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THE FAST REACTOR:
PERSPECTIVE AND PROSPECTS

Sir Peter Hirsch, Chairman of the United Kingdom Atomic Energy Authority, delivered the Sir
John Cockcroft Memorial Lecture to the British Nuclear Energy Society on 15 September. His
subject was the Fast Reactor. BNES has very kindly allowed ATOM to publish the lecture*.

It is some 33 years since Sir John Cockcroft, speaking on ‘The
Development and Future of Nuclear Energy’ identified the
long-term objective of the nuclear power programme ‘‘to
build nuclear power stations which will produce power at a
cost not very different from a coal-fired station. For this to
be worthwhile we must have adequate uranium-ore reserves in
sight to fuel our nuclear power stations for many centuries . . .
For this we have to develop a new type of atomic pile known as
the “‘breeder pile’’, because it breeds secondary fuel as fast
or faster than it burns the primary fuel uranium 235 . . . These
piles present difficult technical problems, and may take a
considerable time to develop into reliable power units. Their
operation involves also difficult chemical engineering opera-
tions in the separation of the secondary fuel from the primary
fuel”.’

The general case for the fast reactor has not altered since Sir
John Cockcroft spoke those words in 1950. An expanding
thermal nuclear power programme, itself determined by rising
electricity demand and shortage of alternative fuel at
economical prices, would place increasing pressure on
uranium resources to the point where the fast reactor’s
dramatically greater uranium efficiency would dictate its com-
mercial introduction for base load electricity generation.

Considering world uranium resources, the five million
tonnes of currently known low cost uranium deposits (outside
the centrally planned economies)’ would be sufficient to fuel
some 1 250 GW(e) of thermal reactors operating on the once
through cycle (based on U235) for life. These deposits are
likely to be fully committed early in the next century.’ (The
current worldwide installed capacity of thermal reactors is 183
GW(e)*; recent NEA projections suggest around 450 GW(e)
for the world outside the communist areas by the year 2000).°
Additional speculative uranium resources, if developed, might
in principle support a thermal reactor programme perhaps
three times as great, but there is no guarantee that such
deposits will be located and developed to meet demand.® On
the other hand, if uranium were used in fast reactors, the
much more abundant U238 isotope would be utilised. In prac-
tice about 60 times more energy could be extracted from a
given amount of uranium than if it were used in thermal re-
actors. The world recoverable energy resource of U238 in fast
reactors is comparable to that of the world recoverable coal
reserves (see Table 1).

In the UK, all U235 for thermal reactors must be imported.
This introduces an additional element of uncertainty about
future supplies, beyond that determined by the limited world
resources. The oil crises and price excursions in 1973 and 1979
have demonstrated the vulnerability of industrial economies
to disruptions of fuel supply or abrupt changes in fuel prices,
and have drawn attention to the strategic importance of self-
sufficiency and diversity of fuels.

The fast reactor offers the prospect of removing our
dependence on imported uranium supplies. This can only be

*The lecture will also appear, with additional illustrations, in the
December issue of the BNES Journal.

achieved gradually as fast reactors replace thermal reactors.
However, the national stockpile of 20 000 tonnes of depleted
uranium provides an indigenous energy resource equal to the
estimated economically recoverable coal reserves in the UK.
That is sufficient to meet electricity demand for current levels
for some 400 years even without any other source of elec-
tricity. By the time existing nuclear power stations and those
under construction are due to be shut down the size of the
U238 stockpile will have been doubled (see Table 2). The
depleted uranium stockpile would be sufficient for a fast re-
actor programme that would guarantee secure supplies of elec-
tricity, at current consumption levels, for nearly a thousand
years.

While the case for the fast reactor on grounds of long term
security and diversity of supply is clear, the date when fast
reactors would be introduced on a significant scale for base-
load electricity generation will depend on when, on reasonable
assumptions, they can be expected to generate electricity
economically. The oil crises of the last decade have not only
changed irrevocably the world energy scene, but have also
contributed, not least in the UK, to economic depression and
low energy demand. Despite higher energy prices this has
inevitably set back the timing of the commercial fast reactor
(CFR) introduction.

During 1982, roughly one-third of total primary fuel con-
sumption in the UK was for electricity generation. Roughly
255 TWh (255 x 10" kWh) of electricity were generated. Of this
total, nuclear power stations contributed just under 16 per

Sir Peter in action
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cent. The great bulk of the rest was provided by coal-fired
power stations, with oil, gas turbines and hydro- stations
together accounting for some 10 per cent of the total ., As a
result of decisions already taken, and of nuclear power
stations at present under construction and coming on stream
shortly, the nuclear share of UK electricity generation will rise
to 20-25 per cent over the next few years. This will be largely at
the expense of older coal-fired stations which will be retired as
they reach the end of their working lives.

Because of the large increase in energy costs experienced
over the past decade and the current worldwide recession, pro-
jections of future energy and electricity demand have declined
in recent years. Furthermore, there is such uncertainty
prevalent over the future course of economic and energy prices
that projections must incorporate vastly different future
scenarios. This environment of recession and uncertainty is
illustrated by the most recent projections of final energy
demand produced by the Department of Energy and the
CEGB, for the Sizewell Inquiry™. These projections are not
policy targets but rather an array of possible futures, based on
a range of assumptions. The projections illustrate our uncer-
tainty about future events, but also indicate that only under
the most pessimistic of assumptions is energy demand actually
likely to decline over the next 30 years.

Projections

The projections produced for electricity demand also show
a wide range of possible futures. It is important to note,
however, that not one of the Department of Energy’s growth
assumptions leads to a reduction in electricity demand. This is
because even if overall energy demand is stagnant it is likely
electricity demand will grow. Electricity is a clean, versatile,
and attractive form of energy that can be used with high ef-
ficiency—characteristics that have led to a progressive in-
crease in its share of industrial and commercial markets, even
during the recent recession. Conservation measures are taken
into account in the CEGB and Department of Energy
scenarios, both through allowances for continuing im-
provements in efficiency and through the effects of fuel prices
on consumption. More vigorous conservation measures aimed
at saving energy at any cost could further reduce demand (and
economic activity and human welfare), but they would defer
not remove the long term energy problem. Conservation
measures, such as high levels of domestic insulation, will have
their major impact on fossil fuel use and they and developing
industrial technology are likely to make the use of electricity
even more attractive in the future.

In planning an electricity supply system the generating
boards have a number of objectives. One of the most impor-
tant is to provide electricity at the lowest economic cost subject
to the constraint that security of supply is ensured, taking due
account of environmental considerations. Nuclear power has
an important part to play in meeting the objective within the
constraint. Compared with fossil-fuelled power stations,
nuclear power stations such as our Magnox and Advanced Gas
Cooled Reactor (AGR) power stations have higher capital
costs but lower fuel and running costs.

The analysis of generating costs is complex and controver-
sial. For present purposes, it seems fair to say that on a whole-
lifetime basis our Magnox stations will generate electricity at
more or less the same cost as contemporary coal-fired power
stations. The AGR at Hinkley Point is generating the cheapest
electricity on the CEGB system'” and AGR stations as a whole
are likely to show a reasonable cost saving taking into account
the AEA’s R&D (even though the number installed is less than
might have been anticipated). It is well known that the
CEGB’s cost estimates for the Sizewell B PWR show that it is
expected to generate electricity significantly more cheaply

than a comparable AGR, and will allow older, less efficient
fossil fuelled stations to be retired. Projected lifetime averaged
generating costs are compared in Table 3. Provided nuclear
power retains its expected cost advantage over coal-fired
stations, nuclear energy is likely to provide an increasing share
of electricity generation. This is true even if there is no growth
over the next 30 years, during which time most of the existing
coal-fired power stations will be retired.

Table 1 World recoverable energy resources (10°
tonnes coal equivalent)

Uranium
Total 10 795
50% recovery 5 398
10% recovery 1 080

Coal Oil* Gas

in fast reactors 14 378 951 302
in thermal reactors 172

(Source: World Energy Conference 1981)
“includes natural gas hguids, bituminous sand and ol shale

Table 2 UK recoverable energy resources (10°
tonnes coal equivalent)

Gas

Coal Uranium Qil*

45 existing stocks 4 2
depleted U for fast
reactors 40

depleted U from

current operating and
current committed

power stations 100

Source: 'Development of the Oil and Gas Resources of the UK 1982°, and

National Coal Board)
*includes natural gas hquids, biturminous sand and oil shale

Table 3 Lifetime averaged generating costs
(p/kWh, 1982 prices)

(5% Discount rate, 2% p.a. nise in real coal prices; 3% p.a. rise in real
uranium ore prices)

Power stations commissioned 1965-1975

Magnox (25 year ifetime, Wylfa 20 vear) 2:63

Coal (40 year hifetime) 2-46

Oil (30 year lifetime) 3:07

Power stations most recently commissioned

AGR (Hinkley Pt. B, 25 year hfetime) 2-39

Drax A (40 year lifetime) 2-67

Power stations under construction

AGR (25 year lifeume): Dungeness B 4-18
Hartlepool 315
Heysham | 2-95
Heysham | 314

Coal 3-38

(40 year lifetime): Drax B

Future stations

PWR (35 year lifeume): Sizewell B

2:61
AGR (25 year lifetime) 315
Coal (40 year lifetime) 3-84

Source: CEGB Analysis of Generating Costs
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Table 4 Rate of change of world oil, coal and
uranium prices (March 1982 $ price base)
1980/ 1990/ 2000 1980/
1990 2000 2030 2030
per cent per annum

High

o] 31 37 0-5 1-7

Coal 41 2-9 2:0 26

Uranium 3-3 3-4 4-0 3-8

Medium

Ol 1-9 2:2 1-1 15

Coal 2:3 1-8 15 1-7

Uranium nil 33 3:1 25

Low

o] 1:9 nil 0-4 06

Coal nil 23 0-4 06

Uranium 1-2 3:5 2'5 2:0

ol Saudi 34 fob Gulf

Coal ARA steam coal cif

Uranium b U40,

Source: CEGB Statement of Case Sizewell Public Inquiry

Timescale

Fast reactors will not be commercially introduced in the UK
until they can generate electricity at prices roughly comparable
to those of the thermal nuclear alternatives. On current
estimates, a commercial fast reactor station would cost
significantly more to build than a thermal station. Even with
continued development, some capital cost differential is ex-
pected to persist indefinitely. Fast reactors will become
economically desirable components of the UK electricity
supply system only when the capital cost disadvantage is out-
weighed by the benefits of lower operational costs—
principally lower fuel costs. Precisely when this point will be
reached is very difficult to forecast. To some extent, it depends
on progress in reducing the likely capital cost disadvantage of
a commercial sized fast reactor station. Since the capital cost is
a high proportion of the total, compared with fuel and
operating costs, even modest progress here will have a signifi-
cant effect on when the break-even date is reached. But the
escalation of uranium price will of course be most important.

At present the world uranium market is depressed, with
over capacity on the supply side. Spot prices, which account
for only 10 per cent of the market, have been influenced by de-
stocking and have fallen to unrealistically low levels—below
the cost of extraction of uranium from many mines. Contract
prices have not been nearly as volatile and are expected by
some consumers to show a steady rise in real terms reaching
some US $60 to US $90 by the mid 1990s''. CEGB projections
in their Sizewell evidence'”, shown in Table 4 for three dif-

Generating
— CDFR % Series ordered CFR
. Coal 2/,
o t=]Coal [ Thermal Nuclear S o
- price
- - increase
‘ -
3]
2 . . : - ’
1980 1995 2000 2005 2010 2015

Fig 1 Discounted average generating costs against
date of commissioning (70 per cent load factor.) A
low rate of fuel price increases is assumed

ferent scenarios, are most optimistic in the short-term but in-
clude steady rises in the longer term post 2000. The depressed
market has discouraged exploration or mine development, has
led to mine closures and to high grading, none of which augur
well for future supplies, bearing in mind the long lead time
from discovery to exploitation of new deposits. The expecta-
tion of rising prices, even in the stable market situation, is sup-
ported by the increases of real costs for base metal mining
during the 1970s which have exceeded 2 per cent per annum
almost everywhere'". These rises are due in part to the in-
evitable progressive move to more difficult and lower tenor
deposits and partly to enhance environmental and worker
safety standards.
We have carried out calculations on various assumptions to
estimate the time when fast reactors may be economically at-
tractive. Figure | shows the discounted average generating
costs against date of commissioning for coal-fired stations,
thermal and fast reactors. The main assumptions made in
these calculations are given in Table 5. The following conclu-
sions may be drawn:
® On the basis of a 3 per cent per annum dollar price escala-
tion of U prices between now and 2030, which are close to
the CEGB central estimates, and the basic assumptions
listed in Table 5, series ordered fast reactors should
become economic, compared with the PWR in the second
decade in the next century. It could be earlier if uranium
prices rise faster than expected or if thermal reactor costs
rise more than we expect or if fast reactor capital and fuel
cycle costs can be reduced more quickly. Alternatively it
could be later if more low cost uranium is found, if fast
reactors prove more expensive to build than expected, or if
thermal reactor costs can be reduced. In practice, barring
sudden rises in uranium prices, the cross-over is likely to be
shallow with fast and thermal reactors having very similar
costs for some time, possibly decades, not least because of
the stabilising effect of fast reactors on uranium prices.

® The cost advantage relative to coal-fired power stations is
very considerable, even if coal prices increase by only 1 per
cent in real terms over this period. Even if there is no real
increase in coal prices over the next 50 years, the cost of
electricity from fast reactors is expected to be competitive
with that from coal-fired stations.

Before series ordering can begin the Generating Boards are
likely to want to be assured that they are investing in a proven
and reliable plant to provide a secure supply of electricity.

Table 5 Assumptions for Fast Reactor costs and
benefits —generation costs breakdown
(1982 money values)

Comparative reactor assumptions

PWR (2015) CDFR (1995) CFR (2015)

Output 1100 MW 1 250 MW 1250 MW
Central assumptions

on capital, including

IDC, contingency £1 235/kW £1 840/kW £1 650/kW
Economic life 35 years 25 years 35 years
Load factor 70% 70% 70%

Additional assumptions

1. 3 per cent per annum real uranium ore price increases
Costs and benefits discounted to 1982 at 5 per cent per annum

3. Fuel costs tor senes ordered fast reactors per kWh are of the same order as
the costs of ennchment, fabrication and spent fuel storage for once
through PWRs

4 Operations and maintenance costs for series ordered fast reactors and
PWRs are comparable

In comparning the estimates of capital cost of the different reactors, it should
be noted that even for the fast reactor only around 50 per cent of the capital
cost s due to the nuclear island and most non-nuclear plant is common to all
reactor types

Page 244

Atom 325 November 1983




400_
Cumulative Tonnes
Plutonium(E)
’
300 4
200
Gross Plutonium Fast Reactor
Production Plutonium
1004  FastReactor Plutonium Demand Production
il vAGR Plutonium
i e - 4Magnox Plutonium
1990 2000 2010 2020 2030 Year

Fig 2 Gross plutonium supply and demand with on-
ly Magnox and 1 805 t of AGR reprocessing, CDFR
in 1995 and series CFR ordering at 1-25 GWe per
annum from 2015

Furthermore, since the fast reactor system depends on rapid
and economic reprocessing and refabrication of plutonium
fuel, reliable and economical fuel cycle facilities will have to be
demonstrated.

The commercial introduction of the fast reactor will also
involve considerations of safety and public acceptability. The
Nuclear Installations Inspectorate will have to be convinced,
before approval is given for a commercial fast reactor station
and fuel cycle plants, that the designs are sufficiently safe, and
that the construction, operation and maintenance procedures
proposed are sufficient to keep the risk of harm, to members
of the public and to operators, to an acceptably low level.
None of this will be worthwhile if the general public, with
understandable if sometimes misplaced anxieties about fast
reactors and the use of plutonium, will not accept that the fast
reactor system is safe, reliable and economic.

So a commercial size lead station (or CDFR) will need to be
constructed well in advance of series ordering to demonstrate
the basic safety and reliability of the system, and to give the
data on which the economics of series ordered stations can be
determined with confidence. (Such a station will probably not
generate electricity at fully competitive rates when compared
with that from thermal reactor stations.) Such a lead station is
likely to be preceded by a public inquiry. The timing should be
such as to give a few years operational experience before series
ordering begins. If we assume that the first CFR might be
commissioned in 2015, then a lead reactor should come into
operation around the year 2000 to give some operational ex-
perience before the Generating Boards have to decide to order
the first CFR in 2005. A Government decision to proceed with
construction of a lead reactor would then have to be taken in
the early 1990s, preceded by a Public Inquiry. Of course, the
final decision to proceed with such a lead station would be
taken only after thorough consideration by the Government of
the day, in the light of the circumstances and updated energy
projections.

Figure 1 compares the estimated cost of electricity (on the
main assumptions listed in Table 5) from a lead station to be
constructed in the 1990s with that from alternative systems.
Generating costs for a lead reactor are likely to be lower
than, or at least comparable to those for any coal-fired station
built at that time. While the optimum timing of the introduc-
tion of commercial fast reactors must remain uncertain
because of the difficulty of assessing the future fifty years
ahead, for planning purposes it seems prudent to work
towards commercial series introduction from around 2015,
bearing in mind that it may be earlier or later by some years. It
may be that the current recession persists into the next century

and uranium proves to be more plentiful than anticipated. We
will need to review our expectations from time to time in the
light of changing circumstances.

We shall assume for discussion purposes a programme of
125 GW(e) per annum of fast reactors built from 2015 for 30
years. This is compatible with a steady state replacement rate
for the electricity base-load stations. It should also be noted
that, as shown in figure 2, such a programme is just sus-
tainable with plutonium from reprocessed magnox fuel and
that arising from the CEGB’s commitment for AGR fuel
reprocessing by BNFL by the year 2000. If all the fuel from
AGRs in operation or under construction at the present time
were reprocessed there would be more flexibility in the pro-
gramme. A reduction in cost of the series ordered CFRs com-
pared to that of the lead station (see Table 5) is to be expected
on the basis of the benefit to be gained from experience and
from repeat orders of very similar reactors.

On the basis of the assumptions in Table 5 we estimate that
on the CEGB’s central uranium price projections a pro-
gramme of 1-25 GW(e) per annum of fast reactors built for 30
years from 2015 onwards could give net benefits (relative to an
equivalent PWR programme) of some tens of billions of
pounds (1982 money values) discounted at § per cent per
annum to the start of series commissioning. Looking so far into
the future we cannot be precise; for example we have to make
assumptions about uranium prices up to nearly 100 years from
now. We cannot hope to predict the future over such a time
span. Judgements on the likelihood of events, particularly
those dependent on world politics, must vary greatly and can-
not take into account the unexpected. However, based on our
present knowledge, the probability distribution of expected
benefits from a series ordered programme of fast reactors will
have the form illustrated on figure 3, on the assumption that
the ordering programme will proceed only if the economics
look sufficiently favourable at the time.

On the basis of a surprise free future, we would expect the
most competitive alternative generating source when fast
reactors are introduced to be the PWR. The figure illustrates
the scale of benefits we could expect on the basis of the
assumptions in Table 5. If PWRs should turn out not to be an
available option in the UK, then the benefit of a fast reactor
programme would have to be assessed against the cost of the
next best alternative; on the assumption that this would be the
AGR the scale of benefits could be considerably greater.
Against a coal option if all thermal reactors had become un-
sustainable or very much more expensive, for example because
of increased uranium prices, the benefits could be more
extensive still. Major perturbations in the world’s uranium
markets or world fuel supplies could increase the benefits by
an order of magnitude or more.

Thus although on our view of the most probable future we
will derive the relatively modest benefit of tens of billions of
pounds on the timescale indicated (assuming a commissioning
programme extending from 30 to 60 years from now), the
strategic importance of fast reactor development is that it
would enable us to avoid the very extensive penalties which
could arise if our expectations are upset. The cost of fast
reactor development is therefore as much an insurance
premium against these less likely outcomes as it is the cost of
achieving the most likely benefits. The cost of the insurance
premium to the UK would be the differential cost between the
Lead Reactor and its fuel plant, and that of a conventional
PWR which it would replace, in round terms perhaps £1 000
million including future R&D costs, discounted at 5 per cent
per annum to the present time. (Note that on our central
assumptions, this premium would be more than recouped with
interest at 5 per cent per annum in real terms, by the expected
benefits relative to the PWR option, of the order of £2 000
million discounted back to 1982 from the years of commercial
operation up to the latter part of the next century).

Atom 325 November 1983

Page 245




A Probability
PWR Option
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Coal Option
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£bn(1982mv)

Fig 3 Benefit of 1:25 GW/year Fast Reactor pro-
gramme (illustrative)

It would not be prudent to base national energy policy on
the speculative hope that additional uranium resources will
materialise, or that the future world will be free from political
upset or the continuation of the pressures that have led to
rising prices in the past. The fast reactor provides a means of
reducing our dependence on external supplies and our
vulnerability to disruption. If this assurance can be gained
at reasonable cost it is well worth having. The economic
benefits of fast reactors will also extend beyond direct
generating cost effects, substantial though these should be.
The availability of fast reactors will act as a restraining
influence on other fuel costs, and in that way fast reactors
will provide a wider economic benefit.

Present UK fast reactor policy

Following its review of UK fast reactor policy last year, the
Government concluded that the series ordering phase will need
to begin in the earlier part of the next century, i.e. on a longer
timescale than previously envisaged, and that a substantial
development programme for the fast reactor based on
Dounreay should be continued and geared to this new
timescale. While the precise timing for the introduction of
commercial fast reactors must remain uncertain at present an
R&D programme planned to make series commissioning
possible from about 2015, preceded by a lead reactor con-
structed in the 1990s, should put the UK in a position to meet
the Government’s objective. The Authority’s fast reactor
development programme is therefore planned to meet these
timescales, and in particular to put the UK in the position of
ordering a lead station and associated fuel plants in the early
1990s. This will ensure that we will be ready for a public in-
quiry and to build such a plant when Government decides to
do so. The design of such a lead reactor and associated fuel
plants also provides a necessary focus for the whole pro-
gramme, ensuring that the various strands of the development
work are harmonised.

Collaboration

In its statement on fast reactor policy, the Government
stressed the importance it attached to the involvement of the
electricity boards and the nuclear industry, specifically British
Nuclear Fuels Ltd (BNFL) and the National Nuclear Corpora-
tion (NNC), in the fast reactor programme. There has, of
course, been close co-operation within the UK industry for
many years. NNC have been working for some years with the
Authority, on a CDFR design. In 1981 they produced a Design
Concept Status Report presenting a compact design, with
good prospects of a low capital cost, which is the basis for
current work. The Authority also collaborate closely with
BNFL on fuel fabrication through a joint development pro-
gramme for standard and experimental sub-assemblies for

PFR. For reprocessing, the Authority’s approach is to involve
BNFL as the development programme progresses from pro-
totype scale towards commercial facilities.

During the last few months, and arising from the Govern-
ment’s statement on fast reactor policy, this co-operation
within the UK industry has been extended and formalised. As
aresult of initiatives made by Sir John Hill when Chairman of
the UKAEA we have a senior co-ordinating committee of the
Chairmen of all the organisations involved. This has enabled
us to give the Government co-ordinated and unanimous advice
on the direction of the future programme. We have now also
formed a series of joint committees to oversee the content and
structure and progress of the future programme in a co-
ordinated way by the industry as a whole. These arrangements
demonstrate a new unity of purpose within the UK industry,
and represent a significant advance.

The development of the fast reactor to the commercial stage
will necessarily take a number of years and require a con-
siderable investment of money and skilled manpower. There is
therefore a great incentive to establish close collaboration with
an overseas partner or partners whose objectives are similar or
compatible with our own; table 6 lists fast reactor expenditure
and some details about test or demonstration reactors in other
countries. One obvious motivation for such collaboration is
the possibility of reducing R&D costs; by eliminating duplica-
tion and sharing results, we should get better value for money.
Another important advantage is that we should meet the re-
quired timescale for commercial introduction with much
greater confidence in the technology and much reduced risk;
each partner will in effect have the experience of having taken
part in building two or more lead stations (one in each major
partner country) before the commercial ordering phase begins.
We should also be able to go further in reducing capital costs,
bringing the date for commercial introduction nearer.

When the Government made its announcement regarding
future UK fast reactor policy in November 1982, the then
Secretary of State for Energy asked me to draw up, in consulta-
tion with the nuclear industry, a future programme for fast
reactor development which would make the best use of the
nation’s resources. On the basis of that advice and encouraging
preliminary discussions with relevant overseas bodies, the
Government have agreed that pooling our efforts with our
European neighbours will maximise the benefits from our own
programme. On 5 September, the Secretary of State for Energy
announced that the Government had decided to open formal
negotiations to seek a collaborative agreement on fast reactors

Table 6 Fast Reactor expenditure and large test
prototype and demonstration fast reac-

tors outside the UK

Date to
operation or
estimated 1981
date to expenditure
Country Station Capacity operation  (Em)
France Phénix 250 MW(e) late 1973 166*°*
1200 MWI(e) 1984
FR Germany SNR 300 300 MWI(e) end 1985 80"
USA *Fast Flux 400 MW(e) 1980
Test
Facility 300
Clinch 350 MWie) Not fully
River approved
(1990
earliest)
Japan Joyo 100 MWie) 1978 105

Monju 300 MWie) earliest 1990

* Non-electricity producing
**Includes some contrnibution to Nersa for Superphénix
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with France, West Germany, Italy, Belgium, and the
Netherlands. Our choice of partners reflects a similarity of
purpose and equivalent level of expertise within Europe. We
are, of course, aware of developments elsewhere, particularly
in the US and Japan, and are therefore maintaining the
possibility of extending the collaborative venture outside
Europe when the time is right.

We expect the collaborative agreements will favour and en-
courage links between manufacturers. It is hoped these links,
in conjunction with agreements between utilities, design com-
panies and development organisations, will assist the process
of evolving the most economical designs of fast reactor.
They will also help sustain collaboration into the commercial
phase. Generally collaboration should give British firms
earlier opportunities to get fast reactor business—albeit in a
limited and competitive field—than if the UK goes ahead on
its own. It may be noted that the UK line of development—
pool type, sodium cooled reactors—is likely to be the
‘orthodox’ type. The UK will not be technically isolated as
many have argued is the case with gas-cooled thermal reactors.

If such collaboration can be fully and successfully estab-
lished, the UK will benefit from additional R&D work of some
£200 million per annum and additional benefits from the
overseas construction and operating experience to which we
should also gain access. Collaboration should lead to lower
capital costs for the UK lead station, reduce operating prob-
lems and allow harmonisation of investment with our
partners in fuel plants. Having a commercially viable system
available earlier rather than later could lead to great benefits
to the UK economy if there should be a world fuel shortage
which would otherwise inhibit UK economic growth.

The Authority’s programme ;

The Authority’s programme has been under way, supported
by successive Governments since the early 1950s. Technically
it is focused on the development of the full reactor and fuel
cycle system with a view to ensuring safety and reliability and
to optimising the economics to the point where it could be
commercially introduced as a proven, safe and economic com-
ponent of the UK’s electricity generating capacity.

We have already recorded a number of important achieve-
ments on the way towards achieving that objective. The con-
struction and successful operation of the Dounreay Fast
Reactor (DFR), which owed so much to the early leadership of
Sir Christopher (later Lord) Hinton, demonstrated the
feasibility of the fast reactor concept on a ¢mall scale with a
very conservative design. This 60 MWth reactor, having
operated successfully as an electricity generating station for
nearly 20 years, is now being decommissioned and thereby
providing further valuable experience.

DFR and the associated research programme led to the con-
struction of the 250 MWe Prototype Fast Reactor (PFR)
which started operation in 1974. The design of PFR was based
on a conceptual design of a 1000 MWe reactor so that the com-
ponents and systems in PFR would extrapolate readily to full
commercial scale. For example, PFR fuel sub-assemblies are
of a size appropriate to those in a commercial scale reactor. In
addition it is well provided with equipment and instrumenta-
tion to make it a good test facility, particularly for the
irradiation of fuel and materials under relevant conditions.

The operation of PFR is of great importance to the pro-
gramme. With the exception of the evaporator units, the plant
has operated with high reliability. Its continued operation will

Fig 4 A PFR evaporator unit
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