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12th Annual Report and
Press Conference

Sir William Penney, K.B.E., F.R.5.,Chair-
man of the Atomic Energy Authority, made
the following introductory statement at the
Press Conference on the Authorit v's Twelfth
Annual Report, held on Sth October, 1966.

You have been given the Twelfth Annual
Report of the Atomic Energy Authority
covering the financial year 1965/66. You
will later have the opportunity of asking
questions, but first I would like to bring
yYou up to date on the progress on a few
major items and then make some general
comments.

In April, following the Government
announcement two months earlier, work
started on the site of the Prototype Fast
Reactor at Dounreay.

Since December 1965, when the Minister
of Technology announced the Government
decision that the Authority  would
modernise and re-activate the Capenhurst
diffusion plant, progress has been steady
and is on programme.

An event of considerable interest to all
members of the European Nuclear Energy
Agency is that the DRAGON reactor started
its first full power run on 24th April and
completed it successfully on 31st August.

The S.G.H.W. station at Winfrith is on
time and will be completed next year.

The special purpose cyclotron at
Amersham has been operating since May
adding new isotopes to the wide range of
products sold by Amersham. Steady growth
in isotopes sales at home and abroad
continues.

I turn now to other matters.

Future of the Authority

Ladies and gentlemen, I think you will
perceive from the present report, especially
Chapter V, the Reactor Development
Programme, that we in the Authority are
giving very serious thought to the future of
the Authority. We have set down the
reactor systems on which we intend to
work. There is still a lot to be done in
moving on the A.G.R., in completing and
exploiting the S.G.H.W. and in the
particularly important duty of developing
and launching the fast reactors. The H.T.R.
system still needs considerable develop-
ment, and we have to decide whether the
undoubted attraction of the system is



Sir William Penney answers a question at the Annual Press Conference

enough to justify the considerable costs
of bringing it to the stage of commercial
exploitation. Possibilities of civil work on
other systems are small reactors, specially
for marine propulsion, if we can find
attractive economic prospects, which is
not the case at present, and in the more
distant future, on variations in fast reactors.
It seems quite clear that the scale of research
and development effort on atomic energy
deployed by the Authority must reduce
over the next few years. On the plant side,
we have made steady improvements in
efficiency and we shall continue to make
them. We have of course been aware of the
situation for the last few years and we have
been steadily reducing our total numbers,
almost entirely by means of wastage. Thus
our total numbers in March, 1962 were
40,560, while four years later in March
1966, our total numbers were 33,552; the
reduction over this period was 7,008,

An important policy question for the
Government and the Authority to decide is
whether the reduction should be continued

or whether the fine resources and facilities
which will gradually become available from
the present atomic effort should be used
for non-atomic work or work connected
with or stemming from atomic energy. The
Authority already has a small amount of
non-atomic work under directives from the
Minister of Technology, as described in
Chapter X, but the Authority would be able
to undertake more.

Questions of the same kind are arising
elsewhere in the country and a national
debate is proceeding and will continue for
some time because some profound
questions of national technological policy
are involved. The major answers affecting
the Authority have not yet emerged and
therefore the scale of the Authority’s
programme by about 1970 onwards is not
yet known.

Now a few words about the Trading
Fund in its first year of operation. The total
value of sales was £33:6 million of which
£3-1 million was exports, and £6-6 million
was supply at cost by the Trading Fund
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to various Authority sites. The surplus
after paying all costs, including interest and
depreciation was £2-1 million.

On the overseas front, the last vear has
witnessed a dramatic rise in the rate of
ordering of nuclear power stations in the
United States. It will be several years before
any country, including the U.S., matches
the power reactor operating experience
already accumulated in the United King-
dom; but there is now no doubt that inter-
national competition will be severe in the
days ahead.

Collaboration between British industry
and the Authority has stepped up the
effort to promote the sale of British
reactors overseas. In order to sharpen the
impact of British technology in this field,
we have formed a new organisation, the
British Nuclear Export Executive. Separ-
ately, the Authority and the three consortia
cannot compete in size and resources with
the American giants who are their main
competitors. Working together and decid-
ing together where our efforts can best be
directed with a good chance of success I
think that we can gain the share of the
export market which the quality of our

products justifies. There are no sales
successes to announce today, partly because
several countries who will be placing orders
within the next two or three years are
taking longer than expected to evaluate
the various types which are now on offer.
However, vigorous British campaigns are
in progress. Some of you may have
attended the Nuclex 1966 conference and
exhibition held last month in Switzerland,
and I hope you will agree that the con-
tributions made there by the Authority and
British industry were extremely effective.
In short, I remain confident about the
overseas prospects. Before inviting your
questions I would however like to remind
you that the primary purpose of the
Authority on the civil side has been the
development of means of generating
nuclear power economically in this country.
There is no doubt whatever that the
Authority expenditures have been fully
Justified on this ground alone. Any benefit
that can be obtained from overseas sales is
a welcome addition which we must try to
achieve; but our first concern must be with
the enormous and increasing electricity
requirements of the United Kingdom.

Review of the year: 1. 4pril, 1965, 10 315t March. 1966

OnN 25th May, 1965, the Minister of Power
announced in the House of Commons that
he had accepted a recommendation from
the Central Electricity Generating Board
(C.E.G.B.) that an Advanced Gas-Cooled
Reactor system should be adopted at
Dungeness “B”, this reactor having shown
clear economic and technical advantages
over the alternative systems and having a
good potential for further development.
This statement was amplified at the end of
July, 1965, by the issue by C.E.G.B. of a
detailed appraisal of the technical and
economic aspects of Dungeness “B". This
showed that the generating cost per unit
sent out from Dungeness ““B’ at 75 per cent.
load factor and 20-year life, would com-
pare favourably with generating costs
from the best boiling water reactor
(B.W.R.) bid and from comparable stations
burning coal or oil at British market
prices. It also forecast that over a five-year
period (the longest period for which
C.E.G.B. were prepared to forecast) the
cost advantage of the A.G.R. was likely to

increase rather than diminish. The reduc-
tion in total generating cost which might be
achieved within this period was estimated
to be about 20 per cent.

The White Paper on Fuel Policy pre-
sented to Parliament in October, 1965,
announced the decision of Her Majesty’s
Government that for planning purposes it
should be assumed that on average over the
six years 1970-75 about one nuclear power
station a year would be commissioned,
starting in 1970 with Dungeness “B”
and possibly including a second Scottish
station. The programme would be based
on the A.G.R., but the government did
not exclude the possibility of another
nuclear reactor type making a contri-
bution. It was estimated that on these
assumptions, and with further develop-
ments in nuclear technology and expected
increases in the size of stations, a total of
8,000 Megawatts (electrical) might be in
commission under the second nuclear
power programme by 1975.

On 9th December, 1965, the Minister
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of Technology announced in the House of
Commons the government’s decision that
the Authority’s Capenhurst plant should be
modernised and reactivated to supply
enriched uranium for the manufacture
of fuel for the second nuclear power pro-
gramme. The Minister explained that
although the Capenhurst product would
initially be more expensive than enriched
uranium from the United States, the
Authority had designed modifications to
the Capenhurst plant that would greatly
improve efficiency of production and had
forecast that the gap between U.S. and
Capenhurst prices should narrow pro-
gressively during the 1970s.

Prototype Fast Reactor

On 9th February, 1966, the Minister of
Technology announced a major decision
in the progress towards commercial fast
reactors. He told the House of Commons
that the government had approved the
construction of a 250 Megawatts (electrical)
Prototype Fast Reactor and had decided
that it should be built at Dounreay. The
fuel production plant would be at
Windscale.

On the marine side, the President of the
Board of Trade stated on 29th July, 1965,
that the government had decided that the
prospects of building a nuclear ship that
would be economic to operate were as yet
too remote to justify the large government
expenditure necessary to build a prototype.

to explore methods of improving the
economics of the present types of small
reactors and to examine new ways of
bringing an economic nuclear merchant
ship nearer.

These decisions mark out the main
components of the Authority’s programme
for several years to come; in addition
they make it necessary for the Authority
to attempt to forecast what should be the
shape and size of their resources thereafter.
The principal target of the Authority’s
research and development effort has been
economically competitive nuclear power.
Now that this is within the foresecable
distance of being achieved, it is natural
that the research and development effort
should be reduced. Major reviews have
been carried out within the Authority of
both the research and the reactor develop-
ment programmes in order to determine
what resources will be necessary in from
five to 10 years' time. At the end of the
vear 1965/66 these reviews were under
consideration by Members.

The Authority’s programme of research
and development of nuclear warheads for
the services continued as authorised by the
government. Collaboration with the U.S.
was actively maintained and on 10th
September, 1965, an underground test of
a British nuclear device was successfully
carried out by a joint U.S.,/U.K. team at
the Atomic Energy Commission’s Nevada
test site.

The Authority would, however, continue In December, 1965, the Authority
DEPLOYMENT OF RESOURCES:
NUCLEAR CIVIL RESEARCH AND DEVELOPMENT
' |
| Expenditure: £ million | Qualified
(approximate) ] Scientists and
l | Engineers
196865 | 196566 | 31.3.65 | 31.3.66
;arfent Capital |Currenl Capital | |
1 Reactor Research and Development | | | | ‘
Programme ! | [
Gas-Cooled Systems ‘ 9 | 8 -5 500 425
Water-Moderated Systems 55 4 | 65 5 480 410
Fast Systems | 9 -5 | 10 | 1 | 575 670
General Reactor Technology | 4 -5 ; 45 — | 365 | 375
2 Other Research l !
Basic Research 5 15 | 6 ‘ 1 360 420
Health and Safety Research 1 — 1 — | 120 95
Isotope Research | 55 —- -5 — 80 60
Plasma Physics and Fusion | | |
Research | 35 1-5 3 | 1 200 190
37-5 10 39:5 85 | 2,680 | 2645
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published a report on “The Detection and
Recognition of Underground Explosions™,
which reviewed work carried out by the
Weapons Group since 1958.

Nuclear power stations in the United
Kingdom, including Calder Hall and
Chapelcross, continued to perform satis-
factorily and by the end of the year had
supplied a total of more than 50,000
million units of electricity to the grid.
Of the stations in the first C.E.G.B. pro-
gramme, the second reactor at Hinkley
Point, the two reactors at Dungeness “A",
and the two reactors at Sizewell were
commissioned during the year.

The average full power output for the
year from the Windscale A.G.R. was 105
MW(heat), giving an electrical output of
35 MMWd(electrical) gross. Excluding re-
ductions in power for experimental pur-
poses, a planned availability of 84 per cent.
has been maintained since the reactor went
on power over three years ago. In the
Dounreay Fast Reactor two long irradi-
ation programmes were completed, during
the second of which a new high output
figure of 64 MWi(heat) was achieved.
Construction of the Steam Generating
Heavy Water Reactor at Winfrith con-
tinued to keep to schedule.

The Authority’s sales during the vear
totalled £35-7 million, showing a trading
surplus of £2-1 million.

In 1965/66, expenditure from Parlia-
mentary Grants on the Authority’s pro-
gramme of nuclear civil research and
development was £48 million of which
£39-5 million was current expenditure and
£8-5 million was on capital facilities. The
number of graduate and professional
engineers and scientists employed on the
programme in 1966 was 2,725 of whom 80
were doing work on repayment for other
organisations.

On 13th May, 1965, the Radiochemical
Centre, Amersham, celebrated its 25th
anniversary with an Open Day, at which
the principal guest was Sir John Cockcroft.

The diversification programme made
possible by Section 4 of the Science and
Technology Act, 1965, got under way
during the year, with the issue by the
Minister of Technology of a number of
directions to the Authority. So far, just
over £1 million has been budgeted for
1966/67.

The principal overseas projection of the
Authority’s activities during the year was

the nuclear energy stand at the British
Trade Fair in Tokyo in September, 1965,
This coincided with the 9th General
Conference of the International Atomic
Energy Agency which was held in Tokyo,
being the first General Conference of the
Agency to be held outside Vienna. Sir
William Penney gave a review of nuclear
power development in the U.K. at a
special meeting arranged by the Japanese
Atomic Industrial Forum.

Among the many overseas visitors during
the year were Professor A. M. Petrosyants,
Chairman of the Union of Soviet Socialist
Republics’ State Committee for the Utilisa-
tion of Atomic Energy, who with four of
his colleagues spent two weeks in July and
August visiting Authority establishments
and nuclear power stations.

One of the principal overseas orders
secured by the Authority during the year
was a contract for the supply of over
7,000 fuel elements for the 200 MW
(electrical) Latina nuclear power station
in Italy. This batch of fuel will consist of
80 tons of natural uranium and will
yield an output of approximately 2,000
million kilowatt-hours.

Two Finnish utilities, Imatra and Ekona,
invited bids for nuclear power stations in
the 300/350 MWo(electrical) region. The
three U.K. consortia decided not to submit
bids. The Authority considered that the
Steam Generating Heavy Water Reactor
(S.G.H.W.R.) was an appropriate system to
offer for the conditions applicable in
Finland and accordingly submitted bids to
both utilities. At the year’s end the utilities
were in process of deciding on their
short lists.*

During the year the Authority and the
three Consortia held a number of top
level discussions concerning power reactor
export promotion, with the general objec-
tive of sharpening the impact abroad of
British reactor systems and avoiding
unnecessary competition overseas between
the Consortia. At the year’s end these
discussions were still continuing.

*Imatra announced their short list in May,
1966; the Authority were not included.

+The formation of the British Nuclear Eaport
Executive was announced on 10th June, 1966.
The members are the Authority; Atomic
Power Constructions Ltd.; Nuclear Design
and Construction Ltd.; and The WNuclear
Power Group Ltd. The offices of the Executive
(*B.N.X."") are at Dorland House, 14/16
Regent Street, London, S.W.1.
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U.K.A.E.A. PRESS RELEASES

100 ‘‘reactor-years”

BriTaiN has accumulated 100 “‘Reactor-
years” of operating experience in the
generation of electricity from nuclear power.

This fact was emphasised by Mr. J. C. C.
Stewart, Member for Reactors, United
Kingdom Atomic Energy Authority, when
he addressed an audience of nuclear
experts from all over the world at the
opening of a nuclear exhibition and con-
ference (“Nuclex '66) in Basle, Switzer-
land.

“Our experience with gas-cooled
graphite-moderated reactors has proved
them reliable and safe,”” Mr. Stewart said.
“The lessons learnt in commissioning and
operating nuclear power stations through
their early years is proving invaluable as
new stations are integrated into our
national electricity network.

**A young generation of nuclear engineers
has matured with the nuclear stations
which—to them—are quite ‘conventional’
in operation.

“We, in the U.K., have placed great
emphasis on the development of safe
reactors. An independent team of safety
experts has devoted some 500 man-years
of specialist effort to this work and in my
opinion the Advanced Gas-cooled Reactor
is the safest power reactor commercially
available in the world today.

“The Authority consider that power
stations using the A.G.R. could be built
close to towns and cities at no greater risk
to the inhabitants than there would be
from any other industrial project of a
similar size and cost.

“At once, a threat to the beauty of
remote areas would be removed and atmos-
pheric pollution in our industrial cities
would be considerably reduced.

“The first A.G.R. power station is now
under construction at Dungeness, and the
second will be built at Hinkley Point. Both
will be on sites adjacent to existing nuclear
power stations, but for the future we
consider that there are outstanding technical
reasons for greater freedom in siting the
AG.R.”

Mr. Stewart also pointed out that com-
mercial nuclear power stations already in
operation had been designed to last 30
years.

He continued: “But there is confidence

in them exceeding this figure. If this
happens some U.K. nuclear power will—
by the year 2,000—be producing electricity
at an extremely low price based purely on
running costs, because at present the
capital cost of a nuclear power station in
the U.K. is amortised over 20 years™.

8th September, 1966

Isotopic power generators

(A similar release is being made by the
European Nuclear Energy Agency in Paris.)

DR. R. SPENCE, F.R.S., Director of the
Atomic Energy Rescarch Establishment,
Harwell, today opened an international
symposium on industrial applications for
isotopic power generators, jointly organised
at Harwell by the U.K. Atomic Energy
Authority and the European Nuclear
Energy Agency.

More than 200 participants from 17
countries are taking part in a three-day
symposium which will survey applications
of isotopic power generators for telecom-
munications, meteorology, oceanography,
marine systems, medicine and other fields,
and will review the various types of
generator now under development in
Europe. The main objective of the meeting
will be to bring together a wide and varied
range of potential users of isotopic power
systems so that organisations concerned
with the development of such systems can
direct future work to the best advantage.
Special attention will therefore be given
to questions of demand and availability,
economics and safety.

The present generation of isotopic
thermoelectric power generators use radio-
isotopes as heat sources and thermo-
couples to convert heat to electricity. They
may be used in a variety of applications
where the characteristics of long life,
unattended operation and minimum main-
tenance are important. The first industrial
application in Europe is expected to be
power sources for navigational beacons,
and generators of British design are
shortly to be tested under operational
conditions by the lighthouse authorities
of the U.K. and other countries. The
commercial development of other uses of
isotopic power generators is expected
to follow.

At the end of Dr. Spence’s opening
address, delegates were invited to an
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exhibition of isotopic generators and
associated equipment by a message, sent
from another building, by a radio trans-
mitter powered by an isotopic generator
developed at A.E.R.E. The message also
announced that isotopic power was now
available in the U.K. and that the
U.K.A.E.A. could accept orders for the
manufacture of isotopic power generators.

Operating isotopic power generators
and static exhibits associated with sym-
posium papers are on display. These
include six generators made at Harwell,
of which three are for operational evalua-
tion by marine navigation authorities in
the U.K., Sweden and Denmark. Another
important exhibit is an engine developed
in Europe which can operate on a variety
of fossil fuels and could be considered for
use with an isotopic power source.

ENEA Newsletter

The opening of the symposium was also
marked by the publication, and distribution
to all participants, of the first issue of a
specialised Newsletter prepared by the
recently created Isotopic Generator In-
formation Centre at Saclay, France. This
Centre is jointly sponsored by ENEA
and the French Commissariat a I'Energie
Atomique, and has been set up in con-
nection with the ENEA study programme
on the production of energy from radio-
isotopes. The aim of the Centre is to
centralise all information at present dis-
persed throughout the many countries and
to facilitate the exchange of such
information.

The first issue of the Newsletter contains
a short statement on its aims and methods,
an article on the ENEA study programme
and the part the Information Centre is
expected to play, an article analysing the
development prospects of radioisotope
systems for use in space, and a news
section collecting together recently realised
items concerning isotopic generators. There
is also a list of bibliographical references
and a table of radioisotopic generators
listed according to the isotope used.

Copies of the first issue of the Newsletter
are available from the European Nuclear
Energy Agency, 38 Boulevard Suchet,
Paris 16, France, or directly from the
CEA-ENEA Isotopic Generator Informa-
tion Centre, B.P. No. 2, 91 Gif-sur-Yvette,
France.

28th September, 1966

X-rays are safe

THE third and final report of the Committee
on Radiological Hazards to Patients has
been published.

The Committee was set up in 1956 by the
Minister of Health and the Secretary of
State for Scotland under the chairmanship
of Lord Adrian, O.M., F.R.C.P., F.R.S.
Its terms of reference were “‘to review the
present practice in diagnostic radiology and
the use of radiotherapy in non-malignant
conditions, having regard to the Report of
the Committee on the Hazards to Man of
Nuclear and Allied Radiations, and to
make recommendations”.

In May, 1959, the Interim Report was
published, dealing mainly with mass minia-
ture radiography of the chest. A Second
Report followed in December, 1960, which
analysed the genetic hazard arising from
the use of medical radiology.

In its Final Report the Committee deals
with the problem of estimating the dose
relevant to any possible somatic hazards
arising from the medical uses of ionising
radiation.

The Committee report that their findings
on the levels of dose relating to somatic
effects support the conclusions and recom-
mendations given in their Second Report.
The mean annual dose per person from
diagnostic radiology is not such that there
is any necessity for major restrictions in
radiological practice or that the number
and type of examinations should be
dictated by other than the clinical needs of
the patient.

The Final Report of the Committee on
Radiological Hazards to Patients is avail-
able from H.M.S.0., price 3s. 6d. net.

Atoms at the Abbey

Tue U.K. Atomic Energy Authority took
part in the Science Exhibition from Ist
August to 10th September in the Great Hall
of Westminster School as part of the 900th
Anniversary Year celebrations for West-
minster Abbey.

The exhibition, arranged in collaboration
with the Royal Society, showed modern
scientific and technological developments in
relation to the work of the scientists buried
in the Abbey.

Rutherford was commemorated by an
account of his life and work, and a display
by the Rutherford Laboratory.
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The impact of atomic energy on society

The following paper was presented by Sir
John Cockeroft, O.M., F.R.S., at the Tenth
Annual General Conference of the Inter-
national Atomic Energy Agency in Vienna
on 23rd September, 1966.

I am honoured and delighted to take part
in this celebration of the Tenth General
Conference of the Agency. During the
course of my evening address to the 1955
Geneva Conference on the Peaceful Uses
of Atomic Energy I noted that the United
Nations Organisation was in process of
giving birth to an offspring—the [LA.E.A.
and hoped that its birth would not be too
long delayed. This hope was indeed ful-
filled in the following year and I became a
member of the Agency’s Scientific Advisory
Committee during its early years.

During the course of my Geneva lecture
I predicted that the speed of development
of nuclear energy would be rapid and that
the nuclear power stations of 1970 would
look as different from those of 1957 as the
modern motor car differs from a Model T
Ford. I said that there was good reason to
believe that in the second decade (1965-
1975) the cost of nuclear power would fall
below that of power from coal and oil.

We are now seeing the realisation of
these prophecies. The nuclear power
stations of the 1970s will have outputs of
1,000-2,400 MW in advanced industrial
countries and power stations now under
construction in the U.K. and U.S. will
generate electricity at about 10 per cent.
lower costs than those from the most
modern coal or oil fired station of similar
output which could be built on the same
site. The prospects for still further develop-
ment are extremely good and generating
costs will certainly drop to below 0.33d.
(4 mills) per kilowatt-hour even with con-
servative accounting assumptions. The
Tennessee Valley Authority in the U.S.
have very recently announced that they are
to build a 2,200 MW B.W.R. power station
using two reactors. The total cost of the
projects has been given by the T.V.A. as
§116/kW. This reflects the expected econo-
mics of scale for larger reactor units and
follows the trend of other contracts. The
T.V.A. use rather favourable accounting

Sir John Cockeroft, O.M., F.R.S.

assumptions, no doubt corresponding to
their usual practice, of 4} per cent. interest
rates, a 35-year life and an 85 per cent. load
factor. On this basis they estimate the
generating costs as 2.37 mills/kWh. This
confirms the advantages predicted of going
to still larger scale nuclear power units. It
is not surprising therefore that Britain is
planning to install 13,000 MW of nuclear
power stations by 1975 and that the
Euratom countries will have a similar
installed capacity by the mid-1970s and the
U.S. three or four times as much. India,
Japan and Pakistan are building nuclear
power stations of 200-400 MW output and
with the short doubling time of electrical
load in these countries will no doubt in
future build nuclear power stations of
greater output bringing greater economic
advantages. Nuclear power will not in my
opinion be economically worth while for
countries who do not have large concen-
trated loads.

The development of fast breeder reactor
power stations already foreshadowed in
1955 through the performance of the U.S.
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EBR]1 reactor and the U.K. plutonium
fuelled zero energy reactor zepuyr (which
had a breeding radio of two) have been
followed by higher powered experimental
breeder reactors in the U.K., U.S. and
U.S.5.R. and are now leading inevitably to
the next stage of constructing 250 and
150 MW(e) prototypes leading in turn, we
believe, to 1,000 MW full scale stations in
the late 1970s. These are predicted to
produce electricity at 0.3d. (3-5 mills) a
unit even with conservative accounting
assumptions. I must not however trespass
any more on the topics on which Dr.
Leipunski and Mr. Webster are to speak.

The prospect of obtaining power by the
fusion of the hydrogen isotopes seems still,
as it was in 1955, at least 20 years away.
The long term potential advantages of the
project combined with the scientific chal-
lenge are however leading to great progress
in understanding the behaviour of very hot,
dense plasmas. Temperatures of the order
of 10 million degrees have been reached and
the fusion reaction in deuterium corres-
ponding to these temperatures produces a
large number of neutrons which are used
for diagnosis of temperature and perfor-
mance. The task of the experimenter seek-
ing the route to a true fusion reaction is
however bedevilled by successive kinds of
plasma instabilities. As the experimenter
finds a means of overcoming the latest
form of instability a further one appears
which in turn has to be suppressed. So they
have not been able to achieve simul-
taneously the high temperature, the plasma
density and the plasma containment time
which are necessary for a fusion reactor to
be engineered. So Academician Artsi-
movich’s remarks to the Salzburg Plasma
Physics Conference in 1961 still hold: *It is
now clear to all that our original belief that
the doors into the desired region of ultra
high temperatures would open smoothly
at the first powerful pressure exerted by the
creative energy of physicists have proved
as unfounded as the sinners hope of
entering Paradise without passing through
Purgatory. And yet there can scarcely be
any doubt that the production of controlled
fusion will eventually be solved. Only we
do not know how long we will have to
remain in Purgatory”.

The impact of nuclear energy on indus-
trial practice has been considerable. The
very high standards of reliability and safety
required in the operation of nuclear power

plants has called for more stringent
standards in material specification, in
welding techniques, in pressure vessel
construction and in fuel element fabrica-
tion to obtain the 99-9 per cent. degree of
reliability and high burnup which is now
required. The new techniques such as
vacuum melting and controlled atmosphere
sintering developed for fuel preparation
and fabrication are also applicable in the
non-nuclear field. The good corrosion
resistance required of structural materials,
fuel element cladding and of the graphite
moderator has led to a greater understand-
ing of corrosion processes and to the
development of new and improved graph-
ites, stainless and ferritic steel and zir-
conium alloys. Ceramic materials of high
strength and density can now be produced
for which there is a growing interest in
engineering, electronics and metallurgical
industries.

The safety standards of reactors have
been enormously increased by the adoption
of prestressed concrete pressure vessels:
by the integral designs in which the steam
generators are contained within the pressure
vessel; by fission product absorption
systems and by improvement of control
systems. Through such developments it
should become possible to relax in some
degree the rather stringent siting rules
which have been justifiably imposed during
the early days of nuclear power.

Desalination

One of the by-products of nuclear power
stations in the future is likely to be the use
of their waste heat for desalination of sea
water. Many arid areas of the world are
extremely short of water for drinking and
industrial uses and already desalination
plants using the flash distillation process
using fossil fuels to heat the sea water are
in operation. During the last decade a great
number of desalination plants have been
built in such areas with a total installed
capacity of about 50 million gallons per
day, the largest plant units being about
1-1} million gallons per day capacity. The
cost of desalinated water from plants
producing about one million gallons per
day at places such as Kuwait with capital
charges of 10 per cent. per annum range
between 46d. and 67d. per 1,000 Imperial
gallons (R. S. Silver, .LA.E.A. Technical
Report No. 51). From design studies in the
U.K. it appears that with annual capital
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charges of 8:9 per cent. a 400 MW(e) dual
purpose power station could produce about
60 million Imperial gallons per day at a
cost of between 44d. and 52d. per 1,000
Imperial gallons with electricity charged
at 0-43d./kWh.

Several dual-purpose stations (in Greece,
Israel, Mexico, Tunisia, U.A.R. and the
U.S.A.) are at present under study. Their
combined capacity would be about 550
million gallons per day. The U.S.S.R. are
now building a fast reactor dual-purpose
power station at Shevchenko to produce
150 MW of electricity and about 30 million
gallons per day of water. This is expected
to be complete in 1968/69.

Desalinated water may also come into
use in some areas in temperate zones by
the 1980s. A recent report on water sup-
plies in S.E. England estimated that in 10
years water requirements will be doubled—
an increase of 1,100 million gallons a day.

There seems to be little likelihood that
desalinated water can be produced at low
enough costs for agricultural use. Indeed
F.A.O. have said that only when the cost is
of the order of 3d. per 1,000 Imperial
gallons will the use of desalinated water for
agriculture develop on a large scale though
for specific purposes 10d. might be paid.
Predicted costs will have to be reduced by
a factor of 5-10 before agricultural appli-
cations are likely.

Radiation for industry

The production of high intensity sources
of radiocobalt for industrial applications
of radiation is an already established by-
product of nuclear power stations. The
most important use of radiation for in-
dustrial purposes at the moment is for the
sterilisation of hospital supplies such as
disposable syringes, surgical sutures, surgi-
cal scalpels. For this purpose five plants
have been built in the U.K., two in the
U.S., one in Australia, two in West Ger-
many, one in Canada and more are under
construction. All are designed to use
cobalt-60 sources ranging from 64,000-
2 million curies—giving doses of the order
of 2 megarads.

The application to the preservation of
foodstuffs is developing In Canada pota-
toes are given irradiation treatment on a
large scale to inhibit sprouting; the U.S.
Army issues irradiated canned bacon as a
standard ration. Radiation disinfestation
of grain can be used in countries where it

is handled and stored in large bulks and
pilot plant studies are being carried out in
the U.S. and Turkey.

There is a potential application in Britain
to the elimination of Salmonella from
horse meat which is imported at the rate
of about 12,000 tons per annum. Doses of
the order of 650 kilorads would reduce
contamination by a factor of 100,000 at a
cost of about 0-4d. per pound (excluding
the cost of cold storage). Feeding tests with
animals on irradiated horse meat are now
being carried out.

Atomic energy has provided important
new tools for the physical sciences par-
ticularly for structural crystallography and
solid state physics. Powerful neutron beams
from research reactors are an important
complementary tool to X-rays in determin-
ing the structure of magnetic materials,
chemical compounds and biological mole-
cules since neutrons are especially effective
in determining the position of hydrogen
atoms and magnetic atoms in crystals. They
are also very useful in studying the static
imperfections of solids which are of con-
siderable importance in determining their
behaviour. They have also been important
in the study of the vibrations of crystals
since by measuring the change of energy and
momentum of the neutrons impinging on
the solid, important information about their
vibrational states can be obtained. They are
also an important tool in the study of
liquids. The technological need to study
radiation damage processes in reactor
components has stimulated the study of all
types of imperfections in crystals and
created a new branch of solid state physics
and of metallurgy. For these reasons there
is a need for research reactors producing
neutron beams of one or two orders of
magnitude higher intensity than those
which have been available in the past.
Reactors of this kind are coming into
commission in the U.S. and the U.S.S.R.
There is a Franco-German joint project to
build such a reactor and Britain is consider-
ing the construction of a High Flux Beam
Reactor to be used in collaboration with
other European countries.

Radioisotopes such as cobalt-57, tin-119
and tellurium-127 are now being used to
apply the so-called **Mdssbauer effect™ to
solid state problems. This is possible
because the gamma rays emitted from such
sources can have an extremely sharply
defined frequency—defined to one part in
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about 102 of the gamma ray energy. So
very minute changes of the frequency
produced by oscillating the radioactive
source can be detected through the
Doppler effect. This can be applied to study
a considerable number of physical problems
including the study of the electric and
magnetic fields near atomic nuclei in solids.
The widest application of radioisotopes in
solid state physics has been to advance the
knowledge of atomic transport in solids by
studying diffusion processes.

The availability of helium-3 in large
quantities from the irradiation of lithium
in reactors has provided a new tool for low
temperature physics. Cooling cycles using
helium-3 and helium-4 in combination
make it possible to reach steady tempera-
tures of ‘01 degrees from absolute zero
without the use of the elaborate techniques
of a decade or so ago. These ultra low
temperatures are important in the study of
matter in the highly ordered state which
occurs at such low temperatures. Helium-3
is also of considerable value as a nuclear
projectile in studies of nuclear structure.

Radioisotopes

The impact of atomic energy on chemical
science and technology has been con-
siderable. Radiochemistry developed ex-
tremely rapidly after the discovery of nuc-
lear fission. Quite apart from the stimulus
due to the technical demands of atomic
energy projects, radioisotopes became
available in greatly increased quantities
and new ones were discovered. A new and
rapidly growing industry became estab-
lished for the production of radioisotopes
and all kinds of labelled compounds which
are widely used in science and industry
throughout the world and large scientific
and economic benefits have accrued from
this. The availability of isotopes of rare
elements such as polonium and proto-
actinium and new elements such as
plutonium and other transuranics have led
to vastly increased knowledge of the
actinide elements. But the benefits to
inorganic chemistry are not confined to
the actinides. A great deal of new funda-
mental knowledge arose from the study of
chemically important fission products such
as ruthenium and zirconium, and our
knowledge of the rare earth elements was
substantially advanced both because of
their technical importance as fission pro-
ducts and through their production in

)

kilogram quantities by means of the new
separation techniques developed for atomic
energy purposes. The chemistry of the light
elements of special nuclear interest such as
deuterium, tritium, lithium and beryllium
and fluorine has also been greatly stimulated.

The development of radiation chemistry
has parallelled that of radiochemistry.
There is now a wide range of sources of
radiation available to chemists and this
branch of science is growing rapidly. The
interaction which has recently been taking
place with developments in solid state
physics is particularly promising.

Atomic energy has given great impetus to
analytical chemistry. The techniques of
radioactivation analysis, isotopic dilution
analysis and polarography have been
highly developed in atomic energy labora-
tories and are now widely applied both in
science and industry. Radioactivation ana-
lysis is used for routine analysis for trace
elements in the petroleum, coal and chemi-
cal industries and in semiconductor manu-
facture. It is used in forensic studies of
paint and hair and identification of gunshot
residues. A miniaturised automatic neutron
activation analysis device is even used in
unmanned space research vehicles to study
the composition of extra terrestial materials.

The development of atomic energy plants
and processes was accompanied by a great
deal of research in physical chemistry and
chemical engineering which has been of
gencral value. Substantial contributions
were made to the theory and design of
solvent extraction plants, the principles of
fluidised bed processes and the design of
ion exchange plants.

Inorganic ion exchangers are possible
agents for controlling the condition of high
temperature water (in water moderated
reactors); very important for corrosion
control. Titanium hydroxide has been
shown to be capable of concentrating cer-
tain trace elements, including uranium,
from the sea without itself being dissolved
to an appreciable extent. Dr. R. Spence and
his colleagues reported to the 1964 Geneva
Conference that one site in Britain could
produce almost 1,000 tonnes of uranium
per annum, assuming adequate absorber
performance at a cost of 11-22 dollars per
Ib. of U0 (Nature, 12th September, 1964).
So, these materials may find large scale
uses in the future.

One of the most striking consequences
of the atomic energy programme was the
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revolutionary progress which was made in
the industrial use of fluorine and its com-
pounds. Elementary fluorine became com-
mercially available through the develop-
ment of large electrolytic fluorine cells and
the plastic polytetrafluoroethylene (PTFE)
and the chlorofluoro hydrocarbons are now
common articles of commerce.

The utilisation of nuclear radiation in the
chemical industry is now beginning to look
more promising. Radiation has been used
for some time for the cross linking of
polymers such as polythene; processes
have been proposed for the production of
halogenated hydrocarbons and bio-degrad-
able detergents and work is proceeding on
the use of radiation for the treatment of
plastic impregnated wood to enhance its
properties and for the cold curing of paint.
It seems likely that the present growth in
the application of radiation for sterilisation
purposes will ultimately be matched by
applications in chemical industry.

The impact of atomic energy on the life
sciences has been very great, largely due to
the provision of radioisotopes for tracer
studies of biological processes. However, |
must not trespass on the field of Dr.
Aynngar and will confine myself to the
effect of the vast amount of research work
which has been carried out in atomic
energy laboratories directed towards the
problems of radiation protection.

The Oak Ridge Biological Laboratories
through the work of the Russells have
carried out extremely important experi-
ments on the effects of radiation on produc-
ing mutations of selected genes in mice
indicating that the induced mutation rate
is an order of magnitude greater than that
found in the early experiments on flies.
However, past and current work (Lyon and
Morris) at Harwell suggests that the genes
selected by the Russells for study may be
unduly mutable. The effectiveness of fast
neutrons in producing mutations is par-
ticularly important as has been shown by
recent studies by the M.R.C. Unit at
Harwell and at Oak Ridge. So we now
assess that a radiation dose of about
20 rem of gamma radiation of 1 rem of fast
neutrons will double the spontaneous
mutation rate. These studies are important
in determining the maximum amount of
radiation an atomic energy worker should
be allowed to receive during the first 10 or
15 years of his working life so that the
chance of producing a genetically deficient

child will not be appreciably increased.
Arising out of such studies, Ford and
Hamerton of the M.R.C. Radiobiological
Laboratory at Harwell, developed a method
of making mouse chromosomes readily
visible for detailed microscopic examination
and applied it to human material. As a
result of this we now know that a substan-
tial number of human defects are due to
chromosome aberrations. For example a
triplication of chromosome 21 gives rise to
a Mongol child; other chromosome aberra-
tions lead to sex disorders. About one per
cent. of our children are born with chro-
mosomal defects. Radiation can lead to
chromosome aberrations and it is possible
though not certain that a dose of about
40 rem of gamma radiation may double
the normal incidence.

Another by-product of the interest in
radiation effects has been the realisation
that the irradiation of pregnant mothers
for diagnostic purposes can give rise to
deformities in the embryo and this has led
to more stringent restrictions on radiation
in the early stages of pregnancy.

Radiation detectors such as whole body
counters designed for the study of the
radioactive body burden of atomic energy
workers have become important diagnostic
tools in hospital. An example of this is their
use in the study of the ability of individuals
to absorb vitamin B12. Pernicious anaemia
results from deficiency or malabsorption of
this cobalt-containing vitamin.

The development of atomic energy has
owed a great deal to international collabor-
ation. The 1955 Geneva Conference pro-
vided the first opportunity for an exchange
of information on progress in nuclear
power throughout the world and also
emphasised the great contributions which
radioactive isotopes were making to
biology. The 1958 Geneva Conference
contributed in the same way to collabora-
tion on controlled thermonuclear fusion
and many of us will remember the magni-
ficient display of devices and models which
were unveiled to show the breadth of the
attack on the problems of plasma physics.

Since its foundation the Agency has been
very active in promoting collaboration
through its training programme; through
Fellowships; through the holding of
numerous seminars and also through its
advisory missions. It also made a con-
siderable contribution to the organisation

continued on page 265
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The first ten years of operation of the Calder Hall

reactors

By G. R. Howells, M.B.E., General Mana-
ger, Windscale, Calder and Chapelcross.

HER M AJESTY THE QUEEN closed a switch at
Calder Hall on 17th October, 1956, and for
the first time electricity generated from
nuclear heat was fed into the British
National Grid. This event marked the start
of a new phase in the history of electricity
generation, and as the Tenth Anniversary
approaches, it is well to examine the
experience in the operation of the nuclear
power station at Calder Hall during this
time.

Operation

The primary function of the reactors was
to produce plutonium for the military
programme and the design was optimised
for this purpose. Utilisation of the heat for
clectrical generation served to reduce the
cost of plutonium and provided a system
which could be developed for the commer-
cial production of electrical power.

Initial operation was very satisfactory,
the commissioning programme was success-
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ful, and all design parameters were achieved ;
the heat output during the first run being
10-15 MW greater than predicted. The
reactors proved simple to control with high
standards of reliability. Since this time
operational effort has been directed to gain-
ing the optimum performance from the
plant, and the maximum possible plutonium
and electricity output with a high load
factor. Improvements in performance are
reflected in the heat output from the nuclear
reactors, and the changes in thermal power
of each reactor during the last 10 years are
shown in Fig. 1. This graph shows that
during this time the reactor heat output
has been increased from 180 MW to
265 MW(Th), and the fact that all ancillary
equipment has operated satisfactorily at
this increased load with only minor modi-
fications, has underlined the correctness of
the decision taken at the design stage, to
construct this plant with a reasonable
margin for improved performance. Im-
provements in the performance of the
electrical equipment at Calder Works has
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matched that of the reactors, so that it has
been possible to utilise all the heat gener-
ated. The generating capacity of each
turbo-alternator has been increased from
23 to 30 MWo/(electrical) by reblading a
number of stages in the steam turbine.

During this time also, the reactors at
Calder and the similar station at Chapel-
cross have been used to test the perfor-
mance of fuel elements, and to provide
much more detailed information on per-
formance characteristics, safety factors,
physics parameters, and the behaviour of
the graphite moderator under reactor
conditions.

Availability

A great deal of effort has been directed
towards improving the availability of the
reactors, and reducing the number of
employees required to run them, and the
results achieved are shown in Figs. 2 and 3.
This has largely been accomplished by
reducing the refuelling time, and improved
methods of maintenance and plant control.

Data logging equipment, installed to give
quick scanning of temperatures and instru-
ment readings, has eliminated the need for
time consuming normal surveys.

Maintenance

Maintenance work on the reactors in-
volved dealing with many items of untried
and new design. The range of work cover-
ing items such as control rod drives, large
variable speed gas circulators, heat ex-
changers, refuelling machinery, and a wide
range of instrumentation and protection
gear required a range of specialist skills and
training to secure a satisfactory service. All
equipment in contact with the reactor core
and primary coolant circuit may be con-
taminated to some degree with radioactive
dust, and thus introduces problems of
radiation control of personnel on all asso-
ciated maintenance work.

During early operation of the Calder
reactors, a series of failures occurred on the
electrical machines used for gas circulator
drive. The trouble was repeated flash over
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on the commutators of the large D.C.
machines, and resulted in successive plant
outages. The problem was solved by a
suitable choice of carbon brushes and
meticulous attention to cleanliness of
commutator surfaces, avoiding in particular
any build-up of carbon dust or traces of oil
contamination. Although commutation
troubles have been satisfactorily controlled,
it is noteworthy that the main cause of loss
of generation between refuelling outages is
maintenance of brush-gear and commu-
tators on D.C. machines.

[nitially it was thought that the inspec-
tion of heat exchangers and blower im-
pellers would be required at two-yearly
intervals. This was both time consuming
and expensive in skilled labour. Experience
has shown that this inspection period can
be relaxed to four years.

There have been improvements made to
simplify and increase the reliability of

special handling equipment, and methods
of sampling and inspecting the graphite
moderator and the internal parts of the
reactor and reactor vessel. Great use has
been made of television inside the reactor
to give better viewing of in-reactor opera-
tion, and to reduce the uncertainty of
remote control operations.

Attention has been paid to improving
maintenance planning, and off-load time
has been reduced by the full use of
critical path and commuter techniques.

The fuel element

The transverse-finned fuel element ori-
ginally designed for comparatively low
irradiations in the Calder reactors, re-
quired only two minor changes to extend
its irradiation potential. Firstly, the use of
fine-grained magnox for cans irradiated in
the lower two channel positions eliminated
creep cavitation which gave rise to slowly-
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rising signals, and, secondly, the supporting
braces were lengthened to reduce the extent
of bow in the lower channel positions.

The Calder and Chapelcross reactors
have enabled irradiation experience to be
accumulated on significant numbers of fuel
elements developed for the civil nuclear
programme, material problems and design
features having been first studied in limited
irradiation experiments. Three of the main
problems studied in this way have been the
elimination of cavitational failures, stabi-
lity under the coolant gas forces, and strain
interactions due to differential thermal
expansion.

The cavitational failure problem was
solved by the use of fine-grained magnox,
although an alternative canning material
containing zirconium was at one time
favoured because of its increased ductility.
However, on irradiation this alloy was
found to allow the diffusion of plutonium
to the outside of the can, particularly from
the higher temperature elements, and this
contamination gave signals on the burst
cartridge detection gear (B.C.D.G.).

Irradiation limits

The irradiation limits of the magnox fuel
elements are determined by the enhanced
swelling of the uranium bar, and by the
durability of the can under reactor condi-
tions. Improvements in performance have
resulted from changes in manufacturing
techniques, small design changes and the
use of sensitive reactor techniques for the
detection of potential failures. A maximum
life of 6,000 MWD/T of a fuel element is
now expected.

Herringbone cans

Some three years ago a study was ini-
tiated to assess the merits of loading a new
type of fuel element can in Calder and
Chapelcross reactors to optimise the fuel
element design and fuel cycle to achieve
lower operating costs. The emphasis in the
study was to adopt, with the minimum of
modification, an existing design of element
so as to reduce the development and prov-
ing work required for its introduction. It
was found that a can with herringbone
type fins on its surface offered the greatest
improvement in heat transfer and lowered
the flow resistance of those studied. In
addition, its improved stability obviated
the necessity for a stabilising device and
avoided a consequent loss of reactivity.

This element was first loaded into Calder
Reactor II in September, 1965, and gave
the expected increase in reactor heat output.

The B.C.D.G. equipment has very
adequate sensitivity to give early warning
for all types of failure of fuel element cans,
with the exception of the so-called *‘Fast
Bursts””. These are very infrequent and
occur when there is a build-up of oxide
inside the can due to diffusion of hot gas
through a very long leak path associated
with a minor weld defect without a measur-
able discharge of gaseous fission products.
The resultant overheating causes a very
rapid burst of the can, and a sharp rise in
signal. New fuel is checked for this type of
defect immediately after start up, by
reducing the coolant pressure, thus causing
a differential pressure and a flow of gas
from the can. An alternative technique is
to impose a small amplitude power and
temperature change by reducing blower
speeds, which has the same effect of forcing
out short-lived fission product gases. Since
the above techniques were introduced for
checking new fuel after loading, there have
been no fast failures in the Calder and
Chapelcross reactors.

Graphite

A great deal of information has been
obtained about irradiation-induced pro-
perty changes in graphite from an exami-
nation of the moderator of the Calder
reactors. Initially a large programme of
graphite monitoring was undertaken based
on special graphite specimens loaded into
the reactors. As this work proceeded it
became clear that changes in weight,
mechanical properties and thermal con-
ductivity, are unimportant to the safe or
economic operation of the Calder reactors.

Physics parameters

Physics measurements made on the
Calder and Chapelcross reactors give a
better understanding of reactor behaviour
and provide data for general operational
requirements.

Much of the original work concerned
the verification of methods of reactor
physics calculation for steady state and
kinetic studies. This included measurements
of reactivity changes and temperature
coefficients of reactivity as a function of
irradiation, changes in reactor stability,
and measurements of reactor transient
responses to system perturbations. The
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