cladding is over 600 °C and the onset of rapid
oxidation of exposed uranium metal in air occurs at above 270 °C, a fuel temperature limit of 200 °C has
been prudently adopted for the dry storage of Magnox fuel in air at the Wylfa storage facility [14]. In
practice, fuel temperatures of well below ISO °C are experienced.
Development of spent fuel dry stores has followed a number of different lines in various countries.
Basically three main types of store design have emerged - vault, cask and dry wells - although many
variations on these basic themes exist, each with its own special design features to suit local conditions,
economics and licensing potential.
Vault
The vault was the first dry storage concept to receive serious consideration in the Lrited
Kingdom, the United States and Canada. The concept consists of a massive, concrete-shielded cell in
which there is a potential for storing very large quantities of spent fuel. The facility must include fuel
receipt and preparation plant which can vary in complexity but the storage vaults themselves are
essentially simple in outline.
The cooling arrangements fall into two categories viz closed circuit or open circuit. For the closed
circuit system, the gasflowsover the fuel or fuel canisters by forced or natural convection and back via a
heat exchanger which dumps the heat to atmosphere. Fans are needed with some security of electricity
supplies. There is an alternative where heat a conducted by fins into an external heat sink. The open
circuit system involves a stack which induces a once-through natural convection airflowover the outer
surface of the fuel canisters, the heat having flowed from the fuel to the walk of the containers by
radiation, convection and conduction. Storage based upon natural convection is preferred as it is self
regulating and is a completely passive system. If the system must be filtered (this depends on the
integrity of the fuel containment), fans are needed to overcome filter pressure losses.
The dry store at the Wylfa, United Kingdom, Magnox reactor (commissioned in 1972) and the
interim store for vitrified highly-active waste (commissioned in 1979) at Marcoule, France, are
examples of commercial vault stores already in operation. In the first part of the Wylfa store (240 tU
capacity) the spent fuel is enclosed in vertical tubesfilledwith CO2 at just above atmospheric pressure.
Heat is transferred to the tube walls and then taken away by natural tbermosvphon air cooling. The fuel
in the second part of the facility (700 tU capacity, commissioned in 1979) is directly air cooled by
natural convection; the vault being held under a slight negative pressure to prevent the escape of
contamination through any leak paths which may develop, and the exhaust air being passed to
atmosphere through absolutefilters.The air-cooled store has functioned well with radiation doses to the
operators remaining at extremely low levels.
Other dry vaults for storing spent fuel are in operation at the Peach Bottom and Fort St. Vrain
power stations in the United States.
Concrete Canister
This concept has been studied in Canada as an alternative to vault storage. The canister is
effectively a miniature vault. Typical dimensions are S.3 m high by 2.3 m outside diameter and weight
50-70 tonnes. Each container has a thermal capacity of 2-5 kW, corresponding to about 4.5 tonnes of
CANDU fuel at 7.5 GWd/tU burn-up after 5 years cooling. The canister is designed to stand vertically
outdoors on a concrete base. It is lined internally with steel and lead. Owing to climatic conditions, the
outside of the canister is subject to temperature cycling between 4-40 °C and - 4 0 °C; the internal
temperature can be as high as 150 °C. It was noticed during initial tests with electric heaters that
hairline cracks appeared in the walls of the canister at 1.5-2 kW loading but these were shown to have
not affected the structural or shielding integrity. The cooling system is totally passive, assisted in some
designs by air ducts. F.nce the canisters have not been licensed for transport, a system of spent fuel
transport in heavy ste I flasks followed by transfer to concrete storage canisters is being investigated.
However, Canada is also in the early stage of developing an integrated concrete cask system licenseable
for storage, transportation, and possibly disposal.
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In a modification of the above canister design, an experiment with electrical heaters is under way
at Hanford, United States, on a concrete shielded steel storage cask. In this version, an annulus is left
between the inner cask (4.5 m long x 0.6 m diameter) and the I m thick concrete envelope permitting a
thermal loading up to 13 kW and fuel can temperatures up to 300-350 °C. The total weight, including
the concrete base b 118 tonnes.
The VS. DOE has chosen a sealed concrete storage cask as the preferred technology for design
studies of a Monitored Retrievable Storage system [IS]- The U.S. DOE is also participating in
cooperative research with an electric utility for the demonstration of at-reactor dry storage of spent fuel
in horizontal concrete silos [16].
Iron Casks
A significant amount of interest is currently being shown by a number of utilities in iron casks
designed for shipment and storage. The main advantage of this design is that the casks can be loaded
under water in reactor storage pools and used for transportation both before and after the storage period.
This avoids additional loading and handling steps and may offer licensing benefits.
The CASTOR cask developed in the Federal Republic of Germany is the most advanced of this
type. It has capacity for 9 PWR or 16 BWR fuel assemblies (4.81) or up to 50 kW thermal loading. The
cask is made of spherical graphite nodular cast iron with a total length of 5.5 m and is about 2 m wide. It
b fitted with a leak-tight lid and operated with an internal atmosphere of helium. Producers in other
countries also offer similar casks.
The first central away-from-reactor storage facility in Germany with a capacity of I 500 tU,
using CASTOR casks, b ready for operation at Gorleben [17]. Tests on cask storage are also -»der way
in Switzerland and the United States.
Drywell
A drywell b effectively a hole in the ground where spent fuel in a suitable overpack can be
accommodated. Drywells can be at ground level or in mined galleries. The earth provides shielding and
also passive removal of heat by conduction. Typical dimensions are 7.5 m deep by 0.5-0.95 m diameter.
Drywell tests on gas-cooled (HTGR) and fast reactor (LMFBR) fuels have been under way at the Idaho
National Engineering Laboratory (United Slates) since 1964. Safe emplacement and retrieval and low
radiation levels have been demonstrated without unacceptable degradation of facilities and equipment.
Zircaloy-clad PWR fuel has been stored in subsurface and deep drywells at E-MAD and Climax
respectively (Nevada Test Site, United States) since 1979 and 1980. Steel drywell liners are expected to
last up to about 25 years without cathodk protection but a concrete grout surround should last
100 years. Detailed results of fuel examination are still awaited. Drywells are really only suitable for
desert areas where a low water table b almost guaranteed. Exposure of the spent fuel canbters to
groundwater could lead to unacceptable rates of corrosion and eventual leakage of radioactivity. For this
reason, cask storage b the currently preferred dry storage mode of the US utilities. The US DOE had
commissioned further study on drywells but is careful to have them considered as retrievable stores and
not repositories.

3.4
3.4.1

REPROCESSING

Background

Irradiated fuel from nuclear reactors comprises largely uranium (some 96 per cent in spent
LWR fuel) and plutonium (about I per cent) - both of which are reusable assets. The remainder (aboul
3 per cent) comprises radioactive waste products, mainly fission products and actinides.
Early in the development of reprocessing it was recognised that solvent extraction was not only
the best way of achieving the very high separation factors required to separate these three principal
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streams bat that the ase of B U T E X (dibutyl carbhol) as solvent would provide a process giving a Ugh
level waste stream coatahung nore than 99 per ccat of the radnactm waste prodwte but only a small
proportion of uranium aad phrtoaiam The fast reprocessiag plants ascd tab process successfully.
Subsequcat work, however, demonstrated the superiority of an alternative solvent - T B P / O K
(tributyl phosphate in odoarkss kerosene) - both in terms of its separation efficiency and its lower
itactivity with the nitric acid ased to dissolve the hradatedfael It is th^htter solvent wliichg the basis
of the P U R E X process and is used in commercial reprocessing plants worldwide. Indeed the bask
process, aad enhaacements of h, is so efficient that h is anticipated that for many years, commercial
irprnrcniag ope rilioni will not depart from the basic merhaniral preparation, shearing and dissolution
of f a d in akric acid followed by solvent extraction in P U R E X type operations.

3A2

Process aVanrhntaa

The main stages ofreprocessingoxide fuels are shown schematically in Figure 3. Following a
period of storage, they are:
-

f a d breakdown, which may be accomplished by a variety of meant; mechanical shearing of
f a d bandies has been adopted for large commercial plants in France and the United

-

f a d dissolution in hot concentrated nitric acid;
followmg clarification of the liquor and conditioning, first cyck separation achieves isolation
of the radioactive waste products and, in a second cycle, separation of the uranium and
ptutonhun streams is achieved;
purification of the uranyl and pratonium nitrate solutions and conversion to oxide forms.

-

Associated with the main process are systems Tor, inter alia, the treatment of dissolver off-gas,
nitric acid recovery and recycle and solvent purification and recycle. The reprocessing operation
generates waste streams which, where possible, are first evaporated to reduce the volumes requiring
storage. Sach wastes may subsequently be conditioned; in the case of intermediate level wastes by
encapsulation in bitumen or cement and in the case of high level waste - which contains in excess of
99 per cent of the activity of the irradiated fuel - by incorporation into a glass matrix. These processes
haw oecn proven on an industrial scale; some further detail is provided in Section 3.4.6.

3A3

Worldwide tsntrftatt

Commercial reprocessing of irradiated fuel has been performed successfully in the O E C D area
for over thirty years, with the majority of this experience being obtained in the United Kingdom
(principally with metal fuel) and France (with both metal and oxide fuels). Reprocessing has also been
carried oat in Belgium (Eurochemic plant), Federal Republic of Germany, Italy, Japan and United
States. By far the greater part of this has been performed using the PUREX process. Approximate
quantities of fuel reprocessed in the O E C D countries to the end of 1984 are as follows:

Coma?

Bdcram
France*
F.R. Germany
Japan
United Kingdom
United Stttet

M«al Fact. lU

30
6000
25000
400

•MMM-IMS.
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OxMc Fid. lU

ISO
1250
ISO
175
90
250

It is evident from the extensive worldwide experience of reprocessing that plant design, although
complex, does not present insurmountable difficulties. The two main aspects which plant designers must
consider are:
-

operational,

-

safety.

Within each category there are both conventional and nuclear factors which must be
addressed.
Clearly the essential difference between a nuclear and a conventional chemical plant lies in the
restricted accessibility for operation and maintenance. Access can normally be obtained only after
decontamination which, in the case of the highly active sections of the plant, can be protracted. Hence
alternative design philosophies have been developed:
i)

simple design and proven construction to minimise or obviate completely the need for
maintenance;
ii) remote maintenance whereby equipment is capable of being dismantled and replaced by
remote handling devices;
Hi) direct maintenance where equipment is maintained in-situ after decontamination.
In practice, it is a combination of these philosophies which is used in any reprocessing plant to suit
the particular circumstances which prevail in each area and to minimise costs consistent with the safety
of personnel. For example:
-

the most active sections of a plant may be completely duplicated if maintenance free
operation cannot be guaranteed;
sections of a plant can be designed specifically for ease of removal by remote equipment and
replacement by spare sections;
key sections of mechanical plant can be sited external to the cells with robust mechanical
drives, etc., penetrating the biological shield;
sections of plant likely to require maintenance but which cannot be sited entirely external to
the biological shield can be located in sub-cells or bulges protected by shielding plates
external to the main structure, providing access for direct maintenance after short periods of
decontamination:
medium and low active sections can be made accessible following a reasonably short period or
decontamination.

-

-

Experience at Karlsruhe, La Hague, Marcoule, Mot and Scllafield has shown that decontamination - even of such items as dissolvcrs and evaporators - can be performed sufficiently effectively to
permit cells to be entered for maintenance purposes. Japan has demonstrated a special welding robot for
repair of some pin-holes on the inside of a dissolver, which enabled repair to be done without
decontamination.
In designing for safety, the second of the two main aspects identified earlier, there are several
major items to be considered:
i)

Containment of Radiation and Contamination
A multiplicity of barriers is provided in design, commensurate with the assessment of
hazards within the operations.

ii)

Control of Criticality
This is achieved by a variety of means, including:
-

limiting the mass or concentration of fissile material;
shaping the equipment so that criticality cannot occur no matter what concentration of
fissile material is present;
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Hi)

adding neutron absorbing material (poison) to the structural components or process
streams.

Control of conventional industrial hazards (e.g. mechanical failure, fire) and the effects of
external hazards (e.g. storms, earthquakes)
Safeguards considerations (accounting for fissile inventory) are taken into account at all
stages of design, construction and operation.

3A5
Reprocessing methods which arc alternatives to the established nitric acid dissolution/solvent
extraction practice ( P U R E X ) , have been studied and developed to various stages. The initial military
development, isolating plutonium, provided the PUREX impetus; however, recent concerns for
proliferation, waste management and economics associated with reprocessing led to a resurgence of
international appraisal of a wide range of alternatives. Amongst these (see Figure 4) halide volatility
and molten salt separation have been the subject of intense research and pilot studies, notably in the
United States.
These alternative methods of non-aqueous separation - such as zone melting, molten salt or
halide volatility - may be compact and potentially simple but they introduce excessive complications in
corrosion and design difficulties for continuous remote operation. At present these methods show
insufficient promise when set against the bulk experience in solvent extraction processes used for
commercial reprocessing throughout the world. Ion exchange, particularly if developed on inorganic
materials, may represent an eventual competitor but whereas the continuous handling of all liquids in
solvent extraction is easy, solid ion exchange materials are more difficult to handle continuously in

Figure 4.
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remote plant. Thus, although alternative processes cannot be entirely dismissed, the PUREX process
has shown itself to be amenable to development from pilot to commercial scale and sufficiently flexible
to handle traditional thermal fuels of both low and high burnup. Studies are in hand to demonstrate its
further suitability for very high burnup and mixed oxide (MOX) fuels and, of course, FBR fuels have
been successfully reprocessed. Therefore current research and development, rather than seeking
alternatives to the PUREX process, is chiefly concerned with improvements to the process itself, the
associated equipment, and an increasing emphasis on the reduction of effluents and minimisation of
wastes.
Mechanical handling of more sophisticated fuel elements is required and the development of
efficient continuous dissolution is a major objective. Fixed poisons and geometrically favourable
dissolution and extraction equipment of high capacity are required for high enriched or MOX fuels
without using the soluble poisons which would add undesirably to the highly active wastes. The new
dissolver systems will require development of new handling techniques for cladding fines and insoluble
fission product particles. Accumulations have to be prevented in the dissolver, and safe removal from
dissolver solution is required before solvent extraction. Filtration, treatment with surfactants,
high-gradient magnetic separation and centrifugation have been developed for this duty.
Salt-free reprocessing, electrolytic valency control and improved solvent washing methods all
have received increased emphasis in optimizing for waste management.
The process developments referred to are accompanied by a range of engineering and safety
developments. These cover instrumentation and in-line control, improved materials selection and
automatic fabrication procedures, remote handling, and equipment maintenance by robotics.
Various devices are under intensive development for liquid handling and ventilation control.
Plants are generally being designed with decommissioning in mind. In some circumstances material
quality is being improved to avoid or reduce induced activity, e.g. in canning or fuel assembly materials,
control of natural cobalt impurity or nitrogen content reduces the formation of ^ o and l4 C
respectively.
The continuing trend will be for additional development to demonstrate safety and acceptability
of environmental impact both prior to and post licensing.
3.4.6 Waste treatment
Reprocessing operations give rise to a range of waste materials which differ both in physical form
and level and nature of radioactive content. Some are of sufficiently low radiotoxicity that they can be
disposed of in a controlled manner directly into the environment: others will require special conditioning
and deep burial in order to be disposed of safely.
In general, reprocessing wastes can be characterized as foil vs [18]:
a)

Low-level wastes (LLW) - those wastes which have such a low-level of radioactivity that
they may be safely buried in shallow land trenches (solid), or released into the atmosphere
(gaseous) or into the sea (liquid) in accordance with governmental authorizations. Until
recently, some low-level solid wastes were disposed of on the deep ocean bed.
b) Intermediate-level wastes (ILW) - those wastes with intermediate levels of beta-gamma
activity and/or containing long-lived alpha emitters. At present, most of these wastes are
stored safely in an unconditioned form at the reprocessing site. Some of the most active
ILW will eventually be disposed of in geologic formations, along with HLW.
c) High-level wastes (HLW) -wastes with such high levels of radioactivity that their
temperature may rise significantly as a result of radioactive decay. They are sometimes
referred to as heat generating wastes.

For PUREX plants, the liquid which is discharged from the first separation cycle is HLW.
Currently this is concentrated by evaporation and stored in high integrity shielded tanks. The
vitrification (conversion to a form of glass) of these concentrates is now underway [ 19]. This vitrification
process has been successfully used in France on a industrial scale since 1978 in Marcoule, at the AVM
(Atelier de Vitrification de Marcoule): 960 cubic metres of fission products had been treated up to
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January 1986, and 1 308 canisters have been stored in an interim storage facility adjoining the AVM.
They are stored in vertical pits, 10 m high and 60 cm in diameter. The total capacity of the facility is
2 200 containers distributed in 220 pits, normally cooled by forced air though natural convection
cooling is possible.
For the UP2 800 and UP3 plants, at la Hague, which are under construction, two vitrification and
interim glass storage facilities are under construction, each one planned for interim storage of
4 500 canisters.
After on-site storage of the vitrified waste for 10-50 years to allow heat decay, burial in deep
geological formations will ultimately take place. The principles involved in the choice of a suitable
repository and in the selection of encapsulating and backfilling media to ensure long-term safety are
similar to those for the direct disposal of spent fuel and are discussed in detail in the Section 3.5.
ILWs are not so simple to define. Examples are:
- contaminated fuel element cladding and assembly fittings;
- ion exchange resins from the treatment of fuel storage pond water, process liquor streams,
sludges and concentrates;
- miscellaneous equipment and other items from maintenance, etc.;
- plutonium contaminated material (PCM) or transuranic (TRU) waste.
Their untreated volume is relatively large, typically 1-2 m3 per tonne of uranium reprocessed,
and they exist in a wide variety of forms. These wastes will require some form of treatment and
encapsulation prior to ultimate disposal. For this purpose, a great deal of development work has already
been carried out and potential processes have been defined. For each waste form, the selection of a
treatment process will depend on the local limitations on storage, handling and disposal. For some, it
may be desirable to reduce the volume (for example by comminution, incineration, acid digestion,
dewatering etc.) or to decontaminate first, bearing in mind that such processes frequently generate
additional wastes. For others, it may be better to encapsulate before interim storage; such a step is
particularly advantageous where the encapsulated material meets regulatory requirements for final
disposal. Encapsulation techniques include polymer coating, concreting, bitumenisation, alloying,
ceramicising and vitrification.
Whatever conditioning option is chosen to facilitate the disposal of each waste form, the selection
will be based on some form of analysis of cost versus benefit, with the overriding requirement to keep
within authorized discharge limits. There is widespread acceptance of the International Commission on
Radiological Protection (ICRP) recommendation that, in respect of radioactive discharges, all exposure
should be kept as low as reasonably achievable (ALARA), economic and social factors being taken into
account.
In practice, it is likely that most high and intermediate level reprocessing wastes will continue to
be stored at or near their points of origin until such time as safe disposal routes have been established.
Not only will the reprocessor need to satisfy himself that he is storing and handling his wastes in the most
cost effective way consistent with technology and safety requirements, but also the regulatory
authorities will need to be convinced of the long term acceptability of any proposal to commit these
wastes to an approved repository.

3.5 DISPOSAL OF SPENT FUEL AND HIGH LEVEL WASTE
3.5.1 General
As stated previously, the principles and technologies involved with disposal of solidified high level
wastes are very similar to those for spent fuel. Thus, whereas this section focusses particularly on direct
disposal of spent fuel, the discussion applies equally well, in most instances, to solidified waste.
The direct disposal option for spent fuel involves three steps: storage, conditioning, disposal.
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The interim storage of spent fuel and high level reprocessing wastes has been discussed in
previous sections. In this section, the technical aspects of the conditioning of the fuel and its final
disposal will be discussed. The discussion will focus on the barriers that provide environmental safety,
how these barriers can be achieved and evaluated through the investigations under way in various
countries, and the current status of the corresponding technology.
No commercial repository is yet operational in the OECD countries for spent fuel or for high level
reprocessing waste. In discussing the technical aspects of the disposal options we are discussing
experimental results and ideas which have been assembled by experts over a number of years. Most
studies of spent fuel disposal envisage a period of extended storage (20-50 years) followed by
encapsulation of the fuel in a corrosion-resistant canister which is then placed deep in a repository in a
selected geological medium. The disposal concept is founded on a system of multiple, relatively
independent barriers designed to ensure that the toxic radionuclides in the spent fuel remain isolated
from man and his environment at least until they have decayed to levels which will present no
unacceptable risks to future generations taking into account the possible release scenarios.
The various barriers are illustrated in Figure S and it can be seen that three main components
exist: the nearfield,the geospherc and the biosphere. The nearfieldconsists of the stable waste form and
a corrosion resistant package combined with the immediate engineered barriers incorporated in the
repository. The geosphere comprises the barriers presented by the host geological media. A key factor is
the ability to restrict theflowof groundwater, hence low permeability or lowflowregimes are considered
such as clay, evaporites and crystalline rock. The biosphere may not constitute a barrier in the strict
sense of the word but would serve to dilute radioactivity. An understanding of pathways through the
biosphere is also important for the prediction of the eventual fate of any radionuclides.

Figure 5.
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3.S.2 The barriers
Waste packages will be placed in the repository in pre-arranged positions. To support the
canister, and to further reduce theflowof groundwater around the waste in a crystalline rock repository,
the space between the canister and the host rock will be filled with a special backfill material, the buffer.
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A medium often used for this type of task is bentonite, a clay that swells when absorbing water thereby
filling up all the cavities and creating a plastic zone of very low hydraulic conductivity around the
canister. In practice, radionuclide transport through the buffer layer will occur only by diffusion.
Bentonite also possesses good load bearing properties, high thermal conductivity and good ion
exchange capacity. However, to guarantee its chemical stability on the basis of the information available
today, it seems prudent to limit the temperature of the buffer, and that will put restrictions on the
amount of spent fuel in each canister and/or the geometry of the repository.
In a salt repository, backfilling will normally be with crushed salt. This material has greater
thermal stability than bentonite and thus a higher thermal loading would be permitted.
The innermost barrier around the radioactive waste is a corrosion-resistant canister, giving a
period of absolute isolation of the waste. A number of canister materials have been studied in various
countries. The Swedish feasibility studies on final disposal have concentrated on materials with high
thermodynamic stability like copper or alumina. Others like Canada, Federal Republic of Germany and
United States have studied titanium and steel or special alloys on the basis of their slow corrosion
kinetics.
A major consideration in encapsulating the waste in canisters is the high radiation field. This
requires remote control and a high degree of automation. Similar equipment has, however, been
developed for fuel handling in nuclear power stations and reprocessing facilities and no major
technological innovations are considered necessary.
Whatever the choice of material, the rate of canister corrosion is highly dependent on the
chemical environment. By careful selection of the host rock, buffers and canister materials and by the
use of additives, the chemical environment in the near field can be influenced. Concepts with canister
lifetimes from a few hundred up to over 1 million years have been proposed.
The service life of a canister that is thermodynamically stable in water can be calculated on the
basis of the transport rate of corrosive impurities to the canister surface. Tor a copper canister, and under
the chemical conditions studied in the Swedish bedrock, the concentrations of corrosive agents (oxygen
and sulphide) are so small and the rate of mass-exchange through the buffer so slow, that a canister with
a life expectancy over 1 million years can be constructed, provided the geologic environment is stable
over this time period.
If the lifetime of the canister depends on the corrosion kinetics, the calculation is normally based
on extrapolation of measured corrosion rates.
In a salt repository, the isolation of the waste is based on the absence of water, the self-sealing
effects due to the plasticity of salt and a low probability for major changes in the hydraulic regime
around the repository, thus permitting lower requirements for the corrosion resistance of the canister
than in a water-saturated environment.
If and when the canister were penetrated, the groundwater would come into contact with the
spent fuel or whatever waste is in the canister. The solubility or the leachability of the various
radionuclides in the waste matrix would then be the limiting factor governing the release of
radionuclides.
Uranium oxide in spent fuel has a low solubility in water, especially under reducing conditions.
Also, granites at depths considered for repositories usually contain so much uranium that the
groundwaters are already saturated. Thus with a low rate of exchange of water from the vicinity of fuel
to the surroundings it will take a very long time indeed before the fuel is completely dissolved.
Calculations indicate dissolution times between 106 and 10* years. Similar dissolution times of fuel in a
salt repository are expected after hypothetical water intrusion.
Radiolysis of water can, however, lead to localized excesses of oxidizing species because of the
high rate of diffusion of hydrogen. This would mean faster uranium dissolution rates until the natural
excess of bivalent iron in the ground could restore the redox balance. At Oklo, where a natural
accumulation of uranium led to a spontaneous chain reaction, it was observed that only a small
proportion of the uranium had left the vicinity of the reaction site in the several hundred million year
period since the reaction occurred.
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The rate of release of radionuclides within the spent fuel will be governed by the rate of
dissolution of the UO2 except for nuclides which are gaseous or volatile and may have migrated out of
the fuel matrix.
In general, a suitable balance must be found for any waste in any repository between the
chemical effects, in the near field, of:
-

radionuclides
waste matrix

-

canister materials

-

backfill and additives and
the natural geochemical environment,

to minimize the release of radiologically significant nuclides.
The final barrier between the waste and the biosphere is provided by the slow transport if
radionuclides in the naturalflowof the deep groundwater. The fissure surfaces in contact with the water
or the surfaces of the interconnected pores will have a tendency to delay the transportation of nuclides in
the ground. This is caused by various mechanisms like ion exchange, adsorption or precipitation.
Radionuclides can also migrate into the microfissures and pores of the rock matrix and be further
delayed.
Due to the slow groundwater movement and the retention of radionuclides, most of the nuclides
present in the waste will have ample time to decay into stable isotopes during the transport phase.
3.5.3 Repository Design (the Near Field)
In terms of repository design, the problems posed by spent fuel and high level waste are broadly
similar. In principle, identical repository designs have been presented for the final storage of both
vitrified high level waste and spent nuclear fuel in the feasibility studies KBS-1 and KBS-3 [2,20]
undertaken in Sweden. Both waste types have similar heat outputs per tonne of original uranium (see
Table 6), and virtually identical fission product contents. The difference between the two is mainly in
the uranium-plutonium inventory and the solid matrix in which the radionuclides are incorporated.
Table 7 gives the radionuclide inventory of the spent fuel and high level waste as it varies with time. This
is further illustrated in Figure 6.
Table 6

THERMAL POWER OF SPENT FUEL AND HIGH LEVEL WASTE
AS A FUNCTION OF TIME*
Watu/tHM of original fuel elements
Time from Reactor DaKhart* (Yean)

10
100
1000
10000
100000
1000000
•

Spcat Feel

I 290
284
49.4
13.5
1.0
0.3

Hifh U r t l Wane

1 120
134
6.8
0.6
0.10
0.10

D i U ilhutraled » c for a PWR with a fuel bam-up of 33 GW.day/lonne and tabaeqacM reprocewint, after 5 yean.

Sower. Reference 21.

The technology* necessary for the safe disposal of either of the two waste types is also similar. The
multibarrier concept is applicable to both kinds of waste and investigations on the disposal of one waste
type are normally also applicable to the other. However, in the Federal Republic of Germany different
concept designs for spent fuel and high level waste emplacement in salt have been evaluated.
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EVOLUTION OF THE •AMOACnVITY W STENT FUEL
AND HIGH LEVEL WASTES*
T»Jq/tHMof<
(ymnit
10
100
1000
10000
IOOO0O
IOOO00O
10000000

»*mfari
26*0
234
57
16.3
1.4
0.5
0.2

120
32.7
1.3
0.94

11500
1270
0.8

-

Ike maker
Mmkef of
ofradioactnc
radioactiveflMKkier
OJM I* 0 L 2 T B * / I H M . deptBdMMj
* f o r f a t •os Ike
IratiiiwitfctkfTiiiewi U I M W H W — I I I I B I

XSA

The geologic « < • (the Gcospbere)

A number of surveys are currently underway in OECD countries to select suitable repository
sites. The site should ideally be seismically inactive, accessible and should have sound, deep layers of
host rock. The groundwater chemistry should be such as to give low corrosion rates for the canisters.
Ground water should be absent or have a low hydraulic gradient to prevent rapid transport of
radionuclides through the ground and to the surface.
The media selected as candidates for repository siting reflect the different geological situations in
various countries. Examples are:
-

salt - studied in Denmark, France, Federal Republic of Germany, Netherlands, United
States
clay - studied in Belgium, Italy, France
crystalline rock - studied in Canada, Finland, France, Japan, Sweden, Switzerland, United
Kingdom, United States
sedimentary rocks - studied in Switzerland, United States.

It is generally considered that all of these candidate media could constitute an acceptable host
rock for a repository if selected with care [21].
All repository safety evaluations assume that the radionuclides in the spent fuel will be
ultimately released into groundwater. The behaviour of different radioelements then becomes highly
complex and depends on parameters such as temperature, chemistry of the groundwater and host rock
etc. To simplify the evaluation and to allow the use of natural evidence, the intention is to disturb the
natural environment as little as possible.
There are significant differences between making a safety evaluation of a repository in
crystalline rock, in clay or in salt. The crystalline rock concept is normally based on the assumption that
therockcontains groundwater and that this groundwater moves in fractures in the rock, driven by the
hydrostatic gradients. The clay concept also assumes water to be present, but since the hydraulic
conductivity of clays is normally very small, radionuclide transport is dominated by diffusion. In the salt
concepts water is absent, but the safety evaluation must also assess the consequences of water intrusion,
no matter how unlikely the event.
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For crystalline rock repositories, a knowledge of the transport of soluble substances with the
groundwater is of primary interest But, even when radionuclides are in solution, the rate of propagation
can be highly variable. Data are required, therefore, on rock fracture characteristics, hydrostatic
gradients, hydraulic conductivity, porosity, etc. before a reasonable flow pattern can be ascertained.
Even crystalline rocks which arc relatively wet e.g. Swedish granite, can at depth turn out to have such
low rates of water movement that they are eminently suitable as spent fuel repositories. A typical value
of hydraulic conductivity at potential Swedish repository sites is less than KM0 m/s. Since the upper
200-300 m of the rock is as a rule morefissured,due to surface effects, standard repository depths are
expected to be around 500 m or deeper.
3 5 5 Safety aim i w t i
Safety assessments of the performance of repositories for high-level waste can be carried out by
using mathematical models. Such models predict the behaviour of the wastes in postulated scenarios by
analysing the performance of each barrier of the multi-barrier system described previously. The models
are used to assess two major aspects of the disposal system; i.e.:
-

the capability of the system to isolate the wastes taking into account the scenarios by which
radionuclides could be released; and
the pathways by which radiation exposures could arise, and what population groups could be
affected.

Two major types of predictions are made: deterministic and probabilistic. For scenarios where no
disruptive events are assumed to occur, a deterministic approach can be adopted. Usually, a base case
scenario is specified within which assumptions are made of the behaviour of each component of the
model. In thefirstinstance pessimistic assumptions are made to give worst-case predictions. Following
this exercise the model is refined by making more realistic assumptions and using more reliable data.
The quest for more accurate data can be guided by sensitivity analyses which indicate the most
important parameters in terms of their effect on the predicted doses to man. In addition, the model may
be further refined by taking into account the uncertainties and variability of input parameters.
A more recent approach to predictive modelling involves probabilistic assessment. Here the
probability of a disruptive event occurring, usually expressed as a function of time, is estimated based on
research and expert judgement. In this way unlikely events may be discounted and realistic ones may be
highlighted for further study. It can be seen that the methodologies are complementary.
Safety analyses carried out in several countrie [3,21,22,23] have now shown that high level
wastes can be disposed of in geological repositories in a manner which will expose man and the
environment to no greater long termriskthan allowed by current radiation protection standards or from
radioactive materials occurring naturally in the crust of the earth. However, to further improve detailed
knowledge of behaviour of geological repositories, and to support selection studies for specific sites, a
great deal of effort is currently being given towards the further development of predictive models.
Activities in thisfieldare coordinated internationally via the NEA, IAEA and CEC.
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Chapter 4

NON-TECHNICAL FACTORS AND OUTLOOK

The preceding chapters have outlined the history and technical status of spent fuel management
practice. A great many other considerations are relevant to policy formulation but the extent to which
each one will influence the policy-makers can vary widely from country to country.
The non-technical factors discussed below are not intended to be an exhaustive list nor are they
intended to evaluate any particular choice already made. They are presented in a qualitative way to
illustrate the type of thinking which will enter an analysis of spent fuel management options.

4.1 RELATIVE IMPORTANCE AND SIZE OF NUCLEAR PROGRAMME
In examining the investment incentives for a reprocessing plant, economies of scale play an
important role. Assuming that no major facilities already exist, a national plant would be economically
more attractive when coupled to a system consisting of a larger number of reactors. The installed nuclear
capacity in OECD countries is expected to approximately double between 1984 and 2000 and about
80 per cent of the increase will occur in only five countries: France, Federal Republic of Germany,
Japan, United Kingdom and United States. Thus it is not surprising that most work on reprocessing will
occur in these countries. Belgium is an understandable exception in that a plant and infrastructure
already exist and could justify the restarting of reprocessing operations. Conversely, the United States,
for several reasons discussed elsewhere in this report, does not now have a commercial reprocessing
industry.
As nuclear power becomes an important energy source in a country, an assurance of fuel
availability becomes a more significant factor. Since the reprocessing/recycling option can reduce
uranium requirements substantially, countries which generate a significant fraction of their electricity
supply with nuclear power, and which have little or no indigenous uranium production, can be expected
to be particularly interested in this approach.
By 2000, ten OECD countries expect to generate over 20 per cent of their electricity from nuclear
plants (five of them over 40 per cent); most of them produce no uranium themselves and none is self
sufficient. Because the absolute generating capacities in several of these countries will still be relatively
low some of them may choose to contract for reprocessing services in other countries, as some are already
doing.
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The topic of nuclear fuel cycle economics is a complex one and sensitive to a very wide range of
parameters. No generic treatment could ever take proper account of the important country and
company specific factors which can play a decisive part in making one particular fuel cycle option more
attractive than another. Not the least amongst these factors is the question of whether or not ptutonium
will be recycled in fast breeder or in thermal reactors. Also, there is the important matter of the state of
national economies and the value placed on energy self-sufficiency or security: these arc factors to which
it'»impossible to assign monetary equivalents in a general way.
The NEA has recently published a study on the economics of the nuclear fuel cycle [24]. In that
report the tost of an LWR once-through cycle was estimated to be 7.8 mills/kWh (levelised 1984 US
dollars; 1 000 mills = I dollar), and that of the particular LWR reprocessing cycle studied to be
8.6 mili«/kWh. The expert group responsible for the report considered that these estimates were
accurate to within ± 20 percent,about half of this range due to uncertain future uranium prices and the
remainder to other f uel cycle costs, including the back-end.
Toe report showed that the back-end of the reprocessing cycle would cost 1.8 mills/kWh and
that of the once-through cycle 1.0 mills/kWh (allowing for credits for plutonium and uranium in the
case of the reprocessing cycle V These costs represent about 12 to 20 per cent of the total fuel cycle costs.
However, it also noted that the fuel cycle accounts for only about 20 to 40 per cent of the total cost of
electricity generation at a nuclear plant. Therefore, back-end costs represent only of the order of S per
cent of total generation costs.
In oonj'icring the significance of the estimated cost of the alternative cycles, the report states:
"... the small differences in cost between the once-through and reprocessing cycle (around 10 per cent),
whuV not insignificant in absolute terms, is sufficiently small to lead to the conclusion that national or
company policy, and strategic and environmental considerations can also influence fuel cycle choices
without inflicting a major economic penalty".
While the back-end cost will be a small per cent of total generating cost, in absolute terms it will
require large expenditures. Several OECD countries now require that utilities set aside funds during the
operating life of the reactors to pay all estimated future costs of spent fuel management. The system
used for colic .ting fees or isolating funds varies from country-to-country but the charge involved seems
generally to fall '.n the range from about I to 3 mills/kWh.
Besides economic factors, financing of reprocessing facilities can be important in a country's
planning process. Tne new oxide reprocessing plants under construction in France and the United
Kingdon, zw being built by public sector companies but have been financed on the basis of commercial
reprocessing coniracts already signed covering the first ten years of operation. In the United States the
economic incentives have no* proved sufficient, when set against political and licensing uncertainties in
the absence of suitable government guarantees, to attract private sector investment. In Japan, on the
other hand, in light of the stated government policy to reprocess spent fuel, the private sector has
undertaken to build a commercial reprocessing facility.
Countries that contract for reprocessing abroad may be able to avoid capital investment in
reprjcessing plants but they must then pay prices which are subject to market forces. Some contracts,
however, are 'jased on the contracting country making an investment in the reprocessing facilities of the
supp'ier country.

4.3

PUBLIC ACCEPTANCE AND PERCEPTION

In an objective and rational framework, there is solid evidence that all of the options for spent fuel
management, and the associated processes for final disposal of wastes, can be conducted safely without
causm j undue damage to man or the environment. In our societies, however, public perception of the
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role and environmentalrisksof nuclear power plays an important part in determining which policies can
be maintained; perception and reality are not always the same.
No-one would suggest that there are no dangers associated with the generation of nuclear
electricity or that rigid safety constraints are not necessary. However, as shown in this study, the experts
most knowledgeable in the held have a high degree of confidence that public and environmental risks in
spent fuel management are acceptably low. This confidence is based on extensive work in many
countries. In several parts of the cycle there are some decades of experience; in some parts the work has
progressed to a commercial stage. All environmental and personal risk aspects (risk to workers and the
public) are subject to rigorous regulatory control to assure that the risks are acceptably low with
reference to those from other forms of energy generation and those faced in everyday life.
Unfortunately, if there is any possibility of a major accident, most people will expect that accident to
happen, however remote the possibility may be.
The lack of public acceptance has severely hampered the expansion of nuclear power in many
OECD countries. This public concern in recent years has focused increasingly upon the issue of
radioactive waste management, particularly with specific national and regional plans for disposal of all
types of waste. Whatever the adopted policy, a positive approach to problems backed by a government
firmly committed to a nuclear programme is an important ingredient for success. This has been
exemplified by France where the public at large seems to have accepted the overall benefits to society
brought about by the nuclear industry [25]. This has no doubt been aided by the fact that the operation
of the French plants has been at a high level of technical quality and substantially incident-free.
The substantial media attention now attracted by all incidents involving nuclear materials has
forced the industry to become more and more publicly accountable. The secrecy surrounding the early
military activities has been gradually lifted through the positive steps now being taken to explain to local
and national inhabitants the nature of activities conducted behind the security fences of nuclear
establishments.
In terms of the economic liabilities of spent fuel management, a rather favourable effect has been
experienced in those countries which have introduced arrangements to secure in advance i.e. during the
operational lifetime of reactors, financial means to cover the expenses of spent fuel management. The
provision of a fee to cover the future costs has created a very positive impression and shown that, after all,
the expenditure is relatively small when compared with the price the consumer pays for electricity.
From the perspective of this study the key questions regarding public opinion are:
- will one spent fuel management option (direct disposal or reprocessing) attract greater public
reaction than the other;
- if so, will the difference in reaction influence the choice of options in some countries?
Because neither option has been fully deployed by any country there are no clear answers to these
questions. However, it seems likely that disposal of spent fuel and disposal of separated wastes will be
seen as similar in scope by the public and could well attract similar reactions. Thus the reprocessing step
itself may be a focus of incremental public reaction if the reprocessing option is chosen. However,
experience in France indicates that reprocessing is not necessarily unacceptable to the public.
A related aspect of public concern is the perceived increase in risk of nuclear weapons
proliferation if plutonium is separated from spent fuel. Although there are arguments that for several
reasons the increase in this risk is small, and INFCE concluded that the risk of proliferation was not
dependent on reprocessing, it was, nevertheless, precisely this concern that led the Carter administration
in the USA to defer indefinitely reprocessing in that country. In the same vein, a nuclear importing
country wishing to reprocess its spent fuel at home or abroad and later to make use of recovered nuclear
material must consider the prior consent rights inherent in the non-proliferation policies of several
nuclear exporting countries. Although such policies are unlikely to prevent reprocessing in most cases,
this problem could be further reduced by improved international cooperation.
In summary, this study has not attempted to analyse the public acceptance question in any depth
but it appears that at least some public concern results from a lack of knowledge of the issues. It is hoped
that by providing a thorough explanation of all stages of spent fuel management this report may help its
readers to better understand the processes and the basis for the confidence felt by the experts.
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4.4

INTERNATIONAL COMMITMENTS AND COOPERATION

The INFCE exercise was of value in establishing, at the international political level, a basis for
consensus on the non-proliferation aspects of the existing and many possible future fuel cycles and the
associated spent fuel management options. For many countries which wished to purchase nuclear
materials or avail themselves of fuel cycle technology, it was reassuring to know that there was
widespread confidence in the international safeguards arrangements.
Since INFCE, two different international working groups, on plutonium and spent fuel storage
respectively, have been working under the auspices of the IAEA. The latter has published a
comprehensive guidebook on the topic [6]. For those countries which wish to participate in technical and
economic management of reprocessing and related activities, but whose nuclear programmes are too
small to justify building their own facilities, tra * would appear to be benefits in multinational
enterprises. It is conceivable that international cooperation on such facilities could serve as a first step
towards establishing multinational waste repositories, thus eliminating a political obstacle to a technical
objective. However, to date no major steps have been taken towards such multinational arrangements
beyond the international reprocessing contracts with British and French suppliers.

4.5

OUTLOOK

Looking to the long term, the natural progression for nuclear generation could be from thermal to
fast breeder reactors and perhaps ultimately to fusion power. However, commercial prospects for the
latter technology could be so far into the future that they need not concern us in this study.
Fast breeders were always visualized as the best option for maximum fissile resource utilization
and, as a means of conserving dwindling uranium stocks, their early introduction was confidently
forecast. Now, demand for addition*! nuclear capacity has slowed, uranium supply at reasonable prices
seems assured to beyond 2000, and competitive economic operation of fast reactors has not yet been
demonstrated.
Nevertheless, research into mixed oxide fuel production and small-scale trials on the
reprocessing of highly-irradiated fast reactor fuels have taken place and are continuing. Uranium/plutonium cycles are being developed in OECD countries and, on a longer time scale, thorium cyles are
being investigated. For those with reprocessing capacity, a sufficient demand for plutonium for recycling
in LWRs could more than justify the committed and planned investments. The longer term prospects for
reprocessing look secure provided that the technology:
-

is maintained and developed to k?ep pace with advanced reactor fuels;
takes account of engineering innovations;
continues to demonstrate safe disposal routes for all radioactive wastes.

As in all high technology industries, retention of the expertise vested in personnel is an important factor
in maintaining continuity.
It is possible that, eventually, most or all countries will move away from reliance on the
once-through cycle. On the other hand, if the general evolution in OECD countries is toward greater Pu
recycle in LWRs as an interim mode before widespread deployment of breeder reactors begins, spent
fuel arisings from the second and third recycle will be less valuable (reduced fissile content) and more
complicated (changed radionuclide composition) to reprocess. At this stage, spent fuels from recycle
may well require direct disposal.
All of these factors considered, some countries could make the decision to reprocess relatively
soon, for reasons such as resource conservation and security of supply and in spite of the small economic
penalty currently predicted. Others, particularly those with large, indigenous uranium resources or a
limited nuclear programme, may continue to operate the once-through cycle until mineable uranium
resources become more scarce and the economics of reprocessing/recycle become more compelling.
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COUNTRY ANNEXES

BELGIUM

1. INSTITUHONAL FRAMEWORK
The generation of nuclear electricity plays an important part in the Belgian energy scenario,
having reached 60 per cent in 1985. At the beginning of 1986, there were seven PWR nuclear reactors in
commercial operation with a total capacity of 5.4 GWe. Further units could be added in the nineties but
have not been decided yet.
Even before thefirstBelgian reactor was connected to the national grid in 1962, the country had
become involved in spent fuel management through the European collaborative reprocessing project
EUROCHEM1C sited at Mol-Dessel. Between the signing of the convention in December 1957, start of
active operation in 1966 and the shutdown of the plant in 1974, some 2101 of both uranium metal and
oxide fuels were successfully reprocessed. In 1978, an agreement signed between the Belgian
government and thv Soctett Eurocbemk transferred ownership of the plant and the management of the
wastes therefrom into state hands.
The national agency ONDRAF was set up in 1982 to take responsibility for implementing the
current and long term policy for radioactive waste management and the storage of fissile materials
without immediate use.
Following a debate on energy policy in April 1983, the Belgian Parliament pronounced itself in
favour of reprocessing of spent fuel as a long term policy.
In May 1983, the State took a 50 per cent share in SYNATOM, the company responsible for the
management of fuel cycle activities, which was until then whutly owned by the private sector utilities. In
November 1984 the Soctetc BELGOPROCESS was created by SYN ATOM to administer the
EUROCHEMIC site for the Government of Belgium.

2. CURRENT PRACTICE
It is reckoned that the total of spent fuel arisings in Belgium will have reached around
1 2001HM by 1990. Of this, some 5401 are under contract for reprocessing by COGEMA at La
Hague.
Since much of the early spent fuel was to be transported to La Hague for reprocessing, capacity
for fuel storage in the early Belgian power plants was small and tota"*d only 1951 HM in 1982. This on
site storage capacity is now being increased to a total of 1 1501 and could be further increased to 1 4501
by 1990.
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3. FUTURE PLANS FOR SPENT FUEL MANAGEMENT
Looking ahead to the year 2000, it is expected that the final decade of the twentieth century will
add a further 1 200-1 4001 HM to the total reactor discharges (excluding new units after 1990).
The total amount will thus reach around 2 5001 HM. Of this amount, 540 tons will have been
transported to La Hague and reprocessed in the frame of existingfirmcontracts and up to 1 0001 might
be allocated to the ex-EUROCHEMIC facilities (on the basis of 16 years lifetime and 55 per cent of
capacity used for Belgian needs). There are nofirmplans at the moment for the balance of spent fuel
arisings, i.e. 1 0001 by the year 2000; this spent fuel could be very well stored for an extended period
before reprocessing, e.g. until 2010-2015.
If the ex-EUROCHEMIC facilities cannot be put back into operation, then the reprocessing of
all spent fuel not already covered by present contracts will probably be deferred until 2010-2015.
SYNATOM initiated, in mid-1983 with DWK (Federal Republic of Germany) and COGEMA,
a joint study venture called SYBELPRO, which has examined the technical, safety and economic
implications of refurbishing the EUROCHEMIC plant to reprocess LWR, MTR or special spent fuels
(SENA, MTR, etc.). BNFL joined SYBELPRO at a later date.
The results of the study, which came to the conclusion that refurbishing was feasible, under
economic conditions comparable to those of today's market, were presented in March 1984 to the
managements of the partners. SYNATOM has already declared its readiness to take a 55 per cent share
of the costs and the throughput, if foreign partners take the remaining 45 per cent. The discussions
between potential partners are still going on; for the time being no conclusions can be drawn.
Wastes generated by reprocessing at La Hague will be returned to Belgium in conditioned form
after 1990. These will be added to the conditioned wastes from the EUROCHEMIC plant including
possible future operation. Some of the waste produced by past operations have been processed in the
PAMELA pilot plant (demonstration unit developed at Dessel by the Federal Republic of Germany in
collaboration with EUROCHEMIC). If reprocessing is resumed, a vitrification plant (AVB) modelled
on the French vitrification process may be built to meet the needs of the reopened plant. Medium-level
liquid wastes from EUROCHEMIC's past operation are already incorporated into bitumen and solids
into cement in facilities which will continue to be used if reprocessing is resumed.

4. FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY
Because of the heavy commitment which the Belgian government and industry have entered into
in terms of nuclear generating capacity and facilities for back-end processes and the lack of national
energy resources, it is advisable to take maximum advantage of the energy potential in the fuel through
the recycle of recovered fissile material and thus to reprocess the spent fuel.

5. RESEARCH AND DEVELOPMENT OF SPENT FUEL MANAGEMENT
R&D effort is concentrated on improvements in reprocessing technology and in the management
of reprocessing wastes. The former includes dealing with dissolver off-gas problems, e.g. krypton, iodine
and tritium, and the latter with high level vitrified and conditioned alpha wastes in deep geological
formation. An important investigation programme has been underway for several years to evaluate the
suitability of the clay formations which are abundant in the country. The clay layer under the Mol area
is used as a demonstration site.
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CANADA
1. INSTITUTIONAL FRAMEWORK
In Canada, Atomic Energy of Canada Limited (AECL^ has the lead role in developing the
peaceful uses of nuclear energy, whereas the various provincial electric utilities, such as Ontario Hydro,
Hydro-Quebec and New Brunswick Power, operate the nuclear power plants. All of these organizations
have undertaken significant activities in the spent fuel management area, both individually and
collectively. [The terms spent fuel and used fuel are used synonymously in this annex.]
A Nuclear Fuel Waste Management programme led by AECL is now well established with
broad Canadian participation. The overall objective of this programme is to ensure that there will be no
significant effects on man and the environment from these radioactive fuel wastes.
In order to meet this objective the governments of Canada and Ontario agreed in 1978 to
cooperate in the development of technologies for the safe, permanent disposal of Canada's nuclear fuel
waste. Under the agreement, the provincially-owned utility, Ontario Hydro, is responsible for
developing technologies for the interim storage and transportation of spent fuel, while Atomic Energy of
Canada Limited, a federal crown corporation, is responsible for coordinating and managing the research
and development progi imme for the immobilization and disposal of nuclear fuel waste. As the major
producer of spent fuel, Ontario Hydro is extensively involved in the research programme. Plants in
Quebec (Gentilly-2) and New Brunswick (Point Lepreau) have begun to produce small quantities of
spent fuel, and Hydro Quebec and New Brunswick Power are monitoring the research and development
programme.
The generic disposal concept that AECL is developing involves emplacement of the wastes in
caverns 500 to 1 000 metres deep in stable crystaline rock formations in the Canadian shield. No
selection for a repository site will take place until the concept has been assessed and approved by
governments.
In August 1981, a Canada-Ontario joint statement was issued, outlining the process for review
and evaluation of the disposal concept. In summary, the process involves three stages:
1) regulatory and environmental review;
2) a full public hearing; and
3) a decision by governments on the acceptability of the concept based on information and
recommendations flowing from stages 1) and 2).
Subsequent to the review and hearing, governments will have three options:
1) ConceptAcceptance. Acceptance of the concept by the Governments of Canada and Ontario
is a prerequisite to any proposal for selection of a site for a waste disposal facility.
2) Conditional Concept Acceptance. This would require further research work by AECL and
supplementary information.
3) Concept Rejection. In this event, the Governments of Canada and Ontario would have to
consider alternative proposals.

2. CURRENT PRACTICE
Used fuel is currently stored in water-filled storage bays at the reactor sites. This storage method
can provide safe and reliable storage for periods of at least 50 years. Canadian utilities' current on-site
storage capacity for used fuel allows time for developing an integrated disposal strategy and permits
decisions on the ultimate fate of the fuel to be deferred.
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A study performed in 1979 showed that for Ontario Hydro on-site storage is the most cost
effective option for interim storage of used fuel. The on-site storage policy will be reviewed on a periodic
basis as technical, socio-political, and economic factors change.
Ontario Hydro has also decided to optimize the storage capacities of its existing facilities. The
methods selected to achieve this are:
1) the use of frames to improve storage container stacking space and height; and
2) the use of containers (modules) with a higher storage density.
Implementation of this strategy at the Pickering and Bruce nuclear generating stations is
presently under way.
To provide an understanding and appreciation of the quantities involved. Table 1 lists the
projected f JX\ arisings in Canada from operating and committed major nuclear generating stations. By
the year 2000, approximately 40 000 Mg (HM) of used fuel will require some form of extended storage
or permanent disposal.

Tabic 1
PROJECTED USED FUEL ARISINGS IN CANADA
Y-r

Addition (MWe (fro*))

d p * * , |GWc|

Annul Arinnp (MgU)

Cumulative Arising*
IMgU)

26.3
26.3
26.3
172.6
251.4
337.3
360.2
360.2
360.2
540.4
701.7
825.6
855.6
855.6
934.4
1069.4
1418.4
1 587.3
1699.9
1 820.0
1962.6
2 101.4
2 135.2
2 236.5
2 382.8
2420.4
2420.4
2420.4
2420.4
2420.4
2420.4
2420.4

26.3
52.6
78.9
251.5
502.9
840.2
1200.4
1560.6
1 920.8
2461.2
3 162.9
3988.5
4844.1
5 699.7
6634.1
7 703.5
9121.9
10709.2
12 409.1
14 229.1
16191.7
18 293.1
20428.3
22664.8
25 047.6
27 468.0
29 888.4
32 308.8
34 729.2
37 149.6
39 570.0
41990.4

1968

69

.22
.22
.22

220(DP)

1970

71
72
73
74

542(P1)+542(P2)
542(P3)
542(P4)

1.30
1.85
2.39
2.39
2.39
2.39
4.04
4.87
5.69
5.69
5.69
6.37
7.38
10.11
10.65
11.48
12.30
13.24
14.17
14.17
15.11
16.05
16.05
16.05
16.05
16.05
16.05
16.05
16.05

1975

76
77
78
79

1980

81
82
83
84
1985

86
87
88
89
1990

91
92
93
94

826(BI)+826(B2)
826(B3)
826(B4)
680(PL)
S40(P5)+685(G2>-220(DP)*
2x540(P6,7)+2x826(B5,6)
540(P8)
826(B7)
826(B8)
936(D2)
936(D1)
936(D3)
936(D4)

1995

96
97
98
99
2000
•

DP P t
PL 02 •
D -

Daaght Point Nuclear Generating Station (dim down 19(4)
rtefcirint NOS
BreecNOS
Point Lepmaa NOS
Omtilly 2 NOS
Darlington NOS

61

Spent fuel is a potential energy source. A decision to utilize it will depend upon the future
economics of fuel reprocessing and advanced fuel cycles relative to the current once-through fuel
cycle.

3.

FUTURE PLANS FOR USED FUEL MANAGEMENT

CANDU reactors operate on a natural uranium, once-through fuel cycle, i.e., the fissile material
in the used fuel is not recycled, in order to keep the options open for final disposition of the fuel,
technologies are being developed for the immobilization of both used fuel and fuel recycle waste. The
choke between fuel disposal and recycling is being deferred for some time. Concepts for the storage of
fuel for extended periods (greater than SO years) are being developed.
In looking ahead to the period when alternatives to the once-through cycle are required, the
option is available to develop thorium as a fuel for CANDU reactors. The cycle is predicated on the use
of plutonium as the initial fuel material to be blended with the thorium. The ultimate goal is to be ready
to proceed towards a self-sufficient Th233U cycle. The economics of this cycle, based on cost of fuel cycle
operations as they are practised today, make its implementation unattractive in the near term.
Therefore, in the shorter term, the emphasis would be placed on recycling plutonium with natural
uranium fuel (Pu-Unat cycle) in CANDU reactors. The economics of this cycle appear to be much more
favourable and implementation of this cycle would establish the basic recycle technologies that
ultimately will be needed for the thorium cycle.

4.

FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY

Some important factors which may influence Canada's long term spent fuel management policy
are given below:
1)

Most radioactive wastes will eventually require permanent disposal, whatever the future of
nuclear power. Citizens concerned about these wastes will have to be convinced that they
should support the activities which are designed to resolve the problem.
2) The production of nuclear wastes is part of a process which overall produces appreciable
benefits. It is important to ensure that those who bear significant burdens of waste
management receive a commensurate share of the benefits, wherever possible. If there is no
direct benefit from the process which produces the waste, additional incentives may have to
be offered. Used fuel management facilities should be demonstrably clean, modern,
desirable industries in their own right.
3) The risks from radioactive wastes should be put in comparative context with the risks from
other energy sources, other industries, and other human activities. We must allocate
appropriately the resources devoted to reducing risk and to improving human welfare.
4) There is no such thing as absolute safety; achieving any degree of safety has an
accompanying cost. If money is put into nuclear waste disposal in order to lower its risks far
below those we find acceptable in other areas, the effect is that fewer resources will be
available to improve the safety of other more hazardous areas of activity.
5) The public is more likely to accept decisions on disposal concepts, sites, and used fuel
management facilities if they result from assessment processes that are demonstrably fair
and thorough, and carried out according to acceptable guidelines. On major decisions there
should be provisions for public education and participation. At the same time, these
assessments should be expeditious and should focus on issues specific to the subject being
assessed.
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6) The nuclear industry's obligation is to pat forward options which are technically and
economically preferable, and socially and environmentally acceptable. But the industry
mustrealizethat these may not be the most acceptable politically. A range of options should
be considered where possible.
7) Governments and the nuclear industry have to understand and address the public's real
concerns, even if the public's widely held concerns are thought to be based on
nusperccptions. The factors cited above may help to make some progress in this direction but
the problem is not an easy one.
The above represents but a sample of factors which may influence used fuel management
policy.

5. RESPONSIBILITIES AND FINANCIAL PROVISIONS
As noted previously, Ontario Hydro is responsible for developing technologies for the interim
storage and transportation of spent fuel, while AECL is responsible for coordinating and managing the
research and development programme for the immobilization and disposal of nuclear fuel waste. The
other nuclear utilities also participate on a limited basis in this programme.
Funding for waste immobilization and disposal research and development is provided by the
Canadian government. The level of funding has increased as the programme has developed. Over the
ten-year period 1981 • 1990, the government has approved, in principle, an average of $29 million a year
($1981). Ontario Hydro, in addition to directing and funding the storage and transportation research,
allocated some effort for technical assistance to the immobilization and disposal components of the
research programme.

6. RESEARCH AND DEVELOPMENT
In April 1981, the Canadian government launched a ten-year generic research and development
programme on nuclear fuel waste management. The programme, directed from AECL's Whiteshell
Nuclear Research Establishment (WNRE), has the continuity andresourcesto examine in detail the
many technical and social issues relevant to nuclear fuel waste management.
The programme has four major R&D components:
1)
2)
3)
4)

interim storage of spent fuel;
transportation of spent fuel;
immobilization of spent fuel and fuel recycle waste for disposal; and
permanent disposal of the immobilized material, including environmental and safety
assessment.

The above programmes are briefly described in the sections that follow.
Storage
The current used fuel storage method, the water pool, is adequate for several decades and
additional interim storage can readily be provided at the reactor site. Concrete canisters and dry vault
concepts are being investigated as low-maintenance, longer term alternatives to the water pool storage.
Canada has developed the concrete canister concept and has over eight years of excellent experience
with dry storage of fuel with this method at the Whiteshell Nuclear Research Establishment.
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Transportation
A programme for the development and acquisition of the technology for large scale
transportation of spent fuel has been initiated. Thefirststep of this programme is to design, license and
construct a single cask for road transportation. This cask will be used to demonstrate that spent
CANDU fuel can be transported safely and economically, and will provide technical experience at the
prototype stage prior to large capital expenditure on a full scale system.
Over the past 25 years, there have been over 500 shipments of spent fuel in Canada. There have
also been shipments of CANDU spent fuel to the United States, United Kingdom, Belgium and Italy.
This experience gives us confidence that we can meet the objective of developing and acquiring a large
scale spent fuel transportation system that is acceptably safe and efficient.
Immobilization
Immobilizationresearchand development is concerned with the engineered barrier components
of the nuclear fuel waste disposal system. The research includes the characterization of spent fuel and
solidified fuel recycle waste forms, development of durable containers for spent fuel and immobilized
fuel recycle waste, and development of the backfill and sealing systems for a nuclear waste disposal
vault.
For immobilization of spent fuel, high integrity containers, designed to provide fuel isolation for
300 to 500 yean, are being developed. Containers designed for a life of 300-500 years would isolate the
radioactivefissionproducts for the duration of their most hazardous period. Current work is focussed on
relatively thin-walled metallic containers with some form of internal support, such as a metal matrix or
packed particulate. Assessment of the performance characteristics of copper, ceramic, and other
non-metallic materials for very long term containment is also in progress.
Potential high level waste forms made from various materials, ranging from glasses to crystalline
products, are being investigated for immobilization of fuel recycle wastes. The leaching and dissolution
behaviour of these materials, and of uranium oxide and spent CAN DU fuel, are being studied to develop
an understanding of the mechanisms and rates of processes by which immobilized radionuclides might
be released into groundwater in the disposal vault.
Geoscience Research
The objective of the geoscience research programme is to develop methods and techniques for
characterizing and quantifying those features of the geosphere that are important in the design and
construction of a disposal vault and in the long term isolation of the waste from man and the
environment. The main emphasis of the programme is on the evaluation of large plutonic rock masses in
the Canadian Shield as potential host media for nuclear fuel waste disposal.
Numerous plutonic rock formations exist in the Ontario portion of the Canadian Shield. The aim
of the currentresearchis not to assess any particular site but to contribute to a generic assessment of the
concept of disposal deep in stable plutonic rock.
Environmental and Safety Assessment
The objective of the environmental and safety assessment is to estimate the effects of storage,
transportation, immobilization and disposal of nuclear fuel waste on man and the environment. The
assessment will form the basis on which endorsement of the disposal concept will be sought from the
regulatory authorities, the technical community and the public and governments.
The assessment is divided into two parts: pre-closure assessment and post-closure assessment.
The pre-closure period extends until the vault has been backfilled and sealed, and the surface facilities
have been decommissioned and removed. For this period, the impacts of construction and operation of
the vault and associated facilities, and of the transportation of used fuel, are evaluated. In the
post-closure assessment, the potential for release and migration of radionuclides from a disposal vault to
the surface environment, and the subsequent impact on man, are estimated.
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FINLAND

1. NATIONAL POLICY FRAMEWORK
Nuclear energy has an important role in the Finnish energy system. In 198S, 3i per cent of all
electricity used was generated by nuclear power. Four reactors, with a total capacity of 2 300 M We, are
currently in operation. At Loviisa, there are two 440 MWe PWR units and at Olkiluoto there are two
BWR units, the power of which was increased from 660 MWe to 710 MWe in 1984. Construction of
additional nuclear power capacity is under consideration. The nuclear power capacity is estimated to be
2.3 GWe in 1990 and 3.3 GWe in the year 2000.
Due to the small size of the nuclear power programme, the Finnish policy has been to purchase
nuclear fuel cycle services from abroad. However, today it is evident that back-end fuel cycle services
may not be available from the international market for all the spent fuel accumulating at the Finnish
nuclear power plants. Therefore, preparations are being made for domestic spent fuel management
includingfinaldisposal.

2. CURRENT PRACTICE
LofMra —clear power phut

The reactors for the Loviisa power plant were supplied by the Soviet export organization V/O
Atomenergoexport (AEE). The owner of the pl?.nt - Imatra Power Company (IVO) owned by the
Finnish State - has made a long term agreement with the AEE concerning fuel services. Fresh fuel is
received from the USSR as fuel elements ready for use; after irradiation, the spent fuel elements are
returned to the USSR.
Three shipments of spent fuel from Loviisa to the USSR have taken place, in 1981, 1982 and
1985. Each transport batch has been about 14 tons of spent fuel. The initial three years cooling time has
now been prolonged tofiveyears. In the future, shipments are expected to take place annually. In the
reactor buildings and in an interim storage facility at the plant, there is storage capacity in water pools
for about 3001 of spent fuel. This capacity is adequate for spent fuel accumulating during about ten
years' operation of the Loviisa plant.
OtUmto nuclear power pfaurt
At the Olkiluoto power plant, spent fuel is currently stored in water pools in the reactor buildings.
The storage capacity of the pools is for the time being about 3701 HM. The storage space will be
sufficient until about 1990. However, spent fuel transfers between the two reactor units at the plant will
be required, beginning in 1988.
The owner of the Olkiluoto nuclear power plant - Industrial Power Company Ltd. (TVO) began construction of a water-pool type interim storage facility at the plant in March 1984. Spent fuel
loading into the new store is scheduled to begin in 1988. The first stage will have space for 6001 of spent
fuel in three pools. Later on, the storage could be expanded to accommodate all the spent fuel
accumulating during the lifetime of TVO's reactors. Today's estimate for the total requirement is about
1 3001. The interim store will have an estimated operating life of 60 years and the estimated maximum
storage time for an individual fuel assembly is 40 years.

65

3.

FUTURE PLANS FOR SPENT FUEL MANAGEMENT

Spent fuel management for the Loviisa nuclear power plant is completed by the return of spent
fuel to the fuel supplier country, the USSR. Therefore, future plans for spent fuel management in
Finland concern at present mainly the spent fuel accumulating in the Olkiluoto nuclear power plant. The
total arising of spent fuel during the lifetime of the two BWRs is estimated to be about 1 3001.
As long as international disposal solutions for high-level wastes cannot be achieved, TVO is
obliged to make preparations for domestic final disposal. According to the time schedule promulgated
by the Finnish Government, the site has to be selected by the end of the year 2000. The selection process
must proceed stepwise so that, by the end of 1985, TVO must select, on the basis of available geological
and other relevant scientific data, 5-10 areas for feasibility studies. By the end of 1992, preliminary site
investigations for these areas must show the 2-3 most feasible sites. After detailed site investigations, at
least one site will be selected by the year 2000. Detailed technical plans for the construction of a
repository and associated encapsulation facility will be completed by 2010.
According to current technical plans, the spent fuel will be stored in the water pools of the interim
store for about 40 years. After storage, the spent fuel will be encapsulated, and finally moved to an
underground repository at a depth of about 500 m in hard crystalline bedrock. The fuel will be contained
in copper canisters, placed in vertical holes drilled in the underground tunnel floors. According to the
current schedule, the disposal of spent fuel would be carried out in the period 2020-2050.
No final decisions have yet been made between reprocessing and direct disposal of TVO's spent
fuel. The plan for a rather long interim storage period keeps both options open.

4.

FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY

The small size of the national economy and of the nuclear power programme are the main factors
influencing spent fuel management policy in Finland. In a small country, only limited resources are
available for R&D work and no full-scale demonstrations of spent fuel management solutions are
feasible. The fixed costs of the encapsulation facility and of the final disposal repository will lead to
relatively higher waste management costs than within a larger system. Therefore, international
co-operation, on a purely commercial basis or by means of international fuel cycle centres, would be very
beneficial for small countries.
The Finnish utilities have not signed any reprocessing contracts, as reprocessing is not considered
economically motivated in the present situation According to the govemmental agreements applied,
consents for reprocessing would also be required from those states who have participated in the supply of
fuelling services. As long as further utilization of plutonium or its international storage are not foreseen
possible, it is unlikely that all the necessary consents will be granted. However, as the fuel of the Loviisa
nuclear units does not fall under any other terms but those of one bilateral agreement, the return after
irradiation of this fuel has become possible.
Regarding the plutonium separated in reprocessing, a small country might prefer to sell it for use
in fast breeder reactors. Unfortunately, the existence of sales or exchange markets for plutonium is
highly speculative even in the long-term. For thermal recycle, the economic prospects are considered
grim for the foreseeable future. The return of the various wastes from a reprocessing plant further
reduce the attractions of reprocessing in small countries.
Public discussion on nuclear energy in Finland is focused on the safety and environmental
aspects of nuclear waste management. As a precondition for any decision on further nuclear capacity, it
has been stressed that acceptable solutions to waste management problems must be available.
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5. RESPONSIBILITIES AND FINANCIAL PROVISIONS
According to the basic principle concerning nuclear waste management, each producer of
nuclear waste is responsible for the safe handling and management of the waste as well as for the
financing of these operations. This responsibility includes final disposal and hence no governmental
disposal organizations are foreseen. The utilities are obliged to levy funds for waste management during
the operation of the power plants. The details of the funding arrangements are at the moment under
consideration in connection with the preparation of new nuclear energy legislation.
In 1984, the TVO power company made a provision of 1.4 penni/kWh (about 2.2 mills/kWh at
the October 1984 exchange rate of 6.4 FIM/USS) for nuclear waste management and the decommissioning of the Olkiluoto nuclear power plant. About 1.1 p/kWh of this provision is for the management
of spent fuel.

4. RESEARCH AND DEVELOPMENT ON SPENT FUEL MANAGEMENT
In Finland, research in the area of spent fuel management is for the time being mainly
concentrated on the disposal of spent fuel into the hard crystalline bedrock. The Geological Survey of
Finland has classified the main units of Finnish bedrock into priority categories based on rock
fracturing, seismicity and economic resources. Potential sites forfinaldisposal can be found in several
areas. The site selection studies will continue in accordance with the previously mentioned
schedule.
Studies on site investigation methods are under way and techniques are being developed to study
the migration properties of the rocks, both in-situ and in the laboratory. An important step in this
programme is the 1000 m deep test hole drilled in 1984. Experimental work also includes studies on
waste packaging and other engineered barriers.
A computer code system for safety analysis, covering all sub-systems and components of disposal
into crystalline rock, has been developed by the Technical Research Centre of Finland. The system has
been applied to the feasibility study on spent fuel disposal as well as to the site-specific analyses of the
repositories for low and medium-level wastes.

FRANCE
With the rapid increase in the number of nuclear power plants in France over the last 15 years, it
has been necessary to plan for an appropriate reprocessing capacity. Moreover, between 1977 and 1980,
COGEMA, a full subsidiary of the CEA, included reprocessing contracts with foreign clients.
The UP2 plant at La Hague, with a capacity of 4001 U/y, reprocesses oxide fuel from French
and foreign pressurised water reactors. It also reprocesses metallic fuel from the Natural-UraniumGraphite-Gas (UNGG) reactor type although such reprocessing is gradually being transferred to the
UP| plant at Marcoule.
During the debate on energy in October 1981, the French Parliament approved the extension of
the industrial complex at La Hague (Session of 7.10.1981). With the increase of the (JP2 plant's
capacity to 8001 U/y and the construction of the UP3 plant, the total capacity of the complex will reach
1 6001 U/y during 1992.
All existing and planned units use the PUREX process.
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1. THE FRENCH REPROCESSING PROGRAMME
In France, COGEMA is the operator and works supervisor of all reprocessing plants. The plants
are designed by its subsidiary SGN and research and development work is carried out by the
CEA.
The CEA and COGEMA have gained experience with metallic fuel from the UNGG power
plants, oxide fuel from light water reactors and fuel from fast breeder reactors (F3R).
1.1

Reprocesstag of fad froa theranl reactors

The fuel from six UNGG reactors with a total capacity of 2 400 M We is currently reprocessed in
the UPi plant at Marcoule which is being extended.
As regards fuel from light water reactors, an installed capacity of 35 GWe is planned under the
French nuclear programme for such reactors for 1985 which will result in a rapid increase in the quantity
of spent fuel produced, and reprocessing requirements in France will, at the beginning of the next
century, be of the order of 1 000 tonnes a year.
The technique for reprocessing light water reactor fuel, studied in depth within the CEA group, is
currently being tested and perfected in the UP2 plant at La Hague. This plant was originally designed
for the reprocessing cf UNGG spent fuel but was adapted to light water reactor fuel by the construction
of the High Activity Oxide (HAO) Unit which became operational in 1976.
By mid-1985, more that 1 2 50 tonnes of light water reactor fuel with high burnup rates have been
reprocessed, the largest amount ever reprocessed in a single plant. The load factor of this plant is
improving all the time and 270 tonnes of fuel were reprocessed in a single run between the beginning of
January and the end of July 1985, including 50 tonnes per month during April and May, bringing the
monthly average in 1985 to 38 tonnes. These figures show how efficient the UP2 plant is despite the
handicap of having to reprocess both PWR and BWR fuel assemblies together with fuel from the Phenix
fast breeder reactor, involving a great variety of dimensions and characteristics.
Moreover, trends recorded at La Hague complex as a whole in the field of safety, protection of
workers and radioactivity release are very positive (see Figures 1 and 2).
1.2

La Hague Extensions

Following the initial results obtained in this HAO UP2 complex which demonstrated the
feasibility of the commercial reprocessing of oxide fuels, COGEMA undertook a large-scale extension
of the La Hague facilities with a view to achieve an overall capacity of 1 750 t/y sometime in the
nineties.
This work should allow fuel from both French and foreign electricity companies to be reprocessed
(EdFplus 30 companies from six countries: Japan, Federal Republic of Germany, Sweden, Switzerland,
Belgium and the Netherlands). COGEMA has already signed foreign contracts for the reprocessing of
some 7 000 tonnes of fuel in the UP3 plant (which is to K; used exclusively for foreign companies).
Contracts with foreign clients provide for considerable financial participation by the electricity
companies in investment costs. It is also agreed that radioactive wastes will be sent back to the countries
of origin after treatment.
The UP3 plant, whose construction started in mid-1982, will have a capacity of 900 t/y and is
scheduled to become operational around 1989.
The UP2 800 plant, intended for fuel of French origin, will be formed by adding new units to the
present UP2 plant operating at La Hague, thereby increasing its nominal capacity to 850 tonnes of fuel a
year.
To handle incoming spent fuel, the UP3 and UP2 800 plants will be interlinked by a series of pools
with a storage capacity of 8 000 tonnes.
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Figure 1.

LIQUID DISCHARGES AT LA HAGUE

Liquid discharges over the period 1977 to 1963 amounted to 27300 Ci / y. which represents
soma 60 % of authorised discharges (45000 Ci / y excluding tritium)
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Among other things, an effluent treatment plant, decontamination and waste conditioning units
and storage facilities for conditioned waste will be linked with this complex (see Figure 3).
Its main technical characteristics arc as follows:
- each head end unit comprises two lines in parallel using horizontally loaded shears and a
continuous rotating dissolver,
- the standard plant components (valves, pumps, air-lifts, etc.) are operated within protected
areas so that double containment is at all times ensured;
- wastes are conditioned immediately with the exception of fission products which will be
stored in liquid form before being vitrified.
13

Reprocessing fad from fast breeders reactors

The French programme for the reprocessing of fuel from fast breeder reactors fits into the
step-by-step development of this system which, as far as the reactor is concerned, has attained the
commercial stage after three preliminary stages of building the test reactor Rapsodie, then Phcnix
(2S0 MWe) andfinallySuper-Phenix at Crcys-Malville (1 240 MWe). This latter reactor was built in
co-operation with the Federal Republic of Germany, Italy and Belgium.
As soon as Rapsodie was able to supply irradiated rods with fairly high burnups, laboratory tests
were carried out by CEA at Fontenay-aux-Roses. These tests were repeated as and when Phcnix
supplied fuel with higher and higher burnups and slightly different cladding material.
The ATI unit at La Hague, specially designed to process Rapsodie's fuel with a capacity of one
kilogramme per day, became operational in 1969. It had processed, up until July 1979 when it was closed
down, more than one tonne of heavy metals from mixed oxide fuels irradiated up to 120 000 MWd/t
(and sometimes after only short cooling lead times) thereby on several occasions closing Rapsodie's
cycle.
The Marcoule Pilot Plant (S.A.P.), adapted for the processing of Phenix and Rapsodie fuels,
has, since 1975, processed more than 10 tonnes of fuel from Rapsodie, Phenix and the German reactor
KNK I. With the plutonium recovered when reprocessing fuel from Phenix, it was possible to close the
cycle of the plant which today contains something like 100 assemblies. Thus, more than 75 per cent of
the Phenix core fuel assemblies are today made with recycled plutonium. In fact, fuel containing
plutonium that has twice been used in the Phenix reactor have now been reprocessed.
Very good results have been obtained when reprocessing fuel from Phenix at S.A.P. both from
the viewpoint of plant capacity and from that of safety and exposure of staff.
In addition, to date, six tonnes of Phenix fuel, diluted with gas-graphite fuel, have also been
reprocessed in the UP2 plant at La Hague. More than 16 tonnes (U + Pu) of spent fuel from fast
neutron reactors, including 12 tonnes (U + Pu) from Phenix, have been reprocessed in France.
This unique experience has confirmed that it is possible to reprocess breeder's fuels using the
traditional method even when the highest burnups are involved. It has not given rise to any fundamental
changes in the PUREX process used for light water reactor fuel but has enabled a number of
improvements to be made to this process and to waste characterization which constitutes an expertise
that is essential for progression towards the commercial stage.
After having demonstrated the effectiveness of the process under meaningful conditions, an
experimental programme has now been launched with the purpose of enabling the establishment of
commercial facilities over the coming decades. A new Breeder fuel reprocessing plant (TOR), has been
under construction since 1980 and should become operational in mid-1986. This unit represents an
extension and renovation of the existing one for two main reasons:
- to increase the unit's capacity to five tonnes (U + Pu) a year, allowing it to complete the
Phenix cycle on a permanent basis while also remaining available for the experimental
reprocessing of fuel from other fast breeder reactors such as KNK II, Super Phenix,
etc.;
- to serve as a testing ground for new types of plant apparatus.
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Figure

2.
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Research and studies are currently being carried out on a pilot plant (SO t/y) called MAR 600
which would meet the reprocessing requirements of Super Phenix and of two nuclear power units each of
1 500 MWe (in practice, this choice would depend on International consensus).
This pilot plant, being used in the search for the best economic conditions, is seen as an
intermediate step in the development, which is likely in the medi m term, of this type of facility. It is
proposed that this plant be built at the Marcoule centre where the existing infrastructures and general
services (laboratories, effluent treatment plant, etc.) are available, but this choice will depend on
reaching an international consensus. The plant includes only one new processing line but it will be a full
scale line to reprocess SO tonnes a year of fuel with a maximum burnup of 125 000 M Wd/t and a cooling
period of three years.

2. DEVELOPMENT OF REPROCESSING TECHNOLOGY
Technical difficulties encountered in plants to date have been due mostly to equipment failures,
especially of the mechanical systems used for shearing assemblies and of feeding equipment at the
head-end of the plant where loading is interrupted if there are too many breakdowns and repair
operations. In addition to such mechanical problems, production is generally interrupted at times as a
result of pipes being blocked, the inefficiency of operating equipment in a non-continuous mode, and
evaporator corrosion.
To solve these problems, research programmes and technical tests are being carried out in several
countries with the purpose of designing equipment that is:
-

highly efficient from the standpoint of capacity (continuous operation);
reliable (simplication of systems, materials that are more resistant to corrosion);
designed to prevent criticality risks (by its geometrical configuration or the presence of
neutron-absorbing materials).
The way in which this equipment will be installed and interconnected for remote-control
intervention, monitoring and all biotechnological questions is also being studied.
Large-scale research is also being carried out on associated technology, especially robots and
remote handling in hostile environments which should eventually mean that the duplication of systems
of fragile equipment can be avoided and appreciable gains achieved in the fields of engineering, safety
and overall construction and operation costs.

3. STUDIES ON WASTE CONDITIONING PROCESSES AND TECHNOLOGY
A distinction is generally made between two kinds of reprocessing wastes, namely:
-

process waste consisting of FP concentrates, hulls and end-pieces, particle residues, and
residues from the reprocessing of gaseous and liquid waste (slurries, Pbh resins);
technological wastes (alpha and non-alpha) consisting of materials and pieces of equipment
which have been used in radioactive zones (plastics, metals and various mineral
compounds).

The essential characteristic of these reprocessing wastes is the presence of long-lives alpha
emitters (plutonium and actinides) requiring special disposal techniques.
Considerable R&D work is being carried on in France and elsewhere in the world to determine
how such waste should be confined. There is increasingly wide agreement that they should be embedded
in chemically highly inert solid matrices which are then placed in concrete structures or stable geological
formations.
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Suitable embedding materials being studied are:
• glass (borosilicates), vitroceramics, synthetic materials made from mineral products
(SYNROC) and ceramics, for wastes with high FP and alpha emitter concentrations;
- metals, cements, resins, and bitumens for other wastes.
It is generally agreed that glass, vitroceramics, synroc and certain ceramics have more or less
equivalent containment properties but only borosilkate glass has been manufactured industrially.
The French continuous process combining a rotating calciner and a periodically drained melting
furnace has been in industrial operation for six years at the vitrification unit at Marcoule where more
than 700 m3 of FP concentrate solutions have been reprocessed, and some countries, including France
and the United Kingdom, intend to use it in their reprocessing plants.
Processes developed for other waste types are:
-

vitrification for particle residues;
cement coating or compaction through melting for hulls and end-pieces;
bituminization for slurries arising from liquid and gaseous waste reprocessing;
embedding in cement or metallic matrices for technological waste.

Considerable R&D work remains to be done in this field and, in particular, it will be necessary in
the coming years:
1) to improve the management of alpha emitters in the process and the wastes so as to reduce
their volume;
2) to reduce waste volume* as much as possible by continuing to develop techniques for
incinerating organic materials and compaction techniques, as well as improving equipment
reliability;
3) to continue research into containment techniques and storage conditions in the light of the
results of safety analyses;
4) to develop devices for assessing the efficiency of containment barriers so as to understand
better how they deteriorate and to test their long-term behaviour.
In November 1979, the National Radioactive Waste Management Agency (ANDRA) was set
up within the CEA to manage wastes. This Agency is responsible for the long-term management of
radioactive wastes, and in particular for:
-

operating present and future storage facilities;
planning, locating and constructing new facilities;
working out, in consultation with wastes producers, conditioning specifications.

It also makes a contribution to research and work on processes for the long-term management of
radioactive wastes and their development.
Low and medium-level radioactive waste from whatever source (hospitals, industry, universities,
research laboratories), are dealt with by surface disposal (monoliths and mounds) at the Manche Centre
(currently some 270 000 m3).
Research programmes are being carried out for other waste categories, particularly glass for
deep underground disposal (500 to 1 000 metres) in suitable geological formations.

4. CONCLUSIONS
With the depressed uranium market linked to the slow-down of nuclear programmes in most
countries in the world, the recovery of reprocessed uranium and associated plutonium now seems, at the
beginning of this decade, less urgent for utilities. Nevertheless, the two basic goals of the reprocessing
industry - the safe conditioning of waste and the recovery offissilematerials - remain valid.
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Despite the high level of investment needed for building plants, the percentage of the kWh cost
that reprocessing represents remains acceptable (less than 8 per cent in France). At present, the cost of
reprocessing is not offset by the value of the materials recovered but there is no doubt that this value will
increase with the recovery of the uranium market and the ne/d for plutonium in thermal and fast breeder
reactors.
The very positive technical and economic repercussions that should result from the large-scale
RAD work on optimising reprocessing and waste conditioning should also be borne in mind.

FEDERAL REPUBLIC OF GERMANY

1. INSTITUTIONAL FRAMEWORK
In the Federal Republic of Germany, electricity generation by nuclear power began in 1961. In
1986 nuclear power plants with an electric capacity of about some 18 500 MW are operational
contributing some 35 per cent to the total public electricity generation. Additionally nuclear power
plants with an electric capacity of about 5 400 MW are in construction. According to the utilities
planning, nuclear power plants with a total electric capacity of approximately 28 000 MW will be
installed by the year 2000.
Virtually from the beginning of nuclear power development* spent fuel management was a point
of concern in the Federal Republic of Germany. This led to the participation in the reprocessing project
EUROCHEMIC and to the operation of both a pilot disposal facility in a salt mine (ASSE) since 1968
and a pilot reprocessing facility (WAK) since 1971.
Spent fuel management and the management of all kinds of radioactive waste in the Federal
Republic of Germany has been summarized under the designation Entsorgung. According to the
Principles Relating to the Provision to be made for the Handling and Disposal of Spent Fuel of Nuclear
Power Plants as of 1980, Entsorgung is the appropriate and safe conveyance of spent fuel elements being
produced during the entire life of the plant to a storage facility suitable for this particular purpose, with
the aim of their utilisation by way of reprocessing or treatment for ultimate storage without
reprocessing, and the treatment and disposal of the resulting radioactive wastes.
Bases of the policy of spent fuel and radioactive waste management in the Federal Republic of
Germany are the Atomic Energy Act and the so-called Entsorgungs-concept, the latter confirmed by the
Resolution of the Heads of the Federal Government and Federal States relating to the Entsorgung of
Nuclear Power Plants dated 28th September 1979.
Pursuant to the former, anyone who produces radioactive residues shall make provision to assure
that these:
- are recycled without harmful effects, or;
- are disposed of as radioactive wastes in an orderly manner insofar as utilization is not
technically possible, is not economically justifiable or is incompatible with the protective
purpose of the Atomic Energy Act.
In accordance with this, in the Federal Republic of Germany reprocessing of spent fuel elements
with recycling of usable nuclear fuel materials and disposal of reprocessing wastes has to be considered
the common way of the back-end of the fuel cycle.
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The Entsorgungs-conccpt comprises the following steps:
1) Interim storage and treatment (Le. reprocessing) of the spent fuel elements.
2) Development of direct disposal techniques without reprocessing.
3) Conditioning, interim storage and disposal of radioactive wastes.
The time frame for the Entsorgungs-concept was characterized by the following schedule:
-

As fast as possible:
•
•
•
•

-

Mid-eighties:
•
•

-

Evaluation of other Entsorgungs-techniques i.e. direct disposal of spent fuel elements in
terms of safety;
Identification of sites for a reprocessing plant and/or a '.pent fuel conditioning plant.

End of the eighties:
•

-

Extension of the storage capacities for spent fuel elements in the nuclear power plants and
erection of external intermediate storage facilities for fuel elements;
Extension of the intermediate storage facilities for radioactive wastes;
Construction of a reprocessing plant;
Exploration of the salt dome in Gorleben to establish its suitability as a disposal
facility.

Commissioning of the disposal facility Konrad.

End of the nineties (at the latest) ready for operation:

• Reprocessing plant and possibly plants for other Entsorgungs-techniques;
• Facilities of the Federal Government for safekeeping andfinaldisposal.
With regard to the responsibilities in thefieldof spent fuel management, the Atomic Energy Act
allocates certain tasks to the operators of nuckar facilities, the Federal States, and the Federal
Government, which are described in Chapter 5.

2. CURRENT PRACTICE
2.1

MaaageawBt of spent fad ekawats

In 1986, the total amount of spent fuel elements from nuclear power plants will be about
400 tonnes Heavy Metal (t HM).
The licensed capacity for the storage of spent fuel elements amounts to a total of approximately
6 2001 HM, some 4 7001 HM in nuclear power plants, and 1 5001 HM in the away-from-reactor
(AFR) storage facility at Gorleben, where the spent fuel elements will be stored in casks (dry
storage).
An experimental reprocessing plant, which has processed about 1701 HM of oxide fuel to date,
has been in operation at the Karlsruhe Nuclear Research Centre since 1971. The experience gained with
this facility forms an important basis for the planning of a larger plant. Additionally there is available
the experience gained in the Eurochemic reprocessing plant. Development and testing work is being
performed in various centres, e.g. on cold full-scale process components in the Karlsruhe Nuclear
Research Centre, and on the remote handling and maintenance technique of full-scale large modules in
Lahde.
The operators of nuclear power plants in the Federal Republic of Germany have concluded
contracts for the storage and reprocessing of spent fuel elements with foreign partners, namely the
Compagnie Generate des Matieres Nucleases (COGEMA) in France and British Nuclear Fuels pic
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(BNFL)in Great Britain. To date, a total of about 3 2001HM has been contracted with COGEMA and
8401 HM with BNFL, from which about 5501 HM were reprocessed by the end of 1985.
To summarize, it can be stated that the capacity for the intermediate storage of spent fuel
elements which has been licensed and applied for, plus the quantities contractually agreed on with
foreign reprocessing plants exceed the occurring quantity of spent fuel elements up to and beyond the
year 2000. As a result, the Entsorgung can be proved on a long-term basis and with additional
margins.
Provisions for the spent fuel management of the experimental and prototype reactors of HTR
and FBR types: AVR (Arbeitsgemeinschaft Versuchsreaktor GmbH), THTR-300 (Thorium High
Temperature Reactor) and KNK (Kompakte Natrium-gekiihlte Kernreaktoranlage), SNR-300
(Schneller Natrium-gektthlter Reaktor) respectively, have been taken. HTR fuel (graphite coated
spherical fuel elements) is stored in casks for later direct disposal in the geological repository, FBR fuel
is stored at the reactors, and the Commissariat a PEnergie Atomique (CEA) has committed itself to
provide reprocessing capacity for the fissile and fertile elements of the fast breeder reactors SNR-300
and KNK.
2.2

Ratioactfce Wastes

The intermediate storage of the waste takes place at present on the sites of the nuclear power
plants, in the nuclear research centres, in industrial firms and in the Federal States collection
facilities.
The experimental reprocessing plant in Karlsruhe has a storage capacity of approximately
130 m3 for high level radioactive liquid wastes. Around 50 m3 are currently being stored there.
Low and medium level radioactive wastes are conditioned in nuclear power plants, in nuclear
research centres and on the premises of some other waste producers. At present, the treatment is based
on the former Asse acceptance criteria and newer technical developments (e.g. cast containers with a
high barrier effect which can hold the wastes without volume-increasing additives).

3.

FUTURE PLANS

Actual planning of the utilities calls for an electric nuclear capacity of about 28 000 MWe in the
year 2000. This indicates that about 10 0001 HM of spent fuel will have arisen by the end of this
century.
To manage these quantities, the following activities are planned in addition to the reprocessing
contracts with other countries:
Industry
-

-

Construction of the Ahaus AFR storage facility with a capacity of 1 5001 HM.
Construction of a demonstration reprocessing plant of 3501 HM per year (21 HM per day)
for start up in 1995, to be sited in Wackersdorf (Bavaria). The plant includes a receiving
facility for spent fuel (with a capacity of 1 5001 HM) and a storage facility for HLW glass
blocks. Current planning for glass block storage is based on a cooling period of 30 years prior
to disposal in order to save space in the salt repository, and on the return of HLW glass blocks
from reprocessing abroad.
Construction of a pilot conditioning plant for spent fuel and some kinds of waste at the site of
the Gorleben interim storage facility.
Extension of thermal recycling of U and Pu in LWR. This includes recycling of fissionable
material recovered from reprocessing of German fuel abroad and includes all Pu not needed
for FBR fuelling.
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-

Extension of storage capacities for LLW and MLW, both at-reactor and away-from-reactor.
The capacities necessary are depending on waste arisings, conditioning methods and
commissioning dates of disposal facilities, and take into consideration the wastes from
reprocessing abroad.

Government
While governmental responsibility is limited to disposal and safekeeping of waste, some R&D
activities are sponsored that refer to safety questions of dry interim storage, reprocessing, waste
conditioning and transportation.
Direct disposal of spent fuel is foreseen for special fuel elements not suitable for reprocessing, e.g.
HTR fuel. Whether this technology will be acceptable for LWR fuel, too, will depend on the results of
technological development and finally on the adaptation of the Atomic Energy Act which actually
prescribes recycling, i.e. reprocessing.

4.

FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY

Current spent fuel management policy is based on political decisions and ordinances issued
between 1976 and 1979 and mentioned in Section 1.
During the last ten years, spent fuel management has become a subject of growing concern in
public and political opinion. It concentrates on the aim that spent fuel management and waste disposal
should be demonstrated on a technical scale as early as possible. The actual state of realisation is well
within the schedule of 1979.
Legally, the operation licenses of nuclear power plants are linked to the proof of the safe
management of spent fuel always 6 years in advance, and to progress of the realisation of the Entsorgung
concept.
Financial aspects are another important factor, primarily in industrial spent fuel management
policy, as the costs for spent fuel management and waste disposal are charged directly to electricity
costs.
The reduction of nuclear capacity forecasts during the last years did not have an immediate
influence on spent fuel management policy. However, with this reduction the spent fuel storage
capacities in operation or under construction will be sufficient - in addition to the existing reprocessing
contracts with foreign countries - to manage all spent fuel arisings up to the year 2000.
Other factors that will be taken in consideration are:
-

the need of reprocessing technology for future FBR exploitation;
the long term safety of the repository;
the independence from foreign resources for fuel supply, reprocessing and waste management;
the fact that a licence is granted for a 40 year period of dry interim storage in casks;
the fact that all disposal activities will take place in continental geologic repositories.

5. RESPONSIBILITIES AND FINANCIAL PROVISIONS

The Atomic Energy Act allocates certain tasks to the operators of nuclear facilities, the Federal
States and the Federal Government with reference to Entsorgung.
Applying the polluter pays principle, it is the duty of the operators to provide for:
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-

the intermediate storage of spent fuel elements;
the reprocessing of spent fuel elements including recycling of the fissile material;
the conditioning of the radioactive wastes; and
the intermediate storage of the radioactive wastes insofar as these are not delivered to Federal
States' collection facilities.

The operator has the duty to demonstrate the provision for the Entsorgung and thereby, among
other things, to prove that the safe storage of the spent fuel elements is always assured in advance for an
operating period of 6 years as from the commissioning of the nuclear power plant.
The Federal States are obliged to erect Federal States' collection facilities for the intermediate
storage of the radioactive waste occurring in their area, if such wastes result from the application of
radioisotopes in industry, research and medicine.
The Federal Government is obliged to erect facilities for the safekeeping and disposal of
radioactive wastes. In accordance with the Atomic Energy Act, this task is performed by the
Physikalisch-Technische Bundesanstalt in Braunschweig. This institution forms part of the portfolio of
the Federal Minister of Economics but, in this sector, is subject to the expert supervision of the Federal
Minister for Environment who is the competent minister for reactor safety and radiation protection
within the Federal Government.
The Physikalisch-Technische Bundesanstalt avails itself of the cooperation of the Deutsche
Gesellschaft zum Bau und Betrieb von Endlagern fur AbfallstorTe mbH as third party for the
construction of the facilities for the safekeeping and final disposal.
With reference to the Entsorgungs-facilities of the Federal Government and the Federal States,
fees can be collected from those liable to deliver conditioned radioactive wastes in accordance with the
polluter pays principle pursuant to the Atomic Energy Act. Prepayments for later contributions are
collected for the facilities of the Federal Government on the basis of a decree issued in 1982. The costs
incurred by the Federal Government in this connection are reimbursed annually since 1982 from the
waste producers corresponding to their estimated disposal requirements. Actually, 97 per cent of the
cost is borne by the German Company for the Reprocessing of Spent Fuel (DWK) and by the public
utilities engaged in nuclear power. This means, that these costs are finally paid by the electricity
consumer. The rest of 3 per cent is borne by the other waste producers including users of nuclides in
medicine, research and industry.

6.

RESEARCH AND DEVELOPMENT

Research and development on the field of spent fuel management (SFM) in the Federal
Republic of Germany was begun nearly from the beginning of nuclear power development, i.e. by the
year 1959, mainly in two research centres, the Karlsruhe Nuclear Research Centre (KfK) for SFM of
heavy water, light water and fast breeder reactors, and the Julich Nuclear Research Centre (KFA) for
SFM of high temperature reactors. These activities were and are completed by contributions of the
nuclear industry and by R&D projects directly induced by the Federal Government, and during the last
years, by projects in the frame of R&D programme of the European Community.
Already in an early stage, SFM activities were concentrated on reprocessing and radioactive
waste management, e.g. construction began on a laboratory scale hot reprocessing facility (MILLI) and
a pilot industrial reprocessing facility (WAK) at the Karlsruhe centre in 1967. In the same year started
the demonstration of disposal of low level and medium level wastes in the former salt mine Asse.
Recycling of plutonium coming out of reprocessing, through fabrication of Mox fuel elements and reuse
in power plants, has been successfully demonstrated since 1966.
Thus the closing of the fuel cycle, the so-called Entsorgung, in the Federal Republic of Germany,
was demonstrated in a pilot scale already at the beginning of the seventies.
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A pilot vitrification facility is operating successfully at the Eurochemic site in Belgium, where
high level liquid waste stored there is being transformed into glass blocks and then into glass beads which
are embedded in a metal alloy, by the PAMELA process, developed in the Federal Republic of
Germany. It remains to demonstrate the disposal of high level radioactive solidified blocks in a salt
formation. A disposal test of glass blocks containing high level radioactivity is currently being prepared
in the Asse salt mine.
Concerning the management of spent fuel from LWR power plants, the Federal R&D topics are:
head-end and off-gas treatment, extraction, waste treatment, handling techniques, material research,
control and management of process data. At present, the R&D activities are shifted more and more
from the management of LWR spent fuel to the management of fast breeder reactor (FBR) spent fuel,
as the LWR fuel cycle is an established technology. The development of storage and transportation
techniques already has been an industrial responsibility for many years.
In addition to the spent fuel management with reprocessing, also direct disposal of spent fuel
elements has been examined since 1979. R&D will continue until 1993 to achieve technical
maturity.
The R&D activities in the field of disposal of radioactive waste have been concentrated in the
former salt mine Asse and in the former iron ore mine Konrad. The activities in the Asse mine are still
continuing - currently with retrievable radiation sources - and are of importance in view of the possible
establishment of a repository in the Gorleben salt dome. The suitability of the Konrad mine for disposal
of low level radioactive wastes and wastes from the decommissioning of nuclear installations is being
determined in the course of the current licensing procedure.
In addition to the research on disposal mentioned above, investigation continues on the
possibilities of disposal in solid rock, partly in a Swiss-German cooperation, and the possibilities of
disposal of special radioactive wastes containing tritium, carbon 14, krypton 85 and iodine 129.

ITALY

1.

INSTITUTIONAL FRAMEWORK

Italy was one of the earliest of the OECD countries to embark on a commercial nuclear power
programme but the nuclear contribution has remained modest with only three reactors operating in
1985 having a generating capacity of 1.3 GWe (3.9 per cent of electricity generated in 1985 was
nuclear). Of the three first generation reactors commissioned in the early 1960s, one is now permanently
shut down. A fourth reactor came into operation in 1981. Nuclear capacity is expected to rise in future
years reaching 3.3 GWe in 1990 and 12.8 GWe in 2000. All the commercial reactors are operated by the
National Electrical Energy Board (ENEL) which is also responsible for spent fuel management.
National spent fuel management policy, as defined by the National Energy Plan (PEN) last
updated in 1985, confirms the preference for relatively short term reprocessing combined with interim
storage. The proposal is to build a commercial reprocessing plant when the number of reactors justifies
the required expenditure but, meanwhile, part of the spent fuel arisings will be reprocessed abroad and
the remainder will be retained in both at-reactor and away-from-reactor storage facilities.
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2. CURRENT PRACTICE
From the outset, the Magnox-clad fuel from the Latina reactor has required short term
reprocessing and appropriate contracts have been arranged by ENEL with the UKAEA and BNFL.
The latest contract, signed in 1979, will probably cover all the fuel discharged to the end of the reactor's
life. For the LWR reactors, smaller quantities of fuel have been involved but a number of overseas
shipments have been made with reciprocal reactor reloads. The total quantity of spent fuel discharged
up to 1983 was 1 2001 U, of which 1 0001 was from Latina.
Capacity for spent fuel storage in Italy was 2351 HM in 1982 with an annual rate of discharge of
about 801. A modular fuel storage pool of 1 0001 U capacity, designed by AGIP Nucleare and ENEA
in the middle '70s, was never built because of delays in the nuclear programme and instead the pool of a
research reactor (Avogadro) was refurbished in 1983 to provide a spent fuel storage capacity of 1301 U.
Plans to increase storage capacity at two other reactor stations by the use of high-density racks came up
against design difficulties but they are being installed at a third (Caorso) during the 1984 shutdown.
This will increase the storage capacity at this site three-fold and provide space for discharges until at
least 1992.
Italy has been involved in the design and manufacture of flasks and a ship for spent fuel
transport. A new flask capable of holding seven LWR fuel elements has just been fabricated. No
radioactive waste has as yet been returned from the reprocessors but some recycled plutonium has been
used in LWR fuel and for the Creys Malville breeder reactor in which Italy participates.

3. FUTURE PLANS FOR SPENT FUEL MANAGEMENT
According to NEA predictions, spent fuel storage capacity will rise through 1 2001 HM in 1990
to 4 5001 in 2000. By that time, spent fuel is expected to be arising at an annual rate of 3801. For those
reactors which are under construction or planned, at-reactor storage capacity for at least ten years'
discharges will be provided. However, after 1992, or at the latest 1995, existing storage capacity at
current reactors will be exceeded and there are plans to introduce an away-from-reactor storage facility.
This will be capable of being increased in modular stages and could be either wet or dry; both concepts
will be considered. The AFR storage proposal will enable reactor sites to maintain greaterflexibilityand
not leave the operators burdened with the management of large quantities of spent fuel. It is possible that
the AFR site will also be the site of the reprocessing plant and may accommodate facilities for high level
waste treatment and interim storage including that of the vitrified waste to be returned from BNFL in
the '90s. The next ten years will therefore see selection and licencing of a site and design and
construction of the necessary storage plant.
It is not anticipated that a reprocessing plant will be required in Italy until the time when a
nuclear power programme of ten or twelve reactors may justify the 4001 U/y minimum reprocessing
capacity considered to be economic.

4. FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY
There is a general desire to increase the country's energy resources and in nuclear fuel terms to
make maximum use of the fissile components of spent fuel. Hence the long term policy remains to
continue nuclear fuel reprocessing, ultimately in a domestic plant. The timing of the construction of such
a plant is, however, uncertain and depends very heavily on a favourable economic assessment. At present
the value of recovered fissile material and the size of the nuclear programme do not justify the very
81

heavy investment required for such a plant. The decision on when to proceed with areprocessingplant
will be postponed, while for the time being at least, ENEL is content to place its spent fuel stocks in
interim storage.

5. RESEARCH AND DEVELOPMENT OF SPENT FUEL MANAGEMENT
A pilot scale reprocessing plant, EUREX, with a capacity of about 50 kg U/d, was brought into
hot operation in 1970. Since then it has processed some 500 elements of MTR fuel and about 1.71 U of
CANDU-type oxide fuel. A similar pilot plant called ITREC has carried out work on integrated
reprocessing and refabrication of U-Th cycle fuel supplied by the United States and is now being
modified for hot tests on advanced fuel reprocessing and equipment testing. Supporting laboratory work,
particularly on the chemistry of solvent extraction processes, is undertaken at ENEA laboratories and
the same organisation conducts both cold and hot pilot scale tests on HLW vitrification, the latter in the
ESTER plant at Ispra.
During the next ten years, the EUREX plant will be modified to test the reprocessing of high
burn-up oxide fuel; advanced components for spent fuel storage will be tried out and techniques will be
developed for the treatment and conditioning of high, medium and low level wastes.

JAPAN
1. INSTITUTIONAL FRAMEWORK
Japan exercises a vigorous and energy-intensive economy, with her total electricity generation in
1985 exceeded only by the United States among OECD countries. Her natural energy reserves are
unfortunately small and heavy reliance is placed on imported coal, gas, oil and uranium. The first
commercial nuclear reactor was connected to the grid in 1966 and there were 33 reactors in operation
with a total capacity of 25 GWe (26 per cent of total electricity) by 1985. The number of nuclear
reactors on line is expected to continue to increase with a forecast capacity reaching 34 GWe in 1990 and
62 GWe in the year 2000. It is planned to recycle recovered plutonium in thermal reactors and
eventually (after 2010) to introduce commercial fast breeders; active research projects are under way on
both these topics. Construction of the Monju prototype FBR is being accelerated with the aim of
achieving criticality in 1991. A limited amount of FBR fuel reprocessing (121 HM/y) is anticipated in
the following years.
In 1956, the Japan Atomic Energy Commission (JAEC) was established to implement the
national policy of nuclear research, development and utilization in accordance with the Atomic Energy
Basic Law. In the same year, the Japan Atomic Energy Research Institute (JAERI) was established as a
governmental corporation with the purpose of contributing to fundamental or safety-related research on
nuclear energy including the back-end of the fuel cycle.
In 1967, Japan set up the Power Reactor and Nuclear Fuel Development Corporation (PNC)
with the aim of developing advanced reactor systems, including fast breeders, and a complete range of
fuel services from uranium prospecting through spent fuel reprocessing. The PNC completed the
construction of a reprocessing plant in 1974 at its Tokai works.
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2. CURRENT PRACTICE
Storage bcfste Reprocessing

Adequate provision has been made for short term storage of spent fuel both at reactor sites and
the reprocessing plant, with initial cooling requirements and aflexibleapproach to fuel transportation.
The installed spent fuel storage capacity in 198S was for 5 0001HM, all in wet storage, with an annual
rate of spent fuel arising of over 6001 HM. Power plants under construction are generally being
equipped with larger storage pond capacity and some existing ponds are being modified to enhance the
density of spent fuel accommodation.
There are no definite plans for extended storage away-from-reactors.

The Tokai reprocessing plant has a design capacity of approximately 0.7 tonne of uranium metal
per day. The plant capacity roughly corresponds to 7 000 M We of reactor capacity (as maximum). The
remainder of the reprocessing services are entrusted to overseas reprocessing facilities through contracts
between Japanese utilities and British Nuclear Fuels pic (BNFL) and between the utilities and
Compagnie Generate des Matieres Nucleaires (COGEMA). These contracts contain provisions for the
return of radioactive wastes at a later date.
Design of Tokai reprocessing plant was carried out by the French company called Societe
Gentrale pour les Techniques Nouvelles (SGN). Construction started in June 1971 and was completed
in November 1974. After water testing and a series of chemical testings, uranium run started in
September 197S and ended in March 1977. Since the hot tests started in September 1977, the total
amount of reprocessed spent fuels comes to 174 tonnes by 1984, and the recovered Pu nitrate as the final
product is about 1 tonne.
Outline of PNC's Tokai reprocessing plant.
a)

Type of process: PUREX process with chop and leach process

b) Plant capacity: About 0.7 tonne of uranium per day
c) Spent fuel to be processed:
i) Enrichment - 4 per cent (maximum)
it) Average bum-up - about 28 000 MWD/t.
d) Product:
Uranium trioxide (UO3)
Plutonium nitrate (Pu(N0 3 ) 4 ).
Tokai reprocessing plant has experienced several troubles with long interruption since the hot
test operation started. During the hot test operation a leakage of radioactivity from the acid recovery
evaporator was detected in August 1978, followed by the replacement of the evaporator with a new one.
For this occurrence the plant was shut down for 14 months for troubleshooting, dismantling of the
evaporator and manufacturing a new one and its installation.
The plant wasrccommisskmedin January 1981. In April 1982, a leakage of radioactivity into a
steam jacket for heating a dissolver was found and the steam line was disconnected from the other
process lines. Afterwards the plant operation was continued using another dissolver. In February 1983
the second dissolver experienced a similar trouble as with the first one, and also the acid recovery
evaporator showed again a leakage of radioactivity into the steam line. Then the plant was shut down
again for repair. As a result of various inspections, it was revealed that the defects were located on the
weld zone of the barrel for dissolving the fuel element and the defects were very small. Because radiation
and contamination levels of these dissolvers were high and space to be restored was narrow, it was
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decided that these dissolvers were to berestoredby remotely operated welding, in place. The actual
restoration was conducted from September to October 1983. Then test dissolution was performed in
December using two tons of spent fuel and thereliabilityof thisrestorationwasfinallyconfirmed.
Htgh-Lrvel Rnfonctive Waste
During reprocessing 174 tons of spent fuel, approximately 159 m3 of High Level Liquid Waste
(HLLW) have been generated by 1984 and are stored in stainless steel tanks. The HLLW, which retains
about 5 x 107Ci of activity, will be vitrified with borosilkate glass at the Solidification Pilot Plant
which is now under detailed design. At the Chemical Processing Facility (CPF), using this actual
HLLW, the process feasibility test and the characterization and the evaluation test of waste forms were
started.

3. FUTURE PLANS FOR SPENT FUEL MANAGEMENT
Increasing me Capacity of Sport Fuel Storage
By the year 2000, accumulated spent fuel is expected to have reached 20 0001HM. It is not
anticipated that domestic reprocessing capacity will match the rate of spent fuel generation in the
foreseeable future and policy will be to meet the shortfall by arranging overseas reprocessing contracts
or increasing short term storage capacity. Such capacity is predicted to increase to 28 0001 HM by the
end of the century, adequately covering the expected arisings.
It can be stated that the total figure of:
i) the capacity for the short-term storage,
ii) the capacities of Tokai reprocessing plant and the second reprocessing plant, and
in) the quantities contractually agreed on with BNFL and COGEMA
exceed the cumulativefigureof spent fuel arising up to 2000, according to the forecast by the Science
and Technology Agency (STA).
The Construction Plan of the Second Reprocessing Plant
With a prospect that the demand for reprocessing will be about 900 tHM in 1990 and
1 5001 HM in 2000, the electric power industry has decided to ask Rokkasho Village, Aomori
Prefecture (see map), to provide building sites for the commercial fuel cycle facilities - facilities for
reprocessing, uranium enrichment and low-level radioactive waste storage.
1) Purpose and concept
Spent fuel from nuclear power plants will be received and stored before it is given chemical
treatment so that uranium and plutonium will be extracted, while ensuring that the radioactive material
that is produced is given proper treatment and put in temporary storage. Provision will also be made for
the reception and temporary storage of reprocessed fuels and wastes returned from the foreign services
which Japan has commissioned to reprocess spent fuel.
2) Agency In charge
Japan Nuclear Fuel Service Co., Ltd. (JNFS)
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3) Facility Dimensions
-

Reprocessing capacity: approximately 8001HM a year.
Receiving and storage facilities for spent fuel: initially about 3 0001 HM.

This facility will be built up further in consideration of future trends of the demand for electric
power.
4) Construction schedule
a) Start of preparatory work - sometime around 1986 is envisaged so thit the work will follow
the siting surveys.
6) Start of operation - scheduled for sometime around 1995. (For spent fuels and reprocessed
materials, storage facilities will start to work sometime around 1991.)
5) Planned location {under siting negotiation)
Rokkasho Village, Kamikita District, Aomori Prefecture.

MaaagMKBtof High-Lewi Radfoactive Waste
High level radioactive waste is to be vitrified with borosilicatc glass, stored for 30 to 50 years, and
disposed of in a geological formation more than several hundred metres deep.
1) Vitrification and storage of high level radioactive waste
Technology concerning the safety of storage process has been established. Future programmes of
research and development will be focussed on the practical applications.
a) Vitrification
Based on the results of research and development made so far, a plant for vitrification with
borosilicate glass will be constructed by the PNC to begin operation in 1990.
b) Storage
A plant will be constructed by PNC to start its operation in 1992 in accordance with
construction schedule of the vitrification plant. As for the returning wastes from overseas
reprocessing, receiving structures will be organized mainly by private sector.
In addition, the systems and structures for radioactive waste transportation are early
prepared mainly by private sector.
2) Geological disposal of high level radioactive waste
a) Approach to geological disposal
1st stage: Selection of effective geological formations (completed).
2nd stage: Selection of candidates for the site of disposal (will be made in about
10 years).
3rd stage: Demonstration of the technology for disposal using simulated waste forms.
4th stage: Disposal of real wastes.
b) Demonstration of the technology for disposal
Reviewing current schedule for development from a technical stand point, it is planned to
demonstrate the technology for disposal of high level radioactive waste by the
year 2000.
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4. FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY
The JAEC formulated the policy toreprocessall spent fuel, following the basic philosophy that
plutonium and uranium recovered from spent fuel should be regarded as domestic energy resources,
based on the prospect that their uses would enable uranium resources to be used efficiently and lessen
dependence on foreign energy resources. Reprocessing is considered to be important also in view o
proper management and disposal of the radioactive wastes from spent fuel. On the principle of domestic
reprocessing, another reprocessing plant with a large capacity must be constructed in addition to the
Tokai reprocessing plant, to meet the demand for reprocessing in the future.
The JAEC, however, established the Advisory Group on promotion of reprocessing to look again
at the longer term policy in the light of the world recession which has reduced the projected growth o
nuclear capacity and delayed the probable start-up of a commercial fast breeder reactor programme
thus weakening the case for the building of a large domestic reprocessing plant in a short term.
The objectives of the advisory group are to review the reprocessing capacities and operation
timing of future plants, and to formulate the framework for R&D. The emphasis is placed in the
deliberation on such factors as:
i) energy security;
ii) spent fuel arising and storage capacity;
Hi) the value for the materials recovered, or the need for plutonium in thermal and fast breeder
reactors;
iv) uranium resources and the price trend;
v) maturity of reprocessing technology;
vi) public acceptance for spent fuel management.

5. RESPONSIBILITY AND FINANCIAL PROVISIONS
The Second Reprocessing Plant

The Japan Nuclear Fuel Service Co., Ltd. (JNFS) was established as a private company to
undertake and reprocess spent fuel, by Japanese electric power industry and other related industries.
The PNC is expected to transfer its experience ofreprocessingtechnology to the JNFS, and cooperate in
thefieldor technology development, so as to enable this experience to be utilized effectively for design,
construction and operation of the second reprocessing plant. The Government is also expected to support
the plan so as to facilitate progress in securing the site for this plant, and in the field of fund
raising.
Management of High-Level Radioactive Waste

While reprocessors must solidify the high-level radioactive wastes and store them provisionally,
the Government must demonstrate the respective technology. On the other hand, the high-level
radioactive wastes should be disposed of at the Government's responsibility because extremely long term
isolation is required, and the required cost must in principle be paid by the generator of the wastes.
I) Research and development on the treatment, storage and disposal
a) The PNC takes the main role in the research and development to materialize the
vitrification, jtorage and disposal.
b) The JAERI is responsible mainly for the safety assessment studies on the vitrification,
storage and disposal.
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c) The Central Research Institute of Electric Power Industry (CRIEPI) performs research
and development mainly on returning wastes of overseas reprocessing facilities.
d) Other institutions make necessary contribution in their specific fields in close connection
with the research and development at the PNC and the JAERI.
2) Implementation of the treatment, storage and disposal
The PNC and the private reprocessor are responsible for implementing the treatment and
storage of high-level radioactive waste. The responsible body for disposal is the PNC, which is an official
institution accumulating results of research and development on it. The Government will consider
formulating coordinating functions necessary to organize cooperative structures.
i)

Return of the wastes associated with overseas reprocessing

The specifications for the wastes, to be returned associated with overseas reprocessing, will be
notified to Japan soon. Therefore, the study on acceptance of such specification and the establishment of
a domestic organization, which will manage the returned wastes, are to be promoted with cooperation
between the Government and related organizations, in addition to the tests required for the study of the
specifications.

6. RESEARCH AND DEVELOPMENT
To support the plan of the second reprocessing plant, the Government is promoting some projects
such as demonstration of technology for major components which is required in order to correspond to
the scaling up of the components, improvement of safety anc reliability of the facility, reduction of the
amount of radioactivity released into its environment, and improvement of reliability of safeguards.
Based on reprocessing experience of PNC's Tokai plant, it was recognized that R&D activities
should be strengthened to accomplish more stable operation of the plant. At present, the PNC is
developing such items as:
i) improved process control system;
it) components with high reliability;
Hi) remote repair and in-service inspection technology.
In the long term, the PNC places emphasis on the advanced engineering for head-end processes.
It will be accomplished by engineering testing of advanced equipments, proper layout of components,
quality assurance through development and demonstration of high plant availability.
The JAERI is expected to share some role in the field of safety-related research and fundamental
technology development.
In order to store and reprocess spent fuel in a moreflexiblemanner, the ST A has begun a 4 year
project of R&D on spent fuel management, including technology for larger-scale storage at the sites of
reactors and reprocessing plants.
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NETHERLANDS

1. INSTITUTIONAL FRAMEWORK

In the Netherlands there are two nuclear power plants in operation, i.e. a PWR of 450 M We in
Borssele an' a BWR of SO M We in Dodewaard. The latter was built to provide knowledge for a bigger
power plant. The plants were commissioned in 1969 (Dodewaard) and in 1973 (Borssele). At present the
nuclear share in electricity generation is approximately S per cent.
After an extensive public debate about the future energy development in the Netherlands with
nuclear power as a central issue the government adopted a position on the matter. In a letter to the
parliament dated 11th January 198S the government made it clear that an expansion of the nuclear
capacity in the Netherlands is desirable and acceptable. For the time being at least two nuclear power
stations of between 900 and 1 300 MWe each should be built. More stations are not ruled out as long as
the total capacity does not exceed 4 000 MWe by the year 2000.
In June 1985 the parliament agreed to the proposed policy on the condition that an acceptable
solution of the radioactive waste problem (including interim storage) can be realized.

2. CURRENT PRACTICE

Based on reprocessing contracts with BNFL and COGEM A spent fuel arising in Dodewaard and
Borssele is sent respectively to Sellafield, United Kingdom and La Hague, France.

3. FUTURE PLANS FOR SPENT FUEL MANAGEMENT

The parliament agreed with the government's decision to start preparation for central interim
storage of all radioactive wastes (including provisions for spent fuel) in the Netherlands during 50-100
years. COVRA, the Central Organization for Radioactive Waste, is responsible for preparation,
realization and exploitation of the facility. Borssel has been chosen as the location for this facility.
For definitive disposal of radioactive waste different options are considered:
-

Geological disposal within the Netherlands. Thefirststage of a research programme is due to
give results at the end of 1987.
The Netherlands are investigating the possibilities of international, bilateral or multilateral
cooperation in the field of waste management and disposal.
Sub-seabed disposal. The Netherlands take part on a modest scale in the feasibility study of
the NEA Seabed Working Group.

Further policy choices are expected in 1988.
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4. FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY
As indicated above preparations are being made for interim storage of radioactive waste
including provisions for spent fuel. Further policy choices in the area of spent fuel management will be
influenced by a number of factors like:
-

waste management policy;
further implementation of the Dutch nuclear programme;
economic factors;
international developments.

5. RESPONSIBILITIES AND FINANCIAL PROVISIONS
At this moment the boards of directors for the nuclear power plants are responsible for spent fuel
management in the Netherlands. Thefinancialprovisions being made for the management of the fuel
are also their responsibility. COVRA is responsible for the management and storage of radioactive
waste.

SWEDEN

1. INSTITUTIONAL FRAMEWORK
After a national referendum in 1980 Swedish Parliament decided that the nuclear power
program in Sweden would be limited to the twelve power reactors now in operation or under
construction.
Nuclear activities in Sweden are regulated through a system of laws that has recently
(January 1984) been revised. The three main laws are:
-

The act on nuclear activities defines the licensing requirement for handling or using nuclear
activities materials (including waste) in Sweden. Controlling authority -the Swedish
Nuclear Power Inspectorate (SKI).
The radiation protection act defines the requirements for a license for radiological work.
Controlling authority - the Swedish Radiation Protection Institute (SSI).
In thefinancingact the principal economic matters and responsibilities are defined for the
management and disposal of spent fuel and radioactive waste. Controlling authority - the
National Board for Spent Nuclear Fuel (SKN).

According to Swedish la* the holder of a license for a nuclear power reactor is primarily
responsible for the safe handling andfinaldisposal of the radioactive wastes from his operation. This
responsibility is supervised by the Government.
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The four Swedish nuclear power utilities operating twelve reactors have forme*? a special
company - the Swedish Nuclear Fuel and Waste Management Co., SKB - to handle and transport the
nuclear waste outside the power stations, to build and operate needed facilities for storage and final
disposal, and to perform the necessary research and development work.

2. CURRENT PRACTICE
The total system for managing the spent fuel and wastes from nuclear power in Sweden is given in
Figure 1.
No reprocessing facilities are foreseen to be built in Sweden. Contracts for reprocessing of spent
nuclear fuel exist with British Nuclear Fuels Limited (140 tonnes) and with the French company
COGEMA (551 tonnes). Some of the fuel has been delivered to the reprocessing sites. A specially
designed ship for transport of spent fuel is operational.

Figure 1.

SPENT FUEL AND WASTE MANAGEMENT IN SWEDEN
THE SWEDISH NUCLEAR SYSTEM
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Fuel not sent for reprocessing will - after an initial storage at the reactor site - be transported to
an intermediate storage facility for spent nuclear fuel. This facility (CLAB) was taken into operation in
July 198S. It is situated adjacent to the Oskarshamn Nuclear Power Plant.
CLAB is a facility for wet storage of 3 000 tonnes of fuel in 4 pools in an underground cavern
with 25-30 m rock over. This capacity will serve the 12 reactors in Sweden until the mid-1990s.
Additional capacity can be built by adding new caverns parallel to the existing one.
At CLAB the spent nuclear fuel will be stored until it will be transported either for reprocessing
or forfinaldisposal.
The reactors as well as the CLAB facility produce operational wastes that are relatively
short-lived. Such wastes are temporarily stored at site but will later be transferred to a central repository
forfinalstorage. This facility, called SFR, will be located in the bedrock under the Baltic sea close to the
Forsmark Power Plant. The rock cover will be 50 m and the site 1 km from the shore, will be reached by
access tunnels. The water depth above the SFR is 5 m.
The conditioned short-lived wastes will be transported to SFR and emplaced either in caverns
(for low-level waste) or in silos (for those wastes, mainly ion exchange resins, that require special
barriers against leaching).
The excavation of the access tunnels started in July 1983 and SFR is expected to be operational
in 1988.
The facilities for encapsulation of high-level vitrified waste from reprocessing or the spent fuel
will not be needed until the year 2020, when the final disposal is foreseen to begin. Consequently, no
construction work has started on these facilities, nor on the final repository for long-lived wastes. The
Swedish law requires, however, that before a new reactor is started the owner must prove that the
radioactive waste can be taken care of in a safe way. Such proof has been presented by the Swedish
utilities [1,2] and the government has found that the feasibility of safe management of the radioactive
wastes has been shown to an acceptable degree.

3. FUTURE PLANS AND RESEARCH
As indicated above transport systems and storage facilities for the used fuel are operational.
Also, the feasibility of the safe handling of the spent fuel or the high-level waste has been shown.
However, the selection of a site and a repository system that will provide an optimal solution to the waste
handling will take a long time to realize. The research and development as well as the actual
construction of the facilities needed for this will be handled by SKB for the utilities.
The timetable | for the future work for the long-lived wastes is given in Figure 2. As can be seen,
ample time is provided for the optimization before a site and a system will be selected. Around the
year 2000 a site will be proposed and the repository construction is planned to start 2010. This will give a
10-year period for construction before the deposition of waste will start.
According to the planning today, the research aims at a repository on the followin
principles.
-

A very high level of long-term safety.
A high degree of national independance.
Burdens on future generations shall be avoided.

These basic principles lead to a number of criteria:
-

The level of safety in connection with the handling and final storage of spent nuclear fue
shall lie within the limits laid down in national and international standards an
recommendations.
The long-term safety of the overall system shall be based on a number of independan
barriers so that total safety is not jeopardized by deficiencies in one of the barriers.
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The design and layout of the final i epository shall be based on a possible site in Sweden and on
a technology that is available within the country.
The long-term safety of the final repository may not be based on supervision and opportunity
to adopt measures in the sealed repository.
Thefinalrepository shall not alter '.he natural radiation conditions in the region in the short
or long term.

4.

MAIN FACTORS INFLUENCING THE SPENT FUEL MANAGEMENT POLICY

Sweden was electrified early and hyriro-electricity still dominates (53 per cent in 1984) the
electricity produced in Sweden. During thefiftiesar»d sixties nuclear energy was expected to provide
meet of the additional electricity energy needed. During the seventies, however, a wide-spread
opposition to nuclear energy grew. After a national referendum on nuclear energy the Swedish energy
policy is based on the following:
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The nuclear power shall be phased outfrom the energy system as soon as possible with regard to the
need for electric energy and with regard to effects on employment and national welfare. At most the
12 reactors now in operation or under construction will be utilized during their technical life. The last
reactor shall be closed down by no later than year 2010.
The amounts of waste can thus be fairly well defined both in quantity and in time, and an
economic optimizaton of the spent fuel management system is simplified.
The present government policy favours the direct disposal option, but the future strategy for
spent fuel management is not yet decided. According to the present timetable the spent fuel will be
stored for 40 years in the CLAB. This will keep the options open for a considerable time. Since both of
the main options for spent fuel management - reprocessing and direct disposal - are considered feasible
from technology and safety point of view, the discriminating factors will be political and economical.

5. RESPONSIBILITIES AND FINANCIAL PROVISIONS

In accordance with the Swedish legislation the reactor owner is responsible for all waste
produced at the reactor.
For all handling, transport and temporary as well as final storage of the spent fuel or radioactive
wastes outside the plants this responsibility is carried by the SKB.
This means that SKB is also responsible for the planning, construction and operation of all the
facilities necessary for waste management and also for the research and development that must be
performed before such facilities are built. The cost of the activities is to be covered from a fund built up
by a special fee on each kWh electricity produced in the nuclear plants.
To supervise the research activities a special authority has been established, SKN (The National
Board for Spent Nuclear Fuel). This authority will also administer the fund. Each year SKN will advise
the government on the appropriate level of the fee based on estimations of the total cost of waste
management and decommissioning and on the expected energy production. For the year 1984 the
government has set the fee to 0.019 SEK per kWh.
When a facility is to be constructed and taken into operation, licenses must be granted by the
Nuclear Power Inspectorate and the Radiation Protection Institute. After the installations are complete
their operations are supervised through inspections by these two authorities.
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SWITZERLAND

1.

INSTITUTIONAL FRAMEWORK

The Atomic Energy and Radiation Protection Act in its original version dating back to 1959
made little reference to waste management. It was revised in 1978, and this revision, on which a public
vote had to be taken, brought some important provisions concerning the management of radioactive
wastes. One of them makes it a condition for licensing nuclear power plants that a project be established
providing a warranty that the management of all the radioactive wastes and their final disposal can be
safely accomplished. For the existing reactors which are already licensed, the Federal Government has
stipulated that such a warranty must be provided by the end of 198S. These provisions cover the
high-medium and-low-level waste separated during reprocessing operations of Swiss spent fuel as well as
the non-reprocessed spent fuel elements.
A number of guidelines was issued by the nuclear safety authorities which regulate particular
aspects of nuclear safety. One important guideline is devoted to the dose limit applicable to waste
repositories and says: Radionuclides which subsequent upon realistic processes and events return from a
sealed repository to the biosphere must at no time give rise to individual dose equivalents exceeding
lOmrem per year. This protection goal will play a decisive role in the project warranty and all later
projects for waste disposal facilities.
The revised law of 1978 also states that the responsibility for the final disposal of nuclear waste
lies with its producer. Accordingly the six utilities operating and planning nuclear power plants have
formed, together with the Federal Government, a national cooperative, Nationale Genossenschaft fur
die Lagerung Radioaktiver Abfalle (NAGRA), for dealing with their legal obligations with regard to
radwaste. The Federal Government is involved because it is responsible for the wastes from nuclear
research and applications in industry and medicine.
The nuclear utilities have established an engineering consortium, the Consortium d'Etudes de
Lucens (CEL), for planning the intermediate storage of spent fuel, vitrified high-level waste and other
reprocessing waste.
A governmental, inter-departmental working group, the Arbeitsgruppe des Bundes fur die
Nukleare Entsorgung (AGNEB), was set up in 1978 with the task of overseeing research, development
and project activities in the field of waste management and disposal.

2.

CURRENT PRACTICE

There are five nuclear power plants (at four sites) in operation, totalling 3 GWe, one more
1 GWe plant is planned.
Provisions for short-term storage of spent fuel elements exist at the reactor sites for time periods
up to 10 years and even more (high-density fuel racks). The installed spent fuel storage capacity in 1985
was 8061 HM, all in wet storage, with an annual rate of spent fuel arisings of 55 t HM (85 t HM from
1986 on). Not included in the 8061 HM capacity is a full core reserve.
Contracts are held for the reprocessing of Swiss fuel until at least the year 1990 and longer for
some reactors. Following its initial cooling in the reactor pools, the used fuel is transported abroad and
only medium-and low-level reactor waste management is actually undertaken at this time in
Switzerland.
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Concerning separated phitonium from reprocessing activities, the Swiss utilities firmly plan to
recycle the plutonium they cannot supply for breeder programs in their light water reactors.

3. FUTURE PLANS FOR SPENT FUEL MANAGEMENT
storage

An interim storage facility designed for all types of radioactive wastes is not expected to be
operational before the mid-1990s.
Ffcaal dstaotal

NAGRA has three major projects under active development:
a) To provide for thefinalgeological disposal of high-level waste in the crystalline basement
under the northern part of the Swiss lowlands. A deep drilling programme was started in
1982. Selection of thefinalsite is foreseen around 1995. Construction of thefinalrepository
for high-level waste should start after the year 2000 and the facility is planned to be ready
in 2020. The packaging of unreprocessed spent fuel for disposal in this repository is also
being studied.
b) To establish a medium-and low-level waste disposal repository. Three sites, one each in
anhydrite, marl and crystalline rock formations have been selected for further exploration
by means of gallery construction. For thefinalrepository at one of these sites, construction
should begin in 1991 so that operation can start from 1995.
c) The warranty project to fulfill the requirements of the Swiss Nuclear Energy Legislation.
This programme should establish the feasibility and long-term safety of disposal for all
types of radwaste and was submitted to the Federal Government in February 1985.

4.

FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY

There are many factors influencing a waste management policy or strategy. Also, there is no
single nor simple road from the generated radioactive waste to its final disposal. To choose a particular
option should not imply that all other options are discarded, and any waste management policy should be
applied with a touch of pragmatism and must not be unchangeably rigid.
The actual spent fuel management policy in Switzerland is summarized as follows:
-

-

Maximum utilization of uranium and plutonium in spent fuel will be made by reprocessing
and recycling the recovered nuclear fuel in thermal reactors, achieving also thereby
diversification of supply and taking advantage of the environmentally favourable absence o
plutonium in high-level waste. The option of direct disposal of spent fuel is kept open.
High-level waste will be conditioned and may be stored for a certain period before it is
disposed of. No upper limit for the storage time has bsen defined but it can hardly be more
than a few decades. Especially for high-level wastes, ongoing test drillings must show that
host rocks of sufficient quality can be found for a safe disposal of this waste.

With respect to public attitude towards the outlined waste management policy, it will be
important to convince people that planned disposal facilities will be acceptably safe.
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5.

IMPEDIMENTS TO THE IMPLEMENTATION OF SPENT FUEL MANAGEMENT

Switzerland depends - as do many other OECD countries - on other countries for the supply of
uranium and for nuclear fuel cycle services. The basis for this cooperation, which should be consistent
with the internationally accepted goals of non-proliferation, are multilateral treaties and guidelines
implemented by bilateral agreements.
Concerning the back-end of the fuel cycle, most supplier countries request prior written consent
rights for retransfers of nuclear fuel and for reuse of reprocessed nuclear material.
When, in the mid-seventies, the Swiss utilities began shipping abroad their spent fuel for
reprocessing, the administrative procedures related to the above-mentioned framework were applied
smoothly and timely, that is within a few weeks they were settled.
Around the turn of the decade, however, some countries unilaterally established new policies foi
granting prior consent, on a case by case basis, introducing administrative procedures with ever
changing criteria which entailed unpredictable delays of more than 2 years. In these conditions planning
of physical transfer and establishment of contracts (such as for fabrication of fuel elements,
transportation, repair) have become very difficult. This situation also complicates the fulfilment of
bilateral and multilateral agreements and treaties. Apart from the financial consequences this naturally
has impeded spent fuel management activities. Unfortunately this situation seems to be persistent.
Switzerland will continue to urge supplier countries to apply their non-proliferation policies in a mannei
which does not unnecessarily impede the orderly management of spent fuel.

UNITED KINGDOM
1.

NATIONAL POLiCt FRAMEWORK

The United Kingdom has a long-established nuclear generating programme, having been, in
1956, thefirstcountry to deliver electricity to the national grid from a commercial power station. It has
for many years produced electricity commercially from both Magnox Reactors and Advanced
Gas-Cooled Reactors (AGRs). In 1985, 20 per cent of electricity available from the UK public supply
came from nuclear power stations.
The UK Government's policy is to encourage the electricity supply industry to ensure that there
are reliable, safe and cost effective reactor systems available for ordering as necessary. In 1977, the
Central Electricity Generating Board (CEGB) declared its intention of establishing the PWR as a valid
option for the United Kingdom. The Government, in confirming its agreement to this intention, took the
view that subject to the necessary consents and safety clearances, a PWR should be the next nuclear
power station order. The CEGB have placed an application to construct the United Kingdom's first
PWR at Sizewell in Suffolk and this has been the subject of detailed examination at a Public Inquiry.
The Inquiry closed in March 1985 and the Inspector's report to the Secretary of State for Energy is
awaited.
The United Kingdom, together with France, Federal Republic of Germany, Italy and Belgium, is
a member of a European collaboration the purpose of which is to develop the fast reactor and its fuel
cycle as an economic source of electricity for the future. The collaboration, which was established in
January 1984 through an intergovernmental Memorandum of Understanding, will allow the United
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Kingdom to pool efforts with those of our partners with a view to maximising our respective technical
achievements and expertise whilst minimising duplication. The Memorandum is intended as an
umbrella under which the industry will be able to progressively set up its own general and specific
implementing agreements covering three broad fronts. These are R&D on fast reactors; their design,
construction and operation; and the related fuel cycle. Specific agreements concluded to date
include:
a)
b)
c)

A general agreement between CEGB and EdF on reactor design, construction and
operation.
Memorandum of Understanding between BNFL and L'KAEA for the United Kingdom,
and CEA and COGEMA for France, on fuel fabrication and reprocessing.
A Memorandum of Understanding on reactor design and R&D between the UKAEA and
NNC on the UK side and parallel organisations in France, Federal Republic of Germany,
Italy and Belgium.

In this context, an outline planning application for the building of a European Demonstration
Reprocessing Plant (EDRP) has been made jointly by the UKAEA and BNFL. A public local planning
inquiry into the proposal opened at Thurso, on the north coast of Scotland, on Monday
7th April 1986.
Within this framework, the current management strategy for the United Kingdom's irradiated
fuel and reprocessing waste is to:
1)

2)
3)

4)
5)
6)

continue to reprocess irradiated Magnox fuel, and to reprocess irradiated AGR fuel in
THORP when it becomes operational, allowing the separation of waste products and the
recovery of uranium and plutonium;
continue to store the high-level liquid waste from reprocessing at Sellafield in cooled
stainless steel tanks pending operation of the Windscale Vitrification Plant in the late
1980s;
store the vitrified waste in engineered stores at the surface for at least SO years before
disposal, to allow heat and radiation to reduce and to allow time for evaluation of options for
disposal;
continue to develop scientific and technical knowledge on options for final disposal of
vitrified high level waste, for use when the time for a decision arrives; and meanwhile,
to proceed with establishing of disposal routes for the intermediate and low-level solid
wastes resulting from reprocessing, nuclear power station operation and other industrial and
medical uses of radioactive materials;
to continue to dispose of very small quantities of radioactivity in the form of low level liquid,
atmospheric and solid wastes under the terms of authorisations granted by the Regulatory
Departments DOE and MAFF.

2.

INSTITUTIONAL RESPONSIBILITIES

National responsibilities for energy, radioactive waste management and transport policies are
vested in the Secretaries of State for Energy, Environment and Transport respectively and the
Secretaries of State for Scotland and Wales, each of whom consults with other Ministries concerned
with these subjects. The regulatory function is performed as appropriate through Inspectors of the
Radiochemical Inspectorate of the Department of the Environment (DOE) and of the Ministry of
Agriculture, Fisheries and Food (MAFF), Scottish Development Department and Welsh Office, and
Officers of the Nuclear Installations Inspectorate (Nil) of the Health and Safety Executive. The
Government itself takes advice from independent expert committees, the Advisory Committee on the
Safety of Nuclear Installations (ACSNI), the Radioactive Waste Management Advisory Committee
(RWMAC), and the Advisory Committee on Transport of Radioactive Materials (ACTRAM), in
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formulating national policy. These committees include numbers of people drawn from Universities and
other public bodies, including the Trade Unions.
Methods of transport conform to IAEA guidelines and are regulated, as stated above, by
Department of Transport.
Operational responsibility lies with the nuclear industry. Two public electricity boards (The
Central Electricity Generating Board, CEGB, and the South of Scotland Electricity Board, SSEB), the
United Kingdom Atomic Energy Authority (UKAEA), and the national nuclear fuel services supplier,
British Nuclear Fuels pic (BNFL), own and operate reactors supplying electricity to the national
electricity grid in the United Kingdom. These organisations are responsible for the safe management of
the fuel used in their reactors, including discharge of irradiated fuel from the reactors, storage at the
reactor site and transport of fuel for reprocessing.
BNFL is responsible for the design, construction and operation of facilities for the supply of
nuclear fuel cycle services, including reprocessing of irradiated fuel and management of the resulting
wastes. The Department of the Environment is resoonsible for research on methods of disposal of
radioactive waste, including that from reprocessing, wbich it conducts through a variety of bodies,
including the UKAEA, the Institute Oceanographic Sciences, the British Geological Survey and certain
industrial firms.
In 1982 BNFL, the CEGB, the SSEB and the UKAEA set up an organisation, the Nuclear
Industry Radioactive Waste Executive (NIREX) which is charged with securing the disposal of low and
intermediate level wastes from all the partner organisations and, with appropriate charges, from other
UK organisations. United Kingdom Nirex Limited was formed in November 1985 from the Nuclear
Industry Radioactive Waste Executive which has in effect become the new company's engineering and
technical branch. Partners in NIREX are now shareholders in UK Nirex Ltd. The Central Electricity
Generating Board and British Nuclear Fuels pic each hold 42.5 per cent of the shares and the United
Kingdom Atomic Energy Authority and the South of Scotland Electricity Board each own 7.5 per cent.
The Secretary of State for Energy holds a Special Share on behalf of the Government and has the right
to appoint two Directors.

3. FINANCE
The policy of the public electricity boards is to charge their consumers at rates that properly
reflect the past and identified future costs of providing the electricity. Accordingly, provision is made
over the operating lifetimes of nuclear power stations for the expected costs of reprocessing irradiated
fuel, decommissioning the stations and treating, storing and disposing of the radioactive waste products
that will arise.
The cost of BNFL''v facilities and their operation are recovered in prices charged to BNFL's
customers. Development and operating costs incurred by NIREX are to be borne by the shareholders
and other users of NIREX facilities.
Research and development for the disposal of vitrified high level wastes, is covered by
government funding, administered by the Department of the Environment.

4. IRRADIATED FUEL MANAGEMENT AND RADIOACTIVE WASTE DISPOSAL
Iairial Storage
Irradiated fuel discharged from reactors is stored for a period at the power stations, to allow
short-lived radioactivity to decay and heat output to fall, before it is transferred to the BNFL
reprocessing site at Sellafield. The fuel is cooled in ponds at all the stations except one, Wylfa, where it is
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held in an air-cooled mult At Sellafield the fuel is stored in ponds to allow further decay of radioactivity
until it is reprocessed and to provide an operational buffer.

For transport from the power stations to Sellafield, the fuel is contained in very heavy steel casks,
which have been designed to meet the stringent standards recommended by the IAEA and adopted and
enforced by the UK regulatory authority, the Department of Transport

liradhfti r«il Bipinnwh^,
Fuel from the Magnox reactors has been reprocessed at Sellafield in Cumbria since the start of
the nuclear power programme. A significant quantity of the uranium recovered from reprocessing
Magnox fuel has been recycled into AGR fuel. The plutonium is being stored for eventual use in fast
reactors, although the possibility of recycling it in thermal oxide reactors has not been dismissed.
Irradiated core fuel from the Prototype Fast Reactor (PFR) at Dounreay is reprocessed by the UKAEA
in a plant owned and operated by them at the Dounreay site.
The construction of a plant to reprocess oxide fuel from AGRs and LWRs, THORP, was
approved by the Parliament following the Windscale Public Inquiry in 1977. It will be located at
Sellafield and is scheduled to come into operation in 1990.
High-level liquid waste concentrate arising from reprocessing operations at Sellafield is
currently stored by BNFL on the Sellafield site in high integrity stainless steel tanks. Each tank is fitted
with cooling, purging, monitoring and safety systems. BNFL is contracting a facility for the vitrification
of these high-level wastes and those which will arise later from oxide fuel reprocessing in THORP. This
facility will incorporate the appropriate features of the French vitrification process which has been
successfully demonstrated in the AVM plant at Marcoule. The Windscale Vitrifcation Plant is due to
come into operation in the late 1980s.
Various conditioning and encapsulation techniques for application to intermediate level wastes
are under detailed investigation by BNFL, the CEGB and the UKAEA. The preferred technique for
BNFL wastes, which constitute the majority, is encapsulation in cement.
The Radioactive Waste Management Advisory Committee (RWMAC) have advised the
Government that the fast reactor system would not call for a significant change from the waste
management strategy adopted for the thermal reactor system.
Intcrawdbte Storage
Containers holding vitrified waste from the reprocessing of UK spent fuel will be placed in an
air-cooled store. In their second Annual Report, issued in May 1981, the RWMAC suggested that
containment in an engineered storage system for at least SO years may be the best way to deal with
solidified high-level waste prior to disposal. This would permit radioactive decay to reduce the thermal
and radiation emission from the waste which would greatly simplify the disposal operation. A
subsequent Government White Paper, Command 8607, established this approach as a part of the UK's
waste management policy.
The longer term storage of irradiated fuel is also under consideration. The development of such
longer term storage options would provideflexibilityin the timing of the reprocessing of irradiated oxide
fuel beyond the THORP baseload. In this respect the CEGB is developing a design of dry buffer store
suitable for the longer term storage of irradiated AGR fuel. Any PWR stations built in the United
Kingdom will be equipped with ponds which will be capable of holding around 18 years worth of fuel
arisings.
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5. RADIOACTIVE WASTE DISPOSAL
As noted above, containment of vitrified high level waste in engineered storage is currently
envisaged for at least SO years before disposal; this will allow completion of a research and development
programme designed to provide information on options for safe disposal.
In contrast to high level waste, there is no technical advantage in delaying disposal of either LLW
or ILW, and no technical barrier to their disposal. In its latest Annual Report, NIREX observed tha
only two new facilities are required to accommodate the entire volume of existing low and intcrmcdiat
level wastes and those expected to arise in the United Kingdom over the next SO years. It is givin
attention to plans for.
-

a deep repository (at least 100 metres underground on land, or deep beneath the sea bed) fo
intermediate level wastes;
a shallow land burial facility for low level wastes from a variety of medical, industrial
research and other sources, as well as from the operation of nuclear power stations.

Both types of repository involve encapsulation in a suitable matrix, engineered containmen
(concrete, steel), and properties of natural geological barriers, for exairple a clay formation.
On 24th January 198S the Secretary of State announced that NIREX would be required to
carry out geological investigations of at least three possible sites for each type of disposal facility. On
25th February 1986 NIREX announced the location of four sites that it proposes to investigate to
determine suitability for the disposal of low level wastes. It is anticipated that in 1988 a public inquiry
will be held before the preferred site can be developed. The disposal facility is targetted to become
operational in about 1993. In parallel with these activities, the Department of Environment is currently
carrying out a review of the technical options for the disposal of ILW.

UK IRRADIATED FUEL MANAGEMENT - TECHNICAL STATUS
Fuel Discharge and Transport
Magnox fuel, discharged at 4-6 GWD/tU, is transported to Sellafield following a short cooling
period at the station. After being subject to a cooling period of at least 6 months in a pond, it is then
reprocessed. AGR fuel, in stainless steel cans surrounded by a graphite moderator sleeve, is discharged
at about 18 GWD/tU, but plans to progressively increase the level to 21 and then 24 GWD/tU are in
hand. Following a short cooling period at the station, AGR fuel is transported to Sellafield and stored in
ponds to await reprocessing in THORP. Projected AGR irradiated fuel discharges, at-reactor storage
capacities and reprocessing plant storage capacities are shown in Table 1.

Table I
AN INDICATION OF AGR FUEL DISCHARGES AND STORAGE
CAPACITIES IN THE UNITED KINGDOM UP TO 1995
iwm

AGR fuel diacharge*
Fuel Storage Capacity:
At Reactor
At Reproccuing Site

Cwirabtnc toub to end of year (town (lU)
1915

1990

1993

550

1400

2 500

200
1600

250
3000

250
3000
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Reprocessing and Recycle
Reprocessing has been carried out at Sellafield since 19S2, and the present Magnox reprocessing
plant (replacing an earlier facility) has been operating since 1964. Since the start of operations over
25 000 tU of irradiated Magnox fuel has been satisfactorily reprocessed and the present plant, with
limited refurbishment, is expected to continue operation into the next century. With the aid of a Head
End facility and first extraction cycle elsewhere on site, a total of about 100 tU of oxide fuel has also
been reprocessed, allowing valuable experience to be gained, particularly in fuel bundle shearing.
The THORP plant, whose start-up is planned for 1990 with a design through-put of 1 200 tU per
annum, will adopt essentially the same PUREX process as the current Magnox reprocessing plant, but
using pulsed columns instead of mixer settlers for the highly active first separation cycle and for the
plutonium purification cycle.
Experience has been gained in the United Kingdom with the recycle of uranium and plutonium.
Over IS 0001 of ex-Magnox depleted uranium has been processed by BNFL's Springfields site into
UF6, then forwarded to the Capenhurst site diffusion plant (now shut down) for enrichment. Enriched
UF6 was returned to Springtields for the manufacture of AGR fuel, and, as of March 1985,
approximately three-quarters of AGR fuel, some 1 500 tU, had been manufactured from recovered
uranium. The United Kingdom utilities plan to continue recycling Magnox depleted uranium in AGR
fuel well into the future.
Three tonnes of thermal mixed oxide fuel has been manufactured, and irradiated in two UK and
four European reactors with discharge burn-ups from 12 to 45 GWD/tU. In addition, a total of some
151 of U/Pu oxide fuel has been manufactured for the U..AEA Prototype Fast Reactor (PFR) at
Dounreay; more recently, fuel for this reactor has been manufactured from plutonium recovered from
the reprocessing of its fuel, and loaded into the reactor, thus closing the fast reactor fuel cycle.
Storage of Spent Fuel
Magnox fuel cans and the uranium metal itself are susceptible to corrosion in water. Careful
control of storage water chemistry is essential to ensure that excessive corrosion does not lead to
significant release of fission products into the storage water. If storage periods are extended much
beyond about 1 to 2 years, this problem may become difficult to control. The construction of a new fuel
handling plant and effluent treatment facilities at Sellafield will avoid an unacceptable situation
occurring, but the bash susceptibility of Magnox cladding to corrosion in water storage remains. Early
reprocessing is seen as an essential part of the Magnox fuel cycle. Irradiated fuel discharged from the
CEGB Magnox reactors at Wylfa is stored on site in a gaseous environment; initially in carbon dioxide,
later air. Although it is policy to transfer all Magnox fuel to Sellafield for reprocessing to an early
timescale, some fuel has been subject to dry storage at Wylfa for up to 14 years for experimental
purposes. It remains in excellent condition.
Light water reactor fuel, clad in zircaloy, is designed to operate in water at high temperature and
pressure. Evidence shows that it can be stored for many decades in water after removal from the reactor.
This type of fuel has been stored at Sellafield since 1972, awaiting reprocessing in THORP. An
extensive fuel element monitoring programme has not revealed any degradation. Sufficient experience
has now been gained with prolonged underwater storage of zircaloy clad fuel at current discharge
burn-up for this to be regarded as proven technology.
In contrast, AGR fuel is designed for operation in carbon dioxide gas at high temperature.
During reactor operation changes have been found to occur in the properties of some of the stainless steel
cladding and fuel element components. These changes can make the fuel susceptible to slow corrosion
during subsequent underwater storage. It is currently considered prudent not to plan to store substantial
quantities of AGR fuel in water in excess of about a decade. As noted earlier, AGR fuel discharged from
the UK Board's stations is currently stored in ponds at Sellafield awaiting reprocessing in THORP.
Given the limitations on prolonged AGR fuel storage under water, additionalflexibilityin spent fuel
management can be gained by the construction of a dry AGR fuel buffer store, acting to decouple
station operation from the subsequent stages in spent fuel management. Such a buffer store would allow
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routine maintenance and any refurbishment required for THORP to be carried out whilst safeguarding
AGR electricity generation. The AGR dry buffer store is seen as a complement to THORP and a way o
optimising the use of that plant over a prolonged period.
Direct Disposal of Spent Fuel
No experience of the once-through cycle has been gained in the United Kingdom but for
irradiated fuel not covered by existing arrangements there may be a choice between reprocessing and
direct disposal.
Waste Management and Disposal
High Level Liquid Waste
As noted in the main body of this paper, it is intended to vitrify the high level waste. The vitrified
waste containers originating from reprocessing of United Kingdom irradiated fuel will be held in an
air-cooled store at the surface for at least fifty years.
The United Kingdom Government does not regard storage as a substitute for disposal and
therefore the Department of the Environment is maintaining a research and development programme to
provide information on the options for safe disposal for use when the decision to dispose is made. Some
geological and hydrological experiments in granite formations have been carried out. The Government
considers that there is now sufficient evidence from a number of studies to indicate that, in principle,
geological disposal is feasible and safe. Further work on high-level waste disposal is now therefore
directed towards confirmation of the applicability to the UK of geological research in other countries by
means of des*. studies and on other laboratory work not requiring further exploratory drilling. Research
will also continue into the feasibility of an alternative option of disposal beneath the deep ocean, on
which the research is less far advanced.
Specific research topics that have been or are being investigated include:
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

rock properties, including the effects of thermal stress;
hydrological characteristics;
thermal effects on water movement;
radionuclide migration and physical/chemical processes that might retard migration;
continued characterisation of vitrified waste;
interactions between waste container and backfill;
container and overpack corrosion;
radionuclide release rates from the engineered barriers;
radiological assessments of geological and sub-ocean bed disposal; and
assessment of long-term integrity of repositories.

Many parts of this research programme are being carried out in collaboration with other
countries, for example, as part of EEC projects, or with Canada and Sweden.
Intermediate and Low Level Waste
Greater priority is being given at this time, however, to work assisting the early disposal of the
more voluminous intermediate-level wastes, for which there is no technical advantage in delayed
disposal. The unconditioned intermediate level waste (ILW) category covers a range of liqt'id and solid
materials, largely arising at the reprocessing site and consists of, e.g. spent Magnox fuel canning
material, the actinide components of some effluent streams, etc. ILW is, and will be, stored at Sellafield
until the planned encapsulation plants are brought into operation beginning with the first phase in 1989.
The product from these plants, which are subject to the standard planning procedures, will be safely
stored, in engineered facilities, until disposal routes are available.
Low level liquid and airborne wastes arise at all nuclear sites, including reactor ponds and
front-end activities such as ore concentrate purification and conversion to metal or oxide. Afte
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treatment to ensure that the permitted discharge limits are being adhered to, these wastes are
discharged torivers,seas or atmosphere as appropriate, under the terms of authorisations granted by
DOE and MAFF. (It may be noted that the average annual addition to the dose to the United Kingdom
population from all nuclear industry discharges added together is very small, less than 0.1 per cent of the
ICRP limit for members of the public.)
In terms of radioactivity levels, the most significant discharge is that of low level liquid waste
from Setlafield. However, discharges in 1984 were about one twelfth (total alpha; 14 TBq) and about
one seventh (total beta; 1 190 TBq) of the peak levels of some 10 years ago, this being the result of
actions taken to reduce discharge levels. Further reductions are expected *.s a result of the introduction
in 198S of a new effluent treatment plant based on ion exchange (SlXEP) and an evaporator to
concentrate medium active effluent for storage. In the longer-term i.e. by 1991, a majorfloetreatment
plant is expected to redact site discharges to about 0.7 tBq/year total alpha and about 300 TBq/year
total beta.
Low level solid waste, largely laboratory equipment, protective clothing and miscellaneous
rubbish contaminated with traces of radioactive materials, is currently disposed of at Drigg, near
Sellafield, in trenches isolated from the underlying sandstone by a natural layer of clay. For the longer
term, as noted in the body of the report, NIREX is planning for a site where low level solid waste, in steel
drums or concrete boxes, can be disposed of, so that Drigg can be reserved primarily for Sellafield low
level wastes.
Deep ocean disposal of low level waste from the United Kingdom, including medical and
industrial waste was halted in 1983 as a result of Trade Union action. The Government agreed that an
independent review should be carried out, chaired by Professor F. Holliday. This review was published
in December 1984; its main recommendation was that deep ocean disposal should not be resumed until
current international reviews and the comparison of sea disposal versus land-based alternatives have
been completed. It also made a recommendation of particular concern to the United Kingdom, namely
that buoyant plastics, which might return to land at some future time, should be excluded from future
disposals. The United Kingdom Government accepted thefindingsof this review, so no further decision
on deep ocean disposal is expected until the aforementioned international reviews, which have been
published, have been assessed by Government.

UNITED STATES
1. INSTITUTIONAL FRAMEWORK
Commercial nuclear power was introduced into the United States in 1960 when thefirstfully
private plant was completed. Full commercial status was attained in the late 1960s when plants larger
than 500 MWe were brought into operation. Nuclear power has provided about 13 per cent of electricity
generation since 1978; this increased to over 1S per cent in 1985 and is expected to rise to approximately
19 per cent by 1995.
Institutional problems related to regulation, cost escalation and public acceptance, together with
an abrupt, sharp reduction in electrical load growth, have resulted in no new plant orders since 1978.
Most nuclear plants and a substantial fraction of fossil plants ordered over the past decade have been
cancelled. Nearly all plants under construction over the past ten years have had their startup dates
substantially deferred.
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The original plan for a closed loop fuel cycle, with reprocessing of spent fuel within a year o
discharge, has not been implemented. Following successful operations of the first commercial
reprocessing facility in the United States, changes in licensing requirements and problems with untested
technology affected further commercial development of reprocessing. Reprocessing was then deferred
indefinitely as a matter of national policy in 1977 pending an evaluation of proliferation concerns. This
policy was reversed in 1981, at which time the private sector was encouraged to develop this part of the
fuel cycle. However, remaining uncertainties associated with licensing, demand and future policies have
inhibited private sector reprocessing initiatives to date.
As part of the United States nuclear development policy, substantially increased attention has
been paid over recent years to the interim management and final disposal of nuclear waste and spent
fuel. Following several years of debate, basic U.S. spent fuel management policies were finally
established in a national law, the Nuclear Waste Policy Act of 1982. Implementation of this law is being
pursued aggressively in accordance with a plan, called the Mission Plan, which was prepared by the U.S.
Department of Energy (DOE) and submitted to the Congress.
In addition, DOE is working with the nuclear industry and the Nuclear Regulatory Commission
(NRC) to consider major changes to the regulatory structure and address other institutional issues that
could prevent commercial nuclear power from realizing its full potential. Although nuclear power's
contribution to electricity production is second only to coal and will increase by over 70 per cent over the
next decade, it has not reached its full potential in terms of displacing scarce natural energy resources.
DOE programmes for cooperation with the industry and the Commission in dealing with institutional
issues and programmes for reactor safety are designed to improve utilization of the nuclea
resources.
Finally, United States nuclear development policy has shifted away from the rapid demonstration of commercial fast breeder reactors in that construction of the Clinch River Breeder Reactor
demonstration plant has been cancelled. However, an R&D programme on all aspects of breeder
development, including breeder fuel reprocessing, is being maintained.

2. CURRENT PRACTICE
Spent fuel inventories currently exceed 10 0001 H M, and they are expected to grow by 1 3001 in
1985 and at increasing rates thereafter. In the absence of reprocessing, these inventories are being stored
in existing reactor fuel pools. Where initial pool storage capacity was insufficient, and structural and
seismic considerations permitted, high density storage racks have been installed to increase pool storage
capacity. In addition, a limited amount of spent fuel transshipping has occurred to other reactors within
some utility systems where storage space was available. For the next few years there are no reactors in
the United States whose continued operation is threatened because spent fuel storage space is not
available or otherwise obtainable, using currently viable storage technologies.

3. FUTURE PLANS
Future plans for spent fuel management, as established by U.S. law, call for continued utility
management of their spent fuel until a Federal repository or Monitored Retrievable Storage Facility
(MRS) is established. When these Federal facilities becomes available, high-level waste or spent fuel
can begin to be transferred and become a Federal responsibility. Prior to transfer to the Federal
government, utilities may have spent fuel reprocessed if this service is available and they choose to utilize
it.
Cumulative inventories of spent fuel in storage at reactor sites are expected to increase to about
25 0001 by 1990,40 0001 by 1995 and perhaps 50 0001 by 2000. Operation of a geologic repository and
acceptance of high-level waste or spent fuel for permanent disposal are scheduled to begin in 1998.
Several years thereafter, the anticipated acceptance rate should exceed the generation rate. In the
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meantime, based on current utility plans, spent fuel inventories at many reactors will exceed current
onsite storage capacity requiring many utilities to initiate plans for expanding capacity.
Continued expansion of onsite storage through established procedures, such as reracking and
transshipping, will alleviate some but not all of these near-term storage problems; additional ways of
storing fuel will be needed. A variety of research, development and demonstration efforts are underway
including dry cask storage and rod consolidation programmes to establish additional onsite storage
options and to streamline future licensing proceedings. These efforts include cooperative demonstrations
involving the Federal government and private utilities.
The new U.S. law provides for a contingency in the event these additional storage technologies
cannot be established soon enough at any reactor site. Until 1990, the DOE may contract with utilities
for the interim storage of not more than 1 9001 of spent fuel. A full cost recovery fee would be charged,
and users must have no reasonable alternative available to be certified eligible for this service by
NRC.
The law also established MRS as an option for providing safe and reliable long-term storage. The
DOE has completed a detailed study of the need and feasibility of an M RS system. The submittal of this
study to the Congress, originally scheduled for February 1986, has been delayed pending resolution of a
procedural matter concerning the conduct of the study. A proposal will be presented that will include
detailed designs and plans for deployment. These facilities may, in conjunction with the geological
repository, be an integral part of the overall waste management system.

4, FACTORS INFLUENCING SPENT FUEL MANAGEMENT POLICY
Prior to Federal acceptance of high-level waste or spent fuel for terminal storage, the primary
decisions on spent fuel management will be made by utilities. These decisions will govern all aspects
including methods, location, and timing of onsite spent fuel storage facility enhancements. These utility
decisions will be strongly influenced by the economics of various storage alternatives, by the efficacy o
Federal R&D efforts on them and by the NRC and public attitudes towards them.
The availability of domestic reprocessing is another factor that would affect spent fuel
management policy. Reprocessing availability would be favoured by a strong demand for uranium and
plutonium, but there is no indication of such a demand over the next few years. Consequently,
commercial reprocessing is not expected to alleviate any major spent fuel storage problems of utilities
over the next decade.

5. RESPONSIBILITIES AND FINANCIAL PROVISIONS
The Nuclear Waste Policy Act of 1982 reinforces the longstanding premise that the owners and
generators of waste are responsible for paying the costs of disposal as well as for interim storage.
The law specifies that Federal disposal of high-level waste or spent fuel will be provided t
utilities who entered into contracts for this service by 30th June 1983, or by the startup date for new
reactors. A payment of one mill ($0,001) per kilowatt hour of electricity generated by nuclear plant
after 7th April 1983 is made to a waste fund to cover the cost of constructing and operating disposal o
long-term storage facilities. Equivalent payments are specified for spent fuel and for fuel in reactors on
7th April 1983. The fee is periodically reviewed and adjusted as necessary to ensure that revenues will
cover the cost of the system.
Generic R&D on spent fuel storage is being continued using Federal funds. This programme ha
been greatly accelerated and expanded by the cooperative demonstration provisions of the Act. Unde
this programme utilities propose dry storage and rod consolidation development programmes that ma
be jointly funded with a 25 per cent limit on the Federal contribution.
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Finally the Act provides for a Federal Interim Storage programme for storage of limited amounts
of spent fuel that cannot be reasonably stored by the owner and present a threat to continued operation.
The full cost of this service must be paid by the users and contracting authority extends only to 1990. The
DOE is responsible for deploying the facilities to provide the spent fuel storage when needed and
contracted. The NRC is responsible for determining that utilities who apply for this service are eligible
under Commission rules before contracting may occur.

6. RESEARCH AND DEVELOPMENT ON SPENT FUEL MANAGEMENT
Generic spent fuel R&D is underway in many areas, including system performance, spent fuel
integrity, analytical code development and dry storage in different atmospheres. A cooperative
agreement is in force to test dry cask storage at a reactor site under NRC license at conservative
conditions and, also, unlicensed at a Federal site where tests will probe the technical limits for dry cask
storage. A second cooperative agreement is underway to test onsite dry storage in concrete silos. A third
agreement to demonstrate fuel rod consolidation is under negotiation.
Research on the transportation of spent fuel is on-going, including planned testing of
transportable storage casks. Research on the packaging of spent fuel for disposal as it relates to the
various candidate media for geologic disposal is beginning with funding not separately identified.
Spent fuel information and the analysis of storage needs results in an annual report of expected
storage space problem areas. This work supports periodic reviews of R&D planning and of the prospects
for Federal Interim Storage needs.
An offer to participate in joint research and to provide technical assistance on spent fuel storage
to non nuclear weapons states has been tendered as specified by the Act. Seven nations have responded
to the tender offer.
Total Federal expenditures in 1984 for sp*nt fuel R&D (excludes Monitored Retrievable
Storage and Repository work) will exceed $6 million. Peak programme funding is expectec to occur in
198 S at over $ 13 million. Funding is expected to decline thereafter and be phased out in the late 1980s as
R&D work is completed and the technology is transferred. Private sector contributions to these
programmes during this period are valued at about $50 million. Utility payments into the Waste Fund
for repository, MRS and transportation activities are currently in excess of $300 million per year.
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