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REPORT ON PROGRESS

The 25th annual report of the UKAEA — published on 20
September — was introduced at a press conference that day
given by the Chairman of the Authority, Sir John Hill, sup-
ported by other Authority members and senior staff.

Sir John began by referring to the world scene. “Energy
analysts have for a long time been forecasting an impending
energy shortage or, to be more accurate, an end of the
cheap energy era to which we have all become
accustomed”, he said. "The oil shortage of 1973 was inaway
artificial because it was caused by a deliberate reduction of
supplies as a political weapon and was not the result of a
shortage of reserves or of equipment. But the margins
between supply capability and demand have been getting
progressively smaller and the events in Iran earlier this year
demonstrated dramatically just how narrow 1s now the
balance between supply and demand. With a world
population still rising rapidly and the poorer countries of the
world making every effort to raise their standard ofliving, we
must expect recurrences of energy shortages and rising
energy costs.

“This was well recognised at the European summit
meeting in Strasbourg and the World summit meeting in
Tokyo in the unqualified acceptance of the need for nuclear
power and the declaration by Heads of States to limit oil
imports in an attempt to control demand. Statements of
policy by the British Government have made clear their full
understanding of the situation and their recognition of the
need to develop our nuclear programme and, further, to
ensure this is carried out efficiently, to establish a regular
pattern of ordering of nuclear plant.

"I have at more than one of these press conferences
emphasised the need for continuity in our nuclear pro-
gramme. | am confident that there is now the understanding
and the intent to proceed in this way. |f we do we will be more
efficient in the future than we have been in the past. We have
now as an industry, a great deal of work in hand for projects
that have been authorised over the last two years — two twin
reactor AGR stations at Heysham and Torness, preparations
to build a PWR and a large fast reactor which will, of course,
involve a public inquiry, the rebuilding and expansion of the
Windscale reprocessing site and the expansion of the centri-
fuge project. The speed at which we can progress is deter-
mined by the resources available in the industry and, after a
long period of uncertainty and lack of orders, it takes time to
build up again.

“The degree of proof and demonstration that is required
before approval can be obtained for any new project —
whether by public inquiry or by the normal regulatory pro-
cesses — is very much greater than in earlier years and the
resources and time needed to take any large project to the
approval stage is correspondingly increased. This is a real
limitation on the rate at which progress can be made, but |
should add, that our procedures, although by no means
perfect, are very much better than those in many other
countries.

“Turning now to the work of the Authority, | must empha-
sise that we are busy and our resources are fully stretched.
All frills have been cut out to make resources available for
high priority work. We have a major programme to assist
BNFL — particularly in relation to reprocessing, waste
management and the expansion of Windscale. We have
major programmes on behalf of the CEGB and NPC. We
have work for Government Departments and we have our

non-nuclear activities. In fact nearly 40 per cent of our
income 1s derived from work carried out on behalf of other
organisations and paid for by them

"Of the work paid for by Government grant to the Authority
there is first our fast reactor programme, and we are making
sound progress. The reprocessing plant is now in operation
and we were delighted that the Prime Minister was able to
perform the opening ceremony when she visited Dounreay
earlier this month. The final closure of the fast reactor fuel
cycle is not now far away. We were also most encouraged by
the Prime Minister's support for the programme and to hear
her view that a single specific inquiry for the next fast reactor
might be the preferred method of advance even though the
preparations may take longer initially. Mrs. Thatcher
expressed her view that a decision on the fast reactor could
be taken within two years. In preparation for the inquiry we
are now having discussions with other countries to determine
to what extent international collaboration would benefit this
programme

“The fusion programme continues to make good progress
In collaboration with other countries. The field is so wide that
we have to be carefully selective in what we, in this country,
undertake. Construction work on JET — the Joint European
Torus — started at Culham earlier this year with the foun-
dation stone being laid by the EEC Commussioner for Energy,
Dr. Guido Brunner

Public understanding

“The re-activation of the UK nuclear construction pro-
gramme will necessitate increased effort to explain to the
public what we are doing and why it is necessary and desir-
able. The Three Mile Island accident caused great public
concern at the time, though less, | think, in this country, with
our long experience of industnal nuclear power, than else-
where. It was certainly a serious accident which should not
have happened. We shall, of course, have to wait until the full
report of the inquiry is published before passing judgment,
but preliminary analysis shows that the accident was a very
long way from the fantasies of the “China Syndrome" and
that the exposure of the public was even less than the low
levels indicated from earlier assessments

“INFCE — the International Fuel Cycle Evaluation — which
IS being carried out on a worldwide basis will also be com-
pleted later this year and discussed publicly next year. The
view as of today is that it has to all intents and purposes con-
firmed the policies being pursued in the UK. We find this
most reassuring.

“On the other side, however, there is still a great deal of
public misunderstanding and concern about the hazards of
low level radiation and about waste disposal. | do eamnestly
ask you to be strictly objective in what you write on these
emotive subjects. But | have spoken so often on these
matters that | will not go over the ground again here. Let me
instead speak of a major experimental programme related to
safety that we are carrying out on the fast reactor at
Dounreay.

Fast reactor safety

“As you know, there is a need for core cooling during shut-
down, and emergency power supplies are required to
ensure that the circulating pumps are kept running even in
the event of a major power failure. We believe that the fast
reactor of the pool type such as we have at Dounreay has
characteristics which have outstanding safety advantages in
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the event of such a power failure.

“You will recall a series of experniments carried out some
three years ago just before the first small Dounreay fast
reactor was shut down which demonstrated the robustness
of fast reactor fuel to extreme operating conditions: in
particular, that it was unharmed even when operating in
boiling sodium. The core of a fast reactor is, as you know,
immersed in avery large tank of sodium, the majority of which
is at the cool, inlet, temperature. We have now demonstrated
that even with the pumps switched off natural circulation of
the sodium will remove the shutdown heat from the core with-
out the fuel element temperature rising appreciably above
their normal operating temperature. Two types of experiment
have been carried out to demonstrate this effect. The first has
been to operate the reactor at a steady power of up to 20
MW (heat) corresponding approximately to maximum fission
product heating and then to shut down the coolant pumps
while keeping the reactor running. The second series of
experiments have been to trip the reactor and the pumps
simultaneously from progressively higher operating powers ,
thus simulating a total power failure. These experiments have
been entirely successful to date, and have demonstrated a
steady transition from pumped flow to natural circulation
flow. The whole programme of demonstration is of necessity

along one because of the need to do a full safety analysis (as
IS necessary for any non-standard operation) between each
experiment.

“Even with no cooling at all it would take many hours before
the sodium was raised to the boiling point (well over 24 hours
for PFR) and a natural circulation emergency cooling circuit
rejecting heat to the air as installed on PFR could extend this
time very substantially — and could in fact extend it indef-
initely. No other power reactor has this ability to cool itself for
this period without operator intervention or electricity. So our
already great confidence in the safety of fast reactors is
enhanced.

“We like people to come and see the prototype, and the
fast reactor at Dounreay is open to members of the public
every day, Monday to Friday, during the summer season —
tickets are available from the Thurso tourist office, and
already some 4600 visitors have been over the plant.”

Sir John concluded by drawing attention to a Nuclear
Power Exhibition [see elsewhere in this issue) opened by Sir
Jack Rampton, Permanent Under Secretary of State at the
Department of Energy; and an exhibition of scientific and
industrial photographs taken by Authority photographers
during the 25 years of the Authority's work—reviewed in the
October issue of ATOM [No. 276, pp.284-285].

Strategy not in doubt

During her visit to Dounreay on 6 September the Prime
Minister, Mrs Thatcher, pressed a switch to start up the
newly rebuilt reprocessing plant, toured the Prototype
Fast Reactor and met Dounreay staff.

At a press conference, Mrs Thatcher said that without
prejudging the issue, she personally would like to see fast
reactor development go ahead. "The major issue at
Strasbourg and Tokyo was the energy needs of the
world,” she said. “For two decades, certainly, the world
has depended on oil for the generation of a large part of
its electricity and, of course, for petrol. There has been an
increasing demand for electricity, and we shall be
vulnerable to oil supplies unless we find an alternative
supply. The obvious alternative supply that is continuous,
which will not run out like fossil fuel, will be the fast
breeder. We have the Magnox reactors, which have been
operating for many years, and what we have to consider
is the next stage in this country . . . The strategy is not in
doubt. We want a source of electricity generation that by
definition is not limited as is fossil fuel.”

Mrs Thatcher said she did not share the fears that
some people had of nuclear power. “Comparing nuclear
with other methods of generating electricity | do not know
of one person who has lost his life because of the gener-
ation of nuclear electricity. Think of the risks that are
involved in one using coal. oil or gas — the risks involved
there are enormous.”

Recalling that she had that day started up the repro-
cessing plant at Dounreay, Mrs Thatcher said: “The best
thing is to burn it — the safest thing is to burn it in a fast
reactor. Qil, gas and coal will not last forever; some of
these things should be conserved as a source material for
chemicals. The chemical industry depends on coal, gas
and oil. If you can find a different source of fuel you can
put oil and gas to better uses in the future. | happen to be
a conservationist of natural materials.”

Mrs Thatcher was asked whether she would expect to
make a decision fairly soon on the Commercial
Demonstration Fast Reactor. "I have been told: do not
Jjust have an inquiry in principle, have it in relation to a
specific project,” she answered. "It may be that this would
be a faster way of proceeding than having an inquiry in

Mrs Thatcher examines remote handling equipment
during her tour of the Dounreay establishment.

principle. My own personal view is that we should
continue with fast reactors, but the Government has
agreed and is therefore obliged to have an inquiry, and it
is not up to me to prejudge the outcome.” Dounreay
would obviously have to be one of the sites to be con-
sidered for such a project.

The £3.4 million reprocessing plant at Dounreay will
over the next few months handle uranium-based nuclear
fuel from the Dounreay Fast Reactor which was shut
down in 1977 after 17 years' successful operation; in
1980 the plant will switch to reprocessing plutonium-
based fuel from the much larger PFR. The decommis-
sioning and rebuilding of the plant was reviewed in the
June issue of ATOM (No. 272, pp. 142-145). O
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NATURAL CONVECTION COOLING OF PFR

An interruption of the main electrical supplies to the
Dounreay Prototype Fast Reactor (PFR) causes the
reactor and main coolant circulating pumps to trip. Multiple
auxiliary electrical supplies ensure that the auxiliary
coolant pump system continues to circulate the coolant
under these circumstances to maintain the fuel at low tem-
peratures. A multiple cooler system dissipates by natural
circulation the decay heat resulting from fission products in
the fuel.

From the early stages of design of PFR consideration
has been given to the practicality of relying on natural cir-
culation' of the reactor coolant to provide a very simple
alternative to the multiple auxiliary pump system.
Computer calculations could not adequately model the
system and therefore fluid flow experiments were carried
out in PFR in 1973, during the early days of commis-
sioning, to provide basic system data for more detailed
calculations. These did not provide assurance that natural
circulation would be adequate. Laboratory experiments
were also carried out at this stage but these could not suf-
ficiently reproduce the reactor system conditions.

It was therefore decided to carry out a series of experi-
ments in PFR, each stage of which was a progressive step
towards gaining basic knowledge. Before any proposed
experiment in the reactor is permitted, its safety is formally
assessed, it has to be technically approved by the reactor
management and vetted by an independent safety com-
mittee which includes representatives from the Authority’s
Safety and Reliability Directorate. If the Director accepts
their advice, he authorises the work to be done.

In any series of experiments the information from each
stage is fully analysed and then used for the safety assess-
ment of the next and subsequent stages, each of which
must comply with the authorising process described
above.

Since 1975 there have been 13 natural circulation tests
and innumerable measurements of the physical character-
istics in PFR fitted into the operational programme of the
reactor. This step by step approach ensures that the basic
data is available and computer codes can be produced
which are realistic.

In detail, the tests involving the simulation of decay heat
by fission power were programmed from 1.5 MW to 20 MW
—i.e. up to nearly the decay heat after a reactor trip from
full power. Temperature distribution of the coolant through-
out the reactor was measured for periods up to one hour
and behaved as expected with a smooth transition from
pumped to natural circulation of coolant.

Further tests were carried out using decay heat after a
trip at 50 MW thermal power and these also confirmed the
rapid smooth flow transition during the period of zero to
350 seconds after which it had reached constant flow. It is
now obvious that natural circulation in PFR will ensure that
with the reactor tripping from full power and no pumped
coolant, the fuel temperatures will not exceed normal oper-
ational temperatures.

The experiments have shown
e That in the event of a loss of all pumping power in the

primary circuit, resulting from a loss of electrical
supplies to site (causing the reactor to trip) combined
with a highly unlikely failure of the auxiliary motors, the
reactor is inherently protected by natural circulation of
the primary coolant which dissipates the core decay
heat, thereby ensuring that coolant and fuel temper-
atures do not exceed operating levels and
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Key: 1, Ancillary pump motors; 2, main pump motors; 3,
to natural circulation coolers; 4, to secondary circuits; 5,
sodium level difference; 6, above-core plenum; 7, decay
heat rejection coolers; 8, primary pumps; 9, core; 10, main
heat removal systems; 11, outer sodium pool; 12, inner
sodium pool; 13, primary vessel; 14, secondary vessel
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® The natural circulation of coolant combined with the
effect of the power coefficient’ of the reactor now gives
considerable confidence that the PFR would be able to
withstand the loss of pumped coolant and the unbeliev-
able loss of reactor trips, i.e. the reactor continuing to
run in spite of all the multiple safety systems.

Theoretical studies show that as the pumps run down
the initial temperature rise is controlled by the power coef-
ficient which automatically depresses the reactor power.
Thereafter, core temperatures are determined by the
equilibrium power level and the natural circulation flow.
The results available from pessimistic calculations show
that local coolant boiling at fuel sub-assemblies would not
occur for an incident at the beginning of a reactor run and
the reactor operating strategy can be modified to prevent
such boiling during an incident later in a run if this should be
necessary, bearing in mind that further experiments will be
carried out during the next twelve months to eliminate the
pessimism in the calculations; and that the local boiling
would be safe as previously shown in the series of coolant
boiling experiments in the Dounreay Fast Reactor over the
period 1975 to 1977. O

Notes: 1 Natural circulation (or free convection) results from the vari-
ation of matenal density with temperature which causes hot fluid to nse
relative to cold. This principle underlies - for example - the operation
of many domestic hot water systems 2 The power coefficient des-
cribes the relation between the power level and the temperature of the
reactor, including tactors such as the Doppler effect — increasing ther
mal agitation of the atoms of the fuel with increasing temperature causing
a reduction in the efficiency of fission
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THE FAST

REACTOR

AND ENERGY SUPPLY

Although fast reactors have reached a comparatively advanced stage of development, a number of
factors make it likely that their introduction for electricity generation will be a gradual process. Neverthe-
less, it is necessary to complete demonstration and development phases in good time.

These are principal conclusions of the following paper, by R.L.R. Nicholson* and A.A. FarmerT, which
they presented to the recent annual Uranium Institute symposium. “The option will be the more valuable
the more fully it has been demonstrated, and therefore the more quickly it can be exercised when the
need comes,” they write. “But lead times are long and, in the authors’ view, the likelihood that fast reactor
introduction will be a gradual process is no argument for delay in current development programmes.” The
paper is here slightly abridged; the full proceedings of the symposium will be published early next year by

Mining Journal Books, Edenbridge, Kent.

Since the earliest days of the development of peaceful
nuclear power, there has been interest in fast reactors. A fast
reactor system was one of those initially chosen for study in
the UK. A fast reactor in the United States was the first reactor
of any sort to generate electrical power. When the possible
future of nuclear power was reviewed in this country in 1950 it
was recognised that it would probably be 25 to 30 years
before power from fast reactors could be supplied on any
appreciable scale. There have, of course, been many devel-
opments since those early days, not least the effect of the
greatly increased size of power plants of all types. The avail-
ability of cheap oil and natural gas, which was not then fore-
seen, iImprovements in coal extraction and burning, possibly
stimulated by the successful development of thermal nuclear
reactors, have doubled that time and have allowed the work
on fast reactors to proceed at a pace dictated more by tech-
nical evolution than by the pressure of demand. These
improvements have also altered the targets for fast reactor
performance, although as we will demonstrate these are not
the only criteria for its early introduction. Nevertheless, fast
reactors are now sufficiently well developed and understood
to have large-scale prototypes operating or near completion
in several countries, and commercial size plants under con-
struction in two. The attraction of the fast reactor system as a
means of utilising the energy in uranium to the full has been
confirmed, and its potential as a means of minimising
dependence on imported energy supplies is widely recog-
nised.

Experience

It may be helpful to summarise the progress that has been
made with fast reactor development. In this country the
successful experience with the experimental Dounreay Fast
Reactor which operated from 1959 to 1977 led to the constr-
uction of the 250 MWe Prototype Fast Reactor, pool-type,
also at Dounreay, which has been in operation since 1974.
Parallel with the reactor programme, the UK has had a major
programme of supporting research and development, and
has made particular progress with fuel cycle work. A plant to
reprocess the spent fuel arising from PFR is currently being
commissioned, and will be the first of its type in the world.

*Principal Economics, Programmes and Finance Officer, UKAEA London
tChief Technical Manager, General Assessments Section, Central Tech
nical Services, UKAEA Risley

Consideration is now being given to the next stage of UK fast
reactor work, with the objective of ensuring a capability to
construct a programme of fast reactors at the end of the
century.

Work in continental Western Europe is now proceeding
under a series of collaborative agreements between France,
Germany, Italy, Holland and Belgium. Development is most
advanced in France, where work on fast reactors started in
the 1960s with the test fast reactor Rapsodie at Cadarache. A
prototype power reactor, Phénix (250 MWe — pool-type) at
Marcoule went critical in 1973 and the 1200 MWe Super
Phénix at Creys-Malville in France was begun in 1977 and is
due for completion in 1983. It is being built as a joint venture
with Italy and Germany. In order to provide the necessary
reprocessing facilities the Cogéma plant at Cap la Hague is
to be expanded to cope with fuel from at least three Super
Phenix-sized reactors.

Work on fast reactors in the Federal Republic of Germany
has included participation in two collaborative projects,
Super Phénix and a prototype 300 MWe, loop-type, fast
reactor at Kalkar (SNR 300) currently under construction. It
has also included the construction of the small experimental
fast reactor KNK Il (20 MWe). As part of the collaborative arr-
angements it was envisaged that a successor to SNR 300 to
be called SNR 2 would be built in Germany. Work at the
national level in ltaly is taking place at the national nuclear
research centre at Brasimone where a 188 MW fast reactor
for the testing of fuel elements is under construction. The
Belgian nuclear industry's tentative plans for the introduction
of fast reactors call for one station between the years 1995
and 2000 and two or three more between 2000 and 2025.

The major fast reactor programmes are under way in the
US, the USSR, Japan and India. American interest in fast
reactors dates back to the early 1940s and over the next 20
years they designed and built a number of facilities to test the
feasibility of fast reactors and subsequently the development
of liquid metal fast breeder reactor technology. In the early
1970s the US Administration placed high priority on the
LMFBR programme and the proposed construction of the
350 MWe, loop-type, reactor at Clinch River (CRBR) Tennes-
see, which was intended to demonstrate the fast reactor
concept by 1980. More recently, the present Administration
have deferred the introduction of the use of.plutonium by
postponing reprocessing and the ‘commercialisation’ of fast
reactors. The future shape of US fast reactor work is still
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being debated, but the US continues to undertake a very
substantial fast reactor programme; the US Department of
Energy's budget for 1980 shows $ 590 million (£300 m) for
such work, and a large loop-type fast test reactor (fast flux
test facility, FFTF) of 400 MWt is due to become operational
during this year at Hanford, Washington.

The USSR have a strong commitment to fast reactors
Their first major experimental fast reactor, the BR 5 of 5SMWe,
was built at Obninsk some 20 years ago and is still oper-
ational. This was followed by a larger reactor, BOR 60, and a
prototype reactor, loop-type, BN 350, at Shevchenko on the
Caspian Sea which came into operation in 1973. BN 350 is
designed to purify 120 000 tons of water a day as well as to
generate 150 MWe of electricity. The first commercial scale
fast reactor to be built in the USSR, BN 600 (600 MWe, pool-
type) is under construction at Beloyarsk and is expected to
be in operation by 1980. There are plans for a 1600 MWe,
pool-type, fast reactor for completion in 1989 (work would
startin about 1982), also at Beloyarsk, and the Russians con-
fidently expect the majority of their nuclear programmes after
1990 to consist of fast reactors.

In 1968 the Japanese Government announced a plan for
the development of the fast reactor which would lead to the
construction of a prototype reactor with the aim of reaching
the commercial stage in the second half of the 1980s. This
plan involved the construction of a 100 MWt experimental
reactor (JOYO) for use as a fuel and materials testing facility
and this went critical in April 1977. The next step is the design
and construction of a 300 MWe, loop-type, prototype
(MONJU) by 1986, and this is intended to demonstrate the
feasibility and reliability of the system. Research and devel-
opment work for the necessary fuel cycle activities for the
demonstration fast reactor that will follow MONJU are already
under way.

Fast reactor research and development work in India is
undertaken at the Reactor Research Centre near Madras,
where a 15-18 MWe fast breeder test reactor and other
support facilities are being constructed as part of the long
range objective of thorium utilisation. It is expected that the
test reactor will be operating in 1981 as a test-bed for experi-
ments in connection with a larger reactor. India’'s declared
intention is to have fast reactors in operation by the begin-
ning of next century.

Targets for development

Most of these development programmes am, then, to
provide to the nation concerned an ability to instal fast
reactor power stations at the end of this century or early in the
next one. Until then, the relative economics of nuclear power
and the pressure on oil and gas supplies will continue to pro-
vide incentive to build thermal reactor power stations. These
will ease the supply position directly through the substitution
of nuclear for hydrocarbons as a primary source for elec-
tricity generation. At the same time, the increase of the
nuclear share of electricity reduces the influence of oll (and
coal) prices on power costs, thus encouraging electricity to
take a bigger share of the total energy market and thereby
extending the scope for substitution for oil. At the same time,
such an expanded programme of nuclear power, If based
solely on thermal reactors, would put increasing pressure on
uranium resources and production which in due course
would be reflected in rising uranium prices,; at some stage
the prospective forward uranium prices over the lifetime of a
new power station will make the fast reactor a competitive
prospect. Views vary as to when this stage will arrive — the
range is from the early 1990s to around 2025.

If depletion or restriction of oil and gas supplies does make
nuclear power attractive, as seems likely, the uranium con-
straints on thermal reactor nuclear power expansion will only
be eased, but not removed, by major increases to the cur-

rently identified reserves. Even if the more optimistic fore-
casts of speculative resources are borne out there will be
acute pressure on the supplies of reasonably accessible
moderate cost uranium by the end of the first quarter of the
next century. If some of these forecasts of speculative
resources prove too optimistic, or if production has been dis-
rupted in any of the major producing areas, the strain could
appear appreciably earlier, particularly for countries entirely
reliant on imported supplies. Furthermore, the more pressing
the need to find alternatives to oil and gas, the more pressing
also will be the need to relieve pressure on uranium
resources. As an example of the tmescale of the pressures
that could arise, it is pertinent to point out that the presently
known reasonably assured resources and estimated add-
itional resources up to an extraction cost of $ 130/kgU will be
committed to the planned and operating thermal nuclear
programmes by 1995-2000

Thus, the attraction of fast reactors 1s likely to coincide with
major incentives to increase the use of nuclear power (as well
as of coal). In view of this demand, and of the large
investment needed to introduce fast reactors on a major
scale, it is important to reduce as far as possible the assoc-
lated uncertainties, as indeed would be the case with the
introduction of any new technology on a large scale
Designers, builders, plant operators and the general public
need a learning period. A crash programme is to be avoided
In fact there are, we will show, a number of factors which con
troi both the rate and the mode of introduction of fast reactors
and these factors will, itis thought, preclude a rapid and dis-
orderly change
Firstly, the timing of introduction of fast reactors onto national
grids will be influenced by other factors beside comparative
prospective generating costs. Constraints associated with
the use of plutonium fuels and environmental factors may
defer the dates. On the other hand, the security of long-term
energy supply ottered by the use of the fast breeder reactor
IS a strong incentive to those countries which are short of
indigenous economic -energy resources to invest in fast
reactors. One may therefore expect a variety of timings
across the nations, depending on each nation’'s perception
of its prospects for secure energy at economic prices. This
will be particularly the case where governments are able to
control or influence investment into power stations. The most
forward plans for fast reactors are those of France, although
the exact programme i1s not yet firm, the construction of a
number of full-scale stations, after Super Phénix, is expected
to start in the mid-1980s and some 10-20 GW of fast reactor
capacity could be on-line by 2000 AD

The Prototype Fast Reactor at Dounreay.
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Influencing factors

The importance of fast reactors as a potential independent
source of energy of major significance lies in their ability to
convert a high proportion of the energy latent in uranium
through breeding. But they cannot do this in a single ‘pass’,
for the fuel could not stand the burn-up required. The resid-
ual and bred plutonium must be recycled by reprocessing
the irradiated fuel and incorporating the plutonium so
extracted in new fuel elements. The plutonium clearly has
value as a fuel, and the effectiveness of fast reactors
depends among other things on the level of plutonium held
up both inside and outside the reactor. It is necessary, there-
fore, to reprocess and recycle the fuel without undue delay.
An electrical utility will need to provide for a continuous
supply of new fuel and will need to have the services of a
reprocessing plant available soon after the start-up of a
reactor. On a national scale, the fuel cycle plants must be
planned at the same time as the first power stations. The
cycle cannot be left open for long, as has occurred in many
countries for thermal reactors.

Because of the economies of scale, the fast reactor can be
introduced most economically in planned programmes of
probably 5-10 GW size (or more), complete with the plants to
service them, and most likely therefore to be on a 'national’
basis. The problems of viable industrial infrastructure are not
confined to the fuel plants. Fast reactors will have to com-
pete, subject to the qualifications we have already noted,
with thermal reactors of 1300 MW size or more and will be of
similar size. The development programme has therefore to
achieve reliable performance with a new technology and to
solve the problems of scaling up. This factor has already
lengthened the lead-time and will further extend it. But also
the nature of manufacture will limit the number of companies
that the market will support in early years unless either there
is rapid growth in a general world market, or there is some-
thing like series ordering of fast reactors within a few partic-
ular countries.

This problem of industrial capability poses the question of
the best route to achieve early competitiveness in fast
reactors — series ordering to reduce component cost, or
step-wise improvements in design and performance through
development, or some combination of both. It also argues
the need for establishing viable fuel and manutfacturing
plants, for a high degree of international collaboration, and
coordination of resources. Thus, at least two of the factors
that go to make up fast reactor costs — their capital costs
and the cost of fabrication and reprocessing of the fuel —
depend themselves upon the extent and rate of introduction.
By comparison with thermal reactors, the economics of fast
reactors depend on:

e The relative capital costs, which are likely to be higher for
fast reactors.

e The fuel cycle costs, which depend on fuel performance
as well as the costs of fabrication, reprocessing and waste
management. Although the costs per tonne of fast reactor
fuel will be higher than those for thermal, the costs per unit
of electricity should be lower because of the high rating
and long burn-up to be achieved

® The price of uranium (from which fast reactor power costs
are virtually independent)

It would be convenient if we could express the target fast
reactor capital cost to achieve break-even as a function of
uranium price, but the other factor, the fuel cycle costs, is
itself difficult to predict since, in particular, the reprocessing
IS subject to further developent. As an indication of the likely
target, if uranium prices were in due course to rise to about
four times their present level, then fast reactors would appear
to compete if their capital costs were not more than about 40

per cent above those of a light water reactor at that time. But,
as we noted earlier, because of their advantages in limiting
dependence on imported fuel materials, it may not be
necessary for them to show a definite cost advantage at the
time of commissioning, and much will depend, not only on
the weight given to this feature, but also on how uranium
prices are expected to move (in real terms) in the 25 years or
so of the reactor's life.

So far we have discussed the effect of industrial and tech-
nical factors on lead time. But for widespread introduction in
democratic countries, fast reactors will also need to achieve
a sufficient degree of public acceptability. A major source of
concern particular to fast reactors relates to their use of plu-
tonium as a substantial component of the fuel cycle, although
as Dr Walter Marshall indicated at the Uranium Institute sym-
posium last year this needs to be kept in perspective [see
ATOM No. 263, September 1978: Proliferation and the Re-
cycling of Plutonium). Fast reactors have been said to pose
problems for safety and for the proliferation of nuclear
weapons, and it has been further suggested that solutions
can only be found in ways that prejudice democratic rights
and erode the economic advantages. These topics have
been the subject of intensive discussion and research and
many of them are at the heart of the massive International
Nuclear Fuel Cycle Evaluation now proceeding. It is, of
course, too early to know what the outcome of the evaluation
will be. We would expect, however, there to be a general con-
firmation that there are a range of solutions to all these
problems.

Two aspects of the use of plutonium fuel may affect the
international use of fast reactors. The first is the management
of plutonium across national boundaries. To some extent this
is already with us, inasmuch as plutonium originating in the
thermal reactor operations of one country is being separated
from the depleted uranium and fission products in the repro-
cessing plants of another. The contracts covering these
transactions provide for the return of the fission products to
the country of origin, but the future of the extracted plutonium
has been a matter for inter-governmental bilateral agree-
ments. The number of these arrangements is still small, as is
the number of reprocessing plants. As reprocessing activity
expands, and plutonium bearing fuels assume greater
importance in the future plans of countries using nuclear
power, these existing arrangements will need to develop into
an internationally accepted regime for the management of
plutonium. This will undoubtedly develop from the existing
safeguards machinery, involving material accounting, con-
tainment, and surveillance, and all these aspects will con-
tinue to be kept under review to ensure that they are effective
as the nuclear programme expands.

For example, plutonium is now being produced in signifi-
cant quantities during the operation of thermal reactors
around the world, and an increasing proportion of this is likely
to be separated during reprocessing from uranium and
fission products in the spent fuel. For at least the next two
decades the availability of plutonium from this source will
exceed the amounts required for the initial stages of fast
reactor installation or for recycle. The plutonium will therefore
have to be stored. The IAEA have convened an expert group
to consider in detail the possible scope for an international
plutonium storage system. The overall IAEA responsibilities
for safeguards throughout the fuel cycle ensure that they are
in a strong position to assess how such a storage system
should be organised and controlled.

The second issue is the status of plutonium as a commer-
cial fuel. The present generation of nuclear power reactors
rely on uranium, which is a naturally occurring mineral, mined
and supplied under commercial arrangements. Its special
status as a fissile material is reflected in the special
measures taken by governments to oversee its movement
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