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1. IMRODUCTIOff

Since the last presentation before an international audience of
the status of the breeder reactor in the U.K.[jl] we have seen steady if
unspectacular consolidation of its technical position. During that same
time we have experienced an increase in public questioning of the
development objectives and of the benefits and risks associated with
reliance on breeder reactors for a major portion of electricity
generation. On the other hand studies of world energy supply and demand
confirm the need for substantial additional energy sources in the early
years of the next century for which the fast reactor remains <*bhe most
obvious candidate.

An account today must therefore deal with more than the technical
progress which has been made and with our intentions for the major
facilities which support an eventual programme of power breeder reactors.
It must also consider issues of policy. These include the logistics of
introducing breeder reactors into the British electricity supply system
in a way which satisfies criteria of public acceptability, and which is
believed to be realistic in the light of the changing economic climate.
As in the past, the objectives of the U.K. nuclear industry are to provide



as soon as required the option of building breeder reactors as a
significant component of energy supply. However, we now have to approach
this task with greater flexibility, noting those changes in development
priorities which have arisen from external considerations. Some of those
considerations are international in character and we devote a portion of
our report to them.

2. STATUS OP BREEDER REACTORS ИГ THE U.K.

2.1 Technical

We provide in this section only a brief summary of our recent
experience since much of it has already been made public to specialist
audiences. The outline of the U.K. strategy since the early 1950s in
sodium-cooled breeder technology is the necessary background. We first
provided ourselves with extensive zero—energy facilities (ZEPHYR, ZEUS,
ZEBRA) and a significant fast flux irradiation facility.

This latter, the Dounreay Past Reactor (DFR), first achieved
criticality in 1959 and became fully operational in 1963. It has a metal
fuel driver charge providing the fast flux in a central region in which
experimental fuel assemblies can be placed. Reprocessing of driver charge
fuel has been carried out routinely, in a special facility at the reactor
site, completed in 1961 £2]]. In 1967 we began construction at Dounreay
of the Prototype Fast Reactor of 250 MW nominal electrical output from a
core composed of oxide fuel and breeder [*33« This plant was designed
according to the advanced reactor technology of that time and incorporated
the lessons learnt from DPR and from parallel rig developments. Its
principal attribute is the inco:?poration of components of a type and size
which are likely to be relevant to future power breeder reactors. Its
objectives were to assist in the development of breeder reactors of
larger size, improved economy and known and high reliability and
availability. The judgement was made that the further steps necessary
to secure these objectives would become apparent more economically in
this way than by continuing researches based on conceptual designs,
whilst building purely experimental facilities. The prototype reactor
was supported from the outset by a plutonium fuel preparation and
fabrication plant specially built at Windscale. More recently (1973) a
decision was taken to build a spent oxide fuel reprocessing plant, by
modifications and additions to the existing metal fuel reprocessing plant
at Dounreay, as the next step in closing the fast reactor fuel cycle.

At the time that PPR construction was started, one key development
issue was considered to be the demonstration of the performance at high
burn-up of stainless steel clad mixed plutonium/uranium oxide fuel. In
principle, this issue is resolved \jQ» The other key issue was plant
integrity against the consequences of large failures of boiler tubes.
This matter also can now be considered to be in a very satisfactory state.
In consequence, other issues concerned with reliability and security of
investment in large plants can now be accorded higher priority.

During the last two years DFR has performed efficiently its primary
duty of irradiating ceramic (mainly oxide) fuels to high burn-up.
Numerous minor variants of diameter, fuel density, and cladding
composition and thickness have been examined. In future this duty will



be better performed in PHR and so, as the task of DFR is now complete, we
have closed it down. However, before doing so we took the opportunity of
performing some safety-related experiments on fuel, which carried a higher
risk of circuit contamination than we would accept in a reactor operating
as a routine irradiation facility. We irradiated fuel bundles having
partial blockages and throttled the flow to produce progressively
increasing over—temperatures.

During the same time, the operations of PER have added greatly to
our knowledge, not always as we might have hoped but certainly not worse
than could reasonably have been expected. The reactor itself has worked
reliably and smoothly delivering whatever power could be absorbed by the
steam circuits up to full core design output. There have been no problems
with the mechanical design of the reactor itself, with control and
operational handling, with reactor physics or with shielding. Some
relatively peripheral thermostructural problems have had to be overcome
and problems of thermal shock investigated. These problems serve as a
lesson about the extent of detailed heat transport and structural analysis
which will be reqnired in the design of a large commercial power plant.
Fuel and fuel handling reactor experience, though relatively restricted
so far have been very satisfactory.

Production of electricity has to date been less than was hoped for
because of small boiler leaks, which have been widely reported and have
impeded full generation for a considerable period of time. Nevertheless
it is pleasing to put on record that PER has been able to operate on all
three of its secondary circuits and has achieved an output of 200 MW(e).

We should provide a perspective on the boiler leaks, partly because
they are, in our view, a justification of the decision to learn on a power
plant prototype. Each of PER's three secondary circuits has a boiler
consisting of three vertical U-tube sodium-heated units, namely an
evaporator, a superheater and a reheater. The evaporators are made of
2J- Cr 1 Mo, Hb stabilised tubes in ferritic steel shells. The super-
heaters and reheaters are made of austenitic (Type 31бН) stainless steel
tubes in stainless steel shells; the choice of materials was made on the
basis of creep strength at the operating temperature and appeared to be
justified by the greater resistance of stainless steel to propagation of
damage from a neighbouring defective tube. The tubes were all made in
single unwelded lengths and each end was welded to the underside of the
tube plate separating sodium from water/steam. An argon gas space
separates the sodium from the underside of the tube plate; this gas space
is fitted with a separate hydrogen detection system. All units passed
a stringent helium leak test before operation.

In the event, a small number of minute leaks (less than 0.1$ of
the tube and welds) became apparent in several of the units during early
operation of the plant. This was unwelcome but not unexpected. However,
what had not been foreseen was the rapid rate of propagation of damage
in stainless steel, from such minute leakage points, and the high mobility
of sodium through a small defect. It is worth pointing out that the
damage process, even when it was known to exist, was extremely difficult
to reproduce in laboratory experiments. In a commercial station it will
be necessary to be able to deal with small boiler leaks rapidly by



locating and plugging the defective tubes. However, the prime function
of PFR is to provide information and facilita+e the development of
techniques for future commercial stations. We therefore undertook
extensive investigations of the damage and of possible operational causes
and mitigations of damage propagation before finally plugging the
defective tubes and returning the units to service. The efforts of all
those involved in the tasks of identifying the leaks, isolating the
damage and restoring the units were notable.

The fuel fabrication facilities are located at Windscale and have
proved adequate for supporting PFR. However, this extensive experience
of fabrication has identified the need for improvements in the future
plants supplying commercial reactors. PFR uses dry-route mixed-oxide,
sintered and ground as pellets of 5 mm diameter. Dust therefore arises
at several stages, leading tc most stringent demands on personnel
management and on health monitoring, to difficulties in maintenance of
glove—box equipment, to problems in accounting and recovery and to
excessive production of low-activity contaminated wastes. Furthermore,
the facility can handle adequately plutonium produced in relatively low-
irradiated magnox fuel, but is considered to be inadequately shielded for
recycled plutonium. The problem is being tackled in stages, partly by
good housekeeping measures in the facility and partly by modifying the
fuel specification in order to cut out the grinding process. In the
longer term it will be necessary to devise a fully-shielded facility and
to develop the fuel best suited to this facility. A possible attractive
process is gel precipitation of mixed oxide for production of a range of
relatively large particles which can be loaded into the pins by vibro—
compaction. The various stages of this process are being investigated on
a laboratory scale and by commissioning of a pilot plant now under
constructi on.

There is a long experience in the U.K. of the reprocessing of fuel
from DFR at an average burn-up of about 2$. Furthermore, we have for
many years had ample supplies of plutonium for experimental purposes* In
consequence, there was no special urgency to the reprocessing of PER fuel
and ample confidence that it could be achieved when required. The
situation has changed, not radically but in degree, and we now attach
greater importance to the early demonstration of the reprocessing of PFR
fuel. The most important reason for this change is associated with the
apparent unwillingness of much public discussion to accept judgements as
to what will be safely possible and the consequent requirement that all
aspects of the reactor fuel cycle be demonstrated. But there are other
features which have contributed to the change,of which the single most
significant is the occurrence of fine particulate fission product
agglomerates which are insoluble in nitric acid and which are associated
with substantial heat output at acceptable cooling times. It does not
seem likely \j>~\ that these insolubles carry with them a quantity of
plutonium which is unacceptable from the viewpoint of breeding performance.
This is also likely to be true for the canning material residues after
fuel dissolution, but in this case the production of hulls and residues
which are fairly free of fuel material is an. end in itself, with the
objective of minimising the long half life a emitters associated with
these fairly bulky residues.



Pilot scale work during the last few years on full burn-up fuel
provides the basis for confidence that PPR reprocessing operations will
be successful. During the same period flowsheet and equipment development
have proceeded to permit the existing DPR reprocessing plant to be
modified and extended. By next year it should be processing fuel
irradiated in PPR in an experimental programme. (The objectives of this
programme are also set out in Ref. ПЛ) •

Meanwhile, work on the design and development of CPR 1 has been
proceeding steadily. The reference design is an approximately 1300 MW
pool—type plant. CPR 1 has been visualised as a plant which should
provide proof of power breeder operability and availability QQ.\
Therefore, it should, from the outset, be constructed of elements of
known performance and reliability. Hence the initial objective of design
work was to determine the key features which would require new and large
development facilities. This stage was passed about three years ago and
several important new facilities were put in hand. These are now
approaching completion as extensions of the AEA faci! ities at Risley.
They include a large water flow test facility, a general purpose large
sodium facility capable of handling and testing components of the length
required for CPR and a high temperature sodium loop capable of applying
thermal shocks to large components. The subsequent reactor design work
has had the objectives of determining any special manufacturing capacity
that will be required and defining details sufficiently clo'sely to permit
the more critical engineering developments to be started.

2.2 Public acceptance

In an attempt to describe the present status of public acceptance
we must separate two sets of issues. The first set comprises the
necessity for breeder reactors, their prospects of success, the logistical
problems of introducing them on the U.K. electricity network and their
development time scales and costs, including the costs of demonstrating
safety to the standard required by the Nuclear Installations Inspector.
The second set comprises those less quantifiable concerns about fast
reactors ascribed to the public and made articulate, for example, in the
Sixth Report of the Royal Commission on Environmental Pollution [jT|»
together with pressures for any new source of energy as long as it is not
nuclear. So far, not much common debating ground has been established
for these two sets of issues. In both cases, public discussion has
concentrated on the U.K. alone

f
 with insufficient regard given to inter-

actions between the U.K. and the rest of the world.

The first set of issues has been discussed for the most part by
those professionally concerned with nuclear power, although a wider
discussion was achieved at a National Energy Conference £8]in June, 1976.
The limited long term availability of both oil and natural gas is
generally accepted. It is therefore also generally accepted by expert
and public alike that coal and nuclear power will be required to meet an
increasing portion of the U.K. energy demand. However, it is not clear
in the short term how comparative costs to the consumer and political
decision will bring this increase about, or at what rate it should occur.
Indeed, there are conservationist views that greater economy in fuel use
and increased development of, and reliance on, renewable energy sources
could avoid the need for a large increase in the nuclear contribution.



The immediate cause of this uncertainty is that since the beginning
of 1974 the U.K. has experienced a reduction in electricity consumption.
This is a reflection in part of a general reduction of energy use as real
prices have increased, partly of reduction in economic activity and partly
of competition from low-priced gas from the North Sea. In consequence the
electricity supply industry has now and for some years to come a surplus
of generating equipment. However with the long timescale of power station
construction this does not mean that a further order for new plant can be
delayed for long. The effect of the large scale recovery of oil from the
North Sea is as yet undetermined. It should stimulate economic activity
and hence energy demand, but at the same time it could cause further
changes in the pattern of energy usage. The profile of future natural
gas production is also to a considerable extent unknown, making fore-
casting the growth of electricity demand particularly difficult at the
present time.

The foregoing factors provide the present background for all forms
of nuclear power in the U.K. For power breeder reactors in particular
their effect is likely to be to increase the time scale thought to be
available for establishing the commercial designs. Moreover in the short-
term economic climate, we anticipate that there will be political
reluctance to commit at an early date the sums of money necessary for
building a large demonstration power breeder reactor. If this combination
of circumstances leads to a delay in the start of construction it will, we
believe, have two probable consequences. Higher levels of assurances will
be required by Government that the demonstration plant will be a successful
power station so that much of the associated expenditure can be treated as
a true investment. At the same time, the price increases which fossil
fuels and uranium will undergo during the next decade will underline the
economic necessity to the electricity supply industry of installing a
significant number of breeder reactors.

Neither a first demonstration power breeder nor a subsequent
programme can be constructed until the Nuclear Inspector is satisfied on
safety matters. The basis of the criteria on which any reactor
installation in the U.K. will be judged are given in a paper to this
conference jjQ» The Inspector's assessment of the status of fast reactor
safety on that basis was recently published £ic].

In brief, he foresees no reason why a commercial fast reactor
cannot be made safe enough to be licensed by the Inspectorate. The first
and probably the early subsequent fast reactors would be located on remote
sites. By the end of the century, given favourable experience, the
Inspectorate would expect to clear fast reactors for construction at
semi-urban sites of the type now used for advanced gas-cooled reactors.
The Inspector's opinion is contingent on the successful outcome of
development work now in hand or envisaged, and the provision of a
succession of effective protective systems which together would reduce the
chances of a fault occurring and proceeding unchecked to an acceptably low
frequency which is illustratively given elsewhere Q9] as about once in a
million years. He sees direct advantages to be gained in the safety field
in embarking on a commercial demonstration fast reactor,including the positive
effect it would have on the existing dose international collaboration on
safety matters. A substantial research and development programme would
also be needed; the combination of that programme and experience with



CPR 1 would provide the basis of judgement of the validity of the safety
case for proceeding with a fast reactor programme.

We now turn to the second set of issues which we illustrate by
reference to certain of the conclusions of the Royal Commission on
Environmental Pollution Q7]» These can Ъе summarised as follows:

(i) The widespread use of "breeder reactors will result in the
recycling and transportation of large quantities of
plutonium-containing fuel for as long as nuclear power is
required.

(ii) If the society were dependent upon the breeder component of
the electrical economy and if present trends towards
terrorism in Western society continue, a situation could
Ъе reached in which plutonium in transit became an important
target for theft by terrorists, with the possibility of its
subsequent use as a threat weapon.

To this point others have added that the attempt to prevent
diversion by terrorism or subterfuge would require security
surveillance of large numbers of people, and that tbis
would be unacceptable to U.K. society.

(iii) The commission also expresses anxiety about the long term
treatment of nuclear wastes, a problem intensified by a
fast reactor programme in that such a programme provides
a greater potential for the continued generation of fission
energy, and as a consequence of the extra production of
energy, more fission products and greater quantities of
waste containing plutonium and higher actinides of long
half-lives.

In his public introductions of the Report, the Chairman of the Royal
Commission has suggested that the Commission should be looked upon as a
lay body, reflecting the concerns of a lay public. The Report raises no
issues which have not previously been raised (principally in the U.S.A.)
about the environmental effects of nuclear power. It brings those issues
together in a single volume and the Commission have been able, to an
unusual degree, to draw on information provided by the nuclear industry,
particularly the U.K.A.E.A., and from independent experts. The Report is
not specifically directed at breeder reactors since, of соигье, all
commercial nuclear power stations produce plutonium in broadly similar
amounts per unit of electricity produced. However, it equates breeder
reactors with a 'plutonium economy

1
 to which it ascribes substantial risks

and anxieties.

On power breeder reactors, the Commission declare that they are not
opposed to the construction in the U.K. of a single large demonstration
plant, but they are very concerned that this first step might lead
unremittingly to a large programme of fast reactors.

•The dangers of creation of plutonium in large quantities in
conditions of increasing world unrest are genuine and serious.



We (the U.K.) should not rely for energy supply on a process
that produces such a hazardous substance unless there is no
reasonable alternative.'

(The hazards referred to are both toxicity and explosive potential.)

Accepting the Report as representative of public concerns about
breeder reactors, the proponents of breeders have two things to do. They
must promote stable arrangements which minimise the potential hazards of
the use of plutonium on an industrial scale and they must then be able to
explain those arrangements to their society.

There are, of course, other sources in the U.K. and elsewhere from
which come expressions of anxiety concerning the possibilities of a
breeder programme. In the past such anxieties have usually related to
economics and safety against reactor accident, and substantial development
programmes have been undertaken in an attempt to give assurance. The
.recent anxieties really relate to the suitability of Western societies as
an environment for fast breeders with their associated fuel cyclss. These
questions are often not amenable to answer by the same methods as are
applied to technological or economic problems. If unanswered, however,
they may well be just as effective as technological failure in denying to
a country the degree of energy independence which reliance on fast reactors
would secure. In future, therefore, it will be necessary to give
considerable priority to the development of methods for examining the
questions and for providing answers which give assurance without raising
further anxieties or facilitating the task of a would-be terrorist.

3. THE U.K. FAST BREEDER REACTOR PROGRAMME

The principal tasks which must be accomplished within the next few
years are apparent from the foregoing status report. In order to avoid
the tedious listing of the obvious, we concentrate on a few key issues
within the broad framework of the ultimate overall objectives. These
are: to demonstrate the economy and reliability of the reactor plant
and of acceptable fuel cycle operationsj to establish the safety features
which will enable a reasonable number of sites to be considered; and to
illustrate as realistically as possible the favourable impact of the
ability to build power breeder reactors on the future of U.K. energy
costs, availability and trade. These objectives form an inter-related
set: all of them must, in reason, be achieved. Meeting them in full is
necessarily a long term enterprise requiring several iterations and
dependent on construction of new plants and the accrual of operating
experience.

The first objective is the achievement of full power operation of
PFR with reliable boilers. We have concluded that the tube-to-tube
plate welds are likely to be a point of potential long—term weakness
in the original design of boiler units. We have therefore decided to
safeguard future PFR operations by putting in hand alternative units,
generally of the same style but with an additional sealing plate
interposed between the sodium cover gas and the steam header. The
water or steam tubes, therefore, now pass through the sodium space with
no tube welds whatsoever. At the same time, we have reconsidered the



choice of superheater and evaporator tube material, which will be a 9fo Cr
ferritic steel, accepting the necessary small reduction of maximum
temperatures. We believe that the modified units will provide valuable
experience for the design of the boilers for an eventual large demon-
stration breeder reactor.

The next reliability-related objective for the large demonstration
plant is establishing the basis of proof of long-term structural integrity,
particularly of permanent or inaccessible components in sodium. Our multi-
sided attack on this problem has been described at various specialist
conferences. Despite its scale it represents a fraction only of the known
world effort in this important field Q\\»

In the fuel cycle the key objectives are: to establish a design of
restrained core} subject to satisfactory outcome • of laboratory work and
of irradiation trials, to prove the gel precipitation route for mixed
oxide fuel at the pilot plant level; and to establish breeder reactor core
fuel reprocessing at the PFfi scale of throughput, Fuel transport related
with turn-round time and reprocessing policy was thoroughly investigated
some time ago and a conceptual design of shielded rail transport flask
was developed [jtQ» At present we place less emphasis on the development
of fuels for higher breeding gains, since the general slowing down of
reactor construction implies that plutonium shortage will make itself felt
at a later date. Though not specifically related to the breeder reactor,
work has been intensified on glassification of high—level wastes and on
exploration for ultimate disposal sites П3~1.

There are several key reactor safety objectives n4j» 2b
e
 first

is concerned with the prevention of escalation of minor aberrations of fuel
to potentially dangerous levels. The objective is to develop a compre-
hensive automatic scheme for observing and then intercepting departures
from normal fuel conditions, for the complete range of reactor operating
conditions. Very encouraging results have been obtained in the detection
of sodium boiling in PFR and DPR experiments, and with sensitive and
highly reliable thermocouples. The second key objective is concerned with
establishing that more severe aberrations will not lead to sodium vapour
explosions in sub-assemblies p5^« We

 axe
 sharing in the French

experiments in their Cabri reactor, to which we are contributing analysis
of behaviour of failing pins under severe over-temperature conditions.
The third is concerned with hypothetical core disassembly. Sequences
leading to substantial disassembly energies can only be postulated on
the assumption that sodium/molten fuel thermal interactions can occur and
cause very rapid expulsion of sodium by vapour formation. The mode of
fragmentation of molten fuel and the rates of heat transfer that might
occur betwesn fuel and sodium are therefore important and could be
influenced at high heating rates by the fission products in irradiated
fuel. Experiments are being mounted in a fast pulse reactor, Viper, to
provide information about sodium vapour energies at high rates of heating
of fuel at various irradiations.

The foregoing technical points are only a part of what would have
to be undertaken to establish the option for a Fast Breeder Reactor
Construction Programme. To construct, fuel, operate and service a
demonstration plant and to ensure that safety requirements were met

'•'Л



would Ъе a major task and would require close co-operation between all the
parties comprising and interfacing the Nuclear Industry.

4. CONCLUSION

During the last fifteen years the technical development of breeder
reactors has been greatly helped by the extensive international exchanges
of information which have taken place, particularly in matters of safety.
One may now forecast with considerable confidence that the technical
success of breeder reactors can be assured. Despite this the road ahead
towards a situation in which breeder reactors are making a substantial
contribution to world energy needs seems no shorter. The standards and
requirements of Western society appear to be changing more rapidly than
in the past. The effects are most notable in those aspects of technological
development in which the time required for development and demonstration
is long. There is then a combination of uncertainties of the ultimate
requirement and of the social standards to which that requirement will need
to be met. The fast breeder reactor appears at present to be particularly
beset by these uncertainties.

There is the further problem that in the past the fast breeder has
been seen as a contribution to the energy policy of individual countries,
whereas economies of scale in development and in the fuel cycle now require
that its development should be viewed as a part of the response of the West
to external forces influencing its energy supply at the end of the century.

The investment of resources in the development of the fast reactor
and its fuel cycle is and will be large. Much of this investment is aimed
at the demonstration of technological solutions. It is increasingly clear
that the success of the fast breeder is threatened more by reactions of
society against it than by technical inadequacy. It seems likely that
more resources will need to be allocated to the solution of the problems
of social acceptability. The techniques available for this purpose are
less well understood than the safety of the fast breeder itself.
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