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FOREWORD

Nuclear power accounts for more than 17% of world electricity
production - and, in some countries, that proportion is in the range of
50-70%. At the end of 1989 the world's total number of operating nuclear
electricity plants stood at 434. Twenty seven countries now generate
electricity from nuclear power plants. Total worldwide electrical
generating capacity of nuclear plants is almost 318,000 megawatts.
During 1989 nine nuclear power plants in eight countries were newly
commissioned and started to produce electricity. Bulgaria, Federal
Republic of Germany, India, Japan, Republic of Korea, Mexico, United
Kingdom and the United States (2) brought new power reactors on line.
Three reactors were shut down - in the United Kingdom and two in the USSR.

Spent Fuel Management always has been one of the most important
steps in the Nuclear Fuel Cycle and it is still one of the most vital and
common problem for all countries. Projections for spent fuel arisings by
the year 2010 range between 400 000 and 450 000 t of spent nuclear fuel.
It is recognized that this fuel will either be stored and later disposed of
in a deep geological repository (once-through fuel cycle) or stored and
then reprocessed (closed fuel cycle). While some countries have
concluded which choice they will make others are applying the "wait and
see" attitude. This continues to place great emphasis on short and long
term storage technologies since much of the spent fuel will remain in
storage in the next 20 years. The nuclear community recognizes the
importance that design, technological, economic and material problems in
spent fuel storage concepts and continues to encourage the international
cooperation in such areas. With the continued increasing numbers of new
nuclear energy generating nations the importance of transfer of
technological knowledge in the spent fuel storage activities cannot be
over-stressed.

This past year several nations have made decisions which impact on
the projected storage volume (the Federal Republic of Germany has
cancelled their reprocessing plant) and plan to contract the reprocessing
with other nations. Argentina has delayed its reprocessing efforts. At
the same time, while there are plans for recycle of plutonium in thermal



reactors, the plans for its use in fast reactors have been delayed.
These unforeseen changes reflect the constantly changing nature of the
back-end of the fuel cycle and reinforce the importance of cooperation in
these activities.

The main objective of the Advisory Group on Spent Fuel Management
is to review the world-wide situation in spent fuel management, to define
the most important directions of national efforts and international
cooperation, to exchange information on the present status and progress
in performing the back-end of the the nuclear fuel cycle and to elaborate
recommendations for future Agency programmes in the field of spent fuel
management.

The results of the fourth Advisory Group Meeting (the others were
held in 1984, 1986, and 1988) are reflected in this report. It gives an
overview of the status of spent fuel management programmes in a number of
countries reflecting a cross section of nuclear power nations, with a
description of the past and present IAEA activities in this field and
with the Agency's plans for the next years, based on the proposals and
recommendations of Member States.

The Agency wishes to thank all participants of the Advisory Group
Meeting on Spent Fuel Management (19-22 March 1990, Vienna) for their
fruitful contributions and especially the Chairman, Mr. J.P. Colton. The
officer of the IAEA, responsible for the organization of the meeting and
for preparing this document was Mr. F. Sokolov of the Nuclear Materials
and Fuel Cycle Technology Section.
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IAEA SPENT FUEL MANAGEMENT PROGRAMME - PAST AND PRESENT

F. Sokolov
Nuclear Materials and Fuel Cycle Technology Section,

Division of Nuclear Fuel Cycle,
International Atomic Energy Agency,

Vienna

The Agency's programme continued to cover developments at all
stages of the nuclear fuel cycle. Its role in this area is to provide a
forum for exchanging information on spent fuel management, including
technical, environmental, economical and safety aspects of storage,
transport and treatment of spent fuel, and to encourage closer
co-operation among Member States in certain research and development
activities that are of common interest.

The main effort in this area was concentrated on the safety,
economics, technical and environmental aspects of spent fuel storage and
on the strategies and options of spent fuel management as a whole. Broad
and systematic exchange of information and experience with the aim of
promoting improvements in the safe, reliable and economic performance of
the back-end of the nuclear fuel cycle were provided.

During the last two years, main efforts have been concentrated on
the economics of spent fuel storage, considering investment, operating
and other related costs of the different possibilities of spent fuel
storage: AR and AFR and dry and wet ways. Work was concentrated on the
preparation of methodology for economic assessment in spent fuel storage.
Much attention was also given to the main principles of safe removal,
conditioning, transportation and storage/disposal of severely damaged
nuclear fuel and other accident generated waste, and on safe spent fuel
storage and possible ways to avoid fuel damage. The international studies
on feasibility of the separation and utilization of noble metals from
high level waste, behaviour of spent fuel assemblies under extended
storage, reliability of structural materials in the back-end of the
nuclear fuel cycle etc. aiming at providing a well balanced basis for
concrete solutions on a national level were performed.

In detail, during 1988-1989 a number of international meetings
were organized and publications were prepared in accordance with the
recommendations made by the Advisory Group at its 1988 meeting:



The "Survey of Experience with Dry Storage of Spent Nuclear Fuel
and Update of Wet Storage Experience" was published as TRS-290, which
provides spent fuel management policy-making organizations, designers,
scientists and operators of spent fuel storage facilities with the latest
information on the state-of-the-art of spent fuel storage technology
under dry and wet conditions and innovations in this field.

The first IAEA Spent Fuel Storage Glossary was published in 1985
and provided a basis for improved international understanding of terms
used in the important area of spent fuel storage technology. Up to 1988
French, Spanish and Russian versions were also published. As experience
showed this glossary is very popular and widely used by specialists.
However, taking into account that the first version was prepared in 1985,
it has become necessary to update the existing version and to create a
multilingual glossary. A consultancy for the elaboration of this document
was held and the manuscript will be ready for publication by the middle
of this year.

The "Guidebook on Spent Fuel Storage" (2nd edition) has been
written by an expert group to provide a summary of the experience and
information in many areas related to spent fuel storage. It will allow a
better understanding of the many problems involved and permit countries
that are planning for the use or are operating nuclear power reactors to
review the issues in a more informed manner. The Guidebook will allow
some standardization and is a newly updated version of the earlier
Guidebook on Spent Fuel Storage, IAEA, TRS 240, which was published in
1984.

"Safe Spent Fuel Storage and Possible Ways to avoid Fuel Damage".
This report is the result of international investigations which started
in 1986 and covers some considerations on how to avoid the occurrence of
an accident and how to mitigate it if it had occurred.

"Management of Severely Damaged Nuclear Fuel and Related Waste".
An Advisory Group finalized this report and gave recommendations on
further Agency activities in this area, including management training,
technology catalogue, technical handbook, directory of experts,
safeguards requirements for damaged fuel, etc.



"Management of Spent Fuel from Research and Prototype Power
Reactors and Residues from Post-Irradiation Examination of Fuel" reviewed
the state-of-the-art in the field of management of the above mentioned
fuel and developed recommendations for the future activities in this
field.

A Technical Committee Meeting on "Methods for Expanding Spent Fuel
Storage Facilities" with participation of specialists from 14 countries
analysed the state-of-the-art in this field and defined areas of
concentration for future coordinated efforts in the optimization of rod
consolidation, high density racks, transport/storage casks, silos and
vaults. The proceedings of the meeting was submitted for publication.

A Technical Committee Meeting on "Decontamination of Transport
Casks and Spent Fuel Storage Facilities" with participation of
specialists from 11 countries discussed in depth one of the important
components of spent fuel storage technology, aiming at increasing
radiological safety. The proceedings of the meeting was submitted for
publication.

An Advisory Group Meeting was convened to finalize the report on
"Methodology on Economics of Spent Fuel Storage". The reason to start
this project was the realization that all comparisons are too often
improperly presented regarding the relative economics of different spent
fuel storage options because an appropriate methodology has not been
used. This error is often done by attempting to compare assessments of
different spent fuel management strategies undertaken by different
nations. The present book, which is planned to be submitted for
publication in early 1990, has been written to inform professionals
involved in the development and implementation of policy decisions and it
should act as an aide mémoire for experience nuclear engineers.

The Technical Committee Meeting on "Improvements of Structural
Materials Resistance to Chemical Degradation and Irradiation in the
Back-End of the Nuclear Fuel Cycle" was held in connection with the
programme to increase the capacity for the prediction of the long-term
materials behaviour in aggressive and radiation environment (typical for
facilities in the back-end of the nuclear fuel cycle). In addition to
papers presented, three panel discussions have been held on specific
problems of corrosion and materials resistance in reprocessing, spent



fuel storage and waste management. The meeting evaluated the status of
present knowledge on the subject and clarified some areas of future
investigations.

A specific project on behaviour of structural materials under
irradiation with emphasis on heterogeneous processes was started in
November and is planned to be performed as corresponding CRP in order to
fulfill the presently existing gap in the mechanistic understanding of
irradiation effects.

A status report on the "Feasibility of the Separation and
Utilization of Palladium, Rhodium and Ruthenium from High Level Nuclear
Waste" was issued and the new study on recovery and utilization of Cs and
Sr was started with participation of experts from six countries. It is
planned that the joint study will result in producing a comprehensive
report providing a basis for proper considerations of the options for Cs
and Sr recovery and for the formulation of appropriate strategies. The
future document may be of interest to policy makers in the nuclear fuel
cycle and in waste management, as well as to those interested in the
processing and applications of radiocaesium and radiostrontium.

"Spent Fuel Management Newsletter" as a new IAEA publication was
prepared. The contents of this issue consists of two parts:
(1) IAEA Secretariat contribution - work and programme, recent and
planned meetings and publications, Technical Co-operation projects,
Co-ordinated Research programmes, etc.;
(2) Country reports - national programmes on spent fuel management.
The Agency expects to publish the Newsletter once every two years between
the publications of the Regular Advisory Group on Spent Fuel Management.

The Coordinated Research Programme (CRP) on Behaviour of Spent
Fuel and Storage Facilities Components During Long-Term Storage
(BEFAST-II) is in progress. The programme started in 1987 and date of
completion is 1991. 12 countries with 16 agreements participate in this
CRP. The main task of the programme is to review the status of the
national activities in the area of extended spent fuel storage and
summarize the results achieved during BEFAST-II programme activity. The
final meeting is planned for spring 1991.
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The Technical Co-operation Project MEX 9/035/1 on Spent Fuel
Management between the Mexican Government and the IAEA is in progress.
This project will assist to choose methods for increasing the temporary
storage capacity for spent fuel at the site of the Laguna Verde nuclear
power plant.

Taking into account that spent fuel management is and will be in
the next decade one of the most important parts of the nuclear fuel cycle
and that it is a vital and common problem for the nuclear community,
great attention for the main strategies and options of spent fuel
management will be continued. The main emphasis will be put on: spent
fuel storage, international safety standards for the safe long-term
storage of spent fuel, a guide covering special criteria and data base
for a well-grounded choice between ultimate storage or reprocessing of
spent fuel, a spent fuel management data base on spent fuel arisings,
storage, safety, transportation, etc., reliability of structural
materials for spent fuel transportation/storage casks, handling and
storage facilities, treatment and MOX fuel fabrication plants,
utilization of some valuable elements contained in spent fuel, detailed
aspects of management with severely damaged nuclear fuel, etc.

Attention will be given to create a complete economic version of
the whole back-end of the nuclear fuel cycle. This effort must be
completed with economic considerations of the front-end. In this form a
complete study of the economics of the nuclear fuel cycle could be made.

11
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SUMMARY OF THE PAPERS

J.P. Colton
Chairman

Advisors representing twelve countries and one international
organization were invited: Argentina, Canada, Czechoslovakia, France,
the Federal Republic of Germany, India, Japan, the Republic of Korea,
Sweden, Switzerland, the United Kingdom, the United States of America
and OECD/NEA.

The following are extracted from the country papers presented
during the Advisory Group Meeting:

ARGENTINA

The Argentine program was described in the 1988 AG meeting and
published in the previous TECDOC. The program is updated as follows:

Wet Storage
Spent fuel is kept at the two operating NPPs of Argentina, both

PHWR type.

Atucha-I NPP
The total number of fuel elements in the pool is 4784 at the end

of 1989, with 152 kg U each. Atucha I stopped operation in August 1988 and
was restarted in December 1989. It was decided to increase the storage
capacity AR to allow the lifetime storage of the fuel.

For Embalse, CANDU type fuel, it was decided not to enlarge the
pools but to start engineering and construction of dry storage facilities
following Canadian experience and technology in concrete cask storage.
This facility has to be in operation in two years time. It is estimated
an investment of 12 million dollars.

Other Spent Fuel Activities

Nuclear program continues this year suffering restrictions due to
the very bad economic situation of the country. Front end activities are
continued because they are needed to operate the NPPs, but back end
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development activities including the reprocessing plant and disposal site
selection have been stopped.

The completion of the reprocessing pilot plant will not take place
this year and also the mixed oxide rods pilot plant installation is
suspended. Only some associated research work is continued.

CANADA

The safe, economic and environmentally acceptable "Spent Fuel
Management" is well in hand in Canada. The current focus is on on-site or
at-reactor (AR) interim storage strategy; however, longer-term (<50
years) extended storage alternatives are also being developed. A dry
storage method, based on a concrete integrated cask (CIC) system is being
tested and demonstrated for licensing purposes. It is expected that
future short-falls on AR storage capacity will all be met by this storage
technique.

Substantial resources are being devoted to develop a
state-of-the-art transportation system. A road transportation cask,
designed by Ontario Hydro and fabricated in Canada has been licensed and
will be used for trial runs.

The development of an Integrated Spent Fuel Management System is
well advanced and test results to date have been promising and suggest
that an integrated system could be put in place with the CIC as the key
concept.

Canadian research and development efforts in the field of nuclear
fuel cycle continues to focus on slightly enriched uranium (LEU) cycle.
Work on advanced fuel cycles and U/Pu cycle is on hold in view of current
uranium world market. The on-going long-term R & D on spent fuel
behaviour has established that spent fuel can be stored under wet or dry
conditions for up to 50 years and 100 years respectively.

Within the Canadian Nuclear Fuel Waste Management Program (NFWMP),
a multi-barrier approach including natural & engineered barriers -
wasteform, containers, buffer and backfills and the geo-sphere - is the
underlying concept geological disposal. The concept is scheduled for a

20



Scientific Review Group's evaluation and assessment and public hearings
by the end of 1992. If the disposal concept is found acceptable in the
public hearings, it could take 10 to 15 years in characterizing potential
sites and in seeking necessary site approvals. Taking into account the
project time requirements for carrying out all other activities related
to acquisition of a facility the probable timing of disposal in Canada is
around 2025.

CZECHOSLOVAKIA

The present Czechoslovak nuclear capacity is about 3 500 MWe
corresponding to eight operational WWER-440 units. Four other WWER-400
units are at different stages of construction at the Mochovce site and
four WWER-1000 units at Temelin site. The spent fuel management of the
operational units continues as it was described at the 1988 meeting.

For the WWER-1000 units and also for the WWER-440 units at
Mochovce site, the storage densification technology is considered. The
enlarged storage capacity of "At-reactor storages", enables sufficient
capability for direct shipment of the spent fuel to the Soviet Union.

To improve the economy of the reactor fuel cycle, higher burnups
are planned which require a change of the traditional three-batch annual
cycle to four-batch annual cycle operational mode. This change is
planned for 1992 for the WWER-440 units. The transition will require a
revision of licensed characteristics of the C-30 transport cask used for
spent fuel transport from reactor sites to "away from reactor storage" at
Jaslovské Bohunice.

The Czechoslovak policy of safe management of RAW from NPP
operation is based on the immobilisation of liquid RAW, volume reduction
of solid RAW and final disposal of conditioned RAW on the regional
shallow ground repositories.
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FRANCE

France continues to its long-standing policy of reprocessing spent
fuel, recycling recovered fissile materials and selective waste treatment
and storage. The present nuclear capacity is 52.5 GWe, corresponding to
55 units generates most of the spent fuel it reprocesses.

French industrial reprocessing experience has been acquired
through operation of the UP1 and UP2 plants. More than 10 000 t of
GCR fuel and 2870 t of LWR fuel have been reprocessed. The UP2 plant
(400 t/year) has operated with no significant difficulties. UP3
(800 t/year) came into operation in November 1989 with its first campaign
(30 t) being successfully completed in December 1989. The plant will
gradually be brought into full service during 1990. Hot commissioning of
ÜP2 800, the UP2 extension, is scheduled for 1993.

Plutonium recovered from reprocessing is to be recycled in French
PWRs. Currently three reactors operate using MOX fuel with plans to
increased to 10 by 1995. Present efforts are focused on increasing the
MOX-using reactors and also on the amount of MOX being used in those
reactors.

In the area of waste processing, considerable efforts have been
undertaken at COGEMA La Hague to provide vitrification for fission
products, embedding cladding hulls in cement and in the use of bitumen
for sludge from liquid effluent treatment. Two new facilities, using
the AVM vitrification process, R7 and T7, will be used for HLW solutions.

3The R7 plant started up in June 1989 and 120m of concentrated fission
products have been vitrified. The T7 plant will come into operation in
1992.

In the field of waste disposal, a new site (for LLW) at Soulains3will begin its operation in 1991 (1 000 000 m ). Deep geological
disposal will be used for category B(Alpha) and C(HLW) wastes.
Prospecting has been carried out at four sites, but a recent decision by
the French Government regarding the re-examination of the site selection
will lead to a delay of at least one year in the selection of the site of
the underground laboratory. According to the new schedule, the earliest
would be by the end of 1992.
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FEDERAL REPUBLIC OF GERMANY

The safe management of waste (Entsorgung) from nuclear power
plants and in particular the orderly disposal of radioactive waste are of
paramount importance to the use of nuclear energy. The Government of the
Federal Republic of Germany continues to maintain its policy that the
safe management of waste is a precondition for the construction and
operation of nuclear power plants.

The waste management concept of the FRG comprises four significant
steps:
1. Interim storage of spent fuel in AR and AFR mode: The available

AR-capacity is 5600 t. The AFR-capacity is 3000 t, 1500 t thereof
ready for operation and 1500 t under construction.

2. Reprocessing of spent fuel and re-use of nuclear fuel recovered: A
recent decision was made to use the reprocessing plants in France
and UK under the European umbrella. Recycle of MOX-fuel is the
current practice in the FRG.

3. Development of direct disposal for spent fuel for which
reprocessing is not feasible or economically not viable. The
license procedure for a pilot plant is in progress and a positive
decision for construction has been taken.

4. Disposal of radioactive waste in the include the steps of
conditioning, interim storage (available) of non heat producing
wastes, intermediate storage of heat generating waste and final
disposal. Non heat generating wastes will be stored in
Konrad-mine, for which licensing is in progress. Heat generating
wastes will be disposed of in the salt dome of Gorleben. Site
exploration is under way.
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INDIA

The nuclear energy programme in India envisages 3 stages of
implementation:

1. Utilization of the available uranium in the Natural U-Heavy water
based thermal power reactors(PHWR).

2. Utilization of separated plutonium in fast breeder reactors.

3. Th-U233 based fast reactors in the long run term.

Based on this three stage approach, India is planning its nuclear
activities to have several PHWRs first. At present five PHWRs at Kota,
Kalpakkam and Narora are operating in addition to two BWRs at Tarapur. A
few more units at Narora, Kakrapara, Kaiga, Kota and Tarapur are under
construction/planned. By the turn of the century the country is planning
to reach a target of 10 000 MWe nuclear energy. While substantial amount
of spent fuel will be generated by this programme, the schedule of
construction of reprocessing plants will follow the plutonium demand
essentially for fast breeder reactors, involving storage of considerable
quantities of spent fuel for varying periods. Reprocessing the spent fuel
and recycling of the plutonium separation has been accepted as the policy
in order to make the optimum use of limited uranium resources available
in the country. The high and intermediate level wastes arisings from
reprocessing are immobilised for ultimate disposal. The wet storage of
spent fuel from these PHWRs has not posed any problem.

Two BWRs are in operation at Tarapur since 1969. The spent fuel
from these reactors is under continued storage for the past two decades.
The storage capacity of the storage ponds has been increased by using
high density fuel racks. In view of large inventory build up, dry storage
in shielded casks has also been used as an interim measure. They have
been used for the past three years. Plans are currently underway for the
construction of an Away From Reactor (AFR) spent fuel storage facility as
the spent fuel bays at the reactor station are full.
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Among the various research reactors in India, considerable
experience has been gained in the management of metallic spent fuel from
the two reactors CIRUS and DHRUVA located at Trombay. The spent fuel from
these reactors is reprocessed after initial storage in the storage pond
at the reactors.

Experience hitherto has shown that short time cooling has no
deleterous effect either on the fuel or on the cooling water. However,
storage of metallic fuel for extended periods will result in fuel clad
deterioration. Maintenance of water quality is important in the absence
of which the cladding develops pin holes which will lead to leaching of
uranium and exposure problems.

JAPAN

In 1987, the Atomic Energy Commission of Japan prepared "a
long-term program for development and utilization of nuclear energy" by
revising the previous one in 1982. This long-term program maintains the
policy to reprocess the spent fuel arising in Japan and to recycle
plutonium and recovered uranium as MOX nuclear fuel.

Japan now has 37 nuclear power plants in operation with a combined
capacity of 29 GWe, and it is estimated that the annual generation of
spent fuel will be approximately 1100 t in the year 2000.

The Tokai Reprocessing Plant, operated by the Power Reactor and
Nuclear Fuel Development Corporation (PNC) had processed 410 t of spent
fuel by the end of 1989. The plant has a capacity of 0.7 t/day and is
expected to process a total of about 90 t of spent fuel annually
following facilities upgrade completed in September 1989.

Japan Nuclear Fuel Service Company (JNFS) is planning a commercial
reprocessing facility in Rokkasho-mura, Aomori Prefecture, with a
capacity of 800 t/year. This commercial reprocessing facility, scheduled
to start operation in 1997, is now in license review by the Japanese
Government.
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Japan feels that plutonium recovered by reprocessing will be best
used in FBRs. The prototype FBR "Monju" is under construction. However,
since it will probably take longer to commercialize FBRs, they are
planning to utilize Pu in LWRs and ATRs (Advanced Thermal Reactors).

High-level radioactive wastes separated in reprocessing will be
vitrified and stored for cooling for a period of 30 to 50 years before
being disposed of in deep geological formations.

KOREA, REPUBLIC OF

Nine nuclear power plants (8 PWRs and 1 CANDU), whose total
generating capacity is about 7.6 GWe, are in operation in the Republic of
Korea. At present, it covers about 36% of total installed electricity
capacity. Two units of 900 MWe class PWRs are scheduled for commissioning
in the middle of the 1990s. Recently Korea Electric Power Corporation
(KEPCO) has announced plans to build three more nuclear power plants by
the year 2000 to meet the impending power demand. Since 1987, more than
50% of national electricity demand has been fulfilled by nuclear
generation.

In contrast to those countries highly experienced in nuclear
technology, employing both reprocessing and direct disposal as basic
strategies for spent fuel management, Korea has recently decided to
construct an interim storage facility by the end of 1991 in which spent
fuels will be stored there for several decades, during which time the
strategy and the technology will be established.

At present, spent fuels generated from the nuclear power plants
are currently stored in At Reactor (AR) water pools. The total spent
fuel storage capacity of AR facilities of those current 9 nuclear units
is about 2,730 MTU. About 1,100 MTU of spent fuel from these reactors
have been accumulated up to now. Existing AR storage pools of spent fuel
with the exception of the Kori-2 pool will lose their Full Core Reserve
(FCR) capacity in the middle of the 1990s, prior to operation of AFR
interim storage facility.
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To accumulate the excess spent fuel assemblies discharged, prior
to the target year when the APR facility is in operation, present spent
fuel management plan in Korea has been concentrated on the expansion of
AR storage capacity and intra-transshipment of spent fuel assemblies.
The reracking programs at several sites are being planned and underway.
Some of them are scheduled for completion in the first half of the 1990s.

Together With this plan, transshipment of spent fuel at intra-site
is planned by using KSC-4 shipping casks developed by KAERI. The
detailed schedules for these activities have been already set at this
time, and carried out as planned. As the next step, the APR facility
would work as a interim storage facility to collect and to manage the
spent fuel from all nuclear power plants in Korea. The wet storage
option, as the first interim storage facility(3,000 MTU), was adopted.
This long-term project plan (until the turn of the century) has been
approved. The dry storage option will also be considered in the near
future.

Under the current situation in which a definite decision for
either reprocessing or direct disposal has not been established, Korea
decided to store spent fuel within both AR storage pool and APR interim
storage facility for as long as possible. This concept would allow
sufficient time to set up further strategies, responding to the gradual
development of technologies related to this area. Much effort has been
made in R and D activities such as the long term integrity of spent fuel,
wet/dry consolidation, scenario study, safety assessment of spent fuel
management etc.

The financing of overall programmes including R&D activities has
been assured by imposing a fee from KEPCO, as much as 2 Won per kWh from
nuclear electricity, which is almost equivalent to 3 million US$/kWh.
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SWEDEN

Today about 50% of the electric power in Sweden is produced by
means of nuclear power. Although the Swedish plants show an excellent
performance no more nuclear power plants will be built and the existing
plants shall not be operated beyond the year 2010. A complete system has
been planned for the management of all residues from the 12 reactors and
research facilities. The main strategy for the spent fuel is direct
disposal without reprocessing. The present programme will give rise to
not more than 7800 tons of spent fuel. In addition to this there will be3reactor waste from operations (90 000 m ) and in the future waste from3decommissioning and dismantling of old reactors (115 000 m ).

Essential parts of the waste management system are already in
operation. The central interim storage facility for spent fuel CLAB has
been in operation since 1985 and has by March 1990 received some 1100
tons of fuel. The operating performance has been excellent and the staff
radiation dose commitment low. The sea transport system which has been in
use since 1982 has operated equally well. The final repository for
reactor operations and decommissioning waste, SPR has been in operation3since April 1988 and has by the end of 1989 received more than 3000 m
of different waste types (concrete moulds, drums, etc.).

The remaining parts of the system for which decision has not yet
been taken are a conditioning and encapsulation plant for spent fuel and
a final repository for the long lived waste. The R&D programme is
concerned with these facilities which according to present plans will be
constructed after the year 2010. The comprehensive programme was accepted
by the Government in 1987 after an extensive review by international and
national experts. By this a firm basis has been established for the
detailed R&D work for the period 1987-1992 and in general for all
research work needed before start of construction of the final
repository. The programme was updated in 1989.

A key element in the future work is a underground research
laboratory for which the blasting and building activities are planned to
begin in 1990.
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The total cost of the Swedish waste management system has been
calculated to about SEK 47 billion (5,75 billion US $) in 1989 price
level. The financing of this is ensured by the fee on the nuclear power
and the interest on the funds. The average fee is SEK 0,020 per kWh
(3 mil. US$ per kWh).

In order to put reduce the need for additional storage ponds,
Sweden is looking at means to increase its storage density. The use of
canisters of a new design in the CLAB AFR facility thereby acheiving a
60% higher fuel density is being evaluated. This would make it possible
to postpone the investment in new storage pools by 6-8 years with
significant economic savings. The main problem is to maintain a
sufficient margin against criticality with the new denser fuel patterns.
Two methods to achieve this have been more closely investigated:

Credit for burnup of the fuel;
Neutron absorbing material in the. canister.

The main result of calculation performed for the first case was
the unexpectedly great influence of the axial profiles of burnup and Pu
build up for BWR fuel. Together with other necessary reactivity margins
the total penalty which has to be applied amounted to 12 reactivity
percent units. This implied that a far too great proportion of the fuel
arising at CLAB would not be accepted for storage in the new canisters.

The method of taking fall credit for fuel burnup therefore had to
be abandoned for the CLAB case and unburnt fuel had again to be assumed
in the criticality calculations. A preliminary analysis has been
performed involving different degrees of absorber material in the
canister. Due to material property problems the absorber content is
limited and credit must be taken for the fact that in modern BWR fuel
designs burnable absorbers always are used. Further steps can be taken by
removing one or more of the fuel assemblies in the canister at the cost
of a correspondingly reduced storage capacity.

29



SWITZERLAND

Switzerland currently has 3000 MWe being generated at five nuclear
power units. The current spent fuel management program relies on an
initial storage at reactor pools and on contracts for reprocessing of
given amounts of spent fuel abroad. The reprocessing wastes will be
returned and stored in intermediate storage in Switzerland. They have
studied different storage concepts both at reactor and away from reactor
and have decided to build a centralized intermediate storage facility
(ZWILAG) adjacent to the Paul Scherrer Institute (PSI).

There are two sources of radwaste in Switzerland, the first is due
to radioactive wastes coming from research laboratories, industry and
hospitals. These radwastes will be taken care of by the Federal
Government at planned intermediate storage facility (BZL) at PSI. The
second and largest source of radwaste, originates from the nuclear power
stations and from the contracted reprocessing services with BNFL and
COGEMA. These wastes and excess spent fuel will also be stored at the
ZWILAG facility. The storage building for dry storage of spent fuel and
high-level waste is designed for a capacity of about 200 casks. An
adjacent building will also be used to store medium level waste and if
required, additional buildings will be constructed for low and medium
level waste.

A waste conditioning plant as well as a new incineration plant
will be included at the centralized interim storage site.

Heavy loads, casks and waste-containers, will be moved by rail to
a site one kilometer from the storage area where they will be transfered
to trucks for transport to the reception area of the storage building.

Research and development is performed by NAGRA to demonstrate the
final safe disposal of radwaste. Top priority is currently be given for
the final repository for short-lived low and intermediate radwaste.
International co-operation and exchange of information with the IAEA,
OECD/NEA, and the European Community as well as the participation in
various international projects continues to take place. The research at
the Grimsel laboratory has been enlarged to accomodate more detailed
research work with participation of the Federal Republic of Germany, the
United States of America and Japan among others.
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UNITED KINGDOM

The UK electricity supply industry is being privatised and the
nuclear generators, while remaining in public ownership, are expected to
play a full commercial role alongside the fossil generators. A common
pooling and spotmarket pricing system for all electricity generation is
being established together with an options and futures contracts market.
Electricity prices, which will include marginal generation costs and
capacity charges will be based on market mechanisms. These charges to
the industry have led the nuclear generators to review spent fuel
management issues which account for a large proportion of their costs.
Magnox reprocessing will continue, as will the reprocessing of 1320 tU of
AGR fuel in THORP. BNFL has made fixed price offers for these services
and revised terms are being negotiated. Longer term dry storage and
direct disposal or deferred reprocessing remains an option for the
remaining AGR fuel and a planning application for a dry store facility
has been submitted. Recycle of Magnox derived uranium in AGR fuel will
continue. The recycle of oxide derived uranium remains under review.
Plutonium recycle in AGRs is not economic but limited use of plutonium in
the single PWR is foreseen once the technology is established in Europe.
The generators will have substantial plutonium stocks and appropriately
safeguarded international trading would be considered. THORP
reprocessing plant capacity has increased by around 15% and the majority
of customers have taken their share of this additional capacity, further
negotiations with other utilities are taking place and a market price for
reprocessing is emerging. Outline planning consent approval was revised
during 1989 for the European Demonstration Reprocessing Plant (EDRP) but
the UK Government has withdrawn financial support for the PFR at Dounray
after 1994 and for fast reactor fuel reprocessing after 1997. Two
candidate sites, Sellafield and Dounray have been identified for the
intermediate and low level waste repository to be operated by HIREX; they
advise that operation is expected to commence in the year 2003.
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USA

The inventory of spent nuclear fuel in storage in the United
States exceeds 17 800 MTHM and is increasing at a rate of approximately
1700 to 2100 MTHM per year. The general institutional framework for the
management of this waste was set in place before the last meeting of the
Advisory Group on Spent Fuel Management and has not changed. No
continuing commercial reprocessing has been employed in the United
States, thus requiring the continued storage of the spent nuclear fuel.
Essentially all of the spent fuel remains in storage in the spent fuel
pools of the utilities that generated it. Where the initial spent fuel
pool capacity was insufficient, and where the structural and seismic
conditions were suitable, the utilities have installed high density
storage racks to maximize the pool capacity. Two utilities have begun to
supplement their spent fuel pool storage through the use of dry storage,
one in metal casks, and one in horizontal concrete modules. At least two
more horizontal concrete module installations have been announced, and at
least one utility is pursuing the use of concrete storage casks.

The future plans for spent nuclear fuel management in the United
States remain centered on utility storage of the spent fuel until it is
accepted by the Department of Energy for geologic disposal. The
Department has recently completed a bottoms-up réévaluation of the
repository schedule, and is now projecting initial repository operation
in the year 2010. The transportation programme is conducting a review of
strategies that could be employed in order to initiate transportation
operations in 1998, in support of an MRS starting operations at that time.

As a result of the successful completion of dry storage
demonstration activities conducted in cooperation with private utilities,
the spent fuel management research and development programme conducted by
the Department of Energy has dwindled to a limited amount of research
into generic storage topics (e.g. determination of the limits for storage
of spent fuel in air, and assembly of utility licensing experience) and a
small programme associated with providing spent fuel storage and
disposal assistance to non-nuclear weapons states. Even the generic
spent fuel storage research and development activities are atso being
phased out by the Department on the basis that all technologies
required by private industry to store spent nuclear fuel are already
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developed and commercially available. While it is undoubtedly true
that further improvements in these technologies can be made, it is not
necessary for the Department of Energy to fund or conduct their
development. If they are needed, and if they are economic to employ,
private industry has the resources, both financial and technical, to
do the job on its own.

Nevertheless, the Department of Energy will continue to have an
interest in the overall management of spent nuclear fuel due to the
Department's contracts with the owners and generators of the spent
fuel, and possibly due to our involvement in implementing an MRS
facility.

USSR*

At the end of 1989 the USSR operated 53 reactors with a total
installed capacity of 33 GWe. The nuclear power program in the Soviet
Union relies on two types of thermal neutron reactors:

(1) pressurized water cooled water moderated vessel type (WWER)
and
(2) boiling water cooled graphite moderated channel reactor
(RBMK).

After the Chernobyl accident it was decided to complete some of the
RBMK reactors, but not to construct any new ones. The USSR are also
operating and developing fast neutron reactors.

The USSR nuclear programme is based on the concept of a closed
fuel cycle with spent fuel reprocessing and recycling of recovered
plutonium in breeder reactors. Original plans consisted of the
discharged spent fuel cooling for 3-5 years in AR water pools to
reduce radioactivity and decay heat levels. However, delay in
commercial breeder construction and associated plutonium recycling has

Extracted from published papers.
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brought about the need to build additional independent storage
facilities usually located at the power plant site. Such specialized
APR pools have been built at the Novo Voronezh, Leningrad, Kursk and
Chernobyl plants. Spent fuel wet storage technology is the main method
used in the USSR and will continue to be the dominant method used over
the next 20-30 years. Dry methods of spent fuel storage are now under
technical and economical review.

Railroad transportation of spent fuel is the preferred mode in
the USSR. Transportation is carried out with the help of special
trains, which consist of four to eight main railroad cars of the TK-6
type, two accompanying railroad cars and some buffer railroad cars.
This type is used for transport within the Soviet Union as well as to
return spent fuel from CMEA countries (Bulgaria, Czechoslovakia, the
German Democratic Republic, Hungary) and Finland.

At present the Kyshtym reprocessing facility (pilot plant) with a
capacity of about 400 MTHM/year is under operation. Completion of the
reprocessing plant in Siberia with a planned throughput of some 1500 t/year
has been postponed indefinitely.

The process for the high level waste soliditation to produce
ceramic and glass-metal compositions is under development. The disposing
of solidified waste into geological formations is under study.

OECD/NEA

SPENT FUEL MAMAGEMEHT STUDY - In 1986, the NBA published the results of
a two year study by experts from 14 OECD countries in a booklet titled:
Nuclear Spent Fuel Management: Experience and Options. The purpose of
the study was to review objectively each stage of the spent fuel
management process and, using past experience, try to explain why the
experts were confident that spent fuel and high level waste could be
managed with acceptably low risks.
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FUEL CYCLE PROJECTIONS - The OECD Nuclear Energy Agency has been
forecasting long-terra nuclear power demand since the mid-1960s in
conjunction with uranium supply and demand analyses. In 1978 it expanded
this analysis to cover the whole range of nuclear fuel cycle services
including projections of the OECD reprocessing requirements and
capacities, and spent fuel arisings. The results of this analysis were
published in what became know as the first "Yellow Book". Revised
editions were again published in 1982 and 1987 under the title "Nuclear
Energy and its Fuel Cycle: Prospects to 2025". Coverage of spent fuel
management issues was expanded even further to include annual plutonium
recovery and plutonium stockpile buildup. It should be noted that the
Yellow Books were global in their coverage and not just limited to NEA
member data. Information concerning the developing nuclear countries and
countries with centrally planned economies were supplied by the IAEA.
The NEA publishes a "Red Book" concerning the front-end of the fuel cycle
which is also global in its coverage. The Red Book contains data on
uranium resources, production, and demand in the world which is updated
each year.

Additionally, it should be noted that the NEA collects data on
spent fuel management issues on a country by country basis and publishes
this material each year in what is known as the "Brown Book". The Brown
Book covers, for example, the number of spent fuel arisings, spent fuel
storage capacity, and other data important to decision-makers in the fuel
cycle. These publications are available to non-NEA members as well as
NEA participants.

PLUTONIUM USE — Plutonium is of interest to the civil nuclear
industry because its potential use directly as a mixed oxide(MOX) fuel
and indirectly in converting uranium 238 into a useful fissionable
nuclear fuel in fast reactors. Knowing this, in the 1960s and 1970s
several countries began building up stockpiles of plutonium in
anticipation of fast reactor deployment. Also, legal requirements for
waste disposal in some countries required reprocessing of spent fuel
and thus led to further stockpiling of plutonium. In the current
climate, however, delays in the large scale introduction of fast
reactors, have led to increased interest in the use of recycled mixed
plutonium-uranium oxide (MOX) fuels in thermal reactors.
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In 1989, a new HEA report, Plutonium Fuel; An Assessment, was
published by the NBA in an attempt to clearly set out the facts about
plutonium and its civil uses. The report explains the factors
influencing the choice of fuel options and illustrates how economic
and logistic assessments of the alternatives can be undertaken.
Non-proliferation issues were excluded from the discussion. The
report describes the physical, chemical, and toxic properties of
plutonium and plutonium compounds. Additionally, it examines the
costs of the separate stages of the mixed oxide fuel cycle and its
overall economics and material balances. Finally, it describes the
current position of MOX use in the OECD member countries.

The working group, however, also concluded that economic issues
are not the only ones which have to be taken into account in deciding
on the use of MOX. In addition to non-proliferation concerns,there
are strategic, environmental, safety and institutional factors to
consider in determining fuel cycle strategies. In some cases, these
will be the dominant factorssince the differences in the costs of
alternative thermal reactor fuel cycles are not large when compared
with the overall costs of generating electricity.

QUALIFIED MANPOWER - In recent years, there has been a steady decline
in the growth of nuclear energy which has had an effect on the
viability of many sectors in the nuclear industry. A considerable
number of firms, both manufacturing and support services, have either
closed or restructured. The "Yellow Book" study raised the question
as to whether, after a bleak period for nuclear plant orders, the
manufacturing industry would be in a position to fulfill new orders
should there come a resurgence in demand as governments seem to
expect. Thus, the Nuclear Development Division initiated a study into
the potential for shortages in Qualified Manpower. An expert group
meeting was convened in November 1989. The study will assess the
demand for and supply of qualified manpower for nuclear development
(i.e., reactor and fuel cycle suppliers, architect engineers, nuclear
fuel suppliers, electric utilities) and also the manpower required for
decommissioning, and coping with what has already been created. In
addition, qualified manpower in the regulatory sector will also be
examined. Analysis of the questionnaire will take place throughout
1990. The results of the survey are scheduled to be published in 1991.
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ECONOMICS - In 1985, the NBA published the results of a study on
"The Economics of the Nuclear Fuel Cycle". Experts from seventeen
OECD countries and four international organizations participated in a
Working Group that considered the methodology necessary to determine
fuel cycle costs, and gathered data on the costs of the various stages
of the fuel cycle for pressurized light water reactors (PWRs). Both
the once-through cycle (in which spent fuel is ultimately disposed of
intact) and the reprocessing cycle (in which spent fuel is treated to
recover plutonium and unused uranium) were evaluated. Work on an
update to the Economics of the Nuclear Fuel Cycle report is
scheduled for later this year with a publication date scheduled for
December, 1991.

In addition to the above economic study, the NEA Nuclear
Development Division will be publishing two other significant economic
studies concerning a Cost Analysis of Decommissioning Nuclear Power
Plants and An Analysis of Repository Costs.
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SPENT FUEL MANAGEMENT IN ARGENTINA

C. ARAOZ, N. DEVCIC, S. GIAMBIAGI
Comisiön Nacional de Energia Atomica,
Buenos Aires, Argentina

Abstract

The general program on Argentinian Spent Fuel Management has been
informed in previous meetings and IAEA publications. This
presentation includes an updating of the programs and a short
description of the dry storage of Embalse NPP spent fuel .

1. GENERAL CONSIDERATIONS

Nuclear Program and related Research & Development activities
continue suffering economical restrictions. This has originated
delays in installations and other capital investments required ir
our long range program.

2. SPENT FUEL AND WET STORAGE HISTORY

2.1 SPENT FUEL HISTORY

2.1.1 ATUCHA I NPP

The number of spent fuels discharged in the pools during 1983 was
4624 and 4784 during 1989. Atucha I NPP had stopped operation in
August 1988 due to problems in the internals of the reactor.
Operation was restarted in December 1989. During 1988 the discharge
average burnup was about 561O Mwd/t and 500O Mwd't during 1989.

2.1.2 EMBALSE NPP

Embalse NPP as operating with home made fuel elements. Annaal
fuel consumption during 1988 was 87.72 tU and during 1989 was
94.54 tU, both with a load factor of O.S.

Discharge average burnup was 7810 Mwd/t in 1988 and 7598 Mwd/t *r
1989.

443? spent fuels were discharged during 1988 and 4928 during
1989.

Z. DRY STORAGE

Studies for dry storage of CANDU type irradiated fuel have
continued. The decision was taken not to enlarged the NPP wet
storage pool but to implement dry storage facilities and
corresponding fuel transfer installations, following Canadian
experience in this field.
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3.1 DRY STORAGE FOR SPENT FUEL ELEMENTS FROM EMBALSE NPP

General Description
The system under study for Embalse NPP spent fuel storage is

based on the system developed by Atomic Energy of Canada Ltd., who
has used it in Gentilly-1 and Douglas Point installations for their
decommission ing.

The system is designed for storage of spent fuels (after some
years of decav in pools), in concrete casks hermetically sealed.
Essentially, the process can be divided into four main steps:

3.1.1 FUEL ELEMENT EXTRACTION OF THE POOL

Fuel elements that will be drv storaged are previouslv registered
and identified with a TV circuit. Using specially designed tools,
the elements are vertically positioned in a grid. This grid is put
into a cylindrical stainless container. That is called basket. This
basket is lift using special devices and transfered to a welding
station.

3.1.2 BASKET WELDING

The basket must be hermetically sealed by fusion welding to
prev/ent radiactive material leakage. For that purpose the station
has a robot welding and remote inspection systems.

3.1.3 BASKET TRANSPORT

Once approved, baskets are transported in a shielded container.
The transportation of these containers is made by a sel f — prope 1 1 t-d
wagon which moves from Pool House to the dry storage site.

3.1.4. DEPOSIT OF THE BASKETS IN THE CONCRETE CASKS

Once the concrete casks are full with baskets, the final seal is
made by welding.

COST

The investments for a 1C year storage capacity are estimated as
fo l lows:

Civil works. 3.7 MU*S
Electromechanical works B.2 MUÏS

TOTAL 11.9 MUÎS

Decommissioning costs are not included.
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SPENT FUEL HISTORY

CONCEPT / YEARS

DISCHARGE AVERAGE
BURNUP
(Mwd/t)

BUNDLES IN THE
POOLS

FULL POWER DAYS

ANNUAL FUEL CONSUMPTION
(0.8 LOAD FACTOR)
(tU)

ATUCHA

1988

5610

4624
(TOTAL)

UP TO
AUG.'SS:
3731.93

61.4

NPP

1989

5000

4784
(TOTAL)

™"

-

EMBALSE NPP

1988

7810

4432

315.61

87.72

1989

7598

4928

321.34

94.54
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SPENT FUEL MANAGEMENT IN CANADA:
CURRENT DEVELOPMENTS AND FUTURE PLANS

S.J. NAQVI
Used Fuel Management and Decommissioning Unit,
Nuclear Engineering Department,
Ontario Hydro,
Toronto, Ontario,
Canada

Abstract

The current developments and future plans in the Canadian Spent Fuel
Management Program are discussed. Two storage strategies are being
developed in Canada: (i) interim storage for the near-term of about
50 years, and (ii) extended storage for a longer term if required in the
future. These are discussed in the context of Canadian spent fuel
arisings and the timing of long-term plans. Spent fuel transportation
systems are under development for road, rail and barge modes of
transportation. Three decades of Canadian research in fuel cycles, which
include the slightly enriched uranium cycle, U/Pu and Thorium/U-233
cycles is discussed. These could be sequenced into the current
once-through cycle, if needed. The status of research into the long term
behaviour of spent fuel and the national program for the disposal of
spent fuel are reviewed. An integrated approach to spent fuel management
using a Concrete Integrated Container (CIC) as a multi-purpose container
for storage, transportation and possibly disposal, now being developed in
Canada, is also reviewed.

1.0 INTRODUCTION
"SPENT FUEL MANAGEMENT" in Canada, in common with the universally
accepted definition of this term, encompasses (a) current interim storage
practices; (b) extended storage potentially over a longer term in the
future; (c) transportation; (d) reprocessing and recycling of spent fuel,
and finally (e) permanent geological disposal of spent fuel or the
reprocessing high level waste. In this paper, current developments and
future plans in Canada are discussed. In addition, extensive research
and development work has been carried out on the long-term behaviour of
CANDU spent fuel and a unique advanced container system, called the
Concrete Integrated Container (CIC), is being developed at Ontario Hydro
to optimize the spent fuel management steps throughout the back-end of
the fuel cycle. Finally, the issues involved with spent fuel management
and the current Canadian plans for a scientific review and public hearing
on the reference disposal concept and the long-term nuclear waste
management plans are discussed.
2.0 SPENT FUEL STORAGE STRATEGIES
2.1 General
The objective of the spent fuel storage strategies is to manage the
inventory of spent fuel from the Canadian nuclear program in a manner
that is safe and cost-effective, until decisions can be made on its
ultimate destination, i.e. on its reprocessing and recycling, or on its
direct disposal in a permanent geologic disposal facility.
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Two broad strategies are pursued in spent fuel storage. These are
(a) interim storage, and (b) long-term extended storage. Considerations
in interim storage have included continuation of the current practice of
at-reactor or on-site storage and studies and assessments of centralized
away-from-reactor storage options (1). Interim storage is considered, as
the name implies, an "interim" or temporary option, covering about
50 years. Long-term extended storage considers time spans of over
50 years, a strategy that is being studied for its potential need, should
decisions be delayed on the ultimate destination of fuel (2).

2.2 Spent Fuel Arisinqs
The main sources of spent fuel arisings in Canada are the nuclear power
plants owned by the Canadian electric utilities with nuclear generation
programs, Ontario Hydro, Hydro Quebec and New Brunswick Electric Power
Commission. Small quantities of spent fuel have been produced by Atomic
Energy of Canada Limited in its research reactors (NRX, NRU, WR-1) and
prototype demonstration reactors, such as NPD (Nuclear Power
Demonstration), Douglas Point, and Gentilly-1. Some of these have now
been shutdown and are being decommissioned.
Table 1 summarizes spent fuel arisings in terms of annual arisings and a
cumulative 40 year projection, in the case of nuclear generating
stations. The spent fuel arisings can be influenced by a number of
factors:
(a) Actual Power Demand
(b) Capacity Factor Achieved
(c) Burn-up of Spent Fuel
(d) Retubing and Rehabilitation Shutdowns
(e) Defect rate of Spent Fuel, and
(f) Plant service life

The actual power demand can potentially affect the spent fuel arisings,
although this is insignificant because the CANDU reactors are normally
operated as base load capacity.
Consistently high capacity factors are achieved in the CANDU stations.
CANDU fuel burn-up ranges between 6,900 MWd/MgU to 8,000 MWd/MgU,
although Bruce A fuel bundle irradiated upto 20,000 MWd/Mgu at Chalk
River Nuclear Laboratories (CRNL) developed no problems (3).
CANDU reactors are a pressure tube design and require replacement of
these tubes periodically. Currently, Ontario Hydro's Pickering reactors
are undergoing retubing and retubing of Bruce reactors is also scheduled.
There can also be other unforeseen needs requiring outage which can
influence spent fuel arisings.
Fuel bundle defects in the reactor core may necessitate the removal of
all bundles (typically 12) in the particular pressure tube, although this
is done on-power. However, the fuel defect rate is very low in the CANDU
reactors, less than 0.01% since the introduction of the graphite-coated
CANLUB fuel in 1974 (3).
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Table 1. Spent Fuel Arisings in Canada

Owner/Organization Nuc. Plant Capacity Annual
Mwe Net Arising^

Bundles
Cumulative,,
Arisings
(40a)
Bundles

Ontario Hydro

Hydro Quebec
New Brunswick
Electric Power

Pickering A 515x4
Bruce A 740x4
Pickering B 516x4
Bruce B 784x4
Darlington 881x4
Gentilly 2 638
Point Lepreau 633

11937
21827
12955
21842
23585
4300
4275

477480
873080
518200
859280
943400
172000
171000

2.3

Atomic Energy
of Canada (**)

NPD
Douglas Pt
Gent illy 1

22
206
250

250 5000 (*)
27000(*)
3200 (*)

(*) Cumulative Arisings until retirement.
(**) Research Reactors such as NRX, NRU, WR-1 not included,

because of their comparatively small influence on total
fuel.

Interim Storage
In Ontario Hydro, as part of our spent fuel interim storage program, work
in the past mainly focused (4) on maximizing the existing storage
capacity at the stations by:

(a) the use of stainless steel frames to improve stack spacing and
height in the water-filled bays; and

(b) the use of higher storage density containers.
Since criticality is not a problem for CANDU fuel storage in water, CANDU
fuel can be stored more densely than is the case for LWR spent fuel. A
high storage density container, called a module, has been designed to
achieve storage densities of about 100 bundles/cu.m. and is in use at
Ontario Hydro. This container, along with the stacking frame provides
for seismically stable, high density storage. The module has also been
proven by comprehensive shock and vibration tests for use in a spent fuel
transportation cask.
Currently two types of storage methods are in use in Canada, namely:
(a) Wet Storage, and
(b) Dry Storage
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Wet Storage
The wet storage method is based on waterpools, also called irradiated
fuel bays (IFBs) and are of two types: (a) Primary bays (PIFBs) and (b)
Auxiliary or secondary bays (AIFBs). Spent fuel is discharged directly
from CANDU reactors to the PIFBs for initial storage and cooling. These
are therefore designed to have direct interface with the fuelling
machines traversing the station length on trolleys or alternately with a
discharge fuel duct connecting the fuelling vaults to the bays and are
therefore an essential part of the refuelling operation. They receive
highly radioactive spent fuel and are designed to meet appropriate
radiation shielding and cooling requirements of the spent fuel. Their
storage capacity is managed such that there is space for a full core
defuelling (core dump) at any time.
The AIFBs are similar to PIFBs but are normally larger in storage
capacities and are adjacent to and directly connected with the PIFBs via
underwater tunnels. At Pickering, however the AIFB is separate from the
PIFB but is at the same site and fuel is transferred by an on-site cask
in a closed corridor. The AIFBs receive spent fuel after initial cooling
in the PIFBs.
Table 2 lists the spent fuel storage capacity at the different CANDU
stations in Canada.

Table 2. Spent Fuel Storage Capacities in Canada

Nuc. Plant Type of Storage Capacities
Bundles

Remarks

Pickering A
Bruce A
Pickering B
Bruce B
Darlington
Gentilly 2
Point Lepreau

NPD *
Douglas Point *
Centilly 1

Wet
Wet
Wet
Wet
Wet
Wet
Wet

Wet
Wet
Wet

306000
373000
158000
366000
417000
47000
50000

2000
50000
3200

Dry storage
planned

Dry storage
under study
Dry storage
under study

All fuel in
dry storage now
Fuel in dry
storage

Note: NRX, NRU, WR-1 not included.
* NPD, Douglas Pt. retired.
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Dry Storage
Various dry storage concepts (concrete canisters, convection vaults and
cast iron casks) have been studied in Canada (5,6,7). Dry storage
facilities, because they are modular, passive, durable, readily
constructible and cost-effective can be used not only as additional
storage in the place of waterpools but also as "add-on" systems in a
long-term (>100 years) storage setting and as back-up facilities for
the possible rehabilitation of existing water pools. A reference
Canadian dry storage facility design is the AECL cylindrical concrete
canister (Figure 1) that uses passive cooling of spent fuel that has been
at least 10 years out of reactor (8). An alternate concept for the dual
purpose of storage and transportation is being developed and tested at
Ontario Hydro for storage of Pickering spent fuel, which is discussed
later (9,10).

lifeguard s«l concrete lid

— seal weld

WR-1 fuel

reinforcing steel

6 steel baskets

concrete base

Figure 1. AECL Canister for Dry Storage
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2.4 Extended Storage
Storage options for periods longer than those provided by the current
at-reactor IFBs have been evaluated at Ontario Hydro (2). Ten options,
derived from combination of at-surface and underground sitings, and water
pool, convection vault, bore hole emplacement and concrete silo concepts
were evaluated. Using pairwise comparison technique applied to
engineering, safety, environmental, cost and social impact factors, the
detailed options were compared. Dry storage systems with passive heat
removal capabilities such as the concrete canisters located at-surface
were found clearly preferable.
AECL has also studied extended storage in co-location with a disposal
facility, or what may be termed as the pre-use facilities at the disposal
site for fuel storage until such time that a disposal decision is made.
Conceptual designs and cost estimates for three different pre-use storage
systems combined with an ultimate disposal scenario were investigated.
This study showed that storage of spent fuel by either a wet or dry
method and for periods longer than normally envisaged for interim storage
scenarios is feasible and economically viable in the above context.
Other engineering studies investigating long-term wet and dry storage of
spent fuels in a centralized setting have been carried out at Ontario
Hydro. In a large utility such as Ontario Hydro, there is an incentive
for investigating such long-term extended storage strategies to cover the
eventuality of extended storage. Such a possibility may arise if a
decision is made to preserve the spent fuel for its potential energy
resource, or if the current thrust on direct geological disposal of spent
fuel is withdrawn by the federal and/or provincial governments and the
general public.
3.0 SPENT FUEL TRANSPORTATION SYSTEMS
3.1 General
Although the on-site storage capacities at our nuclear stations preclude
the need for large-scale transportation of spent fuel at this time, it
will be necessary to transport all the stored fuel to either a geologic
disposal facility or to a central extended storage site if disposal is
delayed, or if a recycle decision is made, to a reprocessing plant site.
Road, rail and water transport of spent fuel are the options which are
being developed (11,12).

3.2 Past Experience
More than 500 spent fuel shipments have been made in Canada in the past,
primarily for research purposes. Small capacity casks, meeting IAEA
Type B requirements, have been either designed or leased and put into
service for these shipments. This experience has given Ontario Hydro the
opportunity to develop in-house larger casks for future shipments.
3.3 Current Developments
Ontario Hydro is carrying out design and development of casks for road,
rail and water transport of CANDU spent fuel (13). Table 3 and Figure 2
provide the main features and an illustration. The road cask, a
prototype of which has already been licensed, is designed to carry 192
ten-year cooled fuel bundles in two modules, inside a monolithic
stainless steel 304L body. The rail cask, on the other hand, will have,
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Table 3. Main Features of Road and Rail Casks

Feature Road Cask Rail Cask

Capacity
Thermal
Weight
Material
Vehicle
Cooling

192 bundles
10 year cooled
35 Mg
304L St. steel
Tractor-trailer
Dry passive

384/576 bundles
10 Year cooled
62 Mg
304L St. steel
100 ton Flatcar
Dry passive

LUTING TRUmlCN

STORAGE/SHIPPING
MOCUL£

TRUNNION
TRANSPORTATION
FRAME

CUTAWAY VIE» Of CASK
APPROXIMATE SIZE - 2 1 « x l 8 3 « « l . i «

»EIGHT (FULL) - 35 W«

Road Cask Rail Cask

Figure 2. Road and Rail Cask Schematics

384 and 576 bundles capacity, matching the rail limitations in Canada.
An integrated tug/barge system capable of accommodating 48 road casks or
20 rail casks, representing a cargo deadweight of up to 1700 Mg is also
being considered (Figure 3).
System Requirements
The expected shipment requirements from Ontario Hydro's program are about
180,000 bundles per annum at the time of disposal. Similar shipments
will also be required for other options such as extended
storage/recycling if so planned. Table 4 summarizes the systems
information for road, rail and barge systems for the disposal option
sited in the Canadian Shield in the province of Ontario. Should we adopt
a two- mode system, road-water or rail-water, such as for accessing a
remote disposal site in the Canadian Shield in Ontario, spent fuel will
be initially shipped by barge from the nuclear stations to a Remote
Transfer Facility (RTF), from where they would be transferred to a rail
or road system.
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Figure 3. Tug/barge Illustration

Table 4. System Features, Road, Rail and Barge
Road
No. of Shipments/a
Distance to be shipped

Shipping Environment

Rail
No. of Shipments/a
Distance to be shipped

Shipping Environment

938
400, 900 and 1900 km depending on
southern, central or northern
regions of the Canadian Shield in
Ontario
93-97% rural, 3-5% suburban and up
to 2% urban depending on the region

63-157 depending on the region
400, 800 and 1400 km depending on
southern, central or northern
regions of the Canadian Shield in
Ontario
80-95% rural, 3-10% suburban and
2- 10% urban depending on the
region

Road/Rail and Water
Road/Water:
No. of Shipments/a
Distance to be shipped
Rail/Water:
No. of Shipments/a
Distance to be shipped

938 by road and 26 water
339-592 km road, 961-1108 km water
52 by rail and 26 water
358-462 km road, 942-1138 km water
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System Analysis
As part of the Nuclear Fuel Waste Management program, a detailed spent
fuel transportation assessment for all the mode-shipping environment
combinations shown in Table 4 is being carried out encompassing all areas
such as radiological, occupational, environmental, social/community,
security and safeguards aspects (14). The radiological as well as other
impacts are found negligibly small. Socio-economic studies are
recommending an impact management program to reduce any residual risk
perception by the public.
3.4 Future Trends
The decisions regarding the timing and the destination of spent fuel in
our future programs will dictate the development of the transportation
program such as regarding the eventual mode of transportation, definition
of system characteristics, public/community involvement and finally
acquisition of the transportation system.

4.0 FUEL REPROCESSING AND RECYCLING CONSIDERATIONS
4.1 General
Spent fuel reprocessing has long been considered an essential link in the
fuel cycle in any energy program which relies on efficient use of
uranium. Canada, with an abundance of natural uranium, has concentrated
on the development of the heavy-water reactor called the CANDU Reactor,
which uses natural uranium as fuel. Heavy water, with an exceptionally
low neutron absorption, is used as the moderator and the coolant. The
reactor design has also incorporated features to reduce parasitic neutron
absorption. Optimum fuel management is achieved by on-power fuelling.
Consequently, the CANDU reactor can burn natural uranium very efficiently
and consumes less natural uranium per MWe than the LWR (15,16). For
example, if a 1000 MWe CANDU is operated for 30 years at the average
burn-up of 7,000 MWd/MgU it will consume approximately 3,638 tons of
uranium as compared to 4,402 tons for the BWR and 4,872 tons for the PWR
(17). The LWR reactors will also need enrichment of the uranium fuel of
the order of 3,167 and 3,925 t SWU (Separative Work Unit) for the BWR and
PWR respectively. This makes the CANDU reactor the most efficient user
of uranium resources. The residual U-235 in CANDU spent fuel is approx.
0.25%, which is close to the level of the tailings from a uranium
enrichment plant. The total amount of plutonium produced annually in
CANDUs is twice that produced by the LWRs and the plutonium produced in
CANDU fuel has better reuse characteristics than in the case for
plutonium from LWRs.
By virtue of the spent fuel's reuse value, the current Canadian policy is
to store the spent fuel as long as necessary as a resource for long-term
energy security. In the fuel recycle area, much R&D work was carried out
in the 1960's and 1970's with a focus on the development of preferable
fuel cycles for the CANDU reactor. It was established quite early that a
Fast Breeder Reactor (FBR) would not be necessary in Canada since the
CANDU reactor could compete effectively in the FBR era with its own
advanced fuel cycles. The efforts in Canada therefore focused on:
(a) the use of natural uranium in a once-through cycle and

improvement of fuel economy in a once-through system.
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(b) the use of slightly-enriched uranium fuel in once-through cycle
to achieve large savings in uranium (approx. 30% savings).

(c) the development of reprocessing capability and MOX fuel
fabrication for the U/Pu cycle, to further improve fuel economy
with greater uranium savings (upto 50% savings).

(d) the introduction of U/Th cycle with large savings of uranium
resources (70-90%), and materialization of the near-breeder
thorium cycle.

The R&D efforts on all of these options have been researched mainly by
AECL since the beginning of the CANDU development in the 1950's and until
1985 when further developments were put on hold due to the world-wide
slowdown in nuclear generation (15,18). It is expected at this stage
that Canada will deal with future situations regarding fuel recycle as
the circumstances evolve. At present there appears to be an apparent
glut in the uranium market and it is prudent to focus on the excellent
features of the CANDU reactor in a once-through system until commercial
utilization of advanced fuel cycles, including the FBR, becomes a reality
as well as a necessity in the world.
4.2 Slightly-Enriched Uranium Cycle
Considerable work on the slightly-enriched uranium cycle, also called the
Low Enriched Uranium (LEU) cycle, has been carried out in Canada
(19,20,21,22).
Based on work done for the International Fuel Cycle Evaluation (INFCE) on
Canadian developments in the nuclear fuel cycle, the major features of a
LEU cycle in CANDUs are shown in Table 5 (17). It can be seen that when
slightly-enriched uranium (1.2% enrichment) is burnt in a CANDU reactor,
fuel burn-up is significantly increased (21,200 MWd/MgU) compared with
that for natural uranium (7,000 MWd/MgU). It has been shown that with
this improvement in burn-up natural uranium requirements will be
approximately 30% less than those for natural uranium cycle. It is also

Table 5. Burnup Characteristics - Slightly Enriched Uranium Cycle
(Equilibrium Cycle, 70% Capacity Factor, per 1000 MWe)

U-235 Enrichment % 0.711 0.962 1.20 1.51 1.74
Average Burnup MWD/te 7000 15500 21200 27600 32800
Avg. Fuel Residence a 1.09 2.54 3.47 4.52 5.24
in reactor
Annual Fuel Loading
Uranium Te/a 116.2 52.73 38.44 29.56 25.48
Annual Fuel
Discharge
Uranium Te/a 114.9
Total Pu
Fissile Pu
U-235 Enrichment %

0
0
0
.423
.309
.239

51.61
0
0
0
.284
.171
.120

37.37
0
0
0
.234
.130
.089

28.53
0
0
0
.196
.102
.067

24.46
0
0
0
.177
.088
.058

Note: The fuel burnup reaches close to LWR fuel burnup
around an enrichment of 1.5%.
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approximately 40-50% less than that for LWR fuel. Thus both fuel
fabrication and reprocessing volumes can be significantly reduced. It
has been estimated that the requirement of enrichment work for the CANDU
fuel will be about one-fourth of that for the LWR fuel. As a result, the
natural fuel cycle cost with a slightly- enriched uranium cycle will
significantly decrease compared to natural uranium fuel alone, and better
overall fuel economy will be realised. The data in table also shows that
the enrichment level for the LEU cycle can be increased up to 1.74% U235,
corresponding to a burn-up level of 32,000 MWd/MglL
4.3 U/Pu Cycle
In a CANDU reactor, effective recycling of plutonium can be done with
either natural uranium or depleted uranium (enrichment plant tails) oxide
fuel (17). A plutonium self-sustaining cycle can also be materialized by
using MOX fuel. Published work by AECL and others shows that if
plutonium is burnt in a CANDU reactor, the following advantages will be
realized in comparison with the case of burning plutonium (Pu) in a LWR:
(a) More effective utilization of Pu would be achieved. One gram of

fissile Pu is equal to approximately 0.8 g of U- 235 in LWR in
burnup, but one gram of fissile Pu is equal to one gram of U-235
in a CANDU reactor.

(b) Complicated adjustments of Pu enrichment is not required. In the
LWR, it is necessary to adjust the power distribution in the
reactor core by applying several different kinds of enrichment
of Pu in the fuels; however, in a CANDU reactor only two kinds
of Pu enrichment would be needed (one for the core periphery and
other in fuel bundles).

(c) Pu can be burnt effectively without modifying the reactor design
for natural uranium fuel, i.e., only refuelling schemes need to
be managed.

(d) Multiple recycle of recovered uranium is feasible. The neutron
spectrum in a CANDU reactor is soft and this enables Pu recycle
over several generations.

(e) The overall natural uranium consumption in the case of recycling
the Pu recovered from the spent CANDU natural uranium fuel and
slightly-enriched fuel is approx 40% less than in the case of
U/Pu recycle in a LWR.

The burn-up characteristics of the U/Pu fuel are summarized in Table 6.
From the Canadian perspective, however, before the U/Pu cycle may be
realized, the following technologies will have to bo made available (23):
(a) Fuel Reprocessing
(b) MOX Fuel Fabrication
(c) "Active Fuel" Management
(d) Reactor Design Adjustments and refuelling schemes

4.4 Reprocessing
Test-scale reprocessing of CANDU spent fuel has been demonstrated at
Windscale, U.K., and the now-shutdown Eurochemic reprocessing plant in
Belgium. AECL has, over the past decade, carried out extensive R&D on
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Table 6. Natural U-Pu Fuel Burnup Characteristics
Equilibrium Cycle, 70% Capacity Factor, 1000 HWe)

Fissile Pu
Enrichment % 0.273
Avg. Burnup MWD/t 15700
Avg. Fuel
Residence Time
.in Reactor a 2.61
Annual Fuel
Loading
Uranium
Total Pu
Fissile Pu
Annual Fuel
Discharge

Te/a
51.28
0.196
0.141

Te/a
Uranium 49.56
Total Pu 0.339
Fissile Pu 0.181
U-235 Enrichment % 0.099

0.352
17600

2.93

46.87
0.224
0.160

0.472
20400

3.34

40.18
0.267
0.191

0.812
26800

4.39

30.16
0.347
0.248

1.119
32800

5.38

24.98
0.398
0.284

45.48
0.329
0.170
0.089

39.29
0.314
0.152
0.073

29.37
0.286
0.122
0.056

24.25
0.265
0.105
0.046

In proportion to increase in fissile plutonium enrichment,
burnup increases and equates to LWR burnup at an overall
enrichment of 1.5%.
The amount of fissile plutonium In the spent fuel decreases as
burnup increases, and the loaded and discharged amounts of
fissile Pu become equalized at 1.05% overall enrichment.
The enrichment of U-235 in the spent fuel is less than 0.1% and
there is no need to recycle it.

the reprocessing of CANDU spent fuel. The status of this technology in
the Canadian context can be summarized as follows:
(a) The reprocessing of spent CANDU fuel is technically easier than

that of spent LWR fuel and can be done by using the established
PUREX process as well as a new Canadian Process known as the
"AMINE PROCESS".

(b) The reprocessing of CANDU spent fuel can also be done by using a
modified PUREX process, called Co-Processing.

Since the amount of spent fuel generated by a CANDU reactor is about four
times as much as that from LWRs, it is important to reduce the CANDU
spent fuel reprocessing cost as much as possible for improved economy.
This is possible with the Amine Process, in this process, only Pu will
be extracted and the mixture of depleted waste uranium and fission
product will be immobilized in a ceramic for ultimate disposal. The
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immobilization techniques for the Amine Process HLW have been
demonstrated both at AECL and Ontario Hydro (24,25).
4.5 Thorium/U-233 Cycle
In the thorium cycle, thorium takes the place of U-238 and the thorium is
converted, by the absorption of neutrons, to U-233. With the
introduction of thorium in a CANDU, a self-sufficient cycle with a
conversion ratio of unity can be achieved at equilibrium by using fuel of
pretty much the same design as natural uranium fuel.
In this cycle, it is unnecessary to supply additional fissile materials
from outside the system. In the self-sufficient cycle burn-up of about
10,000 MWd/t can be achieved, and this can be improved to about
33,000 MWd/t by topping fissile material (U-235 or Pu-239) to thorium.
However, the conversion ratio in this case is lowered to about 0.9.
Therefore, if the fabrication and reprocessing costs are high, greater
economy can be achieved by raising the burn-up with a penalty in
conversion ratio.
AECL has performed development and in-core irradiation tests of thorium
fuel cycle since the middle of the 1960s (26,27,28). Their irradiation
experience with thorium-uranium fuel is shown in Table 7.
The fact that near-breeder performance can be achieved by adopting the
thorium cycle in a CANDU reactor indicates the excellent and continuing
capability of CANDU reactors in a long-term fuel recycle setting.

Table 7. irradiation Experience* with Th/U Fuel in Canada

Type of Fuel Composition Irradiated at No. of fuel Max.
rods irrad- Burnup
iated MWD/Te

Annular 15 1.3% U-235 NRU 630 29200
Rod Bundle & Thorium
19 Rods " NRU 247 55100
Bundle
CANDU type Various NRX 28 10000
Fuel Rod U-235 enrichment

& Thorium
CANDU type NRU 264 25000
Bundle (28 &
36 rods)
Bundle Type WR 1 432 20800
Fuel Rod WR 1 150 25000

* Data based on Reference 17.
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5.0 SPENT FUEL DISPOSAL

5.1 General
The Governments of Canada and Ontario initiated in 1978 a national
program for developing a disposal technology in Canada based on the
choice of deep geologic disposal in igneous rocks of the Canadian
Precambrian Shield (29). The immediate goal of the program was to carry
out necessary research and development for a generic (non-site specific)
environmental and safety assessment leading to a review by the
Governments and the public in 1992 (30,31). Further directions on the
future of this program could emerge from this review. As part of this
review, the broader issues relating to the future of spent fuel
management are also expected to be widely debated in Canada.
5.2 Current Developments
The first phase of the program, referred to as the concept phase is
drawing to a conclusion. The major outcome of the research to date has
been (i) the development of a conceptual design of spent fuel
immobilization process including a titanium container (Figure 4), and an
underground vault system 500-1000 m deep in the granitic rock (Figure 5),
(ii) development of a site characterization methodology using in addition
to some field research, extensive studies in an Underground Research
Laboratory (URL, Figure 6), and (iii) the development of a safety
assessment methodology including the well-known postclosure performance
assessment tool, SWAC (32). This research program, with an expenditure
to date of about 300 M$ (Can), now shared by AECL and Ontario Hydro, is
widely reported.

lifting holes
(3 in total)

ooCM
<M

diffusion-bonded
top closure

Titanium shell
6.35 mm thickness

-630

tubes sealed with
press-fit plugs after
fuel bundles inserted

^-basket lifting lug
— carbon-steel

structural tubes

~^-used fuel bundle

^packed particulate

..diffusion- bonded
bottom closure

Structurally Supported Fuel Isolation Container

Figure 4. Titanium Container
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PERIMETER
ACCESS
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The Canadian concept for the permanent disposal of used fuel is
to bury the used fuel containers 500 to WOO metres deep in the
stable rock of the Canadian Shield

CROSS SECTION THROUGH A TYPICAL DISPOSAL ROOM

MIXTURE OF BENTONITE
AND CRUSHED GRANITE

COMPACTED MIXTURE OF
CRUSHED GRANITE AND
CLAY

COMPACTED BENTONITE
SAND MIXTURE

CONTAINER

USED FUEL BUNDLES

SAND

Figure 5. Vault Schematic



Ventilation raise
extension (tentative)

EXTENSION &
DEVELOPMENT

Figure 6. Underground Research Laboratory

Research Highlights
A multi-barrier approach including natural and engineered barriers
-wasteform, containers, buffer and backfills and the rock geology - is
the underlying concept for Canadian disposal (31). The Canadian
regulations require that the radiological risk to the individuals shall
not exceed 10~" serious health effects in a year, which shall be
predictable by analysis over a 10000 year timeframe. Currently, a
generic assessment is being produced, based on the direct disposal of
spent fuel (33,34).
The conceptual Used Fuel Disposal Centre (UFDC) will consist of a
single-level disposal vault system covering an area of about 4 sq. km
with the necessary immobilization facilities co-located above ground.
Spent fuel bundles will be packaged in titanium containers designed for a
500 year lifetime. The containers will be placed in vertical boreholes
drilled in the floor of the vault filled with sand and bentonite buffer
material. The vault will be backfilled with lake-bottom clays and
crushed granite (35).
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The URL constructed in the granite at the Lac du Bonnet batholith in
Manitoba, together with the detailed mapping and borehole research at the
site, is providing the much needed hydrogeology, rock mechanics, vault
sealing and geophysics information for establishing a site
characterization methodology. The URL has now been extended to a 440 m
level and the second stage planning of experiments are in progress to not
only gain experience at this level but also to try out full-scale
buffer/container emplacement (36).
SYVAC computer modelling is focused on the simulation of the migration of
radionuclides in the vault, geosphere and the biosphere using
mathematical models to evaluate the range of future impacts and the
effect of uncertainties over time. The results of the SYVAC assessments
will be compared with the regulatory criteria in judging the
acceptability of the disposal concept from the long-term radiological
perspective (37).
5.3 Future of the Program
If the disposal concept is found acceptable in the public hearings, it
could take about 10 to 15 years in researching potential sites and in
seeking necessary site approvals. Taking into account the project time
requirements for carrying out all other activities related to acquisition
of a facility, the probable timing of disposal in Canada is around 2025.
However, the various issues surrounding the spent fuel long-term
management would need resolution at the national level, before a firm
date and a program could be put in place (38).

6.0 LONG-TERM SPENT FUEL BEHAVIOUR R&D

6.1 General
One of the key requirements for long-term spent fuel management is the
maintenance of fuel integrity under the varying environmental conditions
that the spent fuel would see during the various stages of its handling
(storage and transportation), processing or conditioning (reprocessing
and immobilization) and permanent disposal. The spent fuel integrity
would normally depend on:
(a) method of long-term storage (wet or dry)
(b) the medium wherein emplaced (water, air or gas) and the presence

of moisture
(c) temperature
(d) fuel type
(e) fuel irradiation history
(f) initial post-reactor fuel cooling conditions
(g) stresses and impact load during its handling
These factors are, of course, interrelated and must be considered in the
design and operation of spent fuel management facilities.

6.2 Current Research & Development
An experimental program to develop spent fuel behaviour data covering
likely conditions in long-term spent fuel management has been jointly
conducted by Ontario Hydro and AECL since 1977 (39,40). The experimental
program includes: (a) Controlled Wet Storage Experiment, (b) Easily
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Table 8: Canadian Research on Fuel Durability in Dry, Moist and
Wet Storage Conditions

Experiment Details of the Expt. Major Findings

ERB Experiment

CEX-1 Experiment

Wet Storage Kxpt

Dry Storage Experiment
Fuel exposed to seasonally
varying temperatures
Temperatures and radioactive
releases monitored.
Fuel stored in dry air at
a temperature of 150°C;
Undefected and intentionally
defected bundles tested.

Fuel stored for over twenty
years and periodically
removed and examined.

No change observed after
a 44 months of storage;
test continuing

Localized oxidation on
intentionally defected
bundles in the vicinity
of defects, after
41 months of storage.
Second 1SE performed
after over 4.1 years.
See Table 9 for details.
No observable changes.

Retrievable Basket (ERB) Experiment, (c) Controlled Environmental
Experiment Phase 1 (CEX-1), and (d) Controlled Environmental Experiment
Phase 2 (CEX-2). Tables 8, 9 and 10 summarize the research results.
Several dry storage interim fuel examinations have been carried out and
the results widely published (41,42). As a result of the latest interim
fuel examination, modification of the CEX-1 and CEX-2 dry storage
experiments has become necessary and plans are to expand the fuel base
that is being monitored to include higher burn-up fuel. The receptacles
of the spent fuel are being modified to create unlimited air availability
conditions, that would prevail during long-term spent fuel storage
situations. Considerable complementary research work on the air and
water oxidation of the U02 matrix is also being carried out and results
have been published (43).

Long-Term Fuel Behaviour in Wet Storage
The results of the first retrieval and examination of the spent
fuel in controlled wet storage have been published (40). The oldest
spent fuel bundles selected for this program have been in wet storage
since 1962. Results from the latest retrieval and examination show no
apparent spent fuel deterioration of either the UO2 fuel matrix (for
defected fuel) or zircaloy cladding of the spent fuel, that has been in
wet storage for more than 20 years. Based on these results, it is
predicted that spent fuel should maintain its integrity at least 50 years
under wet storage (15).
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Table 9: CEX-2 Experiment, Second ISE Results
Experiment Details of the Expt. Major Findings

Analysis of Storage
Atmosphere

Storage atmosphere analysed
with mass spectrometer for
oxygen depletion.

Visual Examination Energy dispersive X-ray
analysis of corrosion
products;

Element. Profilometry Diametral measurements
carried out.

Metallographie
Examination

Ceramographic

Zirconium hydride/deuteride
and zirconium oxide distri-
butions, cladding grain
structure and CANLUB coating
examined.
Cross sections of the fuel
examined by photo-
macrographs; X-ray diffrac-
tion analysis carried out
XPS analysis carried out.

Oxygen depletion despite
water availability and
radiolysis of water.
Increases in C02 and H2
cone, observed.
Xenon and Krypton
release of 1.6% or 13%
of grain boundary
inventory during second
storage period.
Stainless steel
corrosion products
observed in the
vessel ; The
longitudinal crack of a
defected element showed
hydriding and
accumulation of
corrosion products.
No significant diametral
changes measured.
No apparent changes.

Significant amount of
U02 grain pullout from
GBO detected; Average
percentages of area
displaying grain
pullout were 35-66%
Results of XPS analysis
are detailed in
Table 10.
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Table 10: CEX-2 Experiment: XPS Analysis Results
Experimental Conditions Major Findings

Fuel exposed to moist-air
ät 150C for 69 months

Appreciable surface concentrations of
hydroxyl/water observed on U02
fragments.
Cesium, barium and rubidium detected
on fragments. Other suspected
fission products e.g. Te, I, Sr, Tc,
Ru. Rh, Pt were not detected at the
grain boundaries.
Limited evidence of hydrated oxides
or possibly the uranates.
Fission product films possibly
insular deposits covering about 15%
of sampled area. Thickness of the
film about 0.7 nm.

Lonq-Term Fuel Behaviour in Dry Storage
The behaviour of spent fuel over the long-term in dry storage is being
investigated through the ERB, CEX-1 and CEX-2 experiments. The ERB
experiment involves monitoring of two typical undefected fuel bundles
from the Pickering Nuclear Generating Station. Both the CEX experiments
involve monitoring of eight bundles, from each of the Pickering and Bruce
Nuclear Generating Stations. In each CEX experiment, the outer elements
in two of the Pickering and two of the Bruce bundles were intentionally
defected by drilling a 3 mm diameter hole through the cladding before
storage. Although the spent fuel temperature in a large dry storage
facility containing more than 10 year old CANDU fuel bundles is expected
to be less than 100°C, a storage temperature of 150°C was chosen for the
CEX tests to accelerate the exposure effects. A moist air environment is
being used in CEX-2 to simulate a situation in which water might be
transferred on the bundles and/or container surfaces, or within defected
fuel elements in the canisters. The results on fuel behaviour under
these conditions will also be useful for accessing factors related to
spent fuel in permanent disposal in an underground geological repository.
Results from the program to date indicate that intact and defected CANDU
spent fuel can be stored in dry 150*C air for about 100 months, and up to
70 months in moisture-saturated air without loss of integrity (42). Some
grain boundary oxidation of U02 matrix was observed in both dry 150°C air
and moisture-saturated air conditions, and to a slightly greater extent
in moist air. However, this has caused no loss of bundle integrity in
almost 6 years dry storage in moisture-saturated 150 C air, which is a
much more extreme environment than would be the case in actual concrete
canister storage situations.
Work published by AECL and Ontario Hydro shows that using established
Arrhenius plots for CANDU UC>2 air oxidation, spent fuel bundles can be
expected to maintain their integrity during 100 years or more storage in
dry air of 100°C.
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7.0 AN INTEGRATED SPENT FUEL MANAGEMENT CONCEPT
7.1 General
Reduction of spent fuel management costs through system optimization has
been a goal long pursued in Ontario Hydro (9,10). Development of a
single container which could be used throughout the obviously distinct
requirements of storage, transportation and disposal has been the single
important motive behind the development of the Concrete Integrated
Container (CIC).
7.2 Current Developments
The CIC is currently going through demonstration as a storage and
licensing as a transportation package (44). Work is planned to take up
necessary studies regarding its use in an eventual disposal facility.
CIC Concept
The CIC research focuses on developing a simple and inexpensive concrete
container for spent fuel, requiring minimum upkeep following its loading.
The CIC is intended to be transportable by rail or barge as Type B
container with simple foam overpacks for accident protection during
transportation (Figure 7). It is loadable underwater in the used fuel
hays without elaborate needs for fuel handling. Figure 7 also
illustrates a more current version of the design under demonstration. It
has a welded closure arrangement and a space efficient configuration, in
comparison to the earlier version also shown in the figure and reported
in literature. The CIC, being moduller in concept, is well suited to be
manufactured in quantities matching the need, reducing financial outlays,
a disadvantage of the waterpools.
Storage Demonstration
Two prototypes have been built and loaded with spent fuel (See
Figure 7). A number of lessons have been learned on the first leading to
the second design. These containers are now in an open yard at the
Pickering station and are monitored. It is expected that the CIC will
provide the additional storage concept for the Ontario Hydro nuclear
stations. The plan is to store the CICs in a building enclosure at the
station site for facilitating radiological monitoring.
Transportation Demonstration
CIC is a relatively complex steel/concrete structure, compared to
monolithic metal casks and the evaluation of its transportability
required a detailed testing program involving scaled models for drop and
fire tests. The tests are continuing and subject to their successful
completion and licensing, CIC will provide Ontario Hydro with a
dual-purpose concept (storage and transportation), a logical advancement
of the dry storage concept, that has been a hallmark of Canadian storage
research.

63



ON

Earlier
Version

Current
Version

Figure 7. Ontario Hydro Demonstration CICs



8.0 SPENT FUEL MANAGEMENT ISSUES
The long-term management of spent fuel raises many issues of
unprecedented concern, the resolution of which would require a concerted
effort by the governments, the public, the regulators and the producers
(45). In Canada, the importance of these broader issues is highlighted
by the Government directive for the Federal Environmental Assessment
Review Office (FEARO), that is charged with this responsibility. The
FEARO review has been accordingly announced by the Government as one of
the most important environmental assessment ever undertaken in Canada.
Among the broader issues earmarked for a national debate are:

safety and acceptability criteria for the long-term;
long term management approaches including long-term monitored storage;
responsibility to future generations in terms of looking after the
waste;
social, economic and environmental implications;
siting process and criteria.

It is expected that full and through discussion of the geologic disposal
concept and the broader issues of greatest concern will be a necessary
ingredient in any ensuing judgment and decisions on the future programs
related not only to used fuel but to the nuclear fuel cycle as well.
9.0 CONCLUSIONS
The information and ideas presented in this paper point to the reality
that safe, economical and environmentally acceptable Spent Fuel
Management is well in hand in Canada. The different long-term spent fuel
management alternatives are developed to meet the various needs which
include areas of (a) technological assessment, (b) economic efficiency,
(c) minimal environmental impact, (d) social considerations,
(e) moral/ethical and other broader issues, and (f) impact of social and
political institutions. The research and development programs to advance
the technologies needed for the various elements of spent fuel management
are in place. Both the interim and extended storage strategies, based on
established and available wet and dry storage technologies have been
studied. Substantial resources are being devoted to develop a
state-of-the-art transportation system.
The development of an Integrated Spent Fuel Management System is well
advanced and test results to date have been promising and suggest that an
integrated system could be put in place if the CIC is found to be
acceptable as a disposal container.
Canadian research and development efforts in the field of nuclear fuel
cycle have established that in the CANDU reactor system, an optimum fuel
management strategy can be achieved with advanced fuel cycles, although
the current once-through reactor burns natural uranium very efficiently
and consumes less natural uranium than comparable LWRs. The CANDU
reactor is well adaptable to slightly- enriched uranium, U/Pu and Th/U
cycles requiring no major adjustments for either the reactor design or
the CANDU fuel bundle.
The reprocessing of spent CANDU fuel is technically easier than that for
LWR fuel and can be done by using the established PUREX process, modified
PUREX process or the Canadian developed AMINE process.
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The percentage of Pu-241 in the CANDU spent fuel is small and loss of
reactivity due to the decay of Pu-241 to Am-241 is small, so that the
CANDU spent fuel is well suited for long-term storage and recycling. Also
the CANDU fuel bundle, by virtue of its small size, can be easily handled
and is well adaptable for uranium-plutonium mixed oxide (MOX) fuel
production. It has been demonstrated that slightly enriched fuel, with
1.2% enriched uranium, an increased burn-up of approximately 21,000
MWd/tU is attainable.
AECL's research and development results of over three decades have also
demonstrated the feasibility of the Th/U cycle. Demonstration- scale
reprocessing of irradiated thorium fuel has been performed and
thorium-uranium MOX fuel fabricated and irradiated. The fact that
near-breeder performance with this fuel cycle can be achieved in a CANDU
reactor indicates there is no need for developing a FBR in Canada.
The results from experimental programs regarding wet and dry storage have
shown that CANDU spent fuel would maintain its integrity for up to
50 years under wet storage conditions and up to 100 years in dry storage
conditions.
Canadian spent fuel disposal research is well advanced and a
reference concept involving demonstrable technologies is scheduled to be
evaluated by a Scientific Review Group and through Public Hearings under
the auspices of Federal Environmental Assessment and Review (FEARO)
process.
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Abstract

Electricity production based on the nuclear source was
started in Czechoslovakia on industrial scale in 1979 when
the first PWR-unit of the WWfiR-440 type was put into opera-
tion at the Nuclear Power Plants, Jaslovské Bohunice. At
present, eight units of this type are operational with total
capacity of about 3500 MWe and they supply about 25$ of
electricity production. In accordance with the mutual agree-
ment between the Soviet Union and Czechoslovakia, the spent
fuel after five year cooling period is transported to the
Soviet union. The operational radioactive waste /including
reactor and storage facilities/ is conditioned at the power
plant sites and after then transported to the regional
repositories.

1. Introduction

Electricity production based on the nuclear source was
started in Czechoslovakia on industrial scale in 1979 when
the first PWR-unit of the WWER-440 type was put into opera-
tion at the Nuclear Power Plants, Jaslovské Bohunice. At
present, eight units of this type are operational with total
capacity of about 3500 MWe and they supply about 25$ of
electricity production. From this number, four units are
located at Jaslovské Bohunice site and the others at Dukova-
ny site. Four WWER-440 units at Mochovce site and four
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VWER-1000 units at Temelin site are at different stages of
their construction.

Change of traditional three-batch annual cycle to four-
-batch annual cycle operational mode is planned from 1992
for WWER-440 units. This transition leads to a decrease of
spent fuel production by an increased batch average burn-up
from present value of - 29 MWd/kg^ to 38 MWd/kgu .

The WW3R-1000 units will be operated on three-batch
annual cycles mode. The spent fuel average burn-up from these
units will be - 40 KWd/kg ̂.

The spent fuel from WWER-440 reactors is stored for a
period of three years in "at-reactor /AR/ storage" and two
years in naway-from-reactor /APR/ storage" t i l » The WWER-
-1000 AR storages will be furnished by compact racks which
are sufficient for storing nine batches.

The operational radiactive waste, after conditioning
at the reactor sites, is then transported to regional repo-
sitories.

2. Curent status

2.1 Management of shortlived low an medium level waste

The safe radioactive waste /RAW/ management program
for Czechoslovak NPPs was determined by an Act of the Cze-
choslovak Government from the 24-th of July, 1979- In accor-
dance with this Act, the liquid waste including spent ion
exchangers had to be solidified and the volume of solid
waste reduced. The final products, filled in standard steel
drums, then have to be transported into shallow ground re-
gional repositories to the final disposal.

The used core components are stored in reactor building
in a shielded well type storage. The final treatment of this
waste is a part of the decommissioning procedure of the NPP.

For solidification of the liquid RAW and the spent ion
exchangers, mainly the bitumenization process is adopted.
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Also for treatment of some RAW, the cementation is used.
At the NPP Jaslovské Bohunice, an experimental bitumenization
unit with capacity of 0.1 m-Vh and a cementation plant with
capacity of 0.6 aP/h are in operation from 1984 [2]. In the
second half of 1990, industrial scale solidification units
will be commissioned at NPP Jaslovské Bohunice and Dukovany
site.

Solid RAW are classified; the non-combustible waste
is pressed into drums; combustible waste is incinerated and'
both ash residua and fly ashes are mixed with a suitable
bonding agent and packed into drums.

RAW conditioning facilities at Mochovce and Temelin
site are organic parts of the NPP construction project.

All the immobilized RAW, packed in 200 1 steel drums,
will be disposed in regional shallow ground repositories
built at NPP Mochovce site and NPP Dukovany site. The
construction work for the repositories is now finished and
the start of operation is scheduled on the end of 1990.

For RAW transport, series of five types transport con-
tainers with graded shielding /for low and intermediate level
activities/ are used. Transport containers proved to be succe-
ssful in the handling tests and also satisfied the require-
ments on the insultation power test under extraordinary con-
ditions. For the transportation, a specially adopted three-
-axle platform trailer with a loading capacity of 36 t,
trucked by a special wehicle, is used.

2.2 Spent fuel storage and transport

Annual spent fuel resulting from the operation of eight
WWER-440 reactor units is about 112 t. The spent fuel, for five
years period, is stored on the teritory of Czechoslovakia
/3 years in AR storages and two years in AFR storage/ and
after expiration of this period, it is shipped to the Soviet
Union. The storage capacity of the AFR storage facility at
Jaslovské Bohunice site is 600 t of spent fuel [13. The ope-
ration of the AFR storage facility started on the beginning
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of 1987. To the end of 1989, about 150 t of spent fuel /1274
spent fuel assiemblies/ was stored in one pool of the storage
facility. For storage pool inspection at the end of 1989»
the spent fuel was transported to the auxiliary storage
pool of the AFR storage facility. After drying and deconta-
mination of the storage pool, the pool internals were sub-
jected to a careful inspection. No corosion degradation was
found for the pool internals.

For the WVER-1000 units and also VWSR-440 units at
Mochovce site, the storage densification technology is
considered.
The enlarged storage capacity of AR storages enables direct
transportation of spent fuel to the Soviet Union without
using AFR storage facilities.

For the spent fuel transporation from individual loca-
lities to AFR storage facility, two wagon - containers of
TKC-30 type, owned by NPPs Jaslovské Bohunice, are used.

The licensed characteristics of the C-30 transport cask
are ( 3 ]:
- capacity 30 intact fuel assemblies /or 18 defective

fuel assemblies/
- total decay heat ^ 15 kW
- average burn-up
of transported fuel < 33

- maximal burn-up of
individual fuel
assembly < 40 MWd/kgu

- initial enrichment < 3,7̂
- cooling period ^2,5 years

For future four-batch annual cycle operation mode of W¥ER-
-440 units, & revision of this conditions is required.

The spent fuel shipment to the Soviet Union continues
in accordance with a bilateral ageement. For this transport,
the TK-6 [41 transport casks are used.
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3. Research and development on spent fuel
storage and RAW Immobilisation

In the field of liquid RAW immobilization, superalci-
nation and vitrification processes for low and intermediate
level RAW are under development. The work on supercalcination
with use of a fluidized bed calciner is in its initial stage.
The development of the vitrification is at stage of pilot
plant test t 2 ].

To prove the results of design calculation for dense
WWflR spent fuel storage and compact casings, an experimental
research program is in progress at Nuclear Research Institute
Re£ near Prague I 5]•

The research program is conducted by international partici-
pation of German Democratic Republic /GDR/ and the Soviet Union,
The cooperation with GDR regards WWBR-440 compact storages and
the Soviet Union is participating in WWER-1000 program. The
research of the compact storages also includes a development
of stainless steel liners with boron content.

Conclusions

Czechoslovak policy of safe management of RAW from NPP
operation is based on the immobilisation of liquid RAW, vo-
lume reduction of solid RAW and final disposal of conditioned
RAW on the regional shallow ground repositories.

To improve the WWER-440 fuel cycle economics, the
traditional three-batch annual cycle to four-batch annual
cycle operational mode is planned from 1992. The results of
performed analyses indicate that this transition has no
influence on present storage conditions. However, the trans-
portation conditions should be revised and modified.
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SPENT FUEL MANAGEMENT IN FRANCE:
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Abstract

France's programme is best characterized as a closed fuel cycle including
reprocessing, Plutonium recycling in PWR and use of breeder reactors. The current
installed nuclear capacity is 52.5 GWe from 55 units. The spent fuel management
scheme chosen is reprocessing. This paper describes the national programme, spent
nuclear fuel storage, reprocessing and contracts for reprocessing of spenf fuel from
various countries.

I - Introduction ;

France has confidently pursued its long-standing policy (over 30 years old) of
immediately reprocessing spent fuel, recycling recovered fissile materials (U, Pu), and
selective waste treatment and storage.

This spent fuel management policy results from :

- France's commitment to an extensive nuclear power programme,

- France's lack of energy resources and desire to ensure the best possible fuelling
of existing and planned reactors, which is responsible approach with regard to future
generations,

- economic evaluations that show that Pu recycling in PWRs is an advantageous
solution until FBRs come into commercial operation.

Large-scale research programmes undertaken by CEA have enabled reprocessing
and waste treatment processes to be mastered fully in both pilot and medium-size
plants. Satisfactory operating experience with various types of fuel (GCR, LWR, FBR) -
using the PUREX process - have demonstrated industrial feasibility and enabled large
plants to be constructed (UP 3, UP 2-800). At the same time, studies and experiments
involving alpha-contamined and high-level waste storage have been implemented in
accordance with medium-and long-term schedules.

The spent fuel management programme is implemented within the CEA Group
with an appropriate structure that includes COGEMA, SGN, CEA and ANDRA :

- COGEMA owns and operates the reprocessing plants,

- SGN is the prime contractor,

- The CEA performs R and D and is a licensor, providing COGEMA and SGN
with the data required for process and equipment design,

- ANDRA is responsible for waste management.
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This paper reviews the current status of the fuel cycle downstream sector in
France :

- spent fuel generation, transportation and storage,

- thermal and breeder reactor fuel reprocessing experience to date,

- new plant construction in La Hague,

- plutonium and uranium recycling,

- radwaste management.

II • Spent fuel production and storage ;

France now has a nuclear power capacity of 52.5 GWe, which accounts for most
of the spent fuel reprocessed there.

Table I gives the status of nuclear power plant on January 1,1990.

Table I : French Nuclear Power Capacity

Installed Capacity

.OCR

. PWR - 300

. PWR - 900

. PWR - 1300

.FBR

Total

. Units under construction or
being tested

. PWR - 1300

. PWR - 1450

Total

Net GWe

1,7
0,3

30,6

18,5

1,4

52,5

Net GWE

7,9

2,9

10,8

Units

4

1

34

14

2

55

Units

6

2

8

Therefore, in the French context, transportation and storage activities primarily
concern spent PWR fuel irradiated up to 33,000 MWd/t. Annual spent fuel production
is given as a function of time in Table II. Fuel burnup is being increased to more than
36,000 MWd/t, so annual production in the future will probably be lower than that
shown in the table.
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Table II : PWR spent fuel production

Year

. 1988

. 1990

. 1995

. 2000

PWR spent fuel t (H.M)

800

1000

1150

1250

The La Hague center storage facilities, used for both EDF power plants and
foreign customers, reached a 10,000-tonnes capacity with the commissioning of a new
pool, the E-pool, in 1988.

Since the commissionning of its high active oxide (HAO) head end unit for LWR
fuel, the La Hague center has received and unloaded more than 2 400 shipping casks
with an equivalent weight of about 8 000 tonnes of uranium.

France has extensive industrial experience with fuel tranportation to the
Marcoule and La Hague reprocessing plants, starting with OCR fuel in 1966 and LWR
fuel in 1973.

GCR fuel was initially sent to La Hague, then to both La Hague and Marcoule,
and is now sent to Marcoule only. Approximately 650 tonnes (about 70 deliveries) are
transported annually. The total amount of GCR fuel transported to date is
approximately 8,650 tonnes.

Low volume LWR fuel transportation began in the seventies (less than 100 t/year
until 1978), and increased rapidly during the eighties to reach the current 1450 t/year
(330 deliveries). The total amount of LWR fuel tranported to La Hague to date is 8 000
tonnes.

HI - Reprocessing :

French industrial reprocessing experience with GCR and LWR fuels has been
acquired through operation of the UP 1 (Marcoule) and UP 2 (La Hague) plants by
COGEMA. Experience with FBR fuel has been gained through reprocessing at UP 2 by
dilution with GCR fuel and through operations in the CEA's APM pilot plant.

GCR fuel reprocessing :

Until January 31,1987, GCR fuels were reprocessed in both the UP 1 (Marcoule)
and UP 2 (La Hague) plants. Currently, UP 1, the first French reprocessing facility,
commissioned in 1958, is the only reprocessing plant in France used for French (EDF)
and Spanish (fflFRENSA) GCR fuel. A new mechanical decladding facility (MAR-400)
has been operating at rated capacity (17 tonnes per week) since 1983.

At the end of 1989, the total amount of GGR fuel reprocessed exceed 10,000
tonnes
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LWR fuel reprocessing :

UP 2-400, originally used for OCR fuel only, was extended in 1976, with the HAO
oxide unit. Until January 1987 it alternately processed OCR and LWR fuel. UP 2-400
has since been used for LWR fuel only, and has been operating at a regular average
throughput of about 40, or even 50, t/month for periods lasting several months.

At the end of 1989, the total amount of LWR fuel reprocessed in UP 2-400 was
2,870 tonnes.

Figures 1 and 2 give the annual and total BWR and PWR fuel quantities
reprocessed between 1976 and 1989, figure 3 gives the number of months per year
available for reprocessing. The plant exceeded its rated capacity for the first time in the
12-month period from November 1984 to November 1985 by reprocessing 418 tonnes of
LWR fuel in 10 months of operation.

t ü
500-T

19B9
76 à 86 19B2 1984 1986 1988

FIG. 1. LWR fuels reprocessed at La Hague (31/12/89).

UPZ S3 PUR I BUR
UP 3 B PUR IB BUR

1989
76 & 88 1982 1984 1986 198B

FIG. 2. LWR fuels reprocessed at La Hague (total).
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FIG. 3. LWR fuel reprocessing at La Hague (months/year).

The complete UP 2 plant, henceforth used exclusively for reprocessing LWR
fuels, operates at or above its rated capacity with no significant difficulties. These results
virtually guarantee that the plant will continue to operate regularly at its annual capacity
of 400 tonnes in 300 working days, with monthly figures up ot or greater than 60 tonnes
in shearing and dissolution and 500 kilograms in PuU2 production.

FBR fuel reprocessing :

Some 24.3 tonnes of FBR fuel have been reprocessed to date (figure 4).

1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989
FIG. 4. FBR fuels reprocessed in France (total).

The ATI unit at La Hague has reprocessed about 1 tonne of fuel, primarily from
Rapsodie, with buraup to 120,000 MWd/t between 1969 and 1979.

The COGEMA UP 2 reprocessing plant at La Hague reprocessed more than 10
tonnes of Phénix fuel, by dissolution in the presence of gadolinium, followed by dilution
with a OCR fuel solution between 1979 and 1984.
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The Marcoule Pilot Plant (APM), adapted for oxide fuel reprocessing in 1973,
reprocessed about 11 tonnes for FBR fuel up to 1984. It was shut down at that time for
refurbishment to enhance reliability, raise capacity to 5 t/year and adapt the
installations to provide new R and D possibilities tor both FBR and LWR fuel Since its
restarting in 1988 2.5 tonnes of PWR fuel and 2.3 tonnes of FBR Phénix fuel have been
reprocessed.

IV - La Hague Expansion:

UP 3 came into service in November 1989 after nine years of construction and
commissioning. At present, all units are operating, with the exception of the head end
unit. Shearing and dissolution are performed at UP 2 (HAO unit). The first campaign -
30 tonnes for 25,000 MWd/t PWR fuel - was completed in December 1989 without any
major problems. The plant will gradually be brought into full service during 1990. The
shearing and dissolution unit will be operationnal in August 1990.

Hot commissioning of UP 2-800, the UP 2 extension, is scheduled for 1993. The
unit will be used to reprocess LWR uranium oxide fuel only, and will be able to
reprocess higher burnup ÛO 2 fuel and MOX fuel.

When the two plants will operate
throughput will reach 1,600 tonnes/year.

at full capacity, the annual La Hague

V - Plutonium and uranium recycling :

In 1983, in light of increasing plutonium availability and technical feasibility
c on/"! 4 4% etc f onrofrii-firr nln^svn-rn w* f**s**r**l*++ff 7«« DYX/T3 ?n r?T""\T? J .-. —^ J —. J j.« .,*.,.studies and tests regarding plutonium recycling in PWR's, EDF decided to use

plutonium obtained from fuel reprocessing in its 900 MWe units. MOX fuel is gradually
being introduced ; it was first loaded in November 1987 at the St Laurent B1 unit. Two
other such operations were performed in 1988, three in 1989. This will gradually be
stepped up to 5, then 10, refuelling operations annually between 1993 and 1995
(figure 5).

tonnes/year <

188 •

56

18

No of reactors

15

IB

fttX

MIN

Lr1
87 98 2886

FIG. 5. MOX fuel loading programme in EOF reactors.
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Currently, three reactors operate using MOX fuel. One, St Laurent Bl, has a
balanced core with 48 MOX fuel assemblies, i.e. 30 % of total fuel assemblies. "Burn-up"
is limited to 33,000 MWd/t and the plants operate in base load. However the goal is to
achieve the same performances as with UO 2 fuels.

Moreover, special attention is paid to preventing available plutonium stock drift
as its use in MOX fabrication is limited over time. As of now, efforts will have to be
made to strike a balance between the plutonium fluxes produced in the reprocessing
plants and those required for MOX fabrication, and thus to increase the number of
reactors able to use of MOX (16 of 34 900 MWe units are presently authorized to use
this fuel) or the fraction of MOX that can be used in the core without adversely affecting
technical performances.

Plutonium will initially associated with depleted uranium.

MOX fuel fabrication requires that specific capacities be developed :

- COGEMA has begun construction of a 100 t/year plant at Marcoule, with is
scheduled to begin operation in 1993. The plant should be able to supply national needs
and foreign customer orders.

In the interim period (1987-1992), MOX fuel is being fabricated in two facilities,
one in Dessel (Belgium), owned and operated by Belgonucléaire ; the other, at
Cadarache (France), where an LWR MOX Une has been added to those for FBR fuel
fabrication, is owned and operated by the CEA. COGEMA and Belgonucléaire have set
up a joint venture, COMMOX, to market the entire production of these two facilities.

Reprocessed uranium has various possible uses :

- immediate re-enrichment for the new UO7 fuels, which involves UF g and poses
various problems with regard to current gazeous diffusion enrichment processes due to
the presence of U 232 and U 236,

- use as sinterable UO2 powder in MOX fuel fabrication ; this operation requires
only limited amounts of reprocessed uranium,

- storage as U-jOg in order to maintain a stockpile for enrichment needs, possibly
for the AVLIS enrichment process.

France already has extensive industrial experience with conversion of the uranyl
nitrate at the end of reprocessing :

- more than 1,600 tonnes of reprocessed uranium have been converted in UF ^ by
COMURHEX in a special demonstration facility commissioned in 1978, whose capacity
has been gradually increased from 30 to 350 t/year,

- significant amounts of recovered uranium have been processed into oxide by
COGEMA in its TU2 facility in Pierrelatte. This facility, built in 1979-1980, was recently
modified to produce U^pg from reprocessed uranium at a rate of 600 t/year ; the same
plant can also produce a sinterable ÙO2 powder suitable for use as a MOX matrix.

In April 1987, EDF loaded in a 900 MWe unit (Cruas 4) eight experimental fuel
assemblies containing uranium from reprocessing, fabricated by FRAGEMA-FBFC.
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VI - Waste management ;

In the area of waste processing, considerable efforts have been undertaken at
COGEMA La Hague to provide vitrification for fission products, embedding in cement
for hulls and in bitumen for sludge from liquide effluent treatment.

The AVM plant at Marcoule, which came into operation in June 1978, has
vitrified 1,300 cubic meters of concentrated fission products and cumulated more than
43,500 hours of operating time up to 1989.

Two new facilities, using AVM process, R7 and T7, will be used for vitrification
of HLW solutions coming respectively from UP 2-800 and UP 3 reprocessing plants.
Each of these facilities will include three 25 Kg/hour glass production lines, to be
compared with the 15 kg/hour capacity of the AVM plant.

The R7 plant started up in June 1989 and 120 cubic meters of concentrated
fission products have been vitrified. More than 100 glass canisters have been produced.
The T7 plant will come into operation in 1992.

STE 3 (a liquid waste treatment plant) started up in June 1989 ; the Tl
cementation plant will come into operation in August 1990.

Another waste processing R and D focus is the development of incineration for
alpha-contaminated solid wastes. This process will be used at the MELOX plant which
will fabricate mixed oxide (MOX) fuel elements.

In the field of waste disposal, the existing low-level disposal Centre Manche site
will be nearing full capacity (500,000 m3) by the end of 1991. A new site at
SOULAINES will begin operation in 199L will have a total capacity of 1,000,000 m-3,
and is expected to receive around 30,000 nr* of waste per year over a 30-year service life
period. This site is designed for short-lived radwaste (category A) containing low - and
medium-level beta gamma emitters with a half-life of up to 30 years. The alpha activity
in these wastes must not exceed 0.1 Curies per ton, and there must not be no significant
heat production from the radioactive decay.

Deep geological disposal will be used for alpha wastes (category B) and high-
level and heat-producing wastes (category C). ANDRA began a site selection
programme in early 1987 . Prospecting has been carried out at four sites with differing
geology : clay in the nothern part of the Paris basin at Aisne, granite at Deux Sèvres,
shale in the Maine-et-Loire department, and salt in the Ain department. But a recent
decision by the French government regarding re-examination of the site selection
procedure to increase public, local and national authorities involvement in the process
will lead to a delay of at least one year in the construction of the underground laboratory
on the site selected.

Since vitrified waste has a cooling period of at least 30 years, the main priority for
a geological deposit will be its ability to take alpha wastes.
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LWR SPENT FUEL MANAGEMENT IN THE
FEDERAL REPUBLIC OF GERMANY

National contribution presented by M. Peeks
Siemens AC,
Unternehmensbereich Kraftwerk Union,
Erlangen, Federal Republic of Germany

Abstract

The spent fuel management strategy in the Federal Repulic of
Germany is based on interim storage and subsequent reprocessing
of spent fuel. The waste will be disposed of in a geological re-
pository. In parallel, alternative back-end fuel cycle techniques
such as the direct disposal of spent fuel without reprocessing
are being tested in a pilot plant and might at a later date be
used for disposal of spent fuel which is not suitable for repro-
cessing.

1 Introduction

In its paper on management of waste from nuclear power plants and
other nuclear installations put before the Deutsche Bundestag on
the 13 January 1988 the Federal German Goverment reported on the
present status and state of progress made in nuclear waste man-
agement. The present report is based upon the above paper and
describes the present status of nuclear waste management in the
FRG. The report reflects recent changes in the realisation of the
different steps in the waste management.

2 Waste Management Concept

The safe management of waste ("Entsorgung") from nuclear power
plants and particularly the orderly disposal of radioactive waste
are of paramount importance to the peaceful use of nuclear
energy. The German Federal Government continues to maintain its
policy that the safe management of waste is a precondition for
the construction and operation of nuclear power plants.

The basic principles for waste management are established in the
Atomic Energy Act and in the waste management concept of the
German Federal Government which gives greater substance to the
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statutory requirements and the principles of the waste management
provisions ("Entsorgungsvorsorge") for nuclear power plants. The
resoulution passed on 28 September 1979 by the heads of the State
and Federal Governments confirms the integral waste management
concept; it is be based in general on onsite and offsite interim
storage followed by reprocessing of spent fuel, recovery of
radioactive materials, and conditioning for the disposal of
radioactive waste. This waste management concept has continued to
be put into practice in recent years in accordance with the
projections contained in the 1983 Government report on waste
management. The technical elements of the back end of fuel cycle
strategy are unchanged in spite of the fact that the practical
performance has been reorganized recently. More attention has
been given also to the direct disposal approach.

In the view of the Federal Government the principle of disposal
within the nations's borders embodied in the waste management
concept is and remains valid. The Federal Government has stated
repeatedly that there are no convincing alternatives to the in-
tegral waste management concept with reprocessing which it is
pursuing.

Safety takes highest priority in waste management facilities. All
those concerned with the waste management concept in the Federal
Republic of Germany are confident that it can be implemented
effectively and in good time.

The waste management concept embraces four significant steps:

1 . Interim storage of spent fuel in the nuclear power plants and
in offsite interim storage facilities.

2. Reprocessig of spent fuel and re-use of the nuclear fuel thus
recovered in nuclear power plants (recycling).

3. Development of disposal for spent fuel for which, in accord-
ance with Article 9 of the Atomic Energy Act, reprocessing
is technically not feasible or economically not viable.
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4 • Disposal of radiactive waste
in the stages
- Conditioning
- Interim storage in nuclear installations, in offsite stores

or in regional collection centers
- Intermediate storage of highly radioacative, heat generating
waste (vitrified blocks) in interim storage facilities

- Disposal

3 Secured Provisions for Waste Management

Secured provisions have been mace for the accomodation of spent
fuel from light water reactors - for six years in advance as
demanded in the "Principles of waste management provisions for
nuclear power plants" - primarily on the basis of interim storage
within the nation's borders and reprocessing abroad.

The integral waste management concept of the Federal Government
gives greater substance to the statutory requirements. It pro-
vides for implementation of the waste management concept by

- onsite and offsite interim storage of spent fuel
- reprocessing of spent fuel and recycling of the nuclear fuel

thus recovered as well as
- conditioning, interim storage and disposal of radiactive waste

4 Interim Storage of Spent Fuel

4 -1 Objective and Extent of Interim Storage

The resolution of the heads of the State and Federal Governments
dated 28 September 1979 was based on the premise that interim
storage facilities for irradiated fuel would have to be extended.
It specifically provides for the construction of offsite interim
stores - at Ahaus and Gorleben - in addition to the onsite ca-
pacities. In their resolution the heads of government assumed
that the desired reliability of waste management can only be
assured in the individual stages - and therefore the offsite
interim storage of irradiated fuel - are implemented continu-
ously, in good time and effectively.
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However, the interim storage of irradiated fuel from light water
reactor is only an intermediate stage in waste management.

4.2 Forms of Interim Storage

Onsite storage is available at nuclear power plants for the
interim storage of spent fuel generated in those plants. This
takes the form of wet storage in the spent fuel pool. Offsite
interim storage facilities consisting of shipping and storage
casks are intended to receive spent fuel from all nuclear power
plants and have been constructed or are under construction.

The total storage capacity available is composed of the follow-
ing:

- Onsite storage at nuclear power plants approx. 5600 t are
available

- 3000 t in offsite interim stores:

1500 t thereof in the Gorleben interim storage facility:
This interim store received its license pursuant to the
Atomic Energy Act on 5 September 1983; the interim store is
technically ready for operation.

1500 t in the Ahaus interim storage facility:
The procedure for licensing pursuant to the Atomic Energy
Act has been in progress since 1979. The license according to
Article 6 of the Atomic Energy Act for the storage of fuel
from light water reactors was granted on 10 April 198?. The
construction of the storage facility performs in accordance
with the time schedule.

4.3 Basic Engineering Principles for Interim Storage

ij.3.1 Wet Storage

On the grounds of experience a strong case can be made out that
storage in water of spent LWR fuel in standard or high-density
racks is based on a mature and viable technology free from tech-
nical difficulties. The available experience provides a substan-
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tial basis for concluding that Zircaloy clad fuel has not dete-
riorated to date.

4.3.2 Dry Storage

R+D work has been carried out to assess the integrity of spent
fuel assemblies and their handling capability throughout dry
storage periods of over a decade and more, during the discharge
of the fuel from the stores and during shipment to fuel repro-
cessing facilities. The research programs covered theoretical
predictions, laboratory word and performance testing on actual
spent fuel.

The results of the R+D activities in the FRG can be summarized as
follows :

- The experimental findings and the theoretical analyses are in
agreement

- No indications of ISCC or crack growth in the Zircaloy cladding
- Tangential strain and cladding oxidation range around the

detectability limit under cask storage conditions prescribed in
the FRG

- Moisture can be removed during cask drying operations from rods
which we.j degraded in operation

- Minimal contamination of the cask inner surface and basket
- No indications of any further propagation of cladding defects

under inert conditions
- 420 °C is a safe and reliable upper temperature limit for dry
storage in an inert atmosphere. Even somewhat higher tempera-
tures seem to be acceptable.

5 Reprocessing

5.1 Objective

Reprocessing of spent fuel from light water reactors and recycling
of the recovered nuclear fuel in nuclear power plants are essential
components of the waste management concept of the FRG.

Reprocessing of spent fuel is of particular importance for
ensuring secured power supplies in the medium and long-term. The
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nuclear fuel recovered during reprocessing provides raw material
savings (up to 40 % of natural uranium) through recycling in
present-day light water reactors.

Reprocessing of spent fuel and the use of the recovered radio-
active materials also have a beneficial effect with respect to
the disposal of radioactive waste from the use of nuclear energy.
The quantity of high-level waste is reduced as is the proportion
of long-lived radioactive substances.

5.2 Present situation

The French/German Memorandum of Understanding between Cogéma and
VEBA, and the subsequent joint Government Declaration on Nuclear
Cooperation, particularly in the field of reprocessing, sealed the
fate of the German 350 tonnes HM reprocessing plant project at
Wackersdorf. Construction work at the Bavarian site ceased and
the related immediate effectiveness order (Sofortvollzug) for the
construction of the plant was subsequently withdrawn. The German
utilities have also entered into negotiations on reprocessing
services with the British fuel cycle company, BNFL. Germany and
the United Kingdom reached an agreement on nuclear cooperation,
and a Joint Declaration on the Peaceful Use of Nuclear Energy was
released.

In November 1989, the German utilities finalized terms of an
umbrella agreement with both Cogéma and BNFL which was approved
by the German Minister for Environment, Nature Protection and
Reactor Safety (BMU). However, firm contracts can be signed only
after individual utilities agree with the two reprocessors on the
details of the contracts in subsequent negotiations.

The fixed term of the contracts to be concluded with Cogéma is to
be from 1999 to 2005, while th planned contracts with BNFL should
run from 2002 to 2005. Under either contract there will be two
consecutive options of 5 years each, so that the contracts could
be extended until 2015.
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6 Conditioning, Interim Storage and Disposal for Radioactive
Waste_____________________________________________

Additional capacities for interim storage of radioactive waste
were created with the opening of the drum store in Gorleben and
the interim store in Mitterteich. In view of the available
interim storage capacities for radioactive waste with negligible
heat generation rates no bottlenecks are expected before the
scheduled commissioning of the Konrad ultimate repository.

Commenting on a potentially significant delay with the licensing
procedure for the Konrad repository, the German BMU stated
earlier last year that the German experimental waste repository
at Asse could be used for the final disposal of LAW and MAW as a
possible back-up solution if there will be a significant delay
with the licensing procedure for the Konrad repository.

The Gorleben repository is planned to receive all types of radio-
active waste, particularly highly radioactive, heat-generating
wastes; above-ground exploration of the salt deposit has been
carried out.

Below ground exploration were initiated in September 1986 with
the sinking of shaft No. 1. A mining accident in May 198? did not
cast doubts on the suitability of the salt deposit.

Exploration work at the planned German radwaste repository at
Gorleben restarted early in 1989 after having been delayed since
May 1987. A construction decision is now expected to be taken in
1999 and if positive, the facility could then start with opera-
tions in the year 2008.

7 Thermal Recycling of Pu and Ü

The Federal Republic of Germany (FRG) decided to close the
nuclear fuel cycle by reprocessing. The proposed recycling
strategy uses MOX fuel assemblies for recycling plutonium.
The remainder of the reprocessed uranium is enriched separately
and used for enriched reprocessed uranium fuel assemblies.
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In 1980 the German utilities decided to cooperate with each other
and with SIEMENS such that all plutonium which cannot be used
immediately in fast breeder reactors is pooled and utilized for
thermal recycling.

The large-scale technical feasibility and the economic use of
plutonium has thereby been demonstrated for PWRs and BWRs.

No technical problems are seen in the design and the use of
enriched reprocessed uranium fuel assemblies. The experience
gained from recycling of plutionium and uranium is based on
programs which to a large extent have been performed on a com-
mercial basis.

The recycling of plutonium and uranium describend in the above
shows that thermal recycle is feasible on an industrial scale and
that the common levels of reliability and safety can be achieved
in reactor operation. At Hanau a MOX fabrication plant is under
construction with a final capacity of 120 t HM/year. The com-
misioning of the SIEMENS MOX-fuel fabrication plant is scheduled
for end of 1991 .

8 Direct Disposal

The feasibility of direct disposal of spent fuel was investigated
as called for in the heads of government resolution of 28 Septem-
ber 1979; the safety evaluation was concluded on time.

On 6 May 1986 the German reprocessing company (DWK) submitted an
application for a lincense pursuant to Article 7 of the Atomic
Energy Act to construct and operate a pilot conditioning plant in
Gorleben for the purposes of developing conditioning techniques
for direct disposal.

In summer 1989, DWK's Board of Directors decided to construct the
PKA, which is considered a necessary preliminary stage for the
direct final disposal of spent fuel elements in Germany. Thus,
the PKA will explore a supplementary back-end solution to
reprocessing. In December 1989, the local authorities at Gorleben
granted the ordinary construction license for the PKA project.
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9 International Cooperation

Through bilateral working agreements with other countries and
through international organizations the Federal Republic of
Germany cooperates in the development of methods and processes
for safe geological disposal of radioactive waste. Cooperation
agreements covering activities ranging from regular visits and
exchanges of experience to joint research projects exist with a
number of countries.

Organizations and experts from the Federal Republic of Germany
are playing leading roles in the planning and execution of
extensive research and development programs within the European
Community. An international exchange of information and experi-
ence takes place regularly within the Nuclear Energy Agency (NEA)
of the OECD in Paris and the International Atomic Energy Agency
(IAEA) in Vienna. The Federal Republic of Germany participates in
a number of agreed research programs within the framework of the
OECD. The Federal Government supports the work done by the IAEA
in establishing rules and guidelines in the field of waste man-
agement by sending of expert delegates.
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SPENT FUEL MANAGEMENT IN INDIA

National contribution presented by M.K. Rao
Fuel Reprocessing Division,
Bhabha Atomic Research Centre,
Trombay, Bombay,
India

Abstract

Indian nuclear energy programme envisages a 3 stage approach
having PHWRs utilising the uranium reserves available in the country

233followed by plutonium recycling in FBRs and Th-U based fast reactors
forming the third generation reactors. The spent fuel management scheme
adopted is reprocessing. The two BWRs are in operation since the last two
decades and the spent fuel generated is under continued storage. This
paper describes the national programme of spent fuel management for the
PHWRs, BWRs and two research reactors.

INTRODUCTION

The back end of nuclear fuel cycle includes management of

spent fuel and disposal of radioactive waste material. Many

States have adopted the policy of wet storage of the spent fuel

for several years. Of late increasing interest is being shown in

dry storage for extended periods to facilitate deferrred decision

for ultimate disposal/reprocessing options. In the Indian

context the once through option is not adopted. The nuclear

energy programme in India envisages 3 stages of implementation:

1. Utilisation of the available uranium in the natural U-heavy

water based thermal power reactors.

2. Utilisation of separated plutonium in fast breeder reactors.

3. Th-U233 based fast reactors in the long run term.
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Based on this three stage approach India is planning its nuclear
activities to have several PHWRs first. At present five PHWRs at
Kota, Kalpakkam and Narora are operating in addition to two BWRs
at Tarapur. A few more units at Narora, Kakrapara, Kaiga, Kota
and Tarapur are under construction/planned. By the turn of the
century the country is planning to reach a target of 10,000 MWe
nuclear energy. While substantial amount of spent fuel will be
generated by this programme, the schedule of construction of
reprocessing plants will follow the plutonium demand essentially
for fast breeder reactors. This may involve storage of
considerable quantities of spent fuel for varying periods.
Reprocessing the spent fuel and recycling of the plutonioum
separated has been accepted as the policy in order to make the
optimum use of limited uranium resources available in the
country. The high and intermediate level wastes arisings from
reprocessing are immobilised for ultimate disposal; the high
level wastes in borosilicate glass matrix and the intermediate
level wastes in bitumen and other plastcisers.

Two BWRs are in operation at Tarapur since 1969. The spent
fuel from these reactors is under continued storage for the past
two decades and in view of large inventory build up, dry storage
in shielded casks has been resorted to as an interim measure.
Plans are currently underway for the construction of an Away From
Reactor (AFR) spent fuel storage facility as the spent fuel bays
at the reactor station are full.

Among the various research reactors in India, considerable
experience has been gained in the management of spent fuel from
the two reactors CIRUS and DHRUVA located at Trombay. The spent
fuel from these reactors is reprocessed after initial storage in
the storage pond at the reactors.
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STORAGE OF METAL FUEL

The two research reactors, CIRUS and DHRUVA located at
Trombay are having aluminium clad natural uranium fuel assemblies
in the form of a single rod and a seven fuel pin cluster
respectively. The spent fuel is stored in vertical position in
the spent fuel storage pond inside the reactor building during
the initial cooling period and subsequently the same is
transferred to reprocessing plant. The fuel assemblies with
failed cladding are stored in aluminium cans in order to prevent
spread of contamination into the storage pond. Experience
hitherto has shown that short time cooling has no deleterous
effect either on the fuel or on the pond water clarity or
activity release into the fuel pond. However, storage of
metallic fuel for extended periods will result in fuel clad
deterioration. Maintenance of water quality is important in the
absence of which the cladding develops pin holes which will lead
to leaching of uranium and exposure problems. Storage of these
fuel in multilayer racks horizontally is the practice followed in
the reprocessing plant. Each rack is having 16 rows with each row
having 5 fuel assembly stacked one above the other. A minimum of
3 metre water shielding is provided for the spent fuel.

SPENT FUEL FROM BWRs

The two boiling water reactors at Tarapur are in operation
since 1969. The fuel assembly is in the form of zircaloy clad
U02 pins arranged in a 6 x 6 array and enclosed in a zircaloy
channel. The spent fuel from these reactors are stored in the
spent fuel ponds located in the reactor building. The spent fuel
pond is of size 6.1 M long x 4.6 M wide x 12.2 M deep. To start
with, the ponds were cleared for the storage of 528 fuel
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assemblies. Subsequently, the storage capacity of these ponds was
augmented to store 1628 fuel assemblies using what is called
high density fuel racks. Each rack is having a capacity to store
144 fuel assemblies in 12 x 12 configuration. In these racks the
fuel assemblies are stored vertically with or without the
zircaloy channel. The high density racks are made of 3.25 mm
thick stainless steel plates and these plates surrounding all
around the fuel assembly through the entire length are
functioning as neutron poisons. The maximum K eff likely for
this system is 0.9058. Water shielding of 3 metre is provided
above the spent fuel. A cooling system by means of circulating
the spent fuel pond water through a surge tank and a heat
exchanger is provided to remove the decay heat. The cooled water
passes through filters and from the filter goes to the surge tank
at opposite end. The filters use solka-floc as the filter medium
for removing the suspended particles. Powdex resins are used at
times to remove ionic impurities especially when the activity is
high. The pH range of the pond water is maintained between 6.5

-2to 7.0 and general activity level is of the order of 10 >Mc/ml.
The radiation field, around the spent fuel pond is less than 5
mR/hr. Experience over the last two decades has shown that there
is no deterioration of the zircaloy cladding or the fuel as such;
there is no observed deformation of the spent fuel whether it is
bare or with the zircaloy channel. The pond water clarity is
very good.

DRY STORAGE FACILITY AT TARAUR

Dry storage of the spent fuel from the BWRs at Tarapur has
been resorted to as an interim measure when the available storage
capacity in the two spent fuel ponds was fully utilised. Lead
shielded casks of overall dimension 1.512 M dia x 4.67 M long
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and weighing approximately 55 tonnes each are in use. The
capacity of each cask is 37 fuel assemblies. Fuel assemblies
with a burn up greater than 13,000 MWd/Te and a minimum cooling
period of 10 years under water only are stored in these casks.
Strict administrative control is exercised to ensure that fuel
assemblies with burn up greater than 13,000 MWd/Te only are
selectively loaded into the casks. The cask is having an
internal cavity of 1168 mm dia x 4280 mm length. The internal
shell is of 12 mm thick stainless steel followed by 120 mm thick
lead and 40 mm thick steel to provide the shielding necessary. A
6 mm thick stainless steel lining is provided on the outer
surface for ease of decontamination. To provide a full length
support of the spent fuel bundles while transporting or storing
in the horizontal position, square stainless steel boxes of
dimensions marginally higher than those for the fuel bundle have
been provided. The boxes are constructed 3.25 mm thick 304
stainless steel plates. The stainless steel further helps in
absorbing neutron and keeping the assembly in sub-critical
condition. The cask is designed to withstand the 9 metre drop
test condition and the Punch test requirement. Closure of the
cask is done by two separate covers - one internal shielding
cover with required thickness of lead Eollowed by a sealing
cover. The covers are fixed by means of bolts provided all
around. Spiral wound asbestos filled metallic gaskets are
provided in the covers to ensure good sealing against leakage of
any gas. The casks with 37 spent fuel bundles have been stored
over the last 3 years without any external cooling. The external
surface temperature of the cask has not exceeded 75 C and is well
within the specified limits.
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APR SPENT FUEL STORAGE FACILITY

An AFR spent fuel storage facility is being constructed at
Tarapur essentially for storing the spent fuels discharged from
the two BWRs. This is a wet storage facility with a storage pond
of dimensions 9 M wide x 13 M length Ix 13 M depth and has a
capacity to store a maximum of 3312 fuel assemblies. The storage
pond is partly below the ground level. The fuel racks are of
similar design as that of those used in storage pond at reactors
and are critically safe. Each rack can accommodate 144 spent
fuel assemblies and has stainless steel as construction material.
The transportation of the spent fuel assemblies from the reactor
to the AFR facility will be done in the lead cask designed for
dry storage of spent fuel. Since these dry casks are designed
for the storage of spent fuel assemblies with a burn up greater
than 13000 MWd/Te and a minimum cooling period of 10 years under
water only such fuel assemblies will be shipped to AFR storage
facility. A cooling system is provided to keep pond water
temperature at 42 c under normal operating conditions. Even in
the event of continued electrical power failure for seven days
the maximum temperature of the pond water would be around 60°c
The cooling water pumps are provided with two independent power
supplies to ensure uninterrupted power supply. The activity
release in the pool is expected to be around 0.2 Ci/day. Under
the normal operating conditions the ionic impurities will be
mainly from the atmospheric gases and possible contamination
during cask and fuel handling operation. The pond water clean up
system comprises of filters, cation exchange and mixed bed
exchanger units.
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SPENT FUEL FROM PHWRs

The behaviour of the spent fuel from PHWRs is more or less
similar to that of BWRs during the wet storage. The fuel from
both the reactor types are having U02 fuel pins clad in zircaloy
and their stability under prolonged storage under water are
comparable inspite of the different burn up levels these fuel
have seen. In PHWR spent fuel bay these are kept horizontally in
stainless steel trays and these trays are stacked vertically to
24 numbers. For transportation purposes the trays are loaded
into the transport casks. Damaged fuel assemblies are encased in
stainless steel cans before transfering to storage racks. The
capacity of spent fuel pond at each of the PHWR station is
equivalent to 10 years spent fuel discharge from these reactors.

DEVELOPMENT STUDIES

Various developments have taken place over the years in
storage of spent fuel with a view to reduce the activity of pond
water and minimise the activity release through effluents.
Firstly control of the pond water quality is very essential so
that leach rates can be kept to minimum. To maintain this, water
is circulated round the clock through a cation cartridge unit,
alum doser, filter unit and mixed bed unit. Replacement of
filters and regenerations/disposal of ion exchange cartridges are
carried out as often as required depending on build up of
activity or inadequate performance of the clean up system.
Regeneration of mixed bed unit conventionally has been with
sulphuric acid and sodium hydroxide which produces large volumes
of low and intermediate level effluents which need further
chemical treatment. Since the nature of activity in the fuel
pond is practically cationic in nature mixed bed unit can be
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replaced by cation exchanger which can be regenerated by nitric
acid and the resulting effluent can be taken for further
concentration in the waste evaporation system {This process has
been experimented in a storage pond of Reprocessing Plant.) thus
avoiding disposal of large volume of effluents.

A heat transfer mathematical model study of a spent fuel
dry cask is in progress. The model covers the heat generation
due to radioactive decay, conduction heat transfer in the
cladding, natural and mixed convention to a gaseous environment
coolant and heat transfer from the coolant to the outer
container. Experiments are also proposed to be conducted on a
scaled laboratory model to validate the theoretical results.
This study will facilitate a reliable thermal design for dry
storage of spent fuel in casks.
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Abstract

Japan now operates 37 nuclear power reactors with a combined
capacity of 29 GWe. The future nuclear power generation capacity is
forecasted to be at least 53 GWe in the year 2000. The basic policy of
spent fuel management of Japan is to reprocess the spent fuel and to
utilize the recovered U and Pu in thermal reactors as well as in FBR.

The state of the art and plans for relevant R&D activities on
spent fuel storage, reprocessing for thermal reactors and FBR, recycling
of recovered U and Pu, and management of HLW are described.

1. INTRODUCTION

The establishment of the plutonium utilization system has been a long-range goal in

Japan, with the object of realizing more efficient utilization of nuclear fuel resources and

improving the stability of nuclear power generation.

In 1987, the Atomic Energy Commission of Japan prepared * a new long term program for

development and utilization of nuclear energy * by revising the previous one in 1982. This

long term program defines the basic philosophy for promoting the development and

utilization of nuclear energy. The new long term program firmly maintains the policy to

reprocess spent fuel and to utilize plutonium and recovered uranium as nuclear reactor fuel.

The program also defines the principle that the reprocessing will be carried out in Japan to

ensure the national independence in the supply of nuclear fuel.
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The relevant research and development activities to the reprocessing technology are

continued to establish the sound foundation of the technology in Japan. As for the

reprocessing plants, it is important to keep the stable operation of the Tokai reprocessing

plant, and also to promote the smooth construction and operation of the first commercial

reprocessing plant, now being planned in Rokkasho-mura, Aomori prefecture, with an

annual capacity of 800 tons, and commissioning scheduled for around 1997. As for the

second commercial reprocessing plant, it is expected to build the plant with further

improved economy by domestic technology. The necessary research and development

activities will be implemented consistently with the plant start-up schedule for about 2010.

Plutonium obtained by the reprocessing will be utilized in FBRs, in principle.

However, it is presumed that the long time will be required before the practical use in

FBRs. In the situation, the stepwise utilization of plutonium will be pursued. The

utilization of plutonium in LWRs and in advanced thermal reactors (ATRs) in a technically

reasonable scale will be promoted as soon as possible for consolidating the wide-range

technological system to improve the overall economy of the nuclear fuel cycle. R&D related

to the reprocessing of FBR spent fuel will be carried out in close cooperation with the

development of the technology for LWR spent fuel.

High-level radioactive waste (HLW) separated from spent fuel in the reprocessing will

be disposed of in accordance with the basic principle of the solidification in a stable form,

followed by the engineered storage for 30 to 50 years and finally of ultimate disposal in

under-ground formation deeper than several hundred meters.

As for the spent fuel surpassing the reprocessing capacity domestically available, they

will be properly stored and managed until the reprocessing. An option to reprocess the

spent fuel in foreign counties will be carefully treated considering the state of affairs both

in Japan and related countries.

2. PRESENT STATUS AND PERSPECTIVES

2.1 Arisings and Storage of Spent Fuels

Japan now operates 37 nuclear power plants with a combined capacity of 29 GWe. The

installed capacity of nuclear power generation in Japan is estimated to amount to at least

approximately 53 GWe in the year of 2000 and is expected to surpass 100 GWe in 2030.

According to the estimation, the annual generation of spent fuel will be at least

approximately 1,100 tons in the year 2000, and presumably surpass 2,000 tons in the year

2030.
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About 2,300 tons of LWR spent fuel was stored in pools at reactor site as of March 1989.

Accumulated amount of LWR spent fuel stored would be about 2,700 tons in 1990 and 4,200

tons at 1995 under the condition that spent fuel is transported to the Tokai plant and to

overseas reprocessing facilities(Fig. 1).

United Kingdom
BNFL

France
COGEMA

Tokai Reprocessing
Plant (PNC)

First Commercial Reprocessing
Plant (JNFS)

Prospected

Implemented

Fig. 1 Schematic Flow of Spent Fuel in Japan.

The technology for dense storage has been applied to the existing pools to enhance the

utilization, and newly built reactors have larger storage capacity than older ones.

2.2 Reprocessing

2.2.1 Tokai Reprocessing Plant

The Tokai plant, which is the first reprocessing plant in an industrial scale in Japan, is

owned and operated by Power Reactor and Nuclear Fuel Development Corporation (PNC).

The plant, with a capacity of 0.7 ton/d, was started the hot test operation in September 1977

and commissioned in January 1981. Although the plant has experienced several troubles

with long interruptions, the total amount of 410 tons of spent fuel including 5 tons of MOX

fuel from Advanced Thermal Reactor (ATR) 'Fugen* has been reprocessed by the end of

1989 (Fig. 2).
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Fig. 2 Operation Result of Tokai Reprocessing Plant

The major troubles encountered in the Tokai plant were due to the corrosion of process

equipment : corrosion of the acid recovery evaporator in August 1978, one of the two

dissolvers in April 1982, and another dissolver and the acid recovery evaporator again in

February 1983. The third dissolver was additionally installed in 1984. Replacements of the

acid recovery evaporator were carried out by direct maintenance. Remote controlled

devices had been newly developed to repair the defective dissolvers and the in-situ

repairing work for the high active equipment was successfully conducted. Large scale

remote and/or direct decontamination works were required for installation of the third

dissolver in a spare cell and replacements of the acid recovery evaporator.

As the result of overcoming those difficulties, the plant operation has been satisfactory

with the annual processing amount of 50 to 70 tons since 1985. However, aiming at more

steady operation and improvement of plant efficiency, further refurbishments were

considered to be necessary. A scheduled intervention period was prepared from June 1988

through September 1989 in order to carry out large scale maintenance works as follows :

(1) Replacement of Acid Recovery Evaporator

The acid recovery evaporator had been replaced twice. Expecting longer life, the

evaporator was replaced with a new one made of Ti-alloy which has excellent corrosion

resistance compared to the conventional stainless steel.
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(2) Replacement of Plutonium Evaporator Tower

The plutonium solution evaporator consists of a boiler made of titanium and a tower

made of stainless steel which had faced corrosion problem twice. The tower portion was

replaced with a new one made of Ti-alloy and welded to the boiler.

(3) Installation of Additional Pulse Filter

The pulse filter used in the clarification process requires periodic maintenance works

such as washing and replacement of filter element, which affect the plant efficiency. A

similar pulse filter was installed additionally to be dual system.

(4) Replacement of Internal Parts of Shearing Machine

For past few years, the shearing machine had frequently showed operational

difficulties caused by wear and tear of internal parts and deposition of fuel powder in the

machine. Major internal parts were renewed remotely, considering possible improvements

for prevention of powder deposition and for easiness of remote maintenance.

(5) Modification of Acid Recovery Distil lator

Regarding corrosion problem of heating coil-pipes contained in the bottom of the acid

recovery distillator, the distillator configuration was modified to separate the boiler portion

from the column so that the periodic inspection and necessary repair can be conducted

easier.

After these improvements, the plant resumed operation in the end of September 1989

and is expected to process about 90 tons of spent fuel annually.

2.2.2 Commercial Reprocessing Facility

Japan Nuclear Fuel Service Co. (JNFS) was established for the construction and

operation of the first commercial reprocessing facility in Japan with a capacity of

800t • U/year.

The JNFS facility planned in Rokkasho-mura, Aomori Prefecture mainly consists of

reprocessing facility, spent fuel storage facility, and vitrified waste storage facility which

will store the waste to be returned from France and U.K. under the reprocessing contracts

with Japanese utilities.

Currently, the JNFS established an office at the site for preparation of construction of

the facilities, and finished environmental surveys in February 1989, euch as geological,

meteorological, oceanological and biological survey.
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As for the preparation work, land leveling and private road construction were started in

November 1988.

(1) Present status

The basic design of the facilities started in February 1987 and finished January 1989

and the detail design work is currently carried out. In March 1989, JNFS applied the

government for the authorization of reprocessing business and radioactive waste

management business. These two applications are now under review. After the

authorization of the application, it is necessary to get the approval of the design and

method of construction.

(2) Principal specification

• Spent Fuel Storage Facility

Capacity 3,OOOt-U

• Reprocessing Plant

Method Purex process

Capacity 800t - U/year

Spent fuel

Cooing time over 1 year before receipt

over 4 years before reprocessing

Burn-up 45, OOOMWd/t • U (average)

• Vitrified Waste Storage Facility

Waste vitrified HLW

Capacity 1,440 canisters (doubled in future)

(3) Technologies

To adopt the best technology, JNFS has made efforts to review and analyze on various

reprocessing techniques available in Japan and abroad.

JNFS finally decided the major technologies for the reprocessing plant as follow :

• Main reprocessing process SGN (France)

• Reduced pressure evaporation BNFL (U.K)

• Iodine removal process KEWA (Germany)

• U & Pu mixed denitration PNC (Japan)

• Spent fuel storage pool HITACHI et al. (Japan)

• HLW vitrification PNC (Japan)
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(4) Schedule

The schedule of the reprocessing project is shown below.

As mentioned before, the governmental review of applications and detail design are

under way.

Their licensing document describes that start of the operation of the waste storage

facility, the spent fuel storage pool and the reprocessing facility are scheduled to be July

1993, March 1994 and December 1997 respectively.
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3. R&D ACTIVITIES SUPPORTING SPENT FUEL MANAGEMENT

3.1 LWR Fuel Reprocessing

3.1.1 R&D Activities in PNC

The Tokai reprocessing plant has another aspect as the pilot plant for establishing

reprocessing technology in Japan. Many R&D activities in this field are centered in the

Tokai plant including related facilities for plutonium conversion and waste treatment such

as krypton recovery, vitrification and bituminization.

Two kinds of R&D programs are carried into effect : one the short- and medium-term

program to improve plant operability and the other the long-term program to pursue

advanced technology.

The short- and medium-term program includes such developments as components with

higher reliability, remote repair and in service inspection, decreasing radioactivity released

to environment, safeguards technologies, and so on. For the first commercial reprocessing

plant, PNC also plays an important role as a technical advisor based on its technical

know-how and experiences gained through the operation of the Tokai plant.

Because the demand of the Tokai plant on LWR fuel reprocessing is supposed to be

decreased after starting the full scale operation of the commercial reprocessing plant, the
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principal role of the Tokai plant will be gradually shifted to more extensive R&D activities

in late 1990's mainly for advanced technology such as reprocessing of high burn-up fuel

and MOX fuels. In the long-term program emphasis is placed on the advanced engineering

for head-end process including mechanical chopping, dissolution, off-gas treatment, and

clarification.

3.1.2 R&D for large scale reprocessing plant

In order to ensure stable and reliable operation of the reprocessing plant, JNFS has

been promoting various R&D, partly with financial support by the government and electric

utility companies. Cold tests (including tests with uranium) has been conducted for the

main equipments in an actual plant scale.

Demonstration tests of head-end process equipments and of annular type pulsed columns

are scheduled to be conducted using the mock-up facilities. Other researches are being

performed to cover waste treatment technologies, process development for environmental

safety, equipment materials and instrumentation technologies.

3.1.3 R&DinJAERI

Japan Atomic Energy Research Institute {JAERI) supports various fuel cycle activities

in the area of safety research and fundamental research.

The major parts of safety research in JAERI are those for providing a sound technical

basis for safety criteria and evaluation and the other part are researches for improving

safety on current technology. Examples in the former research include criticality

experiments to accumulate criticality safety evaluation data, demonstration test of filter

integrity under various conditions, transient behaviours of extractor or extraction system

in anticipated abnormal conditions and computer code development for safety evaluation on

criticality, radiation shielding and source term for postulated events. The other object of

this research is to improve safety in environment by development of more efficient iodine

collection methods and of a closed treatment system in Purex to reduce aqueous effluents.

Fundamental research concerns mainly on advanced process development in

reprocessing and waste management. Efforts to improve decontamination of neptunium and

technetium in Purex system is under going to simplify Purex system. The research for

partitioning of high level waste has advanced to propose a modified process system. The

research on waste treatment is focussed on improved TRU waste management, such as

solidification of TRU sludge waste by micro-wave heating, non-destructive measurement

technique of trace amount of TRU in solidified waste and submerged combustion of spent
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solvent. The other activities in fundamental research is to collect various experimental

data for establishing fundamental process data base in future, in such field of solution

chemistry of TRU species, application of laser technology to separation process and some

basic studies for in-line monitor.

In order to support these researches, a program of a new hot research facility, Nuclear

Fuel Cycle Safety Engineering Research Facility (NUCEF) has been promoted since 1986.

Major research items in this facility are nuclear criticality experiment, advanced

reprocessing process development and systematized study for improved TRU waste

management. The detailed design and licensing is almost completed and the construction of

building is in progress. The first experiment is expected to start in the late 1993.

3.2 FBR Fuel Reprocessing

The prototype FBR "Monju" is now under construction based on the experimental FBR

"Joyo* which has been operated since 1977 by PNC. The "Monju* is scheduled to reach

criticality in 1992.

In the FBR fuel reprocessing PNC has developed its own process and equipment as well

as remote handling techniques through large scale cold mock-up tests and laboratory scale

hot tests on basis of the experiences accumulated in the Tokai plant. The Recycle

Equipment Test Facility (RETF), adjacent to the Tokai plant, is under designing for

conducting large scale equipment tests under hot conditions in order to enhance the

technical level and economical efficiency.

3.2.1 Process Research and Development

(1) R&D Facilities in Tokai

The Chemical Processing Facility (CPF) processed about 7 kg of irradiated "Joyo* fuel

by 1989 for hot laboratory tests with burn-up between 4,400 MWD/T and 54,700 MWD/T.

Fuels irradiated at Phénix in France up to 94,000 MWD/T have been treated since October

1986. In the Engineering Demonstration Facilities (EDF-I, II, III) many kinds of engineering

tests of process equipment are carried out.

(2) Head-End Process

PNC has adopted the laser-beam disassembling machine. The prototype machine could

effectively remove hardware of FBR fuel assembly from the fuel pins. Tests for improving

its remote maintenability, verifying aerosol produced by laser, and making it more compact

are now performed.
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The continuous rotary dissolver has been adopted considering larger capacity and

higher economical efficiency which would be required in future. The prototype dissolver

will be tested in the near future.

(3) Chemical Separation Process

The centrifugal contactors have been adopted and continued performance tests. In

parallel with the development of such contactors, the engineering scale pulsed column test

apparatus using plutonium solution has started operation in the beginning of 1990. This is

also equipped with electroreductive pulsed column.

(4) Off-Gas Treatment

The caustic waste solution generated in dissolver off-gas treatment process, which

contains bulk iodine, is continuously dried up to the powder by the thin layer evaporator.

Then, the powder is pressed to form the pellet at a normal temperature. This process was

proved to be applicable through engineering tests.

(5) Common Technology

The development of remote system technology is now promoted to establish remote

maintenance concept with rack module system for the new hot test facility and a future

plant. A new prototype of two-armed, elbow-down type bilateral-servomanipurator has

been fabricated and is now being tested. Other remote systems are under development,

such as standardized roll-in type rack, remote connector bank for rack system, remote

sampling system, signal transmission system using optical fiber, and so on.

Materials of process equipment and manufacturing techniques have also been studied.

Hot corrosion tests are continued in CPF. In-line analysis systems for plutonium, uranium,

acidity, and gamma nuclides are being developed aiming at prompt analysis, automated

operation, higher reliability, and reduction of waste and exposure dose.

3.2.2 Plant Design

(1) Recycle Equipment Test Facility

The result of recent research and development proved that hot demonstration of large

scale components is necessary for steady operation of the the pilot plant. From this

viewpoint, PNC has started the design of RETF. This is a pure test facility for key

components and process for FBR fuel reprocessing and will be operated to collect hot data

and verify the key technologies with irradiated FBR fuel.
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In RETF, tests will be performed independently for each process. Therefore, each

process capacity does not need to be consistent through all process. Remote technology

with each module system will be adopted so that the test components are easily

interexchangeable.

(2) FBR Fuel Recycling Pilot Plant

The purpose of the FBR Fuel Recycling Pilot Plant is to demonstrate the whole plant

availability and to evaluate the economical efficiency of FBR fuel reprocessing for

recycling spent fuel from FBR such as "Monju". It is scheduled to begin operation soon

after 2000.

3.3 Spent Fuel Storage

Japanese policy of spent fuel management is to reprocess all of the spent fuel from

power reactors. The spent fuel surpassing the storage capacity must be properly stored and

managed until the reprocessing. The purpose of the research on spent fuel storage is to

provide flexibility in spent fuel management in the future situations.

The research is categorized to

(1) improvement of the existing wet storage technology and

(2) evaluation of dry storage storage.

With regards to wet storage, sufficient experiences are accumulated to show the

reliability and the safety in the long term. In-situ data collection has been continued on

the integrity of pool lining by PNC. Efforts to make enhanced utilization of storage pool

are being continued. Remodeling of storage rack through improved criticality design and

optimum spacing of rack for condensed storage by employing burn-up measurement are

being considered.

R&D on dry storage technology has been promoted by Central Research Institute of

Electric Power Industry (CRIEPI) and JAERI.

CRIEPI proposed that cask storage method is most appropriate for At Reactor (AR)

storage of spent fuel of about 500 tons. They proposed a technical criteria on the brittle

failure of ductile cast iron cask by drop tests. CRIEPI has also made design study of vault

storage method in comparison to pool and cask storage methods.

CRIEPI is conducting a US-Japan joint study on spent fuel storage technology with US

EPRI, Virginia Power and Carolina Power & Light from 1987 to 1990. The joint program

includes 'Spent fuel characterization*, 'Cask material testing', 'Cask technology

improvement", etc.
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Creep tests of Zircaloy is made by CRIEPI to evaluate the integrity of spent fuel

cladding and to propose the maximum cladding temperature during dry storage.

JAERI's research concerns on the oxidation of fuel and cladding from the safety in the

long term storage. This research, however, will be finished this year.

3.4 Recycling of Recovered Plutonium and Uranium

3.4.1 Conversion of Plutonium

To use plutonium recovered in reprocessing, the development of conversion technology

is essential, together with the reprocessing and MOX fuel fabrication technologies. PNC is

the first company in the world to develop the co-conversion technology using the

microwave heating denitration process (MH method), which converts plutonium nitrate and

uranyl nitrate solution to MOX. Compared with the conventional methods, this process is

simple and generates less liquid waste.

The construction of Plutonium Conversion Development Facility (PCDF) with

conversion capacity of 10 kg-MOX/d, designed for demonstrating the co-conversion

technology by the MH method, was completed in February 1983. Approximately 4,500 kg of

MOX powder have been converted and transferred to the MOX fabrication facilities by the

end of July 1989.

3.4.2 MOX Fuel Fabrication

The development of MOX fuel fabrication by PNC is divided into three steps. The first

step is the development and accumulation of basic technologies for plutonium handling,

which have been carried out at the Plutonium Fuel Development Facility (PFDF) since 1965.

The basic research of plutonium fuel and fuel fabrication for irradiation tests has been

continued until now.

The second step is the confirmation and accumulation of technologies through the

fabrication of MOX fuels at the Plutonium Fuel Fabrication Facility (PFFF), which started

operation in 1972. The achievements obtained in PFDF have been reflected to PFFF which

is a facility to fabricate MOX fuels for the experimental FBR "Joyo" and the prototype ATR

"Fugen". The cumulative amount of MOX fuel production in PNC is more than 100 tons, and

more than 40,000 fuel rods had been successfully irradiated as of March 1989.

The third step is the demonstration of mass production technology in the Plutonium

Fuel Production Facility (PFPF). The PFPF has adopted fully remote and automated

operation technologies. The FBR line of PFPF with a capacity of 5 ton-MOX/y has started

114



operation in 1988 for supplying fuels for the prototype FBR "Monju" and "Joyo". The ATR

line of PFPF is now under construction.

As mentioned above, the technology related to MOX fuel fabrication has been

established in Japan. Aiming at establishment of plutonium utilization structure in the

future, however, further R&Ds are required to commercialize MOX fuel fabrication

including the safe handling of plutonium. At PFDF, research will be continued on the

manufacturing fuels with new materials, new welding techniques, and other aspects of

plutonium fuel fabrication. At PFFF, developments of fabrication equipment and

instruments will be carried out. The PFPF will serve as a bridge leading to

commercialization of MOX fuel fabrication by establishing remote controlled and automated

operations as well as better quality control, thus furthering the safety and economy of

fabrication.

3.4.3 Utilization of Recovered Uranium

Recovered uranium can either be converted to uranium hexafluoride followed by

re-enrichment and re-conversion, or be mixed with plutonium to be recycled as MOX fuel.

All these options are being studied.

Stage 1
Selection of effective
formations(completed)

Stage 2
Selection of the candiate
disposal site

Stage 3
Demonstration of the disposal
technology at the candiate
disposal sites

Stage 4
Construction.operation and
closure of disposal facilities

Fig. 3 General view of approach to geological disposal
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3.5 Management of High-Level Radioactive Wastes

High-level radioactive wastes (HLW) separated in reprocessing are now stored in the

form of solution at Tokai reprocessing plant. These wastes are to be vitrified and stored

for cooling for a period of 30 to 50 years at an engineered storage facility. Then HLW will

be finally disposed of into deep geological formations with multibarrier system.

PNC is taking a leading role in Japan in the development of technology for treatment

$nd disposal of HLW. The vitrification of HLW in Japan is now at the demonstration stage.

A plant for vitrification is under construction and will be in operation in 1992. Research

and development activities in the field of geological disposal are on the 2nd stage of the

total program (Fig. 3). The main objective of the current R&D activities is to demonstrate

the technical feasibility of the geological disposal in Japan.
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SPENT FUEL MANAGEMENT IN THE REPUBLIC OF KOREA:
CURRENT STATUS AND PROSPECTS

Won J. PARK
Korea Advanced Energy Research Institute,
Daeduk, Republic of Korea

Abstract

The continuous expansion and development of Nuclear Power Program in Korea
have resulted in generation of the significant volume of the Nuclear Wastes. Among them,
spent fuel generated from nuclear fuel cycle is one of the impending problems to be solved
due to their inherent high radioactivity and long half life. Great Efforts have been made to
solve effectively these problems in spent fuel management which might be encountered
within foreseeable future.

In this presentation , the current status of spent fuel management in Korea are
discussed, and the related R and D activities are briefly introduced.

Background

Nine nuclear power plants (8 PWRs and 1 CANDU), whose total generating
capacity is about 7.6 GWe, are now in operation in Korea. And two units of 900 MWe class
PWRs are scheduled for commissioning in the middle of the 1990's. Recently Korea Electric
Power Corporation (KEPCO) has planed to build three more nuclear power plants by the year
of 2000 to meet the impending power demand as shown in Table 1. Since 1987, more than
50% of national electricity demand has been fulfilled by nuclear generation.

In contrast to those countries highly experienced in nuclear technology, employing
both reprocessing and direct disposal as basic strategies for spent fuel management, Korea
has recently decided to construct an interim storage facility. In which, spent fuels will be
stored there for several decades, during which time the strategy and the technology will be
established.

At present, spent fuels generated from the nuclear power plants are currently stored in
At Reactor (AR) water pools. The total spent fuel storage capacity of AR facilities of those
current 9 nuclear units is about 2,730 MTU. About 1,200 MTU of spent fuel from these
reactors have been accumulated up to now. Existing AR storage pools of spent fuel with the
exception of the Kori-2 pool will lose their Full Core Reserve (FCR) capacity in the middle
of 1990's. This presentation shows overall effort to construct a long-term strategy for back-
end nuclear fuel cycle, in which reprocessing is not foreseen in the near future.
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Table 1. Nuclear Power Plants' Installed Generation Capacity in Korea

Status
Name

of
Plant

Reactor

type

Start
of
Operation

Capacity

(MWe)

Cumulative
Capacity
(MWe)

In
Operation

Under
Construction

Planned

Koril
Kori2
Wolsung 1
Kori3
Kori4
Y.K. 1*
Y.K. 2*

Uljin 1
Uljin 2

Y.K.3*
Y.K.4*

Wolsung2
Uljin 3
Uljin 4

PWR
PWR
PHWR
PWR
PWR
PWR
PWR

PWR
PWR

PWR
PWR

PHWR
PWR
PWR

78.4
'83.7
'83.4
'85.9
'86.4
'86.8
'87.9

'88.9
'89.9

'95.3
'96.3

'97
'98
'99

587
650
679
950
950
950
950

590
950

1000
1000

700
1000
1000

587
1.237
1,916
2,866
3,816
4,766
5,716

6,666
7,616

8,616
9,616

10,316
11,316
12,316

* Y.K. - Yeongkwang

National Strategies

The Korea government, recognizing that a national problem exists due to
accumulation of commercial spent fuel assemblies, and that the final decision for spent fuel
management will not be made in the foreseeable future, amended the Atomic Energy Act in
May of 1986. In the amended Act, the government would take the responsibility for national
spent fuel management and the financing of the programs for radwaste management would
be assured by placing a fee from nuclear power utility, KEPCO as much as 2 won per kwh ( -
2.8 mil US$ per kwh ). Further the important principle that an Away From Reactor (AFR)
spent fuel interim storage facility must be constructed by the end of 1997 has been
established by the 220th Atomic Energy Committee (AEC) on July, 27 of 1988.

At the 221th AEC meeting in Dec. of 1988, "Wet" storage option for the first interim
storage facility was employed and long-term plan for the facility until the year of 2000 was
approved. As well, dry interim storage option would be also considered in near future.
Through the techno - economic assessment, an optimal capacity as much as 3,000 MTU as
the first storage capacity of these interim storage was determined and now is waiting for
approval at the next AEC meeting. Additional expansion of capacity will be planned as the
first storage capacity becomes filled up.

Consequently, the ultimate strategies for spent fuel management in Korea is deemed
unlikely to be available in the near future for both economical and political reasons. The
spent fuel assemblies or rods generated from power plant would stay to decay in At-Reactor
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storage pool for the time being, and transferred to the Away-From-Reactor (APR ) interim
storage facility and stored for several decades before the final decision, either reprocessing
or direct disposal, will be made. In one word, the integrated spent fuel management with
"Wait and See" strategies have been adopted as the best one among several strategies which
Korea have taken into consideration for last decade.

Present Status of Spent Fuel in Korea

Since the first commercial nuclear power reactor, Kori -1, entered operation in 1978,
the Korean nuclear power program has witnessed quite rapid expansion. Currently we have 9
nuclear reactor units in operation and 2 units under construction, and also a plan to build
three more nuclear power plants up to the year 2000. Based on the current program, about
3,200 MTU of spent fuel projects to accumulate by the year of 1997 when an APR storage
facility plans to be completed and, by the year 2000 it reaches to about 4,000 - 4,500 MTU
Moreover, the cumulative amounts of spent fuels discharged from total 14 units, which
expect to be in operation by 2,000 amount to be approximately 14,000 MTU. From these
projections, the most serious problem we are going to face, therefore, must be the shortage of
each AR storage capacity for the projected spent nuclear fuel arisings.

The accumulated amount of spent fuels up to now and the storage capacity of AR
pools of each nuclear power station are given in Table 2. As shown in Table 2, the
expansion of storage capacity is of the most urgency at the Kori site and Wolsung one.
Mostof the other power stations are expected to have their pools filled in the latter half of the
1990's.

Table 2. At-Reactor Spent Fuel Storage Status in Korea (As of Dec. 31,1989 )

NPP

Kori-1
2
3
4

Subtotal

Y.K. 1*
2

Subtotal

Uljin-1
2

Subtotal

Iota! (PWR)

Wolsung- 1

AR pool
Capacity

562
920
746
746

2,974

746
746

1,492

472
472
944

5,410

48,336

Accumulated
No. by 1989

358
224
220
156
958

160
96

256

_
-
-

1214

31,630

Year of
losing FCR

1991
2003
1997
1998

-

1998
2000

-

1995
1996

-

-

1992

Excess capacity
except FCR by 1997

205
0
15
0

220

0
0
0

121
69

190

410

27,790

Commercial
Operation date

April, 1978
July, 1983
Oct., 1985
June, 1986

Aug., 1986
June, 1987

Sep., 1988
Sep., 1989

April, 1983

* Y.K.- Yeongkwang
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Spent Fuel Storage Plan in Korea

A) Expansion of AR storage capacity and Transshipment of spent fuel

Expansion of standing pool storage capacity by reracking is to accommodate the
discharged spent fuel before the interim storage facilities become available. The reracking
program at the Kori-1 and -3 at Kori site, Uljin-1 and - 2 atUljin site, and Wolsung-1 at
Wolsung site are planning or underway and some of them are scheduled to be completed in
the former half of the 1990's.

Transshipment of spent fuel, which involves the loading of excess spent fuel at a
particular storage pool into a spent fuel shipping cask and the subsequent shipment of the
spent fuel to a pool with excess storage capacity, will be taken as one of alternatives of which
Korea can do. Up to now, only nuclear power plants, co-located at the same site, plan to
make use of this transshipment option by KSC-4 shipping cask because the APR storage
facility is scheduled to be completed by the end of 1997.

As shown in Table 2, among nuclear power plants at Kori site, Kori-1 and Kori-3 are
expected to lose the FCR (full core reserve) capacity prior to commissioning the APR
interim storage facility. In accordance with the countermeasure plan of KEPCO, poisoned
rack will be installed at the empty space of the existing storage pool of Kori-3 by the end of
1993 instead of the normal racks which was originally planned. It will result in the
expansion of the racks space for about additional 500 assemblies . Before then, the excess
spent fuel of Kori-1 as much as about 150 assemblies plans to be transshipped to the pool of
Kori-3 by KSC-4 shipping cask which has been developed by KAERI.

The installed normal racks of Uljin-2 will be replaced by the poisoned racks and the
expanded capacity up to about 890 assemblies is expected to accommodate the whole spent
fuels discharged from Uljin-1 and Uljin-2 until 1999. No modification of the related systems
is presently foreseen, but these verification will be required in the stage of licensing. For this
reracking project, the replacement work of the normal racks with the poisoned racks using
boraflex will be completed prior to the first refueling at Uljin-2. And then the excess spent
fuels from Uljin-1 will be able to be transshipped into Uljin-2 pool by the same shipping
casks to be used at Kori site, KSC-4.

As for Wolsung site, even if capacity expansion could be achieved at the existing pool
by fuel bundle stack-up to /educe the height of the present tray, subsequent discharge of only
2 more years can be filled up in the expanded storage space. This means that a capacity
expansion to accommodated all the accumulated spent fuels up to the end of 1997 must be
sought. KEPCO considers, for this purpose, to install 72 concrete canisters, developed by
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AECL, to store approximately 37,800 bundles of CANDU fuels in Weisung site until the
existing pool will lose the FCR capacity ,as shown in Table 2.

B) AFR interim storage facility construction

Expansions for spent fuel storage are only temporary alternatives far from
accommodating the whole spent fuels up to the life time of each unit. Together with them,
therefore, another program for longer-term measure might be inevitable. The national plan to
build an interim storage facility is thus called for as an ultimate solution. In general, this
facility would work as a central storage to collect all the spent fuels generated from each of
all the reactor stations. Moreover, this provision of interim storage can allow sufficient time
to examine the further strategy of spent fuel management, whether recycle or disposal.

"Wet" storage mode, as the first interim storage facility near coast was employed and
long-term project plan for the facility until 2000 was approved as illustrated in Fig. 1. In
order to commission of this facility by the end of 1997 as scheduled, siting should be cleared

Year

Construc-tion of
interim
storage
facility

'88 '89 '90 '91
site fi
1

'92
xed

siting

'93 '94

preliminary & full design

licen sing

'95 '96 '97

compl

1

construction/commissioning

'98

;tion

r

'0033

operation

Fig.l Time Schedule for AFR interim storage facility construction
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out by mid of 1992. However, at the beginning stage for the general site investigation of 3
candidate sites, strong apposition by residents who live at the candidate sites has been made.
It has resulted the construction time schedule to be delayed about one year behind as
planned. Public acceptance issue in the siting process is thought to be the critical element to
meet the overall time schedule. Last February, in National Assembly, it was reported that the
final site selection for APR storage facility would be made by July of this year.

Transportation of Spent Fuel

By using of the experience of transporting a cask loading one PWR spent fuel
assembly from Kori unit #1 to KAERI-Daeduk site for the purpose of hot cell examination in
1987, KSC-4 ( Korea Shipping Cask for 4 PWR Assembly ) will be fabricated by the early
1990 for spent fuels to transship between AR pools. After that, Korea has planned to develop
another cask, which will accommodated 7 PWR assemblies for transporting spent fuels
between AR pools and APR facility.

Between nuclear power plants and an APR storage facility, there are three open
alternatives in terms of transportation routes : railway, road and sea transportation. Major
problem of railway transportation is the connection between the power station sites and
existing railway network to overcome problems which may be existed, substantial investment
cost would be additionally required in railway installation for those sections if Korea employ
train transportation system. There is other constraint, however, in the option of road vehicle
transportation due mainly to the applicable weight limitation which is restricted to 40 tons. It
would mean more frequent movement inevitable and equivalent number of more casks
needed. As to the coastal sea transportation from coastal points, Korea have apparently
favorable conditions than the previous two options. Firstly, all power reactor sites are located
at the coastal area. Secondly, existing harbors at reactor sites appear, in principle, good
enough for shipping work with only minor modifications. Despite these given advantages,
however, the investment to build transportation ships of special design and a new harbor
facility near AFR site is thought to be heavy enough to justify careful evaluation of
transportation system alternatives. In accordance with the 221th AEC meeting, it will be
highly probable to adopt either ship/road or ship transportation system due to the high
population density and the coastal location of nuclear power plant in Korea.

Research and Development Activities

Related to the integrated spent fuel management, important research activities are
begun and conducted mostly by KAERL Their main activities are to setup the concrete
plans in Korean spent fuel management strategies even though the final decision either
reprocessing or direct disposal, have not been made yet.
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First of all, expansion of standing pool storage capacity by reracking is the one which
has been put into emphasis. A feasibility analysis was conducted for Kori-3 and results
indicated that using poisoned rack instead of the normal rack improved their storage capacity
as much as double. As for Wolsung-1, safety analysis for the storage capacity expansion
when the trays loaded with spent fuel bundles piled up higher than the existing stack height
by modification of the original tray height from 14 cm to 12 cm, was carried out. According
to the result, it is thought that up to 26 layers, the trays with spent fuel bundles can be piled
up, considering only the structural stability, compared to the existing 19 layers. It means
that storage capacity for Wolsung-1 can be expanded by, at least, 30 percentage.

As an alternatives to face up the eventual shortage of AR storage capacity with
accumulating spent fuel assemblies, Wet type APR storage facility are under planning. The
feasibility study and the conceptual study have been done with ASEA-ATOM/Swed power
and SON respectively. As the reference model for the Korean interim storage, the Swedish
CLAB facility and/or the French La Hague facility have been taken into consideration. In
parallel with the wet type storage, the general and conceptual studies on the dry storage
option have been also put into work internally. The main activities can be largely classified
into 3 areas. Those are, evaluation of spent fuel integrity for long-term storage, Development
of equipment and structural material for storage process, and safety assessment of spent
fuel and radioactive materials management. With the results of the above studies, KAERI has
performed comparative studies on the wet and several dry storage types on the basis of
various circumstances such as economical, technical, social, environmental aspects as well as
political one.

Even though the final decision has not been established, the scenario study of long-
term management of spent fuel between the reprocessing and the direct disposal, has been
carried out. As a preliminary results, the scenario scheme employing the drift emplacement
method with the non-consolidated type of canister looks like more advantageous than any
others employing the consolidated one. However, the different conclusion might be reached
if some investigation would be made on the specific data about domestic sites and
technologies associated with the disposal. In order that this result may be used practically in
the decision of spent fuel management policy, the other aspect of management as well as the
reprocessing scenario, must be taken into consideration together.

The remain parts the R and D activities would be the safety study for KSC-4 shipping
cask, wet / dry rod consolidation, and so on, not be limited to an specific area.
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Conclusions

Under the current situation in which Korea has not established a definite policy to
either cycle or permanent dispose of-for the long term management of spent fuels, safe
storage for the time being of spent fuel discharged from power plant would be only one
choice that Korea can take.

At present, the first APR spent fuel storage facility is scheduled to be in operation by
the beginning of 1998. In parallel with the construction of APR facility, Much effort has
been made to expand AR storage capacity. The related R & D activities such as the long-
term integrity of spent fuel, rod consolidation, remote handling and maintenance will be
continued as technological backup to support these activities.
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RECENT DEVELOPMENT OF SPENT FUEL MANAGEMENT
IN THE CENTRAL STORAGE FACILITY FOR SPENT
FUEL (CLAB) IN SWEDEN

J. VOGT
Division Systems and Facilities,
Swedish Nuclear Fuel and Waste Management Company,
Stockholm, Sweden

Abstract

The Swedish nuclear waste management programme was presented at
the Advisory Group Meeting held 15-18 March 1988. As there have
been very small changes since then in the main strategy this
paper is focusing the ongoing work to expand the capacity of the
Central Storage Facility for Spent Fuel, CLAB, from 3.000 tonnes
of uranium (tU) to 5.000 tU within the existing storage pools.
This expansion makes it possible to postpone the investment in new
storage pools in a second rock cavern by 6-8 years which gives a
considerable economic advantage. Preliminary studies of several
methods to realize the expansion led to a decision to use storage
canisters similar to the existing ones. The new BWR canister will
be designed to hold 25 fuel assemblies instead of 16 and the new
PWR canister 9 assemblies instead of 5. The main problem is to
maintain a sufficient margin against criticality with the new and
denser fuel pattern.
Two methods to achieve this have been more closely investigated:

Credit for the burnup of the fuel
Neutron absorbing material in the canisters for reactivity
control

A calculational work has been performed in order to analyze the
margins which must be applied in the first case. One of the more
important factors proved to be the margin required to cover the
influence of axial profiles of burnup and Pu-build up for BWR
fuel. Together with other necessary reactivity margins the total
penalty which has to be applied amounted to about 12 reactivity
percent units. With the requirement of a final Keff value smallerthan or equal to 0,95 this implied that a far to great proportion
of the fuel arriving at CLAB would fall outside the acceptable
region defined by initial enrichment and actual burnup.
The method of taking full credit for fuel burnup therefore had to
be abandoned in favour of the other method. A preliminary analysis
has been performed involving different degrees of absorber material
in the canister and the fact that burnable absorbers in the fuel
itself are used in modern fuel designs.

INTRODUCTION

Sweden has 12 nuclear reactors in operation, 9 BWRs and 3 PWRs,
with a total electrical output of 9 900 MW and an annual production
of about 66 TWh.
Each year about 250 tonnes of spent fuel are generated in the 12
reactors and must be disposed of. The total national nuclear
programme will generate about 7800 tU of spent fuel up to the
year 2010 when, according to political decisions, the last reacator
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will be phased out. This amount corresponds approximately to
33 000 BWR fuel assemblies and 4 000 PWR fuel assemblies. According
to the Swedish policy all the fuel will be disposed of without
reprocessing. Before final disposal, commencing in 2020, the fuel
will be stored in CLAB, the Central Interim Storage Facility for
Spent Fuel, for about 40 years.
CLAB, which is located on the Simpevarp peninsula close to the
Oskarshamn nuclear power station, was commissioned in 1985, and
is licensed for storage of 3000 tonnes (as uranium, tu) of spent
fuel.
Already during the construction of CLAB preparations were made
for a future expansion of the facility with new storage caverns,
parallel to the first rock cavern.
At present about 1100 tu have been received for storage in CLAB
and the total storage capacity of the existing pools will be fully
utilized in 1996.
Work has started to prepare for an extension of the storage
capacity within the existing pools. This paper will focus on the
criticality issue and the possibility to take credit for the fuel
burnup when fuel is more densly stored in the pools.

DESCRIPTION OF CLAB

In CLAB the spent fuel is stored in waterfilled pools. The facility
consists of underground storage pools in a rock cavern and a
receiving building and other interconnected buildings on the
surface. In the receiving building the incoming spent fuel and
core components are handled. Directly connected with the receiving
building are buildings for auxiliary systems (cooling and purifi-
cation of water, waste handling, ventilation etc), for service
systems and for the electric power systems. The general features
of the facility are shown in Figure 1.

_ _ ___ <r———— ———— —/ _= =#£-

Fig. 1 Cutaway view of clab.
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The spent fuel is transported from the receiving section to the
storage section in a fuel elevator.
The actual storage section is located underground in a rock
cavern, the roof of which is located 25-30 metres below the
surface. The rock cavern is 120 metres long, 21 metres wide and
27 metres high. It contains four storage pools and one smaller,
central pool connected to a transport channel. Each storage pool
contains about 3 000 m3 of water and can hold 750 tons of spent
nuclear fuel with the storage method used at present. The storage
pools now built can thus hold 3 000 tons of fuel.
Present storage method
The spent fuel elements are stored in transportable canisters,
of two types, containing either BWR or PWR fuel. The loading of the
canisters is made in the receiving building and the canisters are
then used as transport modules for internal transports and for
storage.
In the storage pools the canisters are stored in one layer. About
three meters above the pool bottom a grid network is installed.
The purpose of the grid is to support the canisters and to
guarantee a certain distance between the canisters also during a
.seismic event.
The canisters are made of stainless steel and have been designed
to accommodate fresh fuel without risk of criticality (keff<0,95). This is achieved for BWR fuel up to 3,6 w/o enrichment
and for PWR fuel up to 3,75 w/o.

METHODS FOR EXPANDING THE STORAGE CAPACITY

Choice of method
The straightforward way to expand the capacity is thus to build a
new rock cavern with storage pools. For the Swedish programme one
rock cavern with 7 pools would be needed. The construction time
for this has been estimated to be 6 years.
Studies performed however showed that there is a considerable
economic advantage in postponing the investment in the new cavern
by utilizing the space in the existing pools more efficiently than
at present. Another advantage is due to the political uncertainty
as to the pace with which the Swedish reactors will be phased
out. The more the decision to expand can be postponed the better
the total amount of fuel will be known and thus also the required
additional space.
As a result of these consideration a number of methods to better
utilize the existing pools were investigated e.g. rod consolida-
tion, new canisters, new fixed storage racks.
It was found that the optimal method is to use new canisters
with a closer packing of the fuel assemblies but with mainly the
same outer dimensions as the old ones.
The new canisters can take 5x5 BWR assemblies instead of 4x4 and
9 PWR assemblies instead of 5. In regard of the proportions
between BWR- and PWR fuels emanating from the reactors in Sweden
this corresponds approximately to a gross increase in storage
capacity of some 60%. Figure 2.
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BWR

Existing
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New canister

Fuel ratio

PWR
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canister New canister

Fuel ratio -2- = 1, 8

Fig.2 Comparison between existing and
new canisters.

Based on this SKB applied to the Swedish government for an increase
of the maximum permissible amount of spent fuel in CLAB from
3.000 to 5.000 tU. The government gave its permission in December
1989.

Implication of using new canisters
The increased weight of the new canisters requires only minor
modifications of the handling equipment. The margins built into
the process and auxiliary systems are substantial and no modifica-
tions at all are needed.
The main problem concerning the dense packing is the fact that the
conditions for the critically analysis are radically changed. The
new fuel assembly geometry in the canisters is very close to the
pattern in a reactor at least on the BWR case. This unfortunate
fact, from a criticality point of view, is a result of the restric-
tions in canister outer dimensions which in turn is due to given
geometrical conditions in the plant.
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To guarantee that all handling and storage of the fuel can be done
with anacceptable safety margin to criticality, two different
methods could be applied under these circumstances:

Canisters with neutron absorbers, eg borated steel
Credit is taken for the fact that all fuel elements to be
stored in CLAB have a certain minimum burnup, and therefore
are less reactive than fresh fuel.

The first method has the advantage that the control of the fuel
elements at reception can be alleviated as fresh fuel elements
could be stored. It has however the drawback that the maximum
allowable mean enrichment will be limited. It is estimated that the
limit will be about 4,0 w/o for BWR and 4,2 w/o for PWR. Presum-
ably this covers the needs up to 10 years from now but gives no
margins for further development.
In the case of burnup credit, which is approved in a number of US
PWRs, an area of acceptance has to be established, which for
different enrichments indicates the minimum burnup necessary.
Burnup credit has the advantage that the canisters can be made
of relatively cheap stainless steel and that no enrichment limit
will be needed, as the reactivity worth of the fully used fuel
elements will be similar irrespective of initial enrichment.

DISCUSSION ABOUT BURNUP CREDIT IN CLAB

Background
The tendency to go to higher enrichment levels in the nuclear
fuel will decrease the efficiency of the fuel storage pools if
all racks have to be designed to accommodate fresh fuel. This
was first recognised in the US where some regions of the fuel
ponds were licensed with burnup credit already in 1980, in Callaway
1 and Wolf Creek. Until mid 1989 fifteen licenses had been given
for storage pools taking account of the burnup. So far only PWRs
have been licensed as the boron content of the water is considered
under some accident conditions. Credit for burnup is addressed in
the draft Revision 2 of Regulatory Guide 1.13, which was published
in 1981, and which has become the standard for the design basis
of spent fuel storage facilities.

Points of consideration
The introduction of burnup credit in a fuel storage pool introduces
some new points to be considered in addition to the traditional
criticality issues, both on the calculational and the administra-
tive side. Examples of such new points are:

Calculations :
Effect of burnup profile
Effect of operation history
Effect of void profile
Accuracy of calculation methods, with regard to burnup,
fission product and plutonium buildup etc
Accuracy of calculation methods with regard to predicting
criticality for spent fuel.
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Verification of burnup:
Accuracy of data acquired during operation of the power
plants
Measurements to verify burnup.

Area of acceptable burnup
If credit for burnup is to be taken an region of acceptable burnup
as a function of initial enrichment has to be established. This
region is limited by a line of equal keff corresponding to keff =0.95. An example of such a curve for BWR-fuel in CLAB is shown in
figure 3. The curve should give keff = 0.95 for the most reactivefuel element, and taking into account uncertainties and possible
handling mistakes or accidents.

2.0

Enrichment %

Nominal limiting curve, K>:(- 0,95

Final limiting curve, K... - 0,55

Ksroin for axiel burn u? and ?u profile

Design .t.ergin (it)

Uncertainty rr.argin (î*>
©-

Not acceptable region

Expected
batch average
burnup

Acceptable region

Standard batch average

Selected batch average

KENO

Axial var

Design msrg

Uncjrlmarg

10 40 50
Bumup MWd/kgU

Figure 3. Burnup requirements for safety in CLAB, BWR fuel.
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The uncertainties could be divided into two groups: physical
uncertainties and uncertainties in the calculation methods.
The most important of the physical uncertainties are the axial
burnup distribution and for BWR the axial void history. Both these
factors have to be corrected for, taking into account a realisti-
cally extreme distribution. Other physical uncertainties are
tolerances in manufacturing and the position of the fuel within
the storage canister.
The uncertainties in the calculation methods include capability
of predicting criticality for a system of spent fuel assemblies.
Almost all criticality tests have been made with fresh fuel.
Special consideration should be given to the neutron absorbing
fission products, that are not normally of interest for safety or
shielding calculations.
When establishing the region of acceptable burnup margins for
possible handling mistakes or accidents should be considered.
In figure 3 the curve for Keff = 0,95 separates the acceptableregion from the non acceptable region. Calculations performed by
ABB Atom for SKB showed that the margin required due to the axial
burnup profile could be as high as 7% units (A in figure 3).
Margins for calculational uncertainties, material, geometry,
manufacture etc contributed with another 5% units (B and C)
giving a total required margin of 12% units in Kcff. This wasconsiderably more than expected before the calculations were made.
The following resulting burnup requirements for Keff = 0,95 arefound for a BWR canister made of stainless steel without any
extra measures taken for improved reactivity control:

Fuel type
SVEA 4%
SVEA 3.15%
8x8 2.70%

Minimum burnup
47 MWd/kgU
37 MWd/kgU
30 MWd/kgU

This is illustrated by curve 2 in figure 3. It is also apparent
that this requirement comes very close to the expected batch
average burnup. From this it is evident that already the normal
variation in assembly average burnup should cause some assemblies
to fall short of the required burnup. An improvement in reactivity
control is therefore necessary.
The required improvement of reactivity control can be achieved by
establishing empty positions in the canisters. A lowering of
keff, with 5% or moire can rather easily be obtained by this
method. However, this is tied to a inevitable loss of storage
capacity.
In order to investigate if taking credit for burnup in CLAB was
a feasible route under these circumstances a comparison was made
with the actual fuel stored in CLAB by the end of 1989. The
result of this analysis is shown in figure 4. It is immediately
seen that a great amount of BWR assemblies would fall outside the
acceptable region. Assemblies not following the new requirements
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can be stored in the old type of canisters but this will of
course decrease the benefits of the method of taking credit ofburnup.
Mean enrich-
ment (% U235)
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Figure 4. Burnup of fuel stored in CLAB as a function of initial
mean enrichment.

The acceptable proportion of assemblies falling outside the
limit would bee somewhere in the range below 5-10%. In the actual
case the number would correspond to approximately 36%.
The licensing of a storage method based on credit for burnup
would require a verification by measurements at CLAB of the
operator declared data related on initial enrichment and burnup
of the fuel shipped to CLAB. Furthermore the administrative
measures would be quite extensive.
Preliminary contacts with the licensing authorities also indicated
that the licensing of the principle of credit for burnup would
take long time and require a great effort from SKB.
All these factors led to the conclusion that the route of taking
full credit for burnup in CLAB was not feasible at least for BWR
fuel.
A similar analysis for PWR gave a more positive result in that
all the fuel assemblies already in CLAB fell within the acceptable
region. This was however not enough to motivate a different
principle for the relatively small proportion of PWR fuel.
It was therefore decided that taking credit for burnup was not a
feasable route to pursue at this stage. Instead canisters with
borated steel as neutron absorber are going to be used in spite
of a considerably higher price.
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BORATED CANISTERS

Scoping calculations have been performed for fresh fuel and with
a preliminary canister design with different boron contents up to
1,5% in the absorbing parts of the BWR-canister. In the case with
1,5% boron which is illustrated in figure 5 fuel with an enrichment
of 3,2 w/o U235 can be accepted. It has to observed that the
penalty now is around the traditional 2% level.
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Figure 5. Burnup requirements for criticality safety in CLAB, BWR
fuel. 1,5% Boron.

Modern BWR fuel with enrichment above approximately 3 w/o U235
always contains burnable absorber (BA). The influence of BA
(Gd2Û3) on kinf as a function of burnup is illustrated in Figure6. For the purpose of this study a conservatively low BA-content
has been chosen. The peak reactivity occurs in a region around
5.000 MWd/tU. In other words higher or lower burnups than 5.000
MWd/tU will always decrease the reactivity using this fact. It
can been seen from figure 5 that this means that fresh fuel with
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an enrichment of 3.6 w/o can be accepted according to these
preliminary calculations. With increasing enrichment the BA
content of the fuel will increase.
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Figure 6. BA credit. Low content BA 5X2,0%

There remain two other possibilities to achieve flexibility for
the future when the initial enrichment increases above 3,6 w/o.
The first is to remove one or more fuel assemblies from the
canister figure 7. The penalty in this case is a correspondingly
reduced storage capacity. If only the central assembly is removed
the fuel enrichment can be allowed to be up to around 4 w/o. The
other possibility which, if necessary, can be combined with the
first one is to take a relatively small credit for burnup. As can
be seen in figure 5 it will be sufficient with a burnup of only
20.000 MWd/tU for 4 w/o Svea fuel. This is quite acceptable since
just a very small fraction of fuel will fall outside the region of
acceptance.
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New BWR Canisters

1 empty position 4 empty positions
Fig.7. Two possible arrangments of empty positions in

a new BWR canister to reduce the reactivity.

By applying the above mentioned principles the expansion of the
storage capacity of the already existing pools in CLAB from
3.000 tU to 5.000 tU can be realized. At the same time future mean
enrichment levels beyond around 4 w/o for BWR fuel and 4,2 w/o
for PWR fuel can, if necessary, be met by assuming a relatively
low burnup of the fuel.
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SPENT FUEL MANAGEMENT IN SWITZERLAND

C. OSPINA
Paul Scherrer Institute,
Villigen, Switzerland

Abstract

Switzerland currently has 3000 MWe being delivered from five nuclear power units. The current
spent fuel management and waste disposal programme includes reprocessing of the spent fuel
generated up to 1990. The plan for intermediate storage of spent fuel, high-level waste and
low/medium level wastes is underway; the main features of the centralized storage facilities are
given.

1. The Nuclear Programme and the Radwaste Management

Nuclear power was introduced already 19 years ago in Switzerland and today, five nuclear power
units are in use with a total capacity of about 3000 MWe (net); the nuclear share in the overall
electricity production reaches nearly 41 %.

The final waste disposal programme considers, for planning purposes, a nuclear installed capacity
of 3000 MWe in the year 2000; assuming 40 years of plant operation for each nuclear power unit,
and taking into account the sources from reprocessing contracts, the wastes will amount to about
500 m3 of high level, 15000 m3 medium level and 100000 m3 of low level types. The legal
regulations require the permanent and safe disposal of all of these wastes in final repositories.

Appropriate research and development is carried out by NAGRA (National Cooperative for the
Storage of Radioactive Waste), in order to demonstrate the final safe disposal of radwaste. The
1985 Project GEWaHR (Guarantee) showed the technical feasibility of the repositories, and
allowed NAGRA to adapt its disposal concept; the following important points have been
concluded:

That which is currently feasible, should be carried out without delay, and progress should not
be hindered by problems which can be resolved completely separately.

The disposal of short-lived low- and intermediate waste falls into the category of that what is
currently feasible and work in this field will be pursued as a matter of top priority; three
potential sites are being investigated.

Open questions relate primarily to identification of a site for disposal of high-level waste;
work in this respect is very significant but is of secondary importance from the point of view
of timing.
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The long-lived intermediate level wastes should be disposed of together with high-level
waste,... but it could be disposed of with the short-lived wastes for example in a special deep
repository or a special cavern. The final decision will only be made on the basis of geological
data.

2. Intermediate Storage Facilities

There are two sources of radwaste in Switzerland, the first is due to the waste which originates at
the research laboratories, industry and hospitals, all of them are been taken care of by the federal
government which is planning the construction of an intermediate storage facility for ILW/LLW
waste at the Paul Scherrer Institute - PSI (see fig. 1).

The second and largest source of radwaste, originates from the nuclear power stations, and the
contracted reprocessing services by the swiss utilities with BNFL and COGEMA; the storage
capacity for spent fuel at reactor is sufficient for about 5 to 10 years depending on the specific
nuclear power unit and policy of the utilities. Since the reprocessing wastes will be returned, and
the geological repository for low and intermediate level waste will be available around the year
2000, and the high level waste requires an interim storage of about 30 years, it has been agreed
that a centralized interim storage facility will be available for all categories of radwaste, at a site
adjacent to the Paul Scherrer Institute (PSI) (see fig. 1).

Paul
Scherrer

Institute

(PSI)

1 Aare River

2 Access / Parking

3 Incineration Plant

4 Radwaste Treatment Plant

5 Interim Storage for Waste from Research,Industry and Hospitals

6 ILW Storage and ILW Transfer Cell

7 Cask-Storage Building for HLW and Spent Fuel Assemblies

8 ILW / LLW Storage (2nd Phase)

FIG. 1. Swiss interim storage and radwaste treatment facilities.
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The central storage facility adjacent to PSI shows the following advantages:

• The storage serves all parties responsible for the safe disposal of the radwaste (easier
supervision and administrative control).

• The combination of the centralized interim storage with a waste treatment plant allows
reduction of transport and handling and is economically attractive.

• New waste treatment facilities allows a minimum of radwaste across the swiss border and less
dépendance on foreign services.

The reference layout allows for an optimum arrangement of facilities with a minimum of land use.

In order to proceed with the centralized interim storage facility, an erection agreement was
approved on November 26, 1989 between the nuclear utilities and the municipality of

Würenlingen; on January 18, 1990 the company responsible for planning, construction and
operation of the storage faciligy (ZWILAG) was founded by the four nuclear plant owners.

After initial negotiations between ZWILAG and the Federal Government the licensing procedures
will be initiated according to the nuclear law; the licensing phase is estimated to take four years
and the construction about two years, therefore the facility cannot start before 1994.

3. Some Features of the centralized storage Facility

The storage building for dry storage of spent fuel and high-level waste is designed for a capacity
of about 200 casks; the heat transfer is by natural air convection: The cask reception area includes
an area for inspection and maintenance; a hot cell allows for the handling of spent fuel and high-
level Waste as required.

Next to the cask storage building, there is a storage area for medium level waste; if required,
additional DLW/LLW storage facilities are forseen, opposite to the cask-storage building.

A new incineration plant would replace the existing one, off-gas control will be included. The
throughput of burnable waste is about 75'000 kg/y, and the plant will also handle the incineration
of resins and the conditioning of ashes.

The waste conditioning plant includes reception and storage areas for different categories of
wastes as well as an area for dissassembling of large components. The conditioning plant also
includes a high pressure compaction facility, large boxes for the treatment of beta/gamma-waste
and also alpha-wastes, a decontamination area as well as a cementation plant are included in
addition.

The transportation of heavy loads, such as casks and waste-containers, to the interim storage will
take place by rail up to 1 km from the site, and then they will be transferred into road-tracks up to
the reception area of the storage building.
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4. International Co-operation and Research

Appropriate research and development is continuously been done by NAGRA, in order to
demonstrate the final safe disposal of radwaste, with top priority on the final repository for short-
lived low and intermediate radwaste. The international co-operation and exchange of information
with the IAEA, OECD/NEA, and the European Community continue as well as the participation
in various international projects. The research at the Grimsel laboratory has been enlarged to take
care of more detailed research work and the participation of various countries including the
Federal Republic of Germany, the United States of America and Japan among others.
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CHANGES IN THE UK NUCLEAR GENERATING INDUSTRY
AND THEIR IMPACT ON SPENT FUEL MANAGEMENT ISSUES

R. HINTON
Nuclear Fuel Cycle and Sales Department,
Nuclear Electric,
London, United Kingdom

Abstract

The electricity industry, excluding the nuclear power stations, is
being sold into private ownership. Nuclear generation is expected to
compete alongside fossil generators. Electricity prices will be market
led. This, together with contractual obligations under option contracts
and future markets has lead to revised commercial trading between
companies within the nuclear industry. There is no fundamental change in
the UK policy on spent fuel management. 1320 tU of AGR fuel and all
Magnox fuel arisings will continue to be reprocessed at Sellafield. All
options, including dry and wet storage, direct disposal and reprocessing,
are under consideration for the remaining AGRs1 fuel and the fuel from
the UK's single PWR.

1. INTRODUCTION

1.1 The UK electricity supply industry is undergoing fundamental
commercial changes as it moves from a public monopoly to a number
of competing private companies. All of these changes have
occurred since the last meeting of this IAEA group. The new
businesses arising from privatisation will be vested on 31 March
1990. It is thus a timely opportunity to review the new business
climate of the electricity industry and explain the changes to
the IAEA. After vesting, the UK Government intend to float all
companies on the stock market except for the two companies which
will own the nuclear power stations. For England and Wales the
company will be Nuclear Electric; for Scotland the company will
be Scottish Nuclear. These two companies will remain in public
ownership.

1.2 The paper will describe some of the changes that have occurred in
the UK, leading to the formation of the new companies. Having
described these changes the paper will show how they impinge on
spent fuel management issues. An addendum, prepared by British
Nuclear Fuels, will give their UK perspective on the subject of
this Advisory Group.

2. PRIVATISATION

2.1 The UK Government published a 'White Paper1 in February 1988
outlining their proposals for privatising the Electricity Supply
Industry in England and Wales. This paper proposed the abolition
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2.2

of the Central Electricity Generating Board (CEGB) and its
replacement by two generators and a transmission company.
Supplies to domestic, commercial and industrial consumers would
be provided by 12 private 'Public Electricity Suppliers' (PES)
which replace the existing 12 publicly owned 'Area Boards'. The
larger of the two generating companies (National Power) was set
to inherit all of the nuclear stations. As time progressed the
government firstly removed the Magnox Stations from the proposals
(July 1989), the PWR and AGR Stations followed suit in November
1989.

The nuclear stations and their associated support staff are now
being formed into a new company, Nuclear Electric, to be headed
by Mr John Collier. He is currently chairman of AEA Technology
(formerly known as UKAEA). Figures 1 and 2 show the structures
of the original and new electricity supply industries in England
and Wales.

Olher
Generators

Scotland AEA
4BNF

Independent
Generation

12
Area

Boards Large Customer

FIG. 1. The electricity supply industry in England and Wales prior to privatisation.

Generating
Companies

National
Power

Scotland
PG

AEA France

Transmission

Independent
Generator B

12 Public
Electricity Supply Companies

Generation

Large Customer

FIG. 2. The electricity supply industry in England and Wales after vesting on 31 March 1990.
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3. THE ELECTRICITY MARKET

The Pooling System
3.1 The Government's rationale for privatisation was to promote

competition amongst generators and suppliers. An essential
element of this is the establisment of a common pooling system in
which virtually all electricity will be bought and sold. In this
system a spot market or 'pool' price will be set a day in advance
on a half-hour-by-half-hour basis; it will be calculated from
forecasts of demand, generators' availability declarations and
the variable component of generating costs.
Pool price is designed to pay the market value for generation, it
comprises two elements. A system variable cost element ensures
that payments are in accordance with a 'Merit Order' list in
which lowest cost generation is called first and highest cost
generation called last. A demand related capacity element is
designed to provide the industry with market price signals to
invest in new plant as the system demand increases. This latter
element will be set to retain the current generation security
standard A typical variation of pool price during the course of
a day is shown in Fig. 3. The split of each bar into two
elements shows clearly the use of the merit order system for
calculating system variable costs and the highly non-linear
nature of the capacity related element at times of system stress.

Pool Prices 6
(p/kWh)

5-

4-

3-

2-

1 -

0

System Marginal Price
Demand Related Capacity

Payment

12.00 AM 12.00 NOON 12.00 AM

FIG. 3. Variation of pool price during the course of a day.

Contracts

3.2 It can be seen from Fig. 3, that the demand related pool price
is very volatile and incompatible with the nature of most supply
contracts to consumers which involve long term fixed prices with
no firm volume requirements. Price stability will be obtained by
the use of 'hedging' contracts, outside of the pooling system.
These contracts, for differences, will stabilise the price of a
predetermined volume of electricity in return for the payment of
an option fee. It is the UK Government's intention that an
electricity options/futures marked will develope in the UK. This
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market is mainly a financial vehicle but it does determine
Nuclear Electric's profitability and the eventual electricity
prices charged to the consumer. Such contracts are being signed
to cover the majority of electricity demand. Option fees and
exercise prices will reflect prevailing pool prices and future
projections of pool price.

4. NUCLEflR GENERATION WITHIN THE EIiECTRICITY MARKET

4.1 In order to retain diversity of supply within the electricity
generation industry the UK Government require all electricity
suppliers to contract for the purchase of a certain proportion of
non-fossil fuelled electricity; this is known as the Non-Fossil
Fuel Obligation (NFFO). Provision is made for the suppliers to
collect a levy on all sales of fossil fuelled electricity to
cover the extra costs of providing such diversity. This levy has
been set at around 10% for the forthcoming year and is projected
to decline significantly in future years. Nuclear generation
will receive payments under this levy system.

4.2 In addition to receiving money collected under the fossil levy
arrangements, Nuclear Electric will participate in the pooling
system and sign option contracts with other parties, leading to
a full and genuinely commercial role in the new electricity
market.

5. RIMS OF NUCLEAR ELECTRIC

5.1 Nuclear Electric's Chairman designate, Mr Collier, has
acknowledged the difficult task it has in order to restore public
confidence and show nuclear generation to be safe,
environmentally clean and economic. To achieve this he has set
goals to improve turnover and profitability, to reduce costs and
to construct Sizewell 'B1 to time and cost.

5.2 The company also recognises that it has no monopoly powers and no
obligation to supply. It is clear that generation will be
covered by contracts and failure to generate will impose
financial penalties as option contracts are exercised. Lifetimes
of Magnox and AGR stations will be reviewed with a view to life
extensions. It is also clear that the levy is expected to
continue to reduce in the longer term until nuclear power is
fully competitive with fossil generation. The company's
operations will be directed towards achieving the Chairman's aims
and proving the case for continuing with the nuclear programme
when the UK government carry out a review in 1994.

5.3 One of the crucial areas which will be closely scrutinised in
future years will be spent fuel management services. These
services account for a very significant proportion of the
company's liabilities.

6. SPENT FUEL MANAGEMENT STATUS REPORT

Magnox Fuel
6.1 Prompt reprocessing of spent Magnox fuel is an essential part of

the fuel cycle of these early reactors. The technical reasons
for this were detailed at the 1988 IAEA Advisory Group Meeting
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and need not be dealt with further. Nuclear Electric's strategy
thus remains unchanged; all fuel will continue to be despatched
to BNFL's reprocessing facility at Sellafield. However, our
customers are seeking stable electricity prices in the new market
and lower prices in some competitive sectors. We, in turn, look
to BNPL for mutually acceptable terms and conditions which
reflect the new electricity market place.

6.2 Nuclear Electric will inherit large financial liabilities in
respect of charges for historic Magnox reprocessing, waste
management and disposal and the reprocessing of final cores after
station closure. Accounting provisions have been made and will
continue to be made in respect of these liabilities. These
provisions are made on an annual basis against some future
estimates of likely costs. Unforeseen increases in these costs
will require large backlogs to be made up and could have a
serious deleterious
effect on Nuclear Electric's financial position; this will be
unacceptable to the company, to the UK Government and to the new
Electricity Supply Industry which is very conscious of the need
to retain its market share within a total energy supply market.

6.3 We are aware of the problems-that will be created for BNFL in the
transition from the original 'Terms of Trading' (TOT)
arrangements in which the CEGB underwrote its proportion of
BNFL's costs. BNFL and Nuclear Electric are endeavouring to
agree mutually acceptable prices and conditions with equitable
risk sharing between the two public sector companies.

AGR Fuel

6.4 The CEGB signed the THORP agreement in 1986 for the reprocessing
of 1320 tU of AGR spent fuel. This was under similar 'Terms of
Trading' to the Magnox contract and Nuclear Electric, as one of
the successor companies to the CEGB, will inherit this. However,
revised terms and conditions are being sought from BNFL for
exactly the same reasons as the Magnox case. Nuclear Electric's
AGRs are expected to produce around 4000 tU of spent fuel over
their currently planned 25 year lifetime and the company
continues to assess the options for the management of the
remainder of this fuel beyond the THORP commitment. Continued
reprocessing in THORP is one such alternative and we are seeking
acceptable commercial terms from BNFL for this service.

6.5 AGR fuel has proved to be prone to corrosion in water and, in the
past, has been considered unsuitable for long term wet storage.
The cause of this is now known to be the 'sensitisation' of the
stainless steel clad during the course of irradiation and it is
possible that storage times longer than the hitherto 10 year
period will be achieved satisfactorily.

6.6 The dry storage of AGR fuel has been under consideration in the
UK for a number of years and a modular vault dry store design has
been developed in conjunction with GEC and NNC. Such a dry store
would act as a buffer store in the event of delays to THORP or
problems with its operation. It would also facilitate the option
of extended storage followed by delayed reprocessing or direct
disposal. These options remain under review.
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PWR Fuel

6.7 Nuclear Electric is committed to the construction of Sizewell 'B1
and the station is expected to commission in 1995. Further new
developments will await the result of the UK Government's review
in 1994. A Public Inquiry into the construction of a second PWR
in the UK at Hinkley Point was completed at the same time as the
nuclear generating industry was withdrawn from the privatisation
programme; the findings of this inquiry are still awaited.

6.8 The UK design of PWR includes at-reactor wet storage for around
18 years of 33GWd/tU burn-up fuel arisings. Higher burn-up and
potential rod consolidation techniques could substantially
increase this capacity and thus provide full flexibility in the
choice of storage/reprocessing/disposal options.

Recycle Of Uranium
6.9 Around 75% of AGR fuel used to date has been manufactured from

Magnox reprocessed product. The recycle of oxide reprocessed
product (ORP) remains under review and no decisions to pursue it
have yet been made. It is clear that Nuclear Electric will be
reluctant to operate reactors in a regime which could adversely
affect its contracted electricity volume and hence level of
revenue unless the potential benefits are extremely attractive.
Such 'risk aversity' is likely to be prominent in determining
the Company's future strategy in this area.

Recycle Of Plutonium
6.10 Economic analyses of the recycle of plutonium in AGRs have been

carried out; these continue to show that there is little
potential benefit in this practise and that this will remain so
unless uranium prices increase very significantly and the
differential cost of MOX fuel fabrication compared with enriched
uranium fuel fabrication decreases substantially. The situation
remains under review.

6.11 It is quite possible that plutonium will be recycled in Sizewell
'B' PWR, but this is unlikely to occur until beyond the year 2000
once the technology has been well established in other PWRs and
is proven to be reliable and economic.

6.12 The building of fast reactors remains under consideration as a
longer term option but larger scale commercial ordering cannot
realistically be expected until around 2020. Nuclear Electric
will participate in the current EFR project.

6.13 Currently the only foreseeable usage of our Magnox and AGR
derived plutonium is in Sizewell 'B'. Nuclear Electric expect to
have a stock-pile of around 70t of plutonium beyond the year
2000. Nuclear Electric anticipate that it would be prepared to
participate in plutonium trading should a suitably safeguarded
market in MOX fuel be established in the future.
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7. CONCLUSIONS

7.1 The UK Electricity Supply Industry is being privatised and
Nuclear Electric, whilst remaining in public ownership, is
expected to play a full commercial role alongside the other
generators.

7.2 A common pooling system for all electricity generation is being
established, this will produce a volatile half-hour-by-half-hour
spot market price. An option contracts and futures market is
being established to hedge against this volatility.

7.3 Electricity generated from nuclear power stations will be at a
higher price than that of fossil generation, a levy on fossil
generation will be imposed to recover these additional costs.
The levy will be progressively reduced.

7.4 No part of the Electricity Supply Industry now has a traditional
'obligation to supply1. The generation security standard will be
retained by a mechanism which pays a market value for capacity at
times of system stress.

7.5 BNFL reprocessing of Magnox fuel will continue to the end of the
programme and 1320 tU of AGR fuel will be reprocessed in THORP.
Revised contracts for these services and their associated waste
treatment and storage services are being negotiated with BNFL.

7.6 Alternative options for the management of the remaining AGR fuel
beyond the current THORP commitment including prompt or deferred
reprocessing, dry storage and direct disposal, remain under
review. The final choice will principally be dictated by
economic considerations.

7.7 PWR spent fuel management strategy remains flexible but it is
expected to make full use of the station's large pond storage
facilities.

7.8 Uranium derived from Magnox reprocessing continues to be used in
AGR fuel. The use of uranium from THORP reprocessing will depend
on the balance of risks and reward.

7.9 Little immediate use is seen for Nuclear Electric's plutonium
stocks; participation in market trading would be considered under
appropriate safeguards and Government approval.
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ADDENDUM

1. There have been no changes to the spent fuel management strategy in the UK set
out in the March 1988 statement to the Advisory Group Meeting. There are
however a number of developments relevant to its implementation.

2. CEGB has applied for permission to undertake site investigational studies for
a possible dry store for AGR spent fuel at Heysham. No decision has been
taken on construction of such a store: this decision will be taken by the
successor generating companies (Nuclear Electric and Scottish Nuclear) under
the current privatisation proposals.

3. BNFL has made fixed price offers to Nuclear Electric and Scottish Nuclear for
the reprocessing of AGR fuel in THORP during the first 20 years of the plant's
operation. These offers are currently the subject of negotiation.

4. The capacity of THORP in the first 10 years of operation has been increased
from 6000 tU to 7000 tU. Sixteen out of the eighteen overseas customers who
have rights under baseload agreements have taken up their share of the
additional capacity.

5. Fixed price offers gave been made to a number of German utilities for post-
baseload reprocessing in THORP. The German Government has just approved
negotiation of contracts.

6. All future reprocessing contracts are expected to be fixed price.

7. During the course of business activity over the last year or so a market price
of £500 - £600/kgU for oxide fuel reprocessing has emerged inclusive of
interim fuel storage, reprocessing and waste management.

8. A demonstration manufacturing facility for PWR MOX fuel is being established
at Sellafield. This a joint UKAEA/BNFL project based on an existing UKAEA
facility and will incorporate the BNFL short Binderless Route which has been
under development since 1985. The plant will have an output of about 5
tHM/year and is expected to be operational in 1993.

9. Following a public inquiry into a joint application by UKAEA/BNFL for outline
planning permission for a demonstration fast reactor fuel reprocessing plant,
(EDRP), sited at Dounreay, consent approval was given in late autumn 1989.

10. Government funding of the prototype fast reactor (PFR) at Dounreay is to
cease after 1994. Corresponding support for fast reactor fuel reprocessing
is to cease beyond 1997.

11. Two candidate sites have been identified for the UK's repository for
intermediate and low level wastes. These sites are Sellafield and Dounreay.
Test drilling to determine the suitability of the Sellafield site is
currently being carried out. NIREX advises that they expect the repository
to become operational in the year 2003.

R. Dodds
British Nuclear Fuels Pic
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SPENT NUCLEAR FUEL MANAGEMENT
IN THE UNITED STATES OF AMERICA

National contribution presented by C. R. Head
United States Department of Energy,
Washington, D.C., United States of America

Abstract

The inventory of spent nuclear fuel in storage in the United States exceeds 17,800 MTIHM and is
increasing at a rate of approximately 1700 to 2100 MTIHM per year. The general institutional framework for the
management of this waste was set in place before the last meeting of the Advisory Group on Spent Fuel Management
and has not changed. No continuing commercial reprocessing has been employed in the United States, thus
requiring the continued storage of the spent nuclear fuel. Essentially all of the spent fuel remains in storage in the
spent fuel pools of the utilities that generated it. Where the initial spent fuel pool capacity was insufficient, and
where the structural and seismic conditions were suitable, the utilities have installed high density storage racks to
maximize the pool capacity. Two utilities have begun to supplement their spent fuel pool storage through the use
of dry storage, one in metal casks, and one in horizontal concrete modules. At least two more horizontal concrete
module installations have been announced, and at least one utility is pursuing the use of concrete storage casks.

The future plans for spent nuclear fuel management in the United States remain centered on utility storage
of the spent fuel until it is accepted by the Department of Energy for geologic disposal. The Department has
recently completed a bottoms-up réévaluation of the repository schedule, and is now projecting initial repository
operation in the year 2010. The transportation program is conducting a review of strategies that could be employed
in order to initiate transportation operations in 1998, in support of an MRS starting operations at that time.

As a result of the successful completion of dry storage demonstration activities conducted in cooperation
with private utilities, the spent fuel management research and development program conducted by the Department
of Energy has dwindled to a limited amount of research into generic storage topics (e.g., determination of the limits
for storage of spent fuel in air, and assembly of utility licensing experience) and a small program associated with
providing spent fuel storage and disposal assistance to non-nuclear weapons states. Even the generic spent fuel
storage research and development activities are also being phased out by the Department on the basis that all
technologies required by private industry to store spent nuclear fuel are already developed and commercially
available. While it is undoubtedly true that further improvements in these technologies can be made, it is not
necessary for the Department of Energy to fund or conduct their development. If they are needed, and if they are
economic to employ, private industry has the resources, both financial and technical, to do the job on its own.

Nevertheless, the Department of Energy will continue to have an interest in the overall management of spent
nuclear fuel due to the Department's contracts with the owners and generators of the spent fuel, and possibly due
to our involvement in implementing an MRS facility.

1. INSTITUTIONAL FRAMEWORK
radioactive wastes in the United States, with high-

Almost all of the spent nuclear fuel in level defense wastes making up another
storage in the United States is the result of the approximately 6.7%. The amount of spent nuclear
commercial generation of electricity by private utility fuel in storage in the United States is projected to
companies. The radiation in this spent fuel comprises increase by approximately 225 % by the year 2000,
approximately 93% of the radioactivity in all and by another 144% by the year 2010.
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The general institutional framework for the
management of this waste was set in place before the
last meeting of the Advisory Group on Spent Fuel
Management and has not changed. However, as a
short review, some of the major points are repeated
here.

The commercial utilities in the United States
are regulated by the Nuclear Regulatory Commission,
with the Department of Energy playing a role in the
development of new nuclear technology, and in the
disposal of the spent nuclear fuel and high-level
wastes resulting from commercial nuclear power plant
operation. Specifically, the Nuclear Waste Policy
Act of 1982 (NWPA) assigned the Department of
Energy the task of establishing and conducting a
Federal government program to accept the spent
nuclear fuel, or commercial high-level wastes, from
the utilities, or whatever other entities currently holds
title to them, and disposing of them in a geologic
repository. The NWPA also firmly established the
principle that the utilities, or other owners or
generators of the wastes, are responsible for the
storage of the spent nuclear fuel and high-level waste
until it is accepted by the Department of Energy for
disposal.

The NWPA further directed the Department
of Energy to conduct a study of the feasibility of, role
of, and need for a Monitored Retrievable Storage
(MRS) facility; provided for Federal Interim Storage
of commercial spent nuclear fuel (subject to several
restrictions including the stipulation that it must be
required to preclude the closing of an operating
nuclear power plant); and established mechanisms for
funding the above activities.

After the program called for by the NWPA
had been in operation for several years, Congress
passed, and the President signed into law, the
Nuclear Waste Policy Amendments Act of 1987
(NWPAA). The NWPAA directed the Department of
Energy to conduct repository site characterization
only at the Yucca Mountain, Nevada site; terminate
work on the Hanford, Washington and Deaf Smith,
Texas sites; terminate work on siting of a second
geologic repository; and nullified the Department's
selection of a site for the MRS.

The NWPAA also established a Nuclear
Waste Technical Review Board, to review the
Department's activities in carrying out the NWPA

and NWPAA; established an MRS Review
Commission to report to Congress on the need for
and feasibility of an MRS facility; established several
linkages between any proposed MRS project and the
repository program and the MRS Commission; and
called for the appointment of a Nuclear Waste
Negotiator to act as an intermediary between the
Federal government and any States or Indian tribes
willing to serve as the host for a geologic repository
or MRS.

The NWPA requires the Department of
Energy to obtain licenses from the Nuclear
Regulatory Commission (NRC) for the establishment
of and operation of any geologic repository or MRS
facility that the Department develops. The NRC
regulations for the repository were required to
conform with overall disposal standards to be
promulgated by the Environmental Protection
Administration. Further, the NWPA requires that all
shipments of spent nuclear fuel or high-level waste
made as part of the program established by the
NWPA shall be subject to licensing and regulation by
the NRC and the Secretary of Transportation.

This general institutional framework is still
in place and is functioning.

2. CURRENT PRACTICE

The inventory of spent nuclear fuel in
storage in the United States exceeds 17,800 MTIHM
and is increasing at a rate of approximately 1700 to
2100 MTIHM per year. The amount of spent nuclear
fuel in storage is projected to increase to
approximately 40,000 MTIHM by the year 2000, and
to approximately 58,000 MTIHM by the year 2010.

No continuing commercial reprocessing has
been employed in the United States, thus requiring
the continued storage of this spent nuclear fuel.
Essentially all of this spent fuel remains in storage in
the spent fuel pools of the utilities that generated it.
Where the initial spent fuel pool capacity was
insufficient, and where the structural and seismic
conditions were suitable, the utilities have installed
high density storage racks to maximize the pool
capacity. In fact, the information available to the
Department of Energy indicates that essentially all of
the spent fuel pools that are able to utilize high
density racks have had them installed. These racks
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typically increase the pool capacities from one and
one-third to four and one-third reactor cores.

Several utilities have considered in pool
(wet) consolidation of the spent fuel assemblies, and
wet consolidation equipment continues to be offered
by commercial nuclear equipment vendors.
Nevertheless, no wet consolidation is currently known
to be underway in the United States.

Two utilities have begun to supplement their
spent fuel pool storage through the use of dry
storage, one in metal casks, and one in horizontal
concrete modules. At least two more horizontal
concrete module installations have been announced,
and at least one utility is pursuing the use of concrete
storage casks.

However, The Department of Energy still
expects 80% of all of the spent fuel that has been
discharged through 2003 to be stored in the utility
spent fuel pools, with only the remaining 20% stored
in other storage mechanisms.

3. FUTURE PLANS

The future plans for spent nuclear fuel
management in the United States remain centered on
utility storage of the spent fuel until it is accepted by
the Department of Energy for geologic disposal. The
Department has recently completed a bottoms-up
réévaluation of the repository schedule, and is now
projecting initial repository operation in the year
2010. Even this schedule is in jeopardy due to
actions by the State of Nevada attempting to block the
scientific investigations that are necessary to
determine if the Yucca Mountain site is suitable for
use as a repository.

Specifically, the State of Nevada has refused
to grant the Department of Energy the permits that it
needs to conduct surface disturbing work at Yucca
Mountain. Certain of the permitting authority
involved in this dispute derive from State law, and
others are the result of Federal actions that make the
State the agent for administering Federal permitting
requirements (known as "Federal flowdown").

For the permits resulting from Federal
flowdown, the Department was obliged from the
beginning to apply for, and obtain permits from the

State. For the permits required only by State law,
the Department of Energy, as an agency of the
Federal government, is not required by law to obtain
such permits. The Department has voluntarily
applied for these permits in an attempt to show the
State that we mean to be as cooperative as possible.

To break out of the stalemate caused by the
State's refusal to grant permits, the Federal
government has filed suit, asking the court to direct
the State to expeditiously act on the permit
applications that the Department has already
submitted, and requiring them to act in a lawful
manner concerning any future permit applications.
The State of Nevada has also filed suit against the
Department, claiming that they have vetoed the
Yucca Mountain site, thereby making it unnecessary
for the State to consider the Department's permit
applications, and allowing the State to enforce a State
law making it illegal to dispose of spent nuclear fuel
in the State of Nevada.

The process that will be required to resolve
this legal impasse will doubtless take considerable
time to complete. No creditable estimates of the date
for completion of the process have been made.
However, it is very likely to place the 2010 date for
initial repository operation in jeopardy.

To prevent the repository litigation from
further postponing the acceptance of spent fuel from
the utilities by the Department of Energy, the
Department is also continuing to pursue avenues that
would allow it to establish an MRS and initiate spent
fuel acceptance by 1998. In consonance with this
goal, the Department is continuing to support the
nomination of a Nuclear Waste Negotiator, and has
established an internal Task Force to support the
Negotiator, when he or she is named.

At this time, the Department is not
conducting site specific MRS studies, nor is it
conducting site selection activities. These activities
await either the nomination of a Nuclear Waste
Negotiator, or further developments within Congress
or the Administration.

The plans for transportation of spent nuclear
fuel and high-level radioactive waste have not
changed in their overall form, although some
adjustments in the schedule for the initiation of
transportation activities have occurred. As noted
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briefly earlier, this waste material must be transported
in casks certified by the NRC. The Secretary of
Energy must comply with the NRC regulations
regarding advance notification to States and units of
local government before the transportation actually
commences. In addition, the Secretary must provide
technical assistance and funding (from the Waste
Fund) to States for training of public safety officials
of local governments and Indian tribes through whose
jurisdictions waste is to be transported. This training
is to cover the procedures required for safe routine
and emergency response situations.

The OCRWM transportation program carried
five spent fuel transportation casks through
preliminary design, which was completed in 1989.
Due to budget limitations, only the General Atomics
legal-weight truck cask and the Babcock and Wilcox
rail/barge cask are proceeding into detailed design at
this time. The Nuclear Packaging rail/barge cask
design contract has been canceled, and the
Westinghouse legal-weight truck cask and Nuclear
Assurance Corporation railAjarge cask designs are
proceeding at a substantially reduced funding level.

The transportation program is conducting a
review of strategies that could be employed in order
to initiate transportation operations in 1998, in
support of an MRS starting operations at that time.
The options being considered will include use of
transportable storage technologies, possibly including
transportable storage casks or transportable storage
canisters such as might be used in a horizontal
modular storage system.

In the meantime, before either an MRS or a
repository begins operation, we expect the utilities to
begin to use dry storage technologies as they fill their
spent fuel storage pools. Some utilities may also
choose to increase the storage capacity of their pools
through use of bum-up credit, as is already being
done by Virginia Power at their Surry Nuclear Power
Station. Others may choose to employ wet
consolidation techniques, such as those being
marketed by the Nuclear Assurance Corporation or
by the B&W Fuel Company. The final choices
among these options are at the discretion of the utility
management, within the envelop of the latitude
allowed by the licenses granted to the utilities by the
NRC.

The dry storage technologies actually in use
at this time are metal casks at Virginia Power's Surry
plant and the NUHOMS horizontal concrete module
system at Carolina Power and Light's H. B. Robinson
plant. At least two other utilities are planning to
install NUHOMS dry storage systems in the near
future, and at least one is planning to use concrete
casks.

4. FACTORS INFLUENCING SPENT FUEL
MANAGEMENT POLICY

The utilities remain the entities that are
responsible for funding and carrying out the storage
of spent fuel, prior to its acceptance by the
Department of Energy for disposal. They
independently decide how to provide for their
individual storage requirements, in a manner which
complies with the NRC's licensing requirements.
Aside from the NRC licensing considerations, their
primary concern is with the cost of establishing and
operating the storage systems, with consideration also
being given to personnel exposure and public
acceptance.

The resurgence of reprocessing would
certainly have a major impact on the utilities
planning, but at this time, there is no indication that
any such resurgence will take place due to the poor
economics of reprocessing.

The Department of Energy's program policy
is based on the requirements of the NWPA and
NWPAA. The NWPA calls for the Federal
government to carry out a program that:

a. Ensures that the spent nuclear fuel
and high-level wastes are disposed
of in a manner that ensures the
health and safety of the public,

b. Allows State and public
participation in the process to help
to promote public confidence in the
program, and

c. Provides that the costs of disposing
of the wastes be born by the people
who have benefitted from their
production.

The factors playing the most important role
in the program today remain those associated with
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public acceptance, with no simple solution being
apparent.

5. RESPONSIBILITIES AND FINANCIAL
PROVISIONS

As noted above, the NWPA requires that the
owners and generators of the spent nuclear fuel and
high-level wastes shall pay the cost of disposal of the
wastes, as well as all interim storage. The owners
and generators pay for interim storage directly, since
they also provide those services. The NWPA called
for the Department of Energy to enter into contracts
with the owners and generators of the wastes to
provide for the disposal of the wastes in a geologic
repository. This was accomplished within four
months after enactment of the NWPA. The NWPA
further called for the establishment of a Nuclear
Waste Fund to hold the payments of the owners and
generators under the terms of the disposal contract,
and from which the funds to pay for the disposal
program would be drawn. The NWPA established
the rate of payment into the Waste Fund at 1 mill
($0.001) per kilowatt hour for all electricity generated
after April 7, 1983 (with other provisions for
payments for wastes generated before that date).
This rate of payment is reviewed annually and
remains unchanged at this time.

The NWPA also provided that payments for
generic research and development on the subject of
storage and disposal of spent nuclear fuel and high-
level wastes should be drawn from the general funds
of the Federal government, subject to annual
authorization and appropriation by the Congress, and
approval by the President. In the past, such funding
has been used to demonstrate the acceptability of
technologies for the dry storage of spent fuel, to
further the understanding of the behavior of spent fuel
under various storage conditions, to assist the utilities
with licensing problems, and to demonstrate wet rod
consolidation. This funding is still continuing,
although at dwindling levels, as will be discussed in
more detail in section 6.

Finally, the NWPA provided for the
Department of Energy to conduct a Federal Interim
Storage (FIS) program, to store limited amounts of
spent nuclear fuel that could not be reasonably stored
by its owner or generator, and that would otherwise
require that an operating nuclear power plant be shut

down. The NRC was responsible for determining
whether any utilities who applied for FIS services
were, in fact, eligible. The FIS services were to
have been provided to the owners and generators of
the wastes by the Department of Energy at cost, on
a full cost recovery basis. The Department of Energy
was authorized to enter into contracts for FIS services
through January 1, 1990. This authorization expired
without any utility having applied for FIS services.

6. RESEARCH AND DEVELOPMENT ON
SPENT FUEL MANAGEMENT

At the time of the passage of the NWPA,
there were no alternatives to water filled pools that
were licensed in the United States for the storage of
spent nuclear fuel. Accordingly, in addition to the
FIS program discussed in section 5 above, the NWPA
required the Department of Energy to conduct
research and development activities, in conjunction
with the private utilities, for the development and
demonstration of technologies to either extend the
capacities of existing spent fuel pools (i.e., reracking
or rod consolidation) or to provide licensed
alternatives to spent fuel pool storage (i.e., dry
storage). The Department has carried out a
successful program in this area that has essentially
completed its task.

One of the first activities entered into by the
Department was a cooperative agreement with the
Virginia Power company to demonstrate the dry
storage of spent fuel in metal storage casks. This
program was originally intended to demonstrate the
storage of both intact and consolidated spent fuel
assemblies in several different cask designs.
However, due to declining interest on the part of
Virginia Power, the scope of the cooperative
agreement was amended to delete the demonstration
of consolidated fuel storage. All other essential parts
of the cooperative agreement have been successfully
completed, and routine close-out of the contract is
being pursued.

Another early cooperative activity entered
into by the Department was the demonstration of the
dry storage of spent nuclear fuel in horizontal
concrete modules at the H. B. Robinson plant of
Carolina Power and Light Company. This
cooperative activity has also been successfully
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completed. The agreement will be closed out later
this year after completion of the final reports.

The Department also provided support to the
Northeast Utility Service Company and others for the
demonstration of wet fuel rod consolidation.
Although fuel rods were successfully consolidated at
a 2 to 1 volume ratio on several occasions, the
associated required compaction of the remaining non-
fuel bearing components of the spent nuclear fuel
assemblies has never been successfully demonstrated.
Although numerous industry elements remain
convinced that compaction of the non-fuel bearing
components can be conducted, waning interest on the
part of the utilities (probably based at least in part on
the demonstrated availability of dry storage options)
has resulted in termination of further wet rod
consolidation work by the Department. Nevertheless,
this task may be completed by private industry on
their own, if utility interest picks up again.

The Department has also been developing •
technologies required for the dry consolidation of
spent nuclear fuel assemblies. In the United States,
these technologies are only considered to be
applicable to the repository or to an MRS since they
require the use of a large hot cell (a facility not
provided at any commercial power reactor). At the
repository or MRS, dry consolidation would be used
to reduce the number of repository waste packages
(and thus their cost), to reduce the number of
shipments from the MRS to the repository, and
possibly to reduce the reactivity of the waste
packages. The development program has progressed
to the point where a contract for the manufacture and
non-radioactive demonstration of the equipment for a
dry consolidation production line has been let. This
equipment is due to be delivered to the Department's
Idaho National Engineering Laboratory (INEL) in
October 1991. A follow-on demonstration of the
equipment with actual spent fuel had been planned at
INEL. However, due to budget limitations and a lack
of demonstrated benefit of this concept in lowering
the overall cost of the spent fuel disposal program,
the radioactive demonstration is not currently
expected to occur.

As a result of the completion or termination
of the cooperative activities discussed above, the
spent fuel management research and development
program conducted by the Department of Energy has
dwindled to a limited amount of research into generic

storage topics (e.g., determination of the limits for
storage of spent fuel in air, and assembly of utility
licensing experience) and a small program associated
with providing spent fuel storage and disposal
assistance to non-nuclear weapons states.

The generic spent fuel storage research and
development activities are also being phased out by
the Department on the basis that all technologies
required by private industry to store spent nuclear
fuel are already developed and are commercially
available. While it is undoubtedly true that further
improvements in these technologies can be made, it
is not necessary for the Department of Energy to fund
or conduct their development. If they are needed,
and if they are economic to employ, private industry
has the resources, both financial and technical, to do
the job on its own.

Nevertheless, the Department of Energy will
continue to have an interest in the overall
management of spent nuclear fuel, and will have an
intensive, ongoing interaction with the nuclear
utilities due to the Department's contracts with the
owners and generators of the spent fuel. There are
numerous provisions of the disposal contract, and of
the interface between the Department of Energy
disposal program and the utilities storage activities,
on which work to develop further detailed definition
is proceeding at this time. Furthermore, if the
Department is given the go ahead to develop an
MRS, we will once again be involved in the
development of spent nuclear fuel storage and
handling equipment.

Finally, the Department will continue to
consider requests from non-nuclear weapons states for
assistance in spent fuel storage and disposal, and will
develop our response to such requests taking into
consideration factors such as the availability of the
requested assistance from commercial sources.
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RECENT OECD/NEA ACTIVITIES
IN SPENT FUEL MANAGEMENT

OECD/NEA contribution presented by J.K. Joosten
Nuclear Development Division,
Nuclear Energy Agency,
Organisation for Economic Co-operation and Development,
Paris

Abstract

The OECD Nuclear Energy Agency (NEA) has been a participant in the IAEA's Regular Advisory
Group Meetings on Spent Fuel Management: Current Status and Prospects. This report is
intended to provide an update on NEA activities primarily from the perspective of the Nuclear
Development and the Fuel Cycle Division. The NEA's recent assessment on the Use of Plutonium
as a mixed oxide fuel is discussed. Current and planned studies in the areas of Qualified
Manpower, the Economics of the Fuel Cycle, Cost Analysis of Decommissioning Nuclear Power
Plants, and Repository Costs are also mentioned. Finally, a summary of selected NEA meetings
and publications since 1986 which are applicable to spent fuel management is provided in the
annexes.

The NEA in Perspective

The OECD Nuclear Energy Agency (NEA) was first established in February of 1958 under the
name of the OEEC European Nuclear Energy Agency. The "Atoms for Peace" programme had
been launched by President Elsenhower about 4 years earlier, and this was followed shortly
thereafter by the first Geneva Convention in 1955. Western European countries quickly realized
that the fastest approach to nuclear development would be to pool their technical and financial
resources together. Thus the OEEC European Nuclear Energy Agency was created as a flexible
vehicle for this international cooperation. Because the interests of members and their degree of
industrialization were relatively uniform, the Agency was capable of quickly mobilizing resources
for joint action and addressing issues of concern among the European members. This
capability, to quickly reach international consensus, remains one of the NEA's major assets.

In the early 1970's, as the membership of the Agency increased beyond Western Europe's
borders, the title of the Agency was changed to the OECD Nuclear Energy Agency. Twenty
three countries now belong to the Nuclear Energy Agency . Although the NEA
members represent less than 10% of the total number of nations in the world, together they
represent more than 80% of the world's nuclear generating capacity. The Commission of
European Communities (CEC) and the International Atomic Energy Agency (IAEA) participate in
NEA activities as well. The primary objective of the NEA is to promote cooperation among
governments of its participating countries in furthering the development of nuclear power as a
safe, environmentally acceptable and economic energy source.

QECD/NEA Nuclear Development Division Update

The NEA has always had an interest in the full range of Spent Fuel Management activities, or
what is commonly referred to as the "Back End" of the fuel cycle. The NEA has been a
participant in all of the IAEA's Regular Advisory Group Meetings on Spent Fuel Management and
has reported on the status of its work at those meetings. This paper is intended to provide an
update on the work conducted by the Nuclear Development Division.

SPENT FUEL MANAGEMENT STUDY - In 1986, the NEA published the results of a two year
study by experts from 14 OECD countries in a booklet titled: Nuclear Spent Fuel Management:
Experience and Options. The purpose of the study was to review objectively each stage of the
spent fuel management process and, using past experience, try to explain why the experts were
confident that spent fuel and high level waste could be managed with acceptably low risks.
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Although the report is now 4 years old, some of the conclusions that were formed by the expert
group may be useful to today's Advisory Group. The main conclusions drawn by the experts in
1986 were:

* Transportation - "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 larger
quantities."

* Spent Fuel Storage - "The relative ease, safety and low cost of spent oxide fuel
interim storage technology in water filled pools is well demonstrated. Many
OECD countries will continue to store much or all of their spent fuel for periods
of 20 to 50 years. Volumes are still relatively small and there is no strong
economic incentives for early disposal. Future development will likely focus on
potentially lower cost dry storage systems and storing fuel in more compact
configurations."

* Reprocessing - "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 1990's.
According to current national plans, by the year 2000 about 40% of LWR [Light
Water Reactor] and similar enriched oxide fuels discharged from reactors by that
time could be reprocessed if planned 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 maintainability, reduction of effluent, treatment of wastes and
improvements in the process to minimize worker exposure and environmental
impact."

[Note: Public sensitivity in Europe to the radiation hazards from Chernobyl, and
the effect of declining uranium prices on the economics of plutonium use have
caused some backing off in this area from earlier projections (e.g., FRG). France
and the UK, however, are bringing in new capacity.]

* Waste Disposal - "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
occurring naturally in the earth's crust. Studies are continuing to further improve
the already significant level of knowledge about long term behavior of geologic
repositories to facilitate selection of suitable disposal sites and to optimize
repository designs."

[E.G., the Alligator River Analogue Project below.]

* Economic Concerns - "The cost of either back-end option, direct disposal or
reprocessing, will be a small fraction 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."

[Note: This is still true however, the plutonium credit is reduced.]

* Public Concern - "This study has shown that there should be no technological
nor economic impediments to safe disposal of spent fuel or radioactive high level
wastes. However, because the first geologic repositories are not expected to be

156



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 to the public."

FUEL CYCLE PROJECTIONS - The OECD Nuclear Energy Agency has been forecasting long-
term nuclear power demand since the mid-1960s in conjunction with uranium supply and
demand analyses. In 1978 it expanded this analysis to cover the whole range of nuclear fuel
cycle services including projections of the OECD reprocessing requirements and capacities, and
spent fuel arisings. The results of this analysis were published in what became know as the first
"Yellow Book". Revised editions were again published in 1982 and 1987 under the title "Nuclear
Energy and its Fuel Cycle: Prospects to 2025". Coverage of spent fuel management issues was
expanded even further to include annual plutonium recovery and plutonium stockpile buildup.
The 1987 nuclear projections reduced the earlier projections by over 50% due to the economic
recession, reduced ordering rates, and lower growth rates. Now, even the lower 1987
predictions are considered unrealistically high. The forecasters were correct, however, in
predicting the over capacity in the fuel supply sectors. It should be noted that the Yellow Books
were global in their coverage and not just limited to NEA member data. Information concerning
the developing nuclear countries and countries with centrally planned economies were supplied
by the IAEA. The NEA publishes a "Red Book" concerning the front-end of the fuel cycle which
is also global in its coverage. The Red Book contains data on uranium resources, production,
and demand in the world which is updated each year.

Additionally, it should be noted that the NEA collects data on spent fuel management issues on
a country by country basis and publishes this material each year in what is known as the
"Brown Book". The Brown Book covers, for example, the number of spent fuel arisings, spent
fuel storage capacity, and other data important to decision-makers in the fuel cycle. These
publications are available to non-NEA members as well as NEA participants.

PLUTONIUM USE - Plutonium is an inevitable by-product of the use of uranium in nuclear
reactors. It is of interest to the civil nuclear industry because its potential use directly as a
mixed oxide (MOX) fuel and indirectly in converting uranium 238 into a useful fissionable nuclear
fuel in fast reactors. It has been estimated that recycling plutonium as a mixed oxide fuel could
extend our fissile uranium energy resources by up to 40%. On the other hand, using plutonium
in fast reactors could increase the energy recoverable from our uranium resources by a factor of
50 to 100. Knowing this, in the 1960s and 1970s several countries began building up stockpiles
of plutonium in anticipation of fast reactor deployment. Also, legal requirements for waste
disposal in some countries required reprocessing of spent fuel and thus led to further stockpiling
of plutonium. In the current climate, however, delays in the large scale introduction of fast
reactors, have led to increased interest in the use of recycled mixed plutonium-uranium oxide
(MOX) fuels in thermal reactors.

In 1989, a new report, Plutonium Fuel: An Assessment, was published by the NEA in an
attempt to clearly set out the facts about plutonium and its civil uses. The report explains the
factors influencing the choice of fuel options and illustrates how economic and logistic
assessments of the alternatives can be undertaken. Non-proliferation issues were excluded from
the discussion. The report describes the physical, chemical, and toxic properties of plutonium
and plutonium compounds. Additionally, it examines the costs of the separate stages of the
mixed oxide fuel cycle and its overall economics and material balances. Finally, it describes the
current position of MOX use in the OECD member countries. Some of the conclusions drawn in
the report are as follows:

1) Plutonium is a radiotoxic material but it can be handled safely. There are no
technical or safety barriers to its use as a fuel in thermal or fast reactors, subject
to the standard procedures of nuclear safety and licensing being applied.
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2) Quantities of stockpiled plutonium have risen over the last 30 years and are
expected to keep rising.

[Note: Plutonium is generated during the operation of commercial reactors and is
discharged in spent fuel at a rate of about 250 kilograms per year per gigawatt.
By the turn of the century, one projection for installed nuclear capacity would put
the amount of plutonium produced at about 60 tonnes per year in OECD
countries (or about 100 tonnes per year in the world). This would amount to
well over 1000 cumulative tonnes of plutonium by the year 2000. However the
use of plutonium is limited by the availability of reprocessing/separation
capability. Reprocessing facilities require relatively large capital investments and
a skilled work force. As a result, the United States estimates that the cumulative
total of fissile plutonium separated by the year 2000 will be well under 100
tonnes.]

3) Storage of plutonium imposes costs on the owner, and its value as a fissile
asset decreases with time due to radioactive decay.

4) For plutonium that has already been separated and for which the recovery
costs have been paid (so called "free plutonium") significant cost savings of 30%
or more can arise when it is used in MOX fuel for equilibrium reloads in PWRs
[as compared to using uranium oxide fuels with uranium at around $80 per kg],
An economic advantage would persist down to uranium prices as low as $50 per
kg ($19 per Ib U3O8) assuming a cost of about $70/SWU. This is because
effectively free plutonium replaces both fresh uranium and separative work costs
and these more than offset the higher cost of MOX fabrication. It should be
noted, however, that since the report has been issued, SWU costs have dropped
to about $54/SWU and U3O8 has dropped to about $9/lb thus reducing the
plutonium credit even further.

At the time of the study, MOX fuels were being used in 6 fast reactors and 13 thermal reactors
in OECD countries. Plans are to extend the use of MOX fuels to some 40-45 existing LWRs
[France (16), Belgium (1), FRG (10-13), Switzerland (3), and Japan (10-12)]. The USA, Canada,
UK, and Finland have no current plans to use MOX fuel in thermal reactors.

The working group, however, also concluded that economic issues are not the only ones which
have to be taken into account in deciding on the use of MOX. In addition to non-proliferation
concerns.there are strategic, environmental, safety and institutional factors to consider in
determining fuel cycle strategies. In some cases, these will be the dominant factors
since the differences in the costs of alternative thermal reactor fuel cycles are not large when
compared with the overall costs of generating electricity.

QUALIFIED MANPOWER - In recent years, there has been a steady decline in the growth of
nuclear energy. This decline, in turn, has had an effect on the viability of many sectors in the
nuclear industry. A considerable number of firms, both manufacturing and support services,
have either closed or restructured. According to one report, US nuclear utilities have lost about
40% of their original vendors. For some of the older US reactors, about 70% of the original
vendors are no longer in business or will not respond to requests for quotes. The "Yellow
Book" study raised the question as to whether, after a bleak period for nuclear plant orders, the
manufacturing industry would be in a position to fulfill new orders should there come a
resurgence in demand as governments seem to expect. One particular area of concern to the
Nuclear Development Division is the potential for shortages in Qualified Manpower as a result of
changes in the infrastructure of the nuclear industry. Accordingly an expert group meeting was
convened in November 1989 and a pilot study has been initiated. The study will assess the
demand for and supply of qualified manpower for nuclear development (i.e., reactor and fuel
cycle suppliers, architect engineers, nuclear fuel suppliers, electric utilities) and also the
manpower required for decommissioning, and coping with what has already been created. In
addition, qualified manpower in the regulatory sector will also be examined. The first step in the
pilot study was the preparation of a detailed questionnaire sent to each NEA member country.
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The questionnaire addresses such topics as:

* What is the current work force in the nuclear field?
(e.g., number of persons employed per sector, age structure, normal retirement
age, etc.)

* What is the current manpower supply?
(e.g., university enrollments in the nuclear field, industry training programmes,
etc.)

* What will be the manpower requirements up to the year 2010 (per sector)?

* What actions are being taken to cope with possible shortages and bottlenecks in
the supply of qualified manpower?

Analysis of the questionnaire will take place throughout 1990. The results of the survey are
scheduled to be published in 1991.

ECONOMICS - In 1983, the NEA initiated a study on "The Economics of the Nuclear Fuel
Cycle". Experts from seventeen OECD countries and four international organizations participated
in a Working Group that considered the methodology necessary to determine fuel cycle costs,
and gathered data on the costs of the various stages of the fuel cycle for pressurized light water
reactors (PWRs). Both the once-through cycle (in which spent fuel is ultimately disposed of
intact) and the reprocessing cycle (in which spent fuel is treated to recover plutonium and
unused uranium) were evaluated. The results of the review were published in 1985 and some of
the main conclusions were as follows:

1) The total fuel cycle cost of LWRs is only around 20-40 percent of the total costs of
generating nuclear electricity, and the back-end cost is only 10 to 30 percent of the total
fuel cost. Thus any uncertainty in the back-end cost will not have a significant impact
on the cost of nuclear electricity generation. With this difference in mind, the small
difference between the once through and reprocessing cycle (around 10%), 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.

2) The levelised kWh fuel cycle costs for both the once-through and reprocessing cycles
are not sensitive to the assumed reactor life and its load factor. This is very different
from their effect on the capital component of the levelised kWh cost, which is sensitive to
both load factor and reactor life assumptions. Also, fuel cycle costs are only slightly
affected by tails assay, fabrication price and spent fuel or disposal price within the
ranges of these parameters that seem likely to prevail. The reprocessing cycle cost is
also relatively insensitive to the discount rate adopted and to the value attached to
recovered uranium and plutonium.

3) The levelised fuel cycle cost is most sensitive to the uranium price and to possible
major reductions in enrichment costs arising from the possible deployment of advanced
enrichment technology. For the reprocessing cycle, the price charged for reprocessing
is a significant factor.

Work on an update to the Economics of the Nuclear Fuel Cycle report is scheduled for later
this year with a publication date scheduled for December, 1991.

In addition to the above economic study, the NEA Nuclear Development Division will be
publishing two other significant economic studies concerning a Cost Analysis of
Decommissioning Nuclear Power Plants and An Analysis of Repository Costs . Work on the
Cost Analysis of Decommissioning has already begun. An expert group held their first meeting
on this topic in December, 1989, and agreed that the goal of the report would be to
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demonstrate for the benefit of policy makers how far the costing of decommissioning is well
understood and to what extent the extreme variability of published cost estimates has well
quantifiable origins in factors such as national policy, geography, economics, regulatory
frameworks and industrial infrastructures. Most members emphasized that the study should
focus on quantitative analysis such as identification of variables affecting costs rather than
qualitative analysis. This report is scheduled to be published in early 1991. A previous NEA
report, "Decommissioning of Nuclear Facilities" was published in 1986. The Analysis of
Repository Costs study is scheduled for publication in 1991 as well.

Other NEA Activities

There were a number of important activities relating to Spent Fuel Management in the NEA's
other divisions which deserve brief mention.

SEABED DISPOSAL OF HIGH-LEVEL WASTE - The preferred option for disposal of high-level
radioactive waste has been buria! in deep geological formations. However, a second option has
been studied in depth - disposal in geological layers underlying the ocean floor. In 1977, a
coordinated programme on Seabed Disposal of High-Level Radioactive Waste was created within
the NEA to study this concept. After 11 years of research, an eight volume report was
published by the NEA in 1988 which evaluated the technological feasibility and radiological
safety of this concept. Bore holes were made in two areas in the Eastern and Western Atlantic
and samples were taken and extensively analyzed. Additional studies were conducted on
methods to be used to place the waste into the sea bed. Using a penetration technique
involving torpedo shaped canisters, it was determined that the waste could be implanted to a
depth of 50-70 meters in the sediments. The holes would immediately close and seal
dynamically. Alternatively, deep-hole drilling beneath the ocean floor could also be utilized.
The working group which reviewed the results concluded that high-level wastes could be
emplaced in sediment formations using currently available technology and that seabed disposal
would be economically feasible.

ALLIGATOR RIVERS ANALOGUE - To effectively dispose of high-level radioactive waste, one
must be able to predict how the radioactive nuclides might move through the rock masses. By
studying natural uranium deposits which contain such radioactive nuclides some insights can be
gained into the long term physical and chemical processes that are likely to be significant to
such disposal techniques. These "analogous" studies can also be used to increase confidence
in our predictions of the safety of radioactive waste disposal sites. In the Alligator Rivers region
of Australia, a uranium ore deposit was chosen for such an international research project since it
exists near a fault with a strong ground water cross-flow. Field observations and laboratory
measurements will be made and compared with large hydrogeological models and geochemical
models to determine if they accurately predict the behavior of radionuclides.

STRIPA PROJECT - In Sweden, the International Stripa Project progressed into phase III which
was designed to investigate how ground water flows in an unexplored volume of granite
approximately 350 meters below the surface. The site of the project is the abandoned Stripa
Mine with granite rock estimated to be 1700 million years old. The project was originally begun
in 1976, and moved into a new 3rd phase which used seismic, radar, and hydraulic instruments
to test the ability to predict ground water flow within fractured crystalline rock. Other studies are
intended to identify, select and evaluate various sealing materials for high-level wastes such as
bentonite.

PUBLIC INFORMATION - The NEA's Public Information office has been active in this area. In
addition to the NEA's annual report, several other newsletters and pamphlets have been issued
to help the public's understanding of Spent Fuel Management issues.
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PART II

MAIN RESULTS OF THE ADVISORY GROUP MEETING:
REVIEW AND RECOMMENDATIONS

The Regular Advisory Group on Spent Fuel Management met March 19-22, 1990
in Vienna. The Group adopted the following charter:

REGULAR ADVISORY GROUP
ON SPENT FUEL MANAGEMENT

CHARTER

The Regular Advisory Group on Spent Fuel Management (RAG SFM) was
established in accordance with the recommendations of the Expert Group on
International Spent Fuel Management in 1982. It has held meetings in
1984, 1986, 1988, and in 1990. The RAG SMF is a regular advisory group
organized within the framework of the International Atomic Energy Agency
(IAEA).

The Advisory Group consists of nominated experts from the
countries with considerable experience and/or requirements in such
aspects of the back-end of the fuel cycle as storage, safety,
transportation, treatment of spent fuel and uranium and plutonium
recycling. The country membership is selected in such a manner as to
reflect the various spent fuel management options ranging from the
"closed" fuel cycle to "once-through" concepts and includes
representatives from both the developed and the developing nuclear power
users. The OECD/NEA is also a member.

SCOPE

The RAG SFM activities cover the following main topics:
a) Analysis and summary of spent fuel arisings and storage
capacities;
b) Interface between spent fuel storage and transportation
activities;
c) Spent fuel storage process and technology and related safety
issues;
d) Treatment of spent fuel and some aspects of uranium and
plutonium recycling.
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OBJECTIVE OF ACTIVITY

To provide technical advice to the Secretariat regarding the
Agency's programme in the back-end of the nuclear fuel cycle;

To serve as a means of exchanging information on the current
status and progress of national programmes;

To discuss the Agency's publications in this field and to advise
the Agency on proposals for reviews, publications, guidelines and
studies;

To assist in the coordination of international activities in the
field of the back-end of the nuclear fuel cycle.

METHODS OF WORK

The Advisory Group meets every two years in order to:

- review and comment on the present activities of the Agency in
the area of the back-end of the nuclear fuel cycle;

- discuss the participants' presentations on the national current
situation and future plans;

- define the most important directions of national efforts and
international cooperation in the area of the back-end of the
nuclear fuel cycle;

- prepare recommendations for future IAEA meetings and other
activities in the field of the back-end of the nuclear fuel cycle.

The Group's work between meetings is carried out and coordinated by the
Scientific Secretary in cooperation with the Chairman on the basis of the
RAG SFM meetings' recommendations. The Scientific Secretary keeps the
advisors of the group promptly informed of any important discussions and
changes.
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The results of each RAG meeting are published as a TECDOC "Spent
Fuel Management: Current Status and Prospect". The TECDOC includes:

a) Summary of Agency's spent fuel management programme,
- publications
- meetings
- other Agency related activities (i.e. waste handling,
transportation, etc..)

b) Country status reports
c) Summary and recommendations.

CURRENT STATUS AHD PROSPECTS

The Advisory Group observed that the activities related to the
management of spent nuclear fuel continuous to be of highest priority in
assuring the optimum safe commercial use of nuclear energy. It was
observed that the spent management strategy adopted by each country
depends upon many individual country factors.

Reviewing activities in various countries it is observed that
spent fuel management programmes are subject to changing economic,
technological, and policy changes, at the present time, however, the
programs can be divided into the the following groups:

- Countries actively developing reprocessing plants (i.e. France,
Japan, India, U.K., and the USSR; the Federal Republic of Germany
has cancelled their plant and Argentina has decided to delay the
start of their prototype plant);

- Countries who have contracts for reprocessing or are returning
some or all of their fuel outside their country (i.e. Belgium,
Bulgaria, Czechoslovakia, GDR, Germany, F.R., Hungary, Japan,
Finland, Netherlands and Switzerland);

- Countries who are working on either extended storage or long
term storage options using both dry and wet technologies
(Argentina, Brazil, Canada, Finland, Germany, F.R., Republic of
Korea, Mexico, Pakistan, South Africa, Yugoslavia and Switzerland);
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- Countries who have been following the once-through fuel cycle
(India -for the BWRs only-, Spain, Sweden and the USA) and are
focusing their attention on long term storage followed by disposal
of the fuel;

- Other countries who have nuclear power plants in various stages
of construction (Cuba, Poland, Romania and China) and may also
need assistance in activities relating to spent fuel management,
primarily in preparation of storage plans.

It was noted that while there remain challenges in the area of
spent fuel management, much progress has been made. The review of
national programmes shows that

- safe handling, storage and transport of spent fuel takes place;

- both commercial and prototype reprocessing facilities continue
to operate satisfactorily;

- AFR wet and dry storage facilities have been designed,
constructed, licensed and safely operated.

Experience continues to show that water reactor fuel can be safely
stored for extended periods of time. The use of interim storage will be
the primary option for management of spent fuel until the early next
century. At present time much attention is given to the subject of spent
fuel storage in practically all countries having nuclear programme with
or without reprocessing spent fuel. The spent fuel is stored at reactor
(AR), away-from-reactor (AFR) and in reprocessing plants, awaiting either
chemical processing or final disposal, depending on the fuel cycle
concept chosen by the individual countries. Practically all nuclear
countries are working under increasing of their existing at-reactor pool
capacity by implementing compact racks, double-tierce, rod consolidation
and by increasing the dimensions of current pools. Investigations of
spent fuel behaviour in storage pools regarding higher burnups, storage
of consolidated fuel rods and longer storage time will be continued.

It was agreed by the Advisory Group that past and current
activities of the IAEA have proven very beneficial in assisting them in
matters relating to spent fuel management.
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It was concluded by the Secretariat and the members of the
Advisory Group that the time and costs related to the meeting were well
spent and that the Group should continue to meet. It was strongly
recommended that the next meeting date be adjusted to allow more timely
input into the Agency's programme of work. It was noted that the
planning cycle had changed and that the maximum benefit of the Advisory
Group's advice would be available if the Group were to meet in September
of 1991. The Group also requested that the IAEA supply review documents
and agendas in advance of the next meeting.

It was noted by the Group that much cooperation and coordination
between the IAEA and OECD/NEA was taking place. The members of the Group
noted again that the NBA has already taken the lead in several areas
(i.e. economics and reprocessing activities) and these topics should be
closely coordinated to avoid duplication of effort in order to optimize
and economize to the extent possible. NBA reported that it had recently
completed a study on Plutonium and Uranium recycle and has started an
economic analysis of the back end of the fuel cycle and have completed
extensive economic studies on the front end of the fuel cycle as well.

ADVISORY GROUP RECOMMENDATIONS

The Advisory Group concluded the meeting with a panel discussion
which reviewed the activities and trends observed during the course of
the meeting. The following comments summarize the Group's comments and
recommendations including a brief review of the IAEA 1990-91 programme of
work:

- It was noted that the total number of operating nuclear
electricity plants in the world is 434, producing almost 318,000
Megawatts of electricity. Recognizing the special needs of nuclear

wastes generated by these and future plants and their potential impact on
future generations, the Group recognized that significant demands will be
placed on the back-end of the fuel cycle and that the IAEA's contribution
is very important.

- The Group recognized the wide range of requirements in the area
of spent fuel management and at the same time the large number of
national and international activities relating to these topics.
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Therefore, it was recommended that attention be focused upon those
areas where international cooperation will prove most effective.

- The Advisory Group noted that there is increasing reliance on
the use of existing spent fuel storage facilities or expansions of
these existing facilities. Thus, it is important that the
"operational" aspects as well as design development activities be
discussed and documented as experience is gained with the safe
storage and transport of spent fuel. The continued success in the
dry storage technology reflects the importance of international
cooperation and it is recommended to increase activities in the
operational area and continue to document the safety record in
spent fuel management activities.

- The Advisory Group recommended that the many national and
international activities in spent fuel management be coordinated
and/or combined in order to avoid duplication of efforts.

- It was noted that the trend was towards higher fuel burnups and
the recycle of MOX fuels in thermal reactors, and it recommended
that activities be undertaken which would review the change of
spent fuel characteristics as they relate to safety design
parameters. The increasing pressure on the power reactor operator
to increase the storage capacity indicates the usefulness of
developing procedures and means to take credit for the level of
fuel burnup and burnable poisons when making criticality
calculations for the storage facilities.

- While the Group did not fully understand the purpose and the
proposed activities planned under the "Project X", the Group did
note the increasing influence that public and community acceptance
plays in the selection of technologies and facility sites and
recommended to continue developing supporting information on the
safety of the activities in the back-end of the fuel cycle and the
analysis of public acceptance issues. One possible topic to be
considered is the understanding of the role that the public
plays in the spent fuel management process - what methodologies
exist or could be created to restore credibility and confidence in
the public sector and should there be new channels established to
the public with regard to information and feedback? It was deemed
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prudent that the lead in the public acceptance topics should rest
with the specialists in the matter and that technical assets
should only be used in support.

- It was recommended to note the importance of quality and safety
provisions of those activities in the back-end of the fuel cycle
and establish a program to review and define Quality Assurance
programmes for those areas where none may exist, such as
interfacing administrative activities.

- Since many countries have chosen long term storage in casks with
an expectation of eventual transport, it is recommended to
consider an activity relating to integrated systems for both
storage and transportation.

- Noting the increased importarice of Away From Reactor (AFR)
storage, the Group recommended to consider additional activities
in this area.

- Due to the fact that spent fuel management programmes are
dependent on so many unique paramaters, the Group cautioned about
performing strategy evaluations and attempting to establish
economic comparisons. It was felt by the Group that emphasis
should continued to be put on the identification of tools, such as
the methodology of performing economic studies and summarizing
spent fuel management strategies. The Group advised again, that
effective cooperation with other national and international groups
active in the same areas should be maintained.

- It was recommended that activities relating to both technologies
and Safeguards be closely coordinated, recognizing the importance
of establishing both safety and safeguard criteria early in the
design stage of all facilities especially for new technologies
such as long term storage facilities.

- The group, recognizing the special needs of developing nuclear
power countries, recommend that an effort be made to collect and
summarize examples of organization and organization
responsibilities of national authorities relating to the back-end
of the fuel cycle (i.e. regulatory, QA, etc..)
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- It was recommended to consider the development of a country
support program for appropriate spent fuel management activities
similar to the OSART program. This may be in the form of training
courses or upon request the Agency might be in a position to
organize a team of experts to review and offer suggestions on
activities relating to the back-end of the fuel cycle (such as
organization, administration, maintenance and quality assurance).

- The Advisory Group felt that the issuance of the Spent Fuel
Management newsletter was beneficial. However, it was recommended
that it be published in the alternate year of the AG meeting. The
Secretariat noted that replies from a number of countries either
were late or not received and recommended that for the letter to
be effective, timely responses are needed.

- The Advisory Group felt that the review of current spent fuel
management practices and future plans in various countries was
extremely important and should be continued.

- It was noted that some countries continue to have difficulties
with spent fuel management of research reactor fuels and with
residues from post irradiation examination of spent fuel.
Suggestions on steps to solve the problem related to these wastes
need to be included in the program.

- The Advisory Group reviewed the draft Charter for the Group and
accepted it as its charter.

- Even though it was recognized that the Agency's work program was
well advanced, the Group reviewed the planned activities. The
following observations and recommendations were made:

- The Group noted that many of the recommendations made during
the 1988 AG meeting were included'.
- There were several activities noted that are currently under
development by the NEA (items 3, 18, and 19) and the Agency is
encouraged to coordinate and avoid duplication of efforts.
- It was suggested that item 16, "Feasibility of Extra Gains
from Spent Reactor Fuel" be more clearly defined. If it deals
with the use of separated actinides or other reprocessing
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products, it is recommended that the study be limited to the
status of these activities.
- It was recommended that since items 15 and 17 both deal with
the same topic, that the Status of MOX fuels be included in
the Survey of Plutonium Utilization.

- Since no titles were available for the Safety activities,
the Group recommended that they include a review of the
development of specific safety criteria or spent fuel
storage. Close coordination should be made with the Agency's
safety activities.

- It was noted again that the activity of remote technology be
limited to areas of interest to the majority of Member States
where the reduction of radiation exposure and release is
involved (i.e. cask handling, decontamination of components).
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