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FOREWORD

Nuclear power currently provides a significant proportion of the electricity in many
countries. Most of the installed capacity is based on thermal reactors cooled by water.
However, in parallel with the deployment and operation of these plants, some countries have
undertaken research and development programmes on fast reactor systems in which the core
is cooled by a liquid metal, usually sodium. These programmes have resulted in the
construction of about 20 liquid metal reactors, the largest being the 1200 MW(e) Superphénix
in France. More than 200 reactor-years of operating experience of liquid metal cooled fast
reactors (LMFRs) have been accumulated up to now. Two 800 MW(e) LMFRs are under
construction in the Russian Federation, and the 280 MW(e) Monju prototype fast reactor in
Japan reached criticality in April 1994.

It has long been argued that the best time for introducing fast reactors would be when
demand for new uranium to fuel thermal reactors was leading to rises in its price. Also, the
ability of the fast reactor to burn the radioactive waste and plutonium already being made in
quantity by thermal reactors suggests another strategic consideration. Furthermore, by
producing, in a mixed thermal and fast reactor deployment, some sixty times as much
electrical energy from a given amount of uranium as would be produced by thermal reactors
alone, the introduction of the fast reactor offers a country with nuclear capacity but without
indigenous uranium reserves an opportunity to insulate itself from an indefinite need to
import more uranium.

The International Working Group on Fast Reactors (IWGFR) annual meetings and the
specialists meetings which the group has organized each year have provided regular
opportunities for exchanging information and experience relating to fast reactors. For many
of the countries there is a history of fast reactor work extending back over thirty years and
the sum total of knowledge relating to the system is immense.

These proceedings contain updated and new information on the status of fast reactor
development and on activities in the field of advanced nuclear power technology during 1993,
as reported at the 27th meeting of the IWGFR held in Vienna, from 17 to 19 May 1994.
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SUMMARY OF THE MEETING

Successful liquid metal cooled fast reactors have been designed, constructed and
operated. Two examples are the BN-600 in Russia and the 1200 MW(e) Superphénix in
France. The BN-600 reactor with a power output of 600 MW(e) has been running
successfully for 15 years. The Superphénix is the first large size LMFR. Recently, LMFR
development activity has slowed; particularly in the USA. But many experts believe that
LMFRs should be pursued as a complement to advanced light water reactors in order to
provide options for energy production in the 21st century. A report issued two years ago by
the Club of Rome stated that "....... the use of coal and oil is probably more dangerous to
society, because of the carbon dioxide they produce, than nuclear energy. There are therefore
strong arguments for keeping the nuclear option and for the development of fast breeders
..."Y. The objectives of development of the LMFR are to improve fuel economics, to find
optimal solutions for the back-end fuel cycle, to achieve a high degree of reliability and to
achieve high degree of safety — a reactor system which, not only during normal operation
but also in case of an accident, could exclude any radiological impact that would require
evacuation of the public. An additional important mission for the LMFR may be to burn
plutonium resulting from the dismantling of nuclear weapons.

In considering the objective of achieving economic competitiveness, LMFRs are being
designed for as long a life as possible. Efforts are also being made to develop techniques and
technology which can shorten the construction period. As to the argument that the existing
fast reactors are too expensive, it should be noted that this was true in the early development
for all demonstration or prototype nuclear power plants before scaling up to commercial size.
It is simply too early to say that the LMFR is not economic, particularly in the present
situation where antinuclear activists tend to discourage all investment in the nuclear field.
Other reactor technologies achieved lower generating costs when commercial scale units were
produced; one cannot say that this will not happen in the case of fast reactors.

Advanced LMFRs are being developed in several countries with different designs.
General Electric (USA) has very recently decided to focus on a mid-size
(840 MW(th)/311 MW(e)) modular reactor fuelled with a ternary metal alloy. Modular
reactors allow significant simplifications and enhancement of passive safety features. The
metallic alloy fuel also allows a larger design margin with maintained benign response to
accident conditions. This also permits the use of compact pyro-metallurgical processes for
fuel recycle. Russia, Japan, India and western European countries are developing monolithic
reactors of 500 to 1600 MW(e) sizes, with oxide fuel. The 15 years of commercial
experience in Russia with the BN-600 and with the improved BN-600M project indicate a
potential for large cost reduction and for improved reliability. Examples of the innovative
safety features of the advanced designs are: passive decay heat removal systems, passive
reactor shutdown, and stable thermal and reactivity response characteristics.

The management of radioactive waste is one of the key issues in today’s political and
public discussions of nuclear energy, especially the disposal of high level radioactive waste.
Reprocessing (which is justified by the fast reactor technology) reduces the mass of waste
by about a factor of 25 by removing the actinides from the waste (leaving only the fission
fragments). Many experts believe that this recycling/reprocessing in LMFRs would allow
‘burning’ of the extremely long life transuranic radioisotopes, thereby reducing the required

IKing, A., Schneider, B., The first revolution : A report by the Council of the Club of Rome, Simon
and Schuster, 1992.



isolation time for the high level waste from hundreds of thousands of years to hundreds of
years. Research and development (R&D) for enhanced plutonium consumption and actinide
burning is being conducted in France, after the restart in 1994 of the Superphénix. Similar
R&D activities are performed in the CAPRA (concept to amplify plutonium reduction in
advanced fast reactors) reactor which may be widely used fci plutonium recycling and
electricity generation.

The early development of LNirRs was conducted on a national basis. However, for
advanced LMFRs, international co-operation may be very important and the IAEA has an
important role to play in promoting international co-operation. Especially in R&D,
international co-operation with the pooling of resources and expertise helps to reduce/share
the costs. To encourage development of LMFRs, the IAEA’s project ‘Liquid Metal Cooled
Reactors’ promotes technical information exchange and co-operation between Member States,
offers assistance to interested Member States, and publishes reports available to all Member
States. International co-operation on fast reactors under the aegis of the International
Working Group on Fast Reactors (IWGFR) has had an influence on the principles of design
and on the general features of fast reactors in Member States. Early experimental reactor
parameters vary widely, but those of the commercial sized plants are quite similar. Even with
the initiation of a wholly new development (e.g. in the USA of a modular reactor) it is
interesting to observe that their parameters are close to those of the large monolithic reactors.
To some extent this is due to the IWGFR exchange of information on experiences, both good
and not so good. It also proves that the laws of physics and the principles of good
engineering frequently lead to the same optimal solution.

The worldwide investment already made in the research and development of the LMFR
technology exceeds US $40 billion and this research has significantly improved our
understanding of LMFR safety and safety analysis methods. These methods have been used
to evaluate the safety characteristics of the existing and advanced fast reactors. It has been
found that some LMFRs currently operating need to improve their safety, but it is also
predicted that future LMFRs can achieve a very high degree of safety. However, in spite of
the progress made in LMFR technology and in particular in LMFR safety, the quest for
excellence calls for further work. These proceedings contain the new technical directions for
the next generation designs, significant R&D results as well as recent experience from
operating plants.



FAST REACTOR DEVELOPMENT PROGRAMME
IN FRANCE DURING 1993

M. ASTY*
CEA, Centre d’études de Saclay,
Gif-sur-Yvette, France

Abstract

The activities in the framework of the Phénix (250 MW(e)) and Superphénix
(1200 MW (e)) reactors are described in this paper, focusing on developments in 1993. In the
field of fast reactors, the main events of the year are the following: Phénix was authorized
to perform power tests at 350 MW(th) over a period of 10 days. This run was successfully
carried out. No negative reactivity incident occurred during these tests, and little progress
is to be reported on the explanation of these events. Concerning Superphénix, an important
event was the public enquiry for renewing the operation license, a first-of-a-kind in France
for a reactor which already operated in the past. Also, the large programme of modifications
to improve the mitigation of sodium fires which was initiated at the end of 1992 was
pursued.

1. GENERAL SITUATION

In 1993, the total electrical power consumption in Fmace, including the line losses, was
385 TWh, corresponding to an increase of 0.4% as compared to 1992. The exported power
was 61.4 TWh and the energy used in pumping was 4.2 TWh, leading to a total national
production of 450.6 TWh, out of which 78% were preduced by nuclear power plants.

The availibility factor for ali 900 and 1300 MWe PWR reactors was improved to 80.6% (an
increase of 9 points as compared to 1992), mainly through a better management of the
shutdown periods and an anticipation industrial policy (management of e.g. the problem
arising from the defects detected in the penetrations of the vessel heads).

In the field of Fast Reactors, the main events of the year were the following.

PHENIX was authorised to perform power tests at 350 MWth over a period of 10 days. This
run was successfully carried out. No negative reactivity incident occurred during these tests,
and little progress is to be reported on the explanation of these events.

Conceming SUPERPHENIX, an important event was the public enquiry for renewing the
operation license, a first-of-a-kind in France for a reactor which already operated in the
past. Also, the large programme of modifications to improve the mitigation of sodium fires
which was initiated at the end of 1992 was pursued.

The activities in the frame of the CAPRA project (enhanced plutonium consumption in Fast
Reactors) are described in the European report to the IWGFR.

*With contributions from Messrs. Lacroix, EJF, and Elie, CEA.

2. PHENIX

Three major events took place in 1993. In February, the plant was connected to the grid for
power tests over a period of 10 days, after 29 months without electricity generation. In June,
the "Groupe Permanent” for reactors (adviser to the French Safety Authority) examined the
conditions to be fulfilled for resuming operation. On this occasion, CEA indicated its intent to
pursue operation for a further period of 10 years and that a large programme of studies and
repair work had been initiated with this objective. Also, in June, defects discovered on the
expansion tanks of the secondary circuits obliged to delay to 1994 the restart of the reactor.

Other important events were :

- elimination of sodium deposits on the fuel handling arm,
- unloading of the 3rd row of breeders and their replacement by steel subassemblies, as a
first step towards plutonium burning.

2.1 Reactor operation

At the beginning of 1993, the final recommissioning of two secondary loops was completed
and on January 30, the piant was awaiting the authorisation for the 350 MWth tests.

This authorisation was given on February 8 and in the evening on the same day, the tests
were initiated. The power of 350 MWth was reached on February 10 and after adjustments,
the 10 days period of stable opera‘tion started on February 11.

On February 18, a trip was initiated by the turbine during the periodic test of the aitemator
cooling system. This was the occasion to record the signals arising from the additional
instrumentation which had been installed to explain the origin of the negative reactivity
incidents. After the necessary verifications, the reactor reached again 350 MWth on
February 19 and this power was maintained up to the end of the 10 days period (February
23) which was terminated by a manual trip of the reactor with a second recording of all
signals. QOver this period, the reactor operated for 7.5 efpd. Finally, decay heat
measurements were performed up to February 27.

Except for the unplanned trip on February 18, the tests were conducted in excellent
conditions with a satisfactory operation of all components and in particular of the
turbogenerator which showed a low vibration level.

No anomaly in the core or in the different structures was detected during the whole test
period.

Immediately after the tests, the secondary circuits were drained to proceed with the
inspection and repair of the secondary pipes and to replace the buffer tanks.

The 3rd row of breeder subassembilies was unioaded from June 25 to July 12.

The defects detected in the expansion tanks led to remove all secondary pumps and to
isolate the three expansion tanks from the secondary circuits for access.

On August 21, one IHX was drained for gammagraphic control of the upper welds.

From November 10 up to the end of the year, the reactor was made crtical on 16
occasions, mostly for training of operators.
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