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Sir John Cockcroft

The following Address was given by
Dr. Robert Spence, C.B., F.R.S., Director
of Harwell, at a service of memorial and
thanksgiving for Sir John Cockcroft, held
at Westminster Abbey on 17th October.

WE have come this morning to this historic
Abbey Church, to commemorate the life
of John Cockcroft, scientist, creator and
administrator of great projects, and tech-
nological statesman, whose career was so
uniquely characteristic of our time.

He was born and raised in one of those
deep cut valleys of the western Pennines
which seem so grim and grey but which
are so rich in human fellowship. Like
millions of his contemporaries he went to
France to participate in the tragic struggles
of the First World War, sacrificing in so
doing the normal life of a young man. But
he had good fortune in three major respects.
He survived the war unscathed, he had the
opportunity of working with Lord
Rutherford and the brilliant group at the
Cavendish Laboratory and he married a
girl who was to create the happy, devoted
family life from which he drew so much
strength in later years.

Great scientific success came to him
whilst he was in Cambridge and he was
afterwards awarded the Nobel Prize
jointly with his friend and collaborator
E. T. S. Walton. These fundamental
researches were interrupted by the out-
break of the Second World War when
rapidly increasing demands were made on
his time and energy, demands which he
met with apparent ease through the
exercise of an extraordinary degree of self-
discipline. Everything was done with the
utmost economy of effort and never a
word was wasted.

There was always about him a deep
tranquillity, shared with Elizabeth and
centred on home, within which his mind
worked with unsurpassed speed and pre-
cision.

He became a leader in the war-time
development of radar; then he was sent to
Canada to direct the Anglo-Canadian
Atomic Energy Laboratory in Montreal,
where he laid the foundations of a success-
ful Canadian programme and prepared the
ground for developments over here.
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In this country after the war, atomic
energy came under the personal control of
the Prime Minister, and one of Mr. Attlee’s
first acts was to appoint John Cockcroft as
Director of the new Atomic Energy
Research Establishment to be built at
Harwell. These two men, each outstanding
in his sphere, were notable for their
courage, for their personal modesty and
for their sense of brotherhood with others.
They both acknowledged the necessity for
an immediate military programme with
all its sombre implications but they also
looked beyond it to the solid benefits
which would be gained for Britain and for
the world through peaceful application of
the giant forces of the atomic nucleus.

John and Elizabeth and the children left
the town they founded at Deep River in
Ontario and moved to Harwell in 1946.
The task ahead was immense, the
uncertainties great and the weight of
responsibility heavy but John's cautious
confidence and his optimistic spirit banished
any thought of failure. Their house at the
airfield became a centre from which flowed
kindness, friendship and hospitality. Everv
industrial worker on the site knew Dr.
Cockcroft, every scientist respected him.
He had a wonderful memory for names and
was always accessible to those who wished
to see him.

When the government’s production pro-
gramme had been achieved and civil
nuclear power became a reality further
honours came to John Cockcroft, including
the Order of Merit, conferred in 1957,

His membership of the Atomic Energy
Authority, his many international commit-
ments, his honours, all gave him real
pleasure, as they came to him naturally
and unsought.

His last years were spent in Cambridge
as Master of the splendid new College
named in honour of Winston Churchill:
it flourished under his wise guidance from
the beginning.

Foremost of the New Men, his life was
conducted according to Christian principles
which have been acclaimed here for
centuries; dedication and service, love of
family and home, love for others. He
earned the devotion of his colleagues and
the respect and affection of all who knew
him; his memory will ever be fresh in our
hearts.
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Select Committee’s
Report

THE Report of the Select Committee on
Science and Technology, set upin December
1966, was published on 22nd November,
1967.

Below is a summary of the Committee’s
recommendations on the United Kingdom
nuclear reactor programme

1. (@) The consortium system of tendering
for nuclear power stations should be
phased out as present contracts are com-
pleted and the generating boards should
regard themselves as free to place orders for
nuclear stations in the same way as they
now do for other types of power station.

(b) Any reorganisation of the nuclear
industry in Britain should have as 1ts aim
the more effective integration of the Atomic
Energy Authority’s effort on research and
development with competitrve industrial
activity than is now the case.

(¢) In present circumstances the best in-
terests of the country would be served by
the combination in a single organisation or
company of the skill and resources of those
now separately engaged in the design and
construction of nuclear boilers.

2. (a) So much of the Authority’s facilities
as i1s presently devoted to research and
development of a commercial nature should
become part of the new single nuclear
boiler organisation or company.

(b) The Government should undertake a
full review of the Authorityv’'s present
function and staffing with the object of
securing

(i) that the Authority concentrate their
effort on their primary task of pure research
and development in the most effective way,
and (/i) that any of the Authority’s
activities not inextricably linked with their
primary task are passed over to other more
appropriate organisations.

3. A new British fuel supply and manu-
facturing company should be established
(consisting jointly of the A.E.A. and
others).

4.(a) A technical assessment unit should
be established, capable of advisinz the
Government on the merits and prospects
of particular projects proposed to be under-
taken by the Authority.



(h) A study should be made of the possi-
bility of the establishment, within the
framework of the British system of
government, of a body similar to the U.S.
Joint Congressional Committee to deal
with all aspects of energy policy, and
provided with expert staff for the purpose.

5. In addition to discussion between the
Government and the nationalised fuel
industries, full consultations should also be
held with the oil industry and an examina-
tion by an independent outside agency of
the purely financial aspects of costing of all
methods of energy supply should be put
in hand and the report published.

6. The British Nuclear Export Executive
should be wound up, and an intensive
survey of potential overseas nuclear needs
and opportunities should be put in hand at
once by the Board of Trade in close con-
sultation with the engineering manu-
facturers and the A.E.A.

7. High Temperature Reactor development
should be intensified, with as much
industrial collaboration as is possible, and if
the E.N.E.A. find themselves unable to
continue their support of the DRAGON
project, the United Kingdom should take it
over and complete it, with appropriate
financial safeguards in relation to com-
mercial development.

8. The Authority and industry should be
encouraged and enabled to speed up
development of the Steam Generating
Heavy Water Reactor and other water
reactors showing promising commercial
possibilities.

9. Development of the fast reactor from
now on should be with a view not only to its
commercial use at home but also to its
being offered abroad to meet whatever may
be the market requirements overseas.

10. A Departmental committee should be
convened to examine the possibilities of
nuclear marine propulsion in the light of
the experimental work being carried out in
other industrial countries.

11. The Ministry of Technology should
review the whole field of fusion research to
ensure that Britain can take advantage of
any technological advance.

The Report from the Select Committee on
Science and Technology, Session 1966-67 is
available from H.M.S.0. price £2 19s. 0d.

Heavy water reactors

conference

This will be the subject of a three-day
conference which the British Nuclear
Energy Society is organising, from 14th-
16th May, 1968. It will be held at the

Institution of Civil Engineers, Great
George Street, Westminster, London,
S.W.1.

The outline programme is as follows:

Tuesday 14th May, 1968
Session | SGHWR General Design

Three papers will be presented covering
the outline of the concept, the evolution
of the reference design for the prototype,
supporting R and D programme, prototype
construction programme, the mechanical
components of the system, the development
of a commercial design, fuel element design
and metallurgical considerations.

Wednesday, 15th May, 1968
Session 11  SGHWR Performance

Four papers will be presented consider-
ing nuclear, thermal and hydraulic design
aspects influencing the choice of main
parameters, the interaction between the
experimental programme and the develop-
ment of calculation methods, the philoso-
phy of the control and shut-down systems
of the prototype and experience of their
operation, variations for other applications,
fault analysis, general requirements of fuel
management in prototype and commercial
reactors.

Session 111 Materials and Operation

Two papers will be given on considera-
tions and experience determining the
selection of reactor materials, the chemistry
of the coolant and moderator circuits.
One paper will be presented on accident
analysis and hazard evaluation including a
description of the broadly-based supporting
development work and one paper sum-
marising experience during the commis-
sioning and carly operation of the prototype
with a review of commissioning measure-
ments including comparison with design
predictions.

Further information can be obtained
from: The Secretary, The British Nuclear
Energy Society, 1-7 Great George Street,
London, S'W.1.
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IN PARLIAMENT
D.M.T.R.

24th October, 1967
MRr. Hector HuGHes asked the Minister
of Technology if he will make a statement
on the cause of the escape of chemical
which caused the closing for a time of
Dounreay Experimental Station at the end
of July, indicating the extent and nature of
the escape and its effect on the work of the
station.

Dr. Bray: The Dounreay Materials
Testing Reactor was shut down for a
short period at the end of July because of
the failure of a capsule containing speci-
mens of materials under irradiation. This
resulted in a small local release of short-
lived airborne radioactivity confined en-
tirely to the reactor containment building.
There was no significant interruption to the
work of the reactor and none at all to the
rest of the establishment.

Uranium imports

24th October, 1967
MRr. Davip GrirriTHS asked the Minister
of Technology how much foreign currency
is spent on the uranium imported for use
in the existing nuclear power stations;
what is the total annual cost in foreign
currency of supplying the stations now
operating; and what will be the total
annual cost when the first series of nuclear
stations is complete.

MR. BEnN: It has not been the practice,
for defence and commercial reasons, to
reveal details of the imports of uranium by
U.K.A.E.A. In broad terms, however, the
annual cost in foreign currency of supply-
ing the uranium for the nuclear stations
now operating is about £8 million: this
will rise to about £10 million in 1969-70
when the first series of nuclear stations is
complete.

Hunterston B

25th October, 1967
MR. EADIE asked the Secretary of State for
Scotland how many jobs will be involved
as a result of his decision to authorise the
construction of Hunterston B nuclear
generating station.

Dr. Dickson Mapon: The number of
men employed on site construction is
expected to reach a maximum of 2,000 in
about three years’ time. About 300 men will
be permanently employed in running the
completed station.

Fast reactor hazards
27th Ocrober, 1967
MR. Brooks asked the Minister of Tech-
nology whether he has studied the evidence
of Dr. Edward Teller that fast breeder
reactors are potentially dangerous, owing
to the amount of plutonium required to
operate them, details of which have been
sent to him; and if he will make a statement.
DR. Bray: Dr. Teller's recent statement
raises no new issues. The safety of fast
reactors has been a major consideration in
their development over the past 15 years.
The design of the prototype fast reactor at
Dounreay is of the highest standards of
safety. I am confident that commercial fast
reactors based on this design will maintain
the excellent safety record already estab-
lished by the British nuclear power
industry.

A.E.A. royalties

6th November, 1967
MRr. McGuire asked the Minister of
Power whether, in view of the report of
the Comptroller and Auditor-General on
the accounts of the Atomic Energy
Authority, he will in future, when quoting
costs per unit sent out from Magnox
nuclear power stations, adjust them to
allow for the £24 million rovalties to the
Atomic Energy Authority which have
been waived.

MR. FreesoN: No. It would be impractic-
able and misleading to include additional
costs which the operator is not in fact
having to incur. For the Second Nuclear
Power Programme, however, it is our
present practice to include the agreed
royalty of 0-014d./kWh in quoting estimates
of A.G.R. costs.

Tth November, 1967
Mr. McGuire asked the Minister for
Technology whether, in view of the report
of the Comptroller and Auditor-General
that the advanced gas cooled reactor
nuclear stations will produce power at costs
below those for conventional stations, he
will take steps to arrange for the electricity
undertaking to pay to the Atomic Energy
Authority the full amount of the rovalties
needed to meet the costs of the work done
by the Atomic Energy Authority for these
stations.
MR. Benn: As the report of the Comp-
troller and Auditor-General shows, the
royalty to be paid on those advanced
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gas-cooled reactor stations to be brought
into operation in the U.K. by 1975 should
bring in, over their assumed life, a cash
return equivalent to a very substantial
part of the Atomic Energy Authority’s
expenditure on the development of the
advanced gas-cooled reactor system.

I consider this to be a fair settlement for
this first batch of advanced gas-cooled
reactor stations.

Power stations

Tth November, 1967
Sik C. OsBornE asked the Minister of
Power why nuclear power stations have
been built at a cost of £500 million more
than comparable coal-fired power stations
would have cost; and what reply he has
sent to the representations made to him by
the Chairman of the National Coal Board
on this matter.

MR. MarsH: I am aware that the Chair-
man of the National Coal Board has
quoted a figure of £500 million as the extra
cost of the first nuclear power programme
compared with a similar capacity of
conventional stations, but this figure does
not take into account the considerable
savings in running costs once the stations
have been built.

MR. EDwIN WAINWRIGHT: In so far as
the first phasing of nuclear power proved
very expensive, and since building five
nuclear power stations of the A.G.R. type
might be expensive, has my right hon.
Friend considered building three instead of
five stations so that we can obtain sufficient
knowhow on nuclear power?

MRr. MaRrsH: There is a great deal of
discussion going on into the question of
the load forecast in order to work out
exactly how many stations we should build
and when. But 1 do not think that there can
be any argument that, with the future
nuclear power stations, the costs of
generation will be low compared with
other fuels.

Radioactive waste

disposal 7th November, 1967
MRr. DaLyveLr asked the Minister of
Technology what study he is making of
pollutants in the form of radioactive waste
from nuclear reactors.

Dr. Bray: In England the Ministers of
Agriculture and Housing are responsible for
authorising the disposal of radioactive
waste. In Scotland and Wales these

responsibilities are exercised by the respec-
tive Secretaries of State. Studies are
undertaken by the Departments concerned
and by the Atomic Energy Authority, the
Agricultural Research Council, the Medical
Research Council and various university
laboratories. The disposal of radioactive
waste 1s also the subject of continuous
international study in which the U.K. plays
an active part.

Tth November, 1967
MRr. Brooks asked the Minister of Power
what 1s the present forecast of the amount
of radioactive waste anticipated annually
from the nuclear power stations likely to be
in operation in Great Britain in 10, 20, and
30 years’ time from now; and how is the
gaseous component of that waste to be
disposed of.

THE PARLIAMENTARY SECRETARY TO THE
MimNisTRY  oF PowerR (MR, REGINALD
Freeson): There is no simple basis on
which to give such long term forecasts.
Future radioactive waste arisings will
depend, for example, not only on the
number and design of nuclear stations, but
also on fuel element design. Low activity
solid waste is accumulated safely on all
station sites. High activity waste is trapped
within the fuel elements which are returned
to atomic energy establishments. Day to day
gaseous waste, the chief radioactive con-
stituent of which is argon 41 with a half-life
of less than two hours, is discharged into
the atmosphere under stringent control
which ensures that it presents no hazard
to health.

Mgr. Brooks: I thank my hon. Friend
for his detailed reply. However, is he not
aware that the likely expansion in the out-
put of highly dangerous radioactive material
—dangerous to life for up to 600 years—
will present very serious difficulties in years
ahead, particularly as it is unlikely that the
disposal of the gaseous component can be
achieved by the same methods in future?

MRr. FreesoN: As | understand the
position, if the present facilities for waste
storage were taken up, further provision
could be made available by extending the
present facilities on site. There is site space
available. However, there are complicated
factors in this kind of subject, as was
indicated in my Answer. If my hon. Friend
would like to write to us about the matter,
we will pursue it in detail with him.
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Troon Research
Centre

THE £300,000 Weir Westgarth Desalination
Research Establishment was opened at
Troon in Ayrshire, Scotland, on Wed-
nesday, 11th October, 1967. It is believed to
be the most advanced centre of its kind in
the world and was scheduled to be opened
by Mr. Anthony Wedgwood Benn,
Minister of Technology, but, due to urgent
Government business, the ceremony was
conducted by his Joint Parliamentary
Secretary, Mr. Gerald Fowler, M.P.

Built by Weir Westgarth, the centre will
be operated in conjunction with the
Atomic Energy Authority in accordance
with the terms of their joint research and
development agreement under the first
phase of the £1:3 million desalination
programme.

The initial research programme at the
centre covers:

(1) Economic methods of controlling or
eliminating scale formation.

(2) Flash chamber geometry.

(3) General plant efficiency—using rigs
where temperature, pressure, flow rate,
flash chamber size, etc., can be varied.

(4) Measuring and controlling the corrosive
effects of hot sea water, and its dis-
solved gases, on the materials from
which distillers are, or could be, built.
One part of this rig provides “standard™
sea water at carefully controlled con-
centration, gas content, temperature,
etc.: the other part contains the test
pieces, wafers or sometimes tubes, to be
exposed.

The centre will study units in sizes from
250,000 gallons to 10,000,000 gallons a day
both for single and dual purpose plants. It
will also be used for desalination studies of
systems other than multi-stage flash dis-
tillation.

Sea water is available in the test bay
from two main circulating pumps which
give an output of 2,000,000 Ibs. per hour.
Smaller pumps are available for the opera-
tion of small scale test equipment when the
large flows are not required. Three package
boilers deliver steam to the station with a
total load of 46,000 lbs. per hour of dry
saturated steam at 215 Ib./sq. in. Ring
mains are provided round the test bays

carrying sea water, fresh water from the
town mains and from evaporators and
boiler feed water; compressed air and
clectricity are also available on the ring
main principle with two supplies of com-
pressed air—one a dry supply for instru-
ments and the other normal shop air for
operating hand tools.

There is also a small machine shop, a
workshop and an instrument repair and
maintenance workshop. An analytical line
for the solutions of deposits within the
evaporators has been provided and there
Is an auto-analyser for the chemical
analysis of large numbers of samples of sea
water and evaporator brines simultaneously.

Oldbury nuclear

power station

ELECTRICITY was generated for the first time
from the No. 1 reactor of the 600 MW(e)
Oldbury nuclear power station on T7th
November, 1967. No. 2 reactor is fully
loaded with fuel (natural uranium) and the
complete station is expected to be fully
operational by the end of the vear.

Oldbury is located on the east bank of
the River Severn some 10 miles north of
Bristol and is owned and operated by the
Central Electricity Generating Board. The
station was designed and constructed for
the C.E.G.B. by The Nuclear Power Group.

At Oldbury, for the first time in the world,
a prestressed concrete pressure vessel with
integral boilers and gas circulators was
used to enclose each of the two reactor
cores. This method of reactor containment
i1s known as the “integral” design and has
been used in all subsequent British com-
mercial nuclear power stations. Site work
started at Oldbury in 1962.

European Communities
Delegation

THe address of Mr. D. H. Hill, First
Secretary (Atomic Energy) to the United
Kingdom Delegation to the FEuropean
Communities in Brussels has changed.

His new address is 52, Avenue des Arts,
Brussels 4, Belgium. The new telephone
number is (02) 12.78.10 although it will still
be possible to use the existing number
(02) 19.11.65 with the possibility of some
delay.

The telex service will continue to be
provided by Britannia House, Prodrome,
Brussels.
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Electricity from the atom—Britain's second

decade

By E. 5. Booth, M.Eng., C.Eng., F.R.S.,
M. I .Mech.E., F.I1EE., M.lnst.F., Board
Member for Engineering, C.E.GG.B., Part-
time Member, U.K.A.E.A.

The following paper was presented to the
Société Royale Belge des Ingénieurs et des
Industriels, Brussels, 2nd October, 1967.

The paper surveys the development and
operation of British nuclear power stations
Sfrom 1956 to 1967 and emphasises that
reliable and safe operation of reactors has
been successfully achieved. Evidence of
Britain’s operational experience in nuclear
generation during the past decade, and her
skills in the design, development and
operation of second and third generation
reactors, is the base for confidence in the
reliability, safety and economy of nuclear
plant in the 1970s.

Introduction

ELEVEN years ago this month the pattern of
energy supply in Britain was irreversibly
changed when, for the first time anywhere,
electricity from a nuclear power station
began to flow in commercial guantities
into the high-voltage transmission network
of the Central Electricity Generating
Board. Since then British scientists, tech-
nologists and nuclear plant operators have
proved that nuclear power stations are not
expensive luxuries—not scientific experi-
ments with only a prestige value—but are
an integral part of the power generation
system of every country whose future
growth is linked to its ability to provide
an adequate and economic electricity
supply.

It is my purpose this afternoon to survey
Britain’s achievements in the first decade
of producing electricity from the atom,
and state why we in Britain believe that,
with the advent of the second generation
commercial reactor (the Advanced Gas-
cooled Reactor) in the early 1970s, nuclear
power stations will, on technical and
economic merit alone, justify their in-
clusion in the power plant programme. It
will be for you to judge whether such
confidence is well-founded.

The first decade

In 1953, construction of the first two
reactors at Calder Hall began. The primary
object was to manufacture plutonium for
defence needs and the secondary object
was to generate electricity. Thus, the
world’s first nuclear power station, with an
output from each reactor of 35 MW(e),
was opened by Queen Elizabeth on 17th
October, 1956. At that time there was no
doubt that heat produced by the fission
of natural uranium could be harnessed to
raise steam for turbo-alternators and so
feed electricity into the high-voltage
transmission system. However, this know-
ledge was insufficient to establish nuclear
generation as an economic technology.
The Generating Board needed in the first
decade to satisfy themselves that the
following essential conditions could be
achieved:

(1) Nuclear reactors must be able to
operate reliably day in and day out

There are two reasons for this: one is
that the operation of the power system
requires a high degree of probability that
plant will be available when wanted; the
other is that the capital cost of nuclear
stations is very high and idle capital results
in heavy financial burdens.

(2) The structural integrity and safe opera-
tionof nuclear reactors must be demonstrated
because the Generating Board have a dual
responsibility to provide a safe working
environment for employees, and to ensure
that the general public are protected against
any hazard, no matter how remote the
possibility, which might result from the
operation of their nuclear plant.

(3) The long-term economic construction
and operation of nuclear power stations
must be foreseeable and then demonstrated.

Progress since 1956

The advent of commercial nuclear power
in 1956 was rightly hailed as a major
technological achievement, but because
publicity was focused on the reactors it
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was easy for those not closely concerned
with nuclear power developments to over-
look the fact that the nuclear reactor
heat exchanger—turbine system is still a
heat engine subject to the second law
of thermodynamics. The steam conditions
at Calder Hall, i.e. 14-5 kg/cm?®* at 324 C,
were primitive compared with those of the
most advanced coal or oil-fired stations at
that time, viz. 106 kg/cm?* at 566°C, which
also had reheat, a facility not available until
late 1965 on the first generation of nuclear
stations; that is the Magnox stations which
are graphite-moderated, gas-cooled by
pressurised carbon dioxide, and fuelled
with natural uranium within a magnesium
aluminium alloy (Magnox) can. Further-
more, the turbo-alternators at Calder had a
capacity of little more than 30 MW the
standard size of set which was being installed
in Britain some 10 years earlier.

The path to more efficient operation and
lower capital costs for nuclear power
stations was clear—steam temperatures and
pressures must rise, rates of heat release and
heat transfer from the wuranium fuel
elements must increase, and capital econo-
mies resulting from large-scale plant
would have to be achieved: all without
detriment to the safety of plant, personnel
and the general public.

Fig. 1.
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Heat transfer from fuel elements

The physical characteristics of natural
uranium and Magnox fuel cans set a limit
of about 450°C to the maximum gas
temperature of Magnox reactors. To
maximise thermal efficiency it was there-
fore essential to operate as near to this
limit as possible, and to design fuel
clements and cans so that heat transfer
rates could be maximised. Considerable
improvements have been made in the
design of Magnox fuel cans and the latest
herringbone design has much improved
heat transfer characteristics compared
with the early Calder Hall type. Figure 1
illustrates the fin designs at three stages
of development :

Figure 2 shows the advance made in the
heat transfer characteristics of the same
types of can.

To improve heat transfer rates from fuel
clements to the carbon dioxide coolant
presented major design and engineering
problems for another reason. Gas pressures
needed to rise and, in fact, have risen in
reactors contained within steel pressure
vessels from 7-06 kg/cm?® at Calder Hall
to 19-0 kg/cm*® at Dungeness A, and will be
27-2 kg/em*® at Wylfa where the reactors
are contained in prestressed concrete
pressure vessels, about which | shall say

Magnox fuel elements
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Fig.2. Advance in heat transfer characteristics of Magnox fuel elements.
Key

St Stanton number

S Heat transfer surface area ft.*/ft.

A Flow area, ft.*

0, Pr™®Kk0.25

Pr  Prandtl number

K Thermal conductivity of gas divided by

more later. To engineers, these pressures
are not very high but in reactor pressure
circuits novel conditions exist because of
the great volume of gas which is contained
at these pressures at temperatures which
may exceed 400°C, and because the pressure
vessels are subject to irradiation as well as
temperature and pressure cycling over the
reactor life.

Prestressed concrete pressure vessels

A significant development in the first
generation of reactors has been the
introduction of prestressed reinforced con-
crete pressure vessels in place of the steel
containment vessels used in the first nine
British stations. Prestressed concrete vessels

thermal conductivity of metal (Magnox)
W Mass flow rate, Ib./sec.
w Viscosity, Ib./ft.sec.
”: Pro-sg1-25
f Friction factor (Fanning's definition)
De Equivalent diameter, ft.

have two major advantages over steel
vessels; firstly, they permit an integral
design of reactor system in which the core,
biological shield, heat exchangers or
boilers, and gas circulators are all contained
in the concrete vessel. The ducts, which
contain the high pressure coolant in
systems using steel pressure vessels, are
thereby eliminated and so is the possible
risk of a duct failure and sudden con-
sequential release of coolant. Whereas
failure of some components of steel pressure
circuits had to be accepted as credible, it is
considered that multiple steel prestressing
cables will make catastrophic failure of the
concrete pressure vessel incredible, so that
only slow depressurisation due to failure
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Fig.3 Prestressing cables at Oldbury.




of small-bore auxiliary pipework need be
considered. Figure 3 illustrates the size and
number of prestressing cables in the
Oldbury pressure vessel. Secondly, concrete
pressure vessels have the advantage that
they permit larger units to be constructed
and this helps to reduce capital costs per
kilowatt of capacity.

Engineering design to achieve these
technical improvements has been accom-
panied by intensive laboratory research
and monitoring of operational plant to
provide accurate and reliable data on the
changing physical and chemical character-
istics under service conditions of reactor
materials, particularly steels, concrete and
graphite. Rigorous inspections have shown
that after 10 years of operation Calder Hall
and Chapelcross reactors are in good
condition and so are the Generating
Board’s reactors after five years' service.

Fault studies

When commercial reactors were designed,
it was known that neutron flux variations
would occur throughout the core under
dynamic and steady state conditions, but a
detailed knowledge of flux distributions
was required to enable reactors to operate
safely at their limiting temperatures with-
out risking that fuel elements might
exceed their permitted maximum tempera-

ture. An important part of nuclear power
development in Britain has therefore been
the study, theoretically, experimentally and
operationally, of the kinetics of power
reactors under normal and fault conditions.
Computers have been valuable in these
calculations and the overall benefits have
been:

(a) a deeper understanding of flux
distributions, and the ability to
predict flux patterns more accurately;

(b) a relaxation of restrictions on the
upper operating temperatures in
reactor cores; and

(c) more reliable data on which to base
improved designs of control and
protection systems.

Economies of scale

As I mentioned earlier, economies of
scale needed to be exploited in the first
nuclear power programme. Figure 4
illustrates how capital cost per kW sent
out have fallen as station capacities have
increased.

Civil engineering design improvements
have contributed to the falling capital costs
per kW s.0. as more compact station
layouts have been achieved, for example,
by combining two reactors within one
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building, integrating reactor and turbine
halls, reducing the number of gas cir-
culators and centralising control rooms.

I think you will agree that the later
stations are also aesthetically more pleasing.

Commissioning

The Generating Board, like all highly
capital-intensive organisations, have the
incentive to see that plant is commissioned
and achieves design output rapidly. Com-
missioning of the first four stations in the
Generating Board was understandably
protracted as engineers, and reactor and
health physicists began to understand
more about full-scale reactors before they
were raised to power. At this stage,
nuclear stations were like large pilot plants
where numbers of scientists and engineers
were gaining experience which was to
stand the Board in good stead as sub-
sequent stations were constructed. For
example, increasing knowledge of the
physics of reactor systems has enabled
reactor commissioning to be accelerated
without sacrificing safety precautions.
Better organisation of work has also
accelerated commissioning, for example,
the rate of loading of fuel elements into
reactors was increased by a factor of 36
between the commissioning of Bradwell in
1962 and Sizewell in 1966. Because of our
better knowledge and organisation it was
possible to commission the second reactor
of Dungeness A station in just over three
months from fuel loading, compared with
13 months for the first reactor at Berkeley.
(This period of 13 months was not wholly
spent in commissioning Berkeley; part of
the time was used to engineer modifications
to the novel and complex equipment.)

The Advanced Gas-cooled Reactor

I have shown how scientists and en-
gineers collaborated to develop the potential
of Magnox reactors and to reduce capital
and operating costs simultaneously, but the
relatively low gas outlet temperature of the
first generation of nuclear stations made it
necessary to seek a major development if a
notable improvement in thermal efficiency
and generation costs were to be achieved.
So the United Kingdom Atomic Energy
Authority, which had been carrying out
research and development into improved
fuels and canning materials, decided in
1957—five years before Berkeley and
Bradwell Power Stations were com-

missioned by the Board and British
manufacturers—to construct an Advanced
Gas-cooled Reactor (AGR) at Windscale.
The AGR is a logical development of the
Magnox reactor because it too has a
graphite moderator and carbon dioxide
coolant. The major difference is that
whereas the Magnox reactors use natural
uranium rods canned in magnesium
aluminium alloy, the AGR uses slightly
enriched fuel—ceramic wuranium oxide
rods, each encased in a stainless steel can
and assembled in clusters within a graphite
cylinder.

This change enables both the cans and
the fuel to operate at much higher temper-
ature and leads to two important benefits.
Firstly, the maximum gas outlet temper-
ature can be raised to over 600°C and,
secondly, the rate of heat released from the
fuel is very considerably increased, so that
a given size of reactor can produce much
more power, which is clearly a major
economic benefit. Although AGR fuel
clements are more costly than Magnox
fuel they will produce approximately 7-5
times as much electricity as an equal weight
of Magnox fuel. In addition, the ceramic
fuel is chemically inert, whereas Magnox
clements are combustible under certain
conditions.

Although the Windscale AGR was
constructed as a test bed for AGR fuels, its
original design output of 27 MW(e) was
comparable with the 35 MW (e) of the
Calder Hall reactors. In the four years
since the Windscale AGR reached its
design output, the most noteworthy charac-
teristics have been its very high availability
of about 85 per cent. and excellent fuel
irradiations.

Design improvements incorporated in
AGR reactors will also simplify their
operation. This is especially true of fuel
handling facilities. Whereas in Magnox
reactors a single standpipe affords access
to a group of fuel channels, and requires
the use of a grab and cable which have to
operate round awkward bends; in the
AGRs, which have many fewer fuel
channels, each channel is individually
accessible and all the fuel in a channel can
be lifted out in one string without using a
grab and cable in the most severe reactor
environment. Again, the core design
enables low temperature coolant gas to
pass through the moderator so that its
temperature is less than the maximum
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temperature in Magnox reactors, thus
easing materials problems and, incidentally,
providing a greater thermal capacity in the
core which could be advantageous under
some fault conditions.

In 1965, towards the end of Britain's
first decade of nuclear power, the Generat-
ing Board placed an order for the first
commercial AGR station, at Dungeness B,
which will consist of two reactors of 600
MW(e) each. The reactors will have pre-
stressed concrete pressure vessels as have
the last two stations in the Magnox
programme. Earlier this year, the Board
ordered a second AGR station of 1,250
MW capacity which will be built at
Hinkley Point.

Safety

So far I have not said much about the
safety of nuclear operations. I shall now
deal with this important topic before
summing up the position at the end of the
first decade.

The subject of the safety of nuclear power
stations has not hit newspaper headlines or
TV screens because, since Calder Hall was
opened, the main newsworthy item about
commercial power reactors is that there
has been virtually nothing sensational or
untoward to report! This absence of news,
although fortunate, is not a chance result.

Rather, it is a tribute to the attention paid
by the United Kingdom Atomic Energy
Authority, the nuclear power consortia,
the Generating Board, government depart-
ments and manufacturers to safeguards
for both plant and people.

There have been no accidental releases
of radioactive substances, no incidents
atfecting the public, and irradiation doses
sustained by nuclear operating personnel
have been well below the levels permitted
under the regulations of the International
Commission on Radiological Protection.
Perhaps the most significant items of
“non-news’” are two comments which were
included in a report to the Ministry of
Power stating that “‘no plant defects had
aroused concern about the safety of the
Generating Board's reactors™ and “‘on no
occasion when there should have been a
reactor trip, has protection equipment
failed™.

The reliability of reactor protection
equipment has progressively increased and
equipment has been developed to make
plant safety rely less and less on the
assumption that operators will take appro-
priate action in all circumstances. For
example, the Generating Board and a
manufacturer have developed an automatic
“servo-reset’’ temperature tripping ampli-
fier, whose reliability is such that any one
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amplifier will probably fail to operate
correctly less than once in 20 years. (The
amplifier is of course not used singly but
is at least triplicated.) The Board, again
in collaboration with a manufacturer, have
developed a “laddic™ magnetic logic device
to replace relays in reactor tripping systems
and there have not been any failures in
more than two million component hours
of use.

Perhaps I can best give you some indica-
tion of the detailed attention given to
nuclear health and safety by mentioning
several other aspects of this subject :

At least one year before nuclear fuel is
brought to a new nuclear power station, the
Generating Board begin a district survey
covering an area within a 20-mile radius of
the station to determine background levels
of radiation and the radioactivity of soil
and plants in the area. Surveys consist of
gamma radiation measurements and the
analysis of samples of milk, soil and
herbage for iodine 131, strontium 89 and
90, and caesium 137 isotopes, which would
be specially relevant if fission products
were to be released. Similar surveys are
regularly made from the time nuclear
material is brought to the site to compare
measurements with those made before
nuclear operations began. Figure 5 indicates
the changes in total radiation around a
nuclear site before and after operations
commenced.

It is interesting that where there has been
a demonstrable increase in background
radiation and radioactivity at some distance
from a station, similar increases have been
found throughout the country and are
known to be due to fall-out from atomic
weapon testing. Figure 6 shows the effect
on background radiation at a site in the
U.K. of the fall-out from nuclear weapons
tests in the northern hemisphere.

Particular attention is paid to the con-
trolled  release under Government
authorisations of radioactive isotopes in
nuclear wastes, as some living organisms
can concentrate chemical elements which
might subsequently be ingested by people
or domestic animals. For example, the total
quantity of radioactive material discharged
from Bradwell Power Station 1s strictly
limited and a very low zinc 65 component
is specified because the station is close to
beds of oysters which can concentrate zinc
by a factor of a quarter of a million.

Clearly, uninformed or misinformed

local opinion could hamper the Generating
Board’s essential operations and it is in
the interests of the public and the Generat-
ing Board for the latter to ensure that local
authorities and other interested bodies
know the implications of establishing
a nuclear power station. The Board have
found that Local Liaison Committees, con-
sisting of representatives from nearby local
authorities, water companies, river boards,
Ministry and C.E.G.B. staff, and repre-
sentatives from such bodies as the National
Farmers’ Union, help to establish good
relations around a nuclear station and
provide a forum for dispelling unwarranted
apprehensions, and for discussing problems
and plans for action in the unlikely
eventuality of a nuclear incident.

To ensure the safety of operations
personnel, as well as the public, the
Generating Board use many instruments
to determine radiation levels and doses.
These instruments must be reliable and
accurate, so the Board have established at
their Berkeley Nuclear Laboratories dose-
meter calibration facilities which are used
by other organisations. The Board also
have a Central Radiochemical Laboratory
which has recently collaborated in inter-
comparison analytical procedures arranged
by the International Atomic Energy
Agency to determine strontium 90 and
caesium 137 isotopes in vegetation, soil
and dried milk.

To ensure that nuclear stations are
operated in accordance with the rigid
codes of practice which are mandatory for
nuclear licensed sites, each station has a
Health Physics Section which is concerned
with radiological protection. These Sections
are backed by the Headquarters Nuclear
Health and Safety Department, which is
intimately associated with reactor safety
and the radiological protection of staff and
public from the plant design stage onwards.

The transport of irradiated fuel elements
from a nuclear station to Windscale for
reprocessing, after they have been dis-
charged from a reactor, is an interesting
example of the attention paid to the safety
of the Board’s staff and of the public.
Irradiated fuel is safely handled in special
steel flasks made of thick steel and which
weigh about 51 x 10* kg when loaded
and contain approximately 2:5 x 10°® kg of
irradiated fuel. Flasks are loaded by remote
control whilst immersed in water in deep
cooling ponds where the spent fuel elements
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tests above ground. Radiation continued to fall even when reactors were loaded and commissioned.

have rested for 120 days for radioactivity
to decay. When the flask is filled the outside
is thoroughly decontaminated and moni-
tored before it is transported by road at a
speed restricted to approximately 19 kmph
to the nearest rail head where it is trans-
ferred to a wagon for transit to Windscale.
The routine nature of this operation, which
excites little interest among the public,
underlines the regard paid by the Board to
their responsibilities for safety.

The situation at the end of the first
decade

By the end of 1966 Britain was operating
nine Magnox stations with a total capacity
of 3,460 MW; in addition, two further
Magnox stations with a capacity of 1,740
MW, and one AGR station with a capacity

of 1,200 MW were under construction.
In aggregate, the operating stations repre-
sented over 90 reactor-years of nuclear
power experience.

Over the decade the eight reactors at
Calder Hall and Chapelcross provided over
60 reactor-years of service at a con-
sistently high load factor which has
averaged over 98 per cent. between
scheduled refuelling operations. Reactors at
Berkeley, Bradwell and Hinkley Point
stations all delivered greater than their
design outputs at annual load factors of
approximately 80 per cent., and during the
three winter months from November 1966
to February 1967 they had average load
factors of about 96 per cent. In the intro-
duction to this paper I stressed that nuclear
reactors must have high availabilities if
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nuclear power is to become economic. The
above figures are evidence that the aim has
been realised.

In addition, experience of the per-
formance of Magnox fuel elements has
enabled the target irradiation of 3,000
MW/Te and a dwell-time in the reactor of
five years to be raised in stages to 3,600
MWD/Te and a dwell-time of six years.
This advance has the benefit of reducing
both fuel costs and fuel handling charges.

In Figure 4 T illustrated how capital costs
per kW of nuclear stations has fallen.
Similarly, generating costs are falling and,
as one would expect, reduced capital costs
per kW directly influence generation costs.
Figure 7 indicates the trend.

The position at the end of the first
decade was that British nuclear stations
had produced more electricity than the rest
of the world’s nuclear stations added
together. Many novel problems have had
to be faced; not all are solved and no
doubt additional problems will arise in
future, but on the whole they have been
fewer and most have been less difficult to
solve than had been anticipated. In fact
experience indicates that nuclear reactor
systems present less of an operating
problem than some of the more con-
ventional plant, for example large turbo-
alternators and their auxiliary plant.

Nuclear generation costs.

The main point is that Britain had
developed confidence in the safety of its
nuclear plant and in the ability of nuclear
reactors to work reliably at high load
factors. Furthermore, this confidence in
nuclear power had been expressed by
investing over £700 million in nuclear
stations and nuclear fuel.

The second decade

I have deliberately used a large part of
this lecture to survey the first decade of
nuclear power experience because it is
from this solid basis that Britain has
entered the second decade and expects to
reap the technical and economic benefits
from its earlier rescarch, design, develop-
ment and operations studies.

Early in the new decade, by 1969 in fact,
Oldbury and Wylfa power stations, which
are the last two Magnox stations and also
the first two with prestressed concrete
pressure vessels, will be commissioned and
the first nuclear power programme of just
over 5,000 MW capacity will have been
achieved.

A vyear later the first of two 600 MW
Advanced Gas-cooled Reactors at Dunge-
ness B is scheduled to commence com-
missioning and this station will be the first
in Britain’s second nuclear power pro-
gramme, which aims at the installation of
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8,000 MW of nuclear plant in the six years
from 1970 to 1975.

Advanced Gas-cooled Reactor development
potential

I have illustrated how nuclear costs are
falling and I must emphasise that generation
costs for the first AGR station are not at the
bottom of a cost curve which is levelling
out. There is no doubt that AGR fuel,
reactors and complete stations have
development potential which Britain means
to exploit. Thus, improved fuels are already
being considered, coolant gas pressures will
be raised—for example at Dungeness B
the pressure will be about 30 atmospheres,
but the second AGR station, Hinkley
Point B, will operate at over 40 atmospheres.
As was the case for Magnox and con-
ventional stations, economic benefits from
large-scale construction will also be
obtained as station sizes rise from 1,200
MW at Dungeness B to the planned 2,500
MW (four 625 MW reactors) at Heysham.
A reduction of up to 20 per cent. in
generation costs over the first five years of
AGR experience would not surprise us.

Exploiting the technology of large turbo-
alternators

Much of the development potential and
generation cost reduction will, of course, be
attributable to improved reactor and fuel
technology, but another significant factor
must not be overlooked. Dungeness B
will be the first British station—
conventional or nuclear—to have 660 MW
turbo-alternators. The economic advan-
tages of using larger turbines was recognised

long ago, and British plant manufacturers
have collaborated with the Generating
Board to design 500 MW, 550 MW and
now 660 MW sets. The large increase in
coolant gas temperature which the AGR
affords will enable us to achieve the same
steam conditions of 1630 kg/cm*® and
560°C that are available in the latest
conventional stations. Thus, benefits from
developments associated with conventional
plant can now be married to those from
advancing nuclear technology. Figure 8
shows how the thermal efficiency of nuclear
power stations has increased since Calder
Hall; the estimated thermal efficiency of the
best conventional station in 1971 is given
for comparison.

Station siting

The total cost of generating electricity
and transmitting it to the load centres is
affected by the location of a power station
which determines the distances over which
power must be transmitted to load centres.
So far nuclear stations have been built at
remote points on the coast, partly because
of Government requirements that such
stations should be sited in areas of low
population density and because they need
large supplies of cooling water. The
improved inherent safety of AGR stations
is among factors likely to change the
situation. Developments have also been
made in methods of safety assessment,
particularly by the application of pro-
bability theory. Furthermore, the Dunge-
ness AGR will need only slightly more
water per unit sent out than a contemporary
coal-fired station; an important consider-
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