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THE BREEDER
REACTOR AND EUROPE

If nuclear power is to play a major role in meeting world energy needs in the long term, thermal reactors
must in time be complemented with more advanced reactor systems that conserve uranium resources —
which are huge but not unlimited. This is not questioned; disagreement begins with discussion of the
desirability of the breeder, and how fast and how far the introduction of such reactors should go.

This was the starting point taken by the Swiss Association for Atomic Energy (SVA) and the Association
of European Atomic Forums (Foratom) for a conference on the breeder reactor and Europe held in
Lucerne, Switzerland, from 14 to 17 October. The two organisations, as co-sponsors, hoped that
participants would present the basic facts of fast reactor technology, discuss introduction strategies and
commercial and safety aspects of fast reactor programmes, and review the breeder programmes of the
countries active in this field; the ‘target audience’ were utilities, industries, engineering and consulting

companies and authorities with a broad interest in the overall breeder programme.
The true value of the conference will become apparent only when the proceedings have been
published and digested: this article can only touch on the highlights. James Daglish reports

The conference was sub-divided into four main sections, with a
wide-ranging panel discussion at the end. Each main subject was
reviewed in turn in oral presentations of papers which had been
circulated to the 160-odd participants (from 19 countries) in
advance, each being followed by a question and answer session. |
spell out the mechanics of the conference in this way to give some
idea of how it was that in only two and a half days the discussions
could range from elementary nuclear physics of fast reactors
through assessments of the world energy supply and the need for
fast reactors in the longer term, to questions of economics and
safety, to reviews of the current status of the breeder programmes of
Europe, the UK, the USSR, Japan and the United States — and at the
end still leave time for a panel discussion in which the main themes
of the conference were reviewed once more. In what one might call
‘normal’ circumstances each topic could — and usually does —
occupy an equally distinguished group for a week, and still leave
questions unanswered.

| do not mean to imply that any question was treated superficially.
The papers went quickly to the key points for discussion; and they
contained much that was novel — or at least brought together for the
first time in a manageable way. Thus, we heard detail of the Russian
fast reactor programme, for example, which had been known pre-
viously only to quite a specialist fraternity in the West

Why breed?

The first session — under this title — was opened by Dr N.L. Franklin,
chairman of the Nuclear Power Co. Ltd, Risley. He reminded
delegates that we had seen in the 70s a decade in which quarter-
scale and fifth-scale demonstration reactors had been built and in
some cases commissioned in Europe. Although the costs of such
units and of associated development programmes were quite high
they had been found acceptable to the larger countries. “The 80s
are likely to be the decade of full-scale demonstration reactors and
the associated demonstration of the fuel cycle,” he said. "The actual
costs and the risk costs for these operations will be very large —
perhaps too large to be borne by single countries, although of
course they can be sustained in the Soviet Union and the United
States, if the Governments of those countries are minded to do so.
Certainly, so far as Western Europe is concerned the time interval
between the construction of full-scale demonstration units and the
exploitation on a commercial basis of these units is likely to be
sufficiently great that the investment cannot be recouped on a
simple discount basis. This means that we are concerned with
strategic questions: questions relating to the reliability of national

supply rather than of the purely commercial investment by
businesses. In turn, we are inevitably associated with investment by
Governments in addition to that by the electrical utilities."

The prospective need for the fast reactor in the context of future
world energy supply and demand was spelled out in the first paper,
presented by Dr P. Graf (Motor-Columbus Consulting Engineers.
Inc., Baden)". Dr Graf recalled that world energy demand totalled at
present between 6 and 7 billion tons of oil equivalent a year. Mineral
oil accounted for about 48 per cent of total consumption; coal, about
30 per cent; and natural gas, 19 per cent. Hydro power accounted
for about 2 per cent and nuclear electricity, about 1 per cent. Many
projections of future energy demand had been made; an important
element in all such projections was the expected economic devel-
opment of Third World countries. “Even if one should succeed in
reducing the forecasted increase of energy consumption by
enforced energy savings or due to major price increases,” he said,
“there still remains compared with today a considerably higher
energy demand to be met."”

How, and under what conditions, could energy demand be met
by the available resources? Studies made by the World Energy
Conference — though already a little dated — showed that if al
avallable resources were developed they could contribute con-
siderably to the demand expected within various scenarios by the
year 2020: coal production might be expanded to about four times
its present level, nuclear energy might grow to account for 25 to 30
per cent of world energy production potential. But if the production
of fossil fuels did not increase as much as expected — “which is not
too unrealistic a possibility” — or should nuclear energy in general
and correspondingly breeder technology not be used or developed
as the WEC expected, then there would be quite serious energy
supply difficulties.

Then again, the prospects for world energy supply could not be
generalised. "The perspectives for western Europe are quite unfav-
ourable," said Dr Graf. “With the exception of coal in the UK and the
Fed. Rep. of Germany, there exist considerably less indigenous
reserves of fossil fuels than the world average. The reserves of
natural gas in the Netherlands seem at an end. The oil resources in
the North Sea, compared with the overall oil demand of Europe, are
rather modest. Also uranium deposits are very limited. As regards
these primary energy sources western Europe will strongly depend
on imports, which gives rise to security of supply problems. Only as
far as coal is concerned does Europe have large reserves. The

*Co-author with Dr H. Baumberger and K P. Gibbs
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The Dounreay establishment, from the sea. The 250 MWe Prototype Fast Reactor is to the right of the picture.

problem, however, is that in the indigenous form it can only partly
satisfy the energy usage (e.g. the direct use of coal for process heat
inindustrial facilities or power plants). By means of coal liquefaction
and gasification, however, coal can be transformed into a more
useful form for energy utilisation. The efforts to solve the technical
development problems of coal processing should be enhanced.
Nuclear energy can participate in these coal processing schemes;
however, the production costs envisaged for liquid or gaseous fuels
extracted from coal are considerably higher than today's fuel prices.
Thus, in the future strategic considerations may well override pure
economic considerations.”

A real oil shortage before the turn of the century was very
probable; and the use of alternative energy souces would take con-
siderable time and require major investments. The present consid-
erable delays in the nuclear programmes of most European
countries with the exception of France, however. led to appre-
hension that the required share of nuclear energy to satisfy the
future energy supply spectrum could hardly be achieved. “Near the
turn of the century, the energy supply situation could become really
critical with shortages in mineral oil, natural gas and uranium. With
the present light water reactor technology, having a relatively unfav-
ourable uranium utilisation, it is to be feared that serious nuclear fuel
supply problems will occur. The fast breeder technology, with
considerably better nuclear fuel utilisation, could however start to
ease the critical energy situation at the turn of the century which is
expected to be particularly uncomfortable for western Europe, and
perhaps even more for Japan.”

The International Nuclear Fuel Cycle Evaluation and other
working groups had studied the requirements for nuclear energy,
uranium availability and the role of fast reactors very compre-
hensively, said Dr Graf. Aithough the final reports of the INFCE
studies had not yet been published, tentative conclusions could be
drawn. Over the next 40 to 50 years world demand for energy was
expected to increase by at least a factor of three to four, on “most
modest” assumptions, as already outlined. The role of nuclear
energy would be to increase its share of the electricity component,
substituting for the use of oil and gas and easing the supply situation.

Two projections had been made, one for high demand for the use
of nuclear energy and one for low demand. Assuming that the world
nuclear programme was “all LWR", known uranium resources of
4.65 million tons of uranium would be fully committed by the year
1992, and on the low demand case by 1998. With the implemen-
tation of a reasonably assured breeder programme this level of

uranium resources could last well into the next century. [And see the
paper on the fast reactor and energy supply, by Nicholson and
Farmer, ATOM No. 277, November 1979, for a fuller treatment of this
point.] Thereatter, by “breeding" fresh feedstock plutonium in other-
wise unusable depleted uranium resulting from the thermal reactor
programme, it could be an assured contributor to energy supply for
some time to come.

As for the timing of the introduction of fast reactors on a large
scale, "it is unlikely that over the course of the next couple of
decades the breeder can be deployed on the basis of its economic,
or near-economic, competitiveness with the themal reactor," said
Or Graf in his paper. “Therefore, in reviewing strategic issues one
must consider a less favourable situation. If a utility delays breeder
deployment because of economic unattractiveness or uncertain-
ties, then political considerations may become the overriding factor
in breeder deployment decision-making. . .. If breeder deployment
Is made on strategic criteria rather than economic it will be because
of the serious outlook regarding energy supply. In such cases gov-
ernment intervention will become very pronounced and it could
bring about fundamental changes in the institutional arrangements
of electricity supply in some countries.”

Much had been said and written about the need for much greater
international cooperation, especially among the leading OECD
countries. The main motivation for such cooperation stems not only
from economies in breeder development and demonstration butin
areas, such as safety and licensing, commercial factors and non-
proliferation — as well as strengthening political and economic
relationships.

"“The political problems facing the breeder are very severe," said
Dr Graf. “The widespread reaction against our technology-based
society has focussed quite illogically on nuclear power and has
selected the fast reactor as the arch villain. This makes it unattrac-
tive for a political party in a democracy to give fast reactors the
support they need, and can also make such support a subject for
party politics, thus making the continuity of the support doubtful. The
long time scale of fast reactor development and construction makes
political uncertainty particularly damaging. As well as this emotional
opposition to fast reactors there are many real political problems to
overcome in the field of safeguarding nuclear materials and plants
(against unauthorised diversion of nuclear materials — see p.322]. It
is to be hoped that the present INFCE exercise and its successor
proposed by Chancellor Schmidt may solve some of these.

“These political tactors are of crucial importance because
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decisions concerning the deployment of the early breeders will be
taken for strategic reasons by politicians. Public acceptability
issues will continue to worry the politicians: on hearing some of the
views being expressed one might believe that the present anti-
nuclear views will last for eternity. We earnestly believe that such
views will moderate considerably in the coming years as energy
supply problems and a harder world economic climate begin to
make people realise that the advantages of nuclear power — incl-
uding the breeder — far outweigh its disadvantages.”

| have dealt with this paper at length because the thinking it
expressed underlay all the discussions of the remaining sessions of
the conference: fast reactors will be needed, but not yet; and when
they are needed in the early years of the next century it will be on a
fairly large scale, especially in Europe. Dr A. Salmon (Manager,
Technical Policy and Planning, BNFL Risley) presented the next
paper, of which he was co-author with R.H. Allardice, Deputy
Director of the Dounreay Nuclear Establishment. In it, they recalled
that it was now almost exactly 33 years since the first fast reactor —
Clementine burning plutonium clad in stainless steel,
commenced operation in the United States. In Europe, there was 25
years' experience of fabricating fuel containing plutonium. Thermal

reactor fuel reprocessing had been in progress for over 25 years,
mainly in the USA, the USSR, France and the UK. Several pilot plants
for the reprocessing of fast reactor fuel had been operating for
almost as long: the first reprocessing of fast reactor fuel in the UK
took place at Dounreay in 1961, and the plant where that was done
had now been modified so that the plutonium-containing fuel from
the Dounreay Prototype Fast Reactor (PFR) could be reprocessed.
[The decommissioning and rebuilding of this plant was reviewed in
ATOM in June this year — No. 272] Two requirements were more
important in fast than in thermal reactor fuel reprocessing: the need
to maximise the amount of plutonium immediately available to the
fuel cycle, and the need to minimise the out-of-reactor time of the
fuel. Present work gave confidence that these requirements could
be met.

Waste arisings from fast reactor fucl roprocessing would have
very similar decay patterns with time to those of thermal reactor
reprocessing, and they would follow the same route. Highly-active
waste liquors would be stored in stainless steel tanks at the repro-
cessing plant, and would later undergo vitrification in preparation for
ultimate disposal. Fast reactor wastes would require a greater
storage volume than those from thermal reprocessing. or would be

‘Thermal’ and ‘fast’ reactors

Similarities and differences between thermal reactors — such as
those used in commercial nuclear programmes today — and fast
reactors were discussed in the introduction to one of the papers,
by Dr E.C. Cobb of NPC Risley and Dr R.D. Smith, of the UKAEA
Risley, from which this explanation is taken.

In a thermal reactor a moderator is provided to slow the
neutrons emitted in fission to low energies before they interact
with other atoms in the fuel. In a fast reactor not only is the moder-
ator omitted but the reactor is made from materials which slow the
neutrons down as little as is practicable. Fast reactors can use
either plutonium, uranium-235 or uranium-233 as fuel, but plu-
tonium-239 is favoured because of its suitable neutron cross-
sections — its ability to capture neutrons — and its production as
a by-product from thermal nuclear reactors. In a fast reactor the
fissile material must be more highly enriched than in thermal
reactors: most practical power producing reactors use a mixed
plutonium-uranium oxide fuel with enrichments in the range 15 to
30 per cent, whereas thermal reactor fuel enrichment may be only
2 or 3 per cent. The enrichment of fast reactor fuel iskept as low as

possible by minimising ways in which neutrons can leak from the
core, both by using a small space for coolant and by surrounding
the core itself with a reflector or blanket. Uranium is usually used
for the blanket, performing the dual role of reflector and breeder
— neutrons absorbed in it forming fresh plutonium.

The relatively large investment in highly enriched material in a
fast reactor makes it essential, at least for as long as plutonium is
in short supply, to extract as much power as possible from a core
of a given size. Given this requirement sodium is a near-ideal
coolant, and has been adopted throughout the world for power-
producing fast reactors. About the only other practicable coolant
is high-pressure gas, which has some advantages. but gas-
cooled fast reactors cannot achieve the same fuel ratings as
liquid-metal cooled fast reactors. From the safety point of view,
one of the most important features of sodium is that it can be used
at low pressure — its boiling point at atmospheric pressure is
892°C. Sodium does react with air or water, and precautions have
to be taken against sodium fires and the effects of leaks in the
steam raising units; on the other hand, it is non-corrosive to the
structural materials used in the reactor and to fuel cladding
materials. O
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capable of being stored for a shorter ime, as the degree of evapor
ation which could be achieved (as a means of reducir g the volume
requiring storage) was almost inversely proportional to the burn-up
of the fuel If the resulting liquor was to remain stable and free from
solid precipitates. nonetheless. there was more than 20 years
experience of storing highly-active liquors in tanks in Europe The
first large wvitrification plant for thermal reactor waste began oper-
ation in France in 1978, and the UK was planning to have its vitrifi
cation production facilities operating in about 1990 These would be
used for the witrification of wastes from thermal reactors. but a
proven design would thus be available. when required, for the vitri
fication of the highly-active wastes from fast reactors. In parallel with
the UK work at Windscale, the vitrification plant at Dounreay
required to treat the highly-active liquors from DFR and PFR — could
well be a flexible facility with the capability to allow new or improved
plantitems to be tried over a period. Such a plant could be operating
In about 1990, vitrifying Dounreay's wastes and also giving develop
ment information for future plants

Commercial aspects
An eventual objective of the fuel cycle is to produce plutonium fuel
fast enough for all the power reactors required. the authors noted in
their paper. The only input to the fuel cycle would then be some
uranium, the amount required, even over centuries, would be
relatively small

A typical thermal reactor, using enriched uranium, durir g its lite-
time requires sufficient natural uranium for about one hundred fast
reactors, and the uranium for the FBR fuel cycle will arise from the
thermal reactor fuel cycle.” they wrote. “As a nation progresses to
this stage of the fuel cycle it will be producing a greater proportion of
Its nuclear power from fast reactors, eventually reducing its require
ments for uraniumto near zero. This will relieve the pressure onthe price
of uranium, thus allowing other nations, particularly the developing
nations. 1o make increased use of thermal reactor fuel cycles

There was already considerable international collaboration on the
fast reactor fuel cycle Technical exchange agreements abounded.
on R&D information covering all aspects of the cycle. Super Phenix |
was particularly notable in that it involved collaboration in a constr-
uction project being built for an international consortium, NERSA

whose members were utilities from France, Italy, Germany, Belgium,
Holland and the UK “With regard to the timescale of the develop
ment of the fuel cycle markets, outside the centrally planned econ
omies, so far as the authors are aware no contracts have been
placed for the construction of any plants beyond those required for
the ‘demonstration’ of the fuel cycle. and even these have only been
placed by NERSA However there 1s, and must be, an intent in
several nations to expand beyond this stage If [known]
programmes are to be achieved then France will need a full-scale
reprocessing plant. of say 300 tonnes a year design capacity, within
the 1990s; Japan will need a similar plant about the year 2000 and
the UK will need one in the early years of the next century The
expansion of the required capacity. after the turn of the century, will
have to be rapid if this fuel cycle is to be expanded, as it should be.
sothat the world does not run short of uranium If the latter happened
the options then would be an even more rapid expansion of the fast
reactor fuel cycle or an eventual halt to the production of nuclear
power.’

Alternatives to the LMFBR

Or B. Pellaud and R.C. Dahiberg, of the General Atomic Co. (Zurich
and San Diego) argued that it was prudent to develop concurrently
more than one breeder system, and to develop advancer converter
reactors along with breeders. On the first leg of their argument, they
asserted that the gas-cooled fast reactor had a number of important
features. The support of technological breadth had long been char

acteristic of the utility industry in both the US and Europe: in 1976
Helium Breeder Associates had been formed with the support of
some 80 electric utility companies in the US and in Europe — among
them many who were also members of the group supporting the
Clinch River (liquid-metal cooled) Breeder Reactor Project (CRBR)

The single-phase, inert nature of helium as a coolant led to reduced
concern about corrosion, and had safety advantages; it enabled the
use of a vented fuel element design which equalized the pressure
between the inside and the outside of the tuel pin, thus reducing
pressure stresses on the fuel cladding This system was now under

going successful testing in the BR-2 reactor at Mol Belgium, under
the direction of the Kernforschungsanlage (KFA), Jilich. A GCFR
could use a pre-stressed concrete reactor vessel, and the non-
radioactivity of the coolant and the lack of intermediate coolant

The 250 MWe Phénix reactor building, at Marcoule,

P. Jahan/NE|
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loops had led to a design which promised significant capital cost
savings when compared to liquid-metal cooled breeders: There
were compelling reasons for continuing to develop such reactors, in
parallel with LMFBRs.

Secondly, the thorium cycle was of considerable potential. Its
early introduction could ease the commercialisation of fast reactor
technologies from an economic point of view. “A few breeders,
operated as transmuters, can significantly increase the number of
lower capital cost thermal spectrum reactors supportable by given
U, Qg resources, provided U-233 is the bred fuel,” they wrote. “This
aspect of the strategy could be particularly attractive as annual
UsOg requirements push the capabilities of the uranium supply
industry. Uranium supply could well be the resource problem of the
foreseeable future, not the size of the uranium resource base
Advanced converters, a few breeders and the connective thorium
cycle can greatly ameliorate this problem.”

Dr Franklin wound up the short discussion which followed this
paper by recalling some words written on a gravestone in the UK:
“The epitaph of the gas-cooled fast reactor might be. . . ‘He grew to
old age as a man of great promise’.

How to build a fast reactor
J. Befre, Director of Novatome, Le Plessis Robinson presented what
was perhaps one of the most interesting papers of the conference —
on the experience of European industry of the building of the 1200
MWe Super Phénix plant at Creys-Malville, the first “commercial” -
scale fast reactor in the West. Two and a half years after the placing
of the first order, he said, Super Phénix was progressing reasonably
on time — despite many problems due to its being “first of akind™. Its
designers and builders were of course able to draw on their pre-
vious experience of the smaller Phénix plant, and its predecessors;
the solid basis represented by Phénix together with the substantial
backing afforded by six European partners united in their deter-
mination to take a decisive step in fast reactor development would
result in the commissioning of a commercial plant in 1983

"Super Phénix is in fact a prototype, and the Creys-Malville plant
investment costs are relatively high, a little over 5000 million French

Francs at 1977 prices, not including fuel and interim interest, sac
M. Befre. “This is by no means peculiar to the fast breeders; the
same problems are encountered for any large scale ‘first of its kinc
undertaking involving a new technology. However, the Super Phénix
kWh rate will doubtless be very close to that of a conventional plant
complying with present pollution prevention requirements.

“Creys-Malville is to be followed by Super Phénix 2. The mair
objective of preliminary work on this project is to derive maximurr
benefit from the Creys-Malville design and construction data anc
lower plant investment costs while maintaining the same level o
reliability and safety. Similar efforts are being made by a CEA grouc
with a view to reducing fuel cycle costs. The purpose of all these
surveys is to get as close as possible to competitivity with light wate-
reactors, which is particularly difficult in France, whore LWR costs
are relatively low because of the number of these reactors unge-
construction.”

Future decisions of Electricité de France on breeder deploymer
would depend on plant and fuel cycle costs, but would also be influ
enced by the need for France to decrease its energy dependence

The next topic on the agenda was safety, introduced by a join:
paper by Dr E.C. Cobb (Head, Safety Policy, Nuclear Power Co
Risley) and Dr R.D. Smith (Chief Technologist, UKAEA Risley). They
noted that one of the biggest handicaps the fast reactor had to over-
come was its name — too often, the fact that the word fast describec
the speed of the neutrons inducing fission in its fuel was not appre-
ciated. Basically, the liquid-metal cooled fast reactor was ar
extremely safe system; nevertheless, over the past 30 years there
had been many hundreds of papers discussing safety topics i
which attention centred on the extreme accident — often referred to
as the "hypothetical core disruptive accident .

"When fast reactors were first studied it was realised that if the
core were to be compacted by moving fuel into the spaces normally
occupied by the coolant there would be a rapid rise in reactivity
Alarmists suggested that the reactor might indeed explode like &
nuclear weapon. It was soon shown that this was impossible, since
the very special processes which are used in nuclear weapons are
Impossible in a reactor core. Nevertheless, if it is assumed that there

Prof. Dr H. Grimm, Deputy Director General of the IAEA, made
the final presentation of the conference — on the possible impact
of fast reactors and their fuel cycle on the non-proliferation regime
when they were introduced on a large scale.

“The public has a completely distorted and in some ways, |
would say, dangerous picture of the nuclear world,” he said. At
the moment their main concern is nuclear power plants, whereas
the existence of 40 000 nuclear warheads in the world seems to
be of no interest to protestors. It is easily possible, for instance, to
concentrate in some countries 50 000 opponents against nuclear
power plants, but it is very difficult to concentrate maybe 5000
opponents against nuclear weapons. There has been no single
attack in the world against a plant producing military plutonium,
and there is no concern about military nuclear waste — which is of
the same quality as civil nuclear waste, and the quantities are
several hundred times greater. We have here some dangerous
perversion of the human mind. . .”

It was a fact that none of the 40 000 warheads had been pro-
duced through the use of civil, commercial power plants and
commercial plutonium. “On the other hand, we know already that
itis possible that a country which could be characterised as a very
poor, developing country, of a low technological standard, a
country which is not able to build or develop a fast breeder — not
even a light water reactor — that such a country is able to acquire
nuclear technology such as centrifuges, to be able to produce
enriched uranium. That is a fact.”

Dr Grumm said this meant that as a matter of fact there were no
technical defences against the proliferation of nuclear weapons:
the main problem of proliferation was a political one. Safeguards

THE FAST REACTOR AND THE PROLIFERATION ISSUE

could give technical support only to the non-proliferation regime.

Stockpiling of reactor-grade plutonium might create some
danger — though as he had said already this route had not been
taken by any of the nuclear powers. “The reason is well-known:
the quality of reactor-grade plutonium does not satisfy the
requirements of developing nuclear weapons technology. On the
other hand, we should not forget that the possibility of misuse of
this material exists — and that is not a question for the next
century. There are already 66 tonnes of plutonium in non-nuclear-
weapons States under safeguards — not counting plutonium in
nuclear weapons States not under safeguards; 11 tonnes are in
separated form and the remainder is contained in spent fuel
elements. This number increases, like it or not, at about 10 to 12
tonnes a year. This plutonium obviously is of most concemn to
nuclear opponents.

“These 66 tonnes are well safeguarded at the moment, and | see
no big difficulty in extending safeguards to larger amounts coming
from the thermal reactor fuel cycle. Butwe have tobe aware of the
fact that the time has come to create new institutional arrange-
ments, like internationally controlled plutonium storage, to
absorb all the plutonium that is not immediately needed in the fuel
cycle and to release this plutonium under certain strict criteria and
full safeguards control, and so create a greater assurance for the
nations of the world that this material is not being misused. Such
internationalised controlled stores would be under the custody of
safeguards inspectors; working groups are already discussing
the principles of such a regime.

“The problem — if I may call it so — of the safeguardability of
the fast reactor is not very different from safeguarding light water
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IS a very large addition of reactivity and in addition all the normal
means of shutdown fail, the core of a fast reactor would disrupt itself,
conceivably violently, in order to terminate the power surge.

"The energy generated in such a surge is small, generally only a
few full-power seconds, but if it were released on a very short time-
scale, as i1s in the case in these postulated accidents, the pressure
pulses generated would have the potential to cause considerable
mechanical damage. Much of the safety work on fast reactors has
been devoted to calculatng the damage potential of these
postulated accidents, and to determining the ability of the reactor
and the containment structures to accommodate them. Since the
combination of physical processes involved in these accidents is so
unlikely it may well be thought that they receive an undue share of
attention. They are certainly attractive to theoreticians since the cal-
culations are difficult yet not entirely intractable. In fact, even the
initiation of these accidents involves such extreme assumptions,
such as the failure of all reactor trips, that the probability of their
occurrence 1s vanishingly small. ™

The fast reactor was inherently stable and docile in operation,
Cobb and Smith wrote. Such reactors would be provided with an
automatic protection system having a very high reliability, in order to
ensure that the reactor was shut down in the event of any loss of
coolant flow or abnormal rise in power; engineering design features
would be provided to protect against any other ways in which a core
disruptive accident might be supposed to occur: after shut down,
decay heat would be removed using redundant and diverse
systems with very high reliability — the sodium coolant, particularly
in reactors of the pool rather than the loop design, provided a very
large heat sink capable of absorbing all the decay heat for about 20
hours after shutdown [and see ATOM No. 277, November 1979, on
experiments conducted on the Prototype Fast Reactor at Dounreay
in decay heat removal]

The conclusions of this paper were echoed in the next. on the
status of breeder safety, presented by M.P Tanguy, Director of the
Institut de Protection et de Sireté Nucléaire, CEA France. The
objectives of safety for tast reactors were the same as those for other
reactor types, and the methodology for handling them were also the

same. The licensing procedure was identical; the safety analysis
must demonstrate with a high degree of confidence that for both
internal and external events plant accidents would be prevented or
— If they did occur — their consequences limited, so as to avoid
unaccepfable risk to the public and the environment.

M. Tanguy recalled that an International Conference on the Safety
of Fast Breeders had been held in August in Seattle, US, under the
sponsorship of both the American Nuclear Society and the Euro-
pean Nuclear Society. [This conference will be reviewed in a later
issue of ATOM ] "It can be said that there was a general consensus
that fast breeders were at least as safe and as reliable as light water
reactors,” he said. "All countries work on similar lines, with the same
emphasis for instance on the high reliability required for shutdown
systems and decay heat removal systems. The “Three Mile Island
lessons” learned must also be applied to fast breeder design:
enough attention must be paid to high probability sequences, with a
good consistency with the operating procedures. It can be said that
[automatic mechanisms) are already widely used in fast breeders
and that the information on the reactor situation presented to the
operators is probably in amuch simpler form than in the case of light
water reactors.”

Breeder programmes

The concluding sessions of the conference proper were given over
to reports on fast reactor programmes, in Europe, Britain, the Soviet
Union, Japan and the United States. The most striking features of
these were the emphasis given to cooperative effort — and the high
degree of commonality which exists between the programmes in
different parts of the world, despite some differences in approach
between designs for such components as steam generators and
even the adoption of a loop rather than a pool design for the Clinch
River project. The potential of the fast reactor for lessening pressure
on energy resources was stressed again and again: as, for
example, in the paper on the British programme, presented by J.
Moore (Director, Fast Reactors, UKAEA Risley). The UK programme
had been pursued consistently since the early 1950s, he said, in
recognition of the system'’s ability to make the maximum use of the

reactors. We have a certain difficulty because the fuel elements
are not easily visible, being covered mostly with (opaque) sodium:
on the other hand, one should not forget that fuel elements for fast
reactors are ‘items’, in the technical language of safeguards. They
are not bulk materials — they are easily identifiable units, the
integrity of which can easily be controlled. A lot of new develop-
ments are under way, such as for example ultrasonic seals for
such elements to make it possible to verify that no fuel has been
taken out of them. Then, it is possible as with the light water
reactor to accompany these fuel elements through their whole
lifetime in the reactor, starting with the fresh fuel and ending with
spent fuel. . .. Technically it is completely possible to safeguard
fast breeders by using the usual means of accountancy, and add-
itionally containment and surveillance to support this.

“We have a small fast breeder experimental plant under safe-
guards, and we are about to start safeguarding Dounreay; we
have this possibility due to the voluntary offer of the United
Kingdom; and we are convinced that we will get a lot of further
experience in safeguarding with this plant, consisting of a pro-
totype reactor and an attached reprocessing facility.

“In my opinion the main problem of safeguarding fast breeders
is not so much the reactor: the situation is rather similar to that at
other facilities. The main problem is in safeguarding the bulk
handling facilities — the fuel fabrication plant, and the repro-
cessing plant. We have at the moment sufficient experience to be
able to state that it is possble to safeguard such plants, and we
have such plants under safeguards. There is only one problem:
later on, if we have to safeguard very large bulk handling facilities,
maybe there will be a shift in the principle of safeguards from acc-
ountability more to the side of containment and surveillance.

“Inmy opinion the problem of the fast breeders in this century is

not exceptional. In the next century more methods will be devel-
oped — in pan, they are already developed — to safeguard the
fast breeder fuel cycle.”

A second problem lay in the need for some change in public
opinion concerning nuclear energy. “‘Until the year 2000, for the
next 10 or 20 years, | think mankind will get a lot of experience of
how dangerous it is to speculate and gamble and make day-to-
day politics with questions of energy," said Dr Griimm. *This kind
of irresponsible treatment of the energy problem in the political
arena is one of the main contributors to increased international
political tension, to increasing difficulty in the standard of living of
the developed and the developing countries, and therefore a
major contributor to the danger of war. If mankind survives the
next 20 or 30 years without war we will have a climate which is
more favourable to a more responsible understanding of the
problems of energy supply. In this respect, therefore, | am of the
opinion that mankind has to go ahead with nuclear energy, but
under the strictest control and an expanding regime of safeguards.”

As a footnote to his presentation, Dr Griimm expressed his real,
current concern: that there were now five countries having some
nuclear capabilities which were not fully under safeguards. Even
in these countries it was not the normal, peaceful fuel cycle which
created the danger, however: it was the existence of smaller,
dedicated facilities which created the danger of proliferation of
nuclear weapons. He was echoed by Dr Franklin, the conference
chairman, who said that if we were concerned about proliferation
“we should look to concem about processes for the separation
of uranium-235 and anxieties about the deployment of laser
separation and perhaps other processes which are capable of
being operated on a small scale: both the nozzle and the centri-
fuge processes [of enrichment] are examples.” O
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