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U.K.A.E.A. PRESS RELEASES

BEPO and DMTR to
close down

A rationalisation of materials testing
facilities  within the Atomic Energy
Authority will reduce annual operating
costs by £3 million.

As a result of a recent review designed
to ensure that the most efficient use is
made of these facilities, the Authority
have decided that they can reorganise the
irradiation programme to release two of
their research reactors—the BEPO reactor
at Harwell and the Materials Testing
Reactor (DMTR) at Dounreay.

BEPO will be closed down before the
end of 1968; pMTR in the middle of 1969.

Among the present uses of BEPO, which
has been in operation since 1948, is the
production of radioisotopes for the
Radiochemical Centre at Amersham,
whose annual sales total £24 million (over
half of them in export markets). Alterna-
tive arrangements, using the DIDO and
PLUTO reactors at Harwell, arc being
made to meet the part of the isotope re-
quirement now supplied by BEPO.

The staff now working on DMTR will be
transferred to other work on site, mainly
to the team which will be set up to com-
mission and operate the new Prototype
Fast Reactor, due to start up at Doun-
reay in 1971.

Background notes

BEPO (British Experimental Pile O) was
the second reactor to be built in this
country and the first large, fully-engin-
cered reactor in Europe. It started operat-
ing on 5th July, 1948, With a power out-
put of six megawatts of heat it operated
initially on natural uranium metal fuel,
canned in aluminium; subsequently some
low-enriched fuel was introduced. Cool-
ingis by airdrawn through the core which
is discharged from a high chimney.
Graphite is the moderator. BEPO helped to
provide British engineers and research
scientists with valuable experience of gas-
cooled, graphite-moderated reactors lead-
ing to the successful development of the
nuclear power stations now being installed
for Britain’s first and second nuclear
power programmes, Until the other test
reactors at Harwell—pipo and pLUTO—
started opérating in the late 1950s, BEPO
was the only large irradiation source in
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Britain. It also provided a regular sup-
ply of radioisotopes to industry and medi-
cine. With the availability, however, of
higher neutron fluxes (a measure of the
intensity of the nuclear reaction within
the reactor core) in the DIDO-type Mate-
rials Testing Reactors, its use has gradu-
ally declined to the point where it is now
no longer economical to operate.

Technical details:

Reactor Type: Thermal heterogeneous
Reactor Power: 5.4 MW (Th)
Designer: M.O.S.

Builder: M.O.W. and M.O.S.

Natural or low-enriched
uranium in finned alu-
minium cans.

Fuel Element :

Number of
Elements: Currently 14,580 in 810
channels. Designed for
17,600 in 880—certain
channels no  longer
usable.

Total—33.2 tonnes of
uranium containing 250
kg of U235.

The average enrichment
is 1.036 Co.

Cylindrical 610 ¢m. dia-
meter, 550 cm. long.

0.16 kW /kg uranium.

12 vertical shut off rods;
4 horizontal control
rods; 2 safety rods (fall-
ing under gravity) of
hollow steel lined or
filled with boroncarbide.

Core Size:

Specific Power:

Control:

Shielding : Biological: concrete 198
cm. thick.
Thermal: cast iron 15.2
cm. thick.

DMTR (Dounreay Materials Testing
Reactor) was the last of the three heavy
water moderated Materials Testing Reac-
tors to be built for the Authority, the
other two—bDIDO and PLUTO — being
located at Harwell DMTR was commis-
sioned in May, 1958, and has been used
to help meet the demands of the Reactor
Group of the UK.A.E.A. in support of
the nuclear power programme. It has a
power output of 25 megawatts of heat.
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Experimental vehicles or rigs have been
designed for use in the reactor to study
the effects of irradiation, under simulated
operating conditions, upon different types
of reactor fuel, cladding materials, cool-
ants and reactor structural materials. The
three Authority Materials Testing Reac-
tors were designed by the UK. A E.A. and
built by Head Wrightson Processes Ltd.
Three Materials Testing Reactors of this
design have been sold abroad—to Ger-
many, Denmark and Australia.

Technical details:

Reactor Type: Thermal heterogeneous

MTR.

Reactor Power: 25 MW (Th.) Max.
21 MW (Th.) Routine.

Designer: UK. AE.A.
Builder: Head Wrightson Pro-
cesses Ltd.

Fuel Element: MTR plates 80% en-
riched uranium alloyed
with aluminium, clad in
aluminium: arranged in
4 concentric cylinders
with 2 in. hole in centre

for experiments.

Number of
Elements : 26 arranged in rows 4,
6, 6, 6, 4.

Total 3.9 kg U.235.
10 tonnes D,O.

D,O outlet temperature
60°C. (bulk).

Approximate vertical
cylinder 61 c¢m. high,
equivalent diameter 87.5
cm.

Moderator:

Coolant :

Core Size:

Control: Coarse control/shut off :
4 arms cadmium in
stainless steel sheath; 2
vertical safety rods; 1
vertical fine control rod
of cadmium stainless
steel tubes; D,O reflec-

tor dumping.

0.65 cm. boral, 10.2 cm.
lead (water cooled) sur-
rounded by 40-200 ecm.
barytes concrete.

16th May, 1968

Shielding :



Copenhagen power
plant conference

[This press release was issued jointly by
the British Nuclear Export Executive, the
British Nuclear Forum and the United
Kingdom Atomic Energy Authority.]

A comprehensive survey of nuclear
power in Britain will be given by a team
of British experts at a one-day conference
in Copenhagen on 12th June.

The United Kingdom team will repre-
sent the Atomic Energy Authority, the
industrial firms who manufacture re-
actors, components and associated equip-
ment; and the Central Electricity
Generating Board who operate nuclear
power stations commercially.

Their survey will extend from the first
British nuclear power station at Calder
Hall, through the reactor types now be-
ing operated or built, to the fast reactors
which are intended to come into
commercial operation in the mid-1970s.

The Conference will be one of the
events arranged for the British Engineer-
ing Week in Copenhagen.

Conference details

The morning programme, to be held
under the auspices of the British Nuclear
Export Executive, will consist of the
following papers:—

Gas-cooled Reactors in the United
Kingdom reviewed by Dr. Gordon
Brown, Atomic Power Construction
Ltd.

Papers

“ Progress in the Exploitation of the
Gas-cooled Reactor” by Dr. G.
Brown, A.P.C, Dr. G. Insch, N.D.C.,
and C. V. Wagstaff, TN.P.G.

“The Performance of Commercial
Nuclear Power Stations in the
United Kingdom > by R. J. Weeks,
CE.G.B.

Recent reactor development in the
United Kingdom reviewed by Dr. T. N.
Marsham, UK. A.E.A.

Papers

“The Design, Commissioning and
Operation of the Steam Generating
Heavy Water Reactor ” by H. Cart-
wright, UK.AE.A.

“The Place of the Fast Reactor in
Commercial Power Development ”

by Dr. T. N. Marsham, UK. A.E.A.
“The Nuclear Fuel Supplies and
Services of the United Kingdom
Atomic Energy Authority ” by F. W.
Bamford, UK. AE.A.

The afternoon session, organised by the
British Nuclear Forum, will have the
following programme : —

Boilers for Nuclear Power Stations.

Ed G. Worley, Babcock and Wilcox
td.

Tube Development for Nuclear

Plant. D. K. A. Hockley, Extended

Surface Tube Co. Ltd.

Some Aspects of Nuclear Plant

Equipment. K. B. Pulford, English

Electric Co. Ltd.

Precision Manufacture of Nuclear

Components. A. P. Burrows, Rolls-

Royce Ltd.

Reactor Instrumentation. A. J. Trott,

Plessey Co. Ltd. .

Availability and Supply of Uranium

Concentrates. B. C. J. Lloyd, Rio

Tinto-Zinc Corp. Ltd.

Mr. B. E. FEltham, Director-General of
the British Nuclear Export Executive,
will preside in the morning and Mr. K. J.
McKillop, of the Water Tube Boiler-
makers Association in the afternoon.

20th May, 1968

Training of NDT
Technicians

The Ministry of Technology has invited
Harwell to carry out a review of the
national need for training and certifica-
tion arrangements for nondestructive
testing technicians and operators and to
make recommendations which may
include proposals for setting up a
nationally approved scheme. The review
will be carried out by Mr. A. S. White,
Head of the Chemical Engineering
Division, Harwell, initially part-time but
on a full-time basis from July 5th, 1968,
when Mr. White retires from his present
appointment.

There is, as yet, no national scheme in
Britain for the training and certification
of technicians in nondestructive testing
techniques although schemes of this kind
exist in other countries. The growing
importance of NDT in many branches of
UK. industry has caused the British
National Committee on Nondestructive
Testing, and the other societies and
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H.M. King Frederick 1X of Denmark (second from left) examining a cut-away
model of a Steam Generating Heavy Water Reactor on the UKAEA stand at the
British Engineering Exhibition, held in Copenhagen from June 10th-14th. Explaining
the reactor to the King is Mr. Pat McTighe of Reactor Group, UKAEA. Mr. G.
Booth, Commercial Counsellor at the British Embassy in Copenhagen is on the King's
left, and next to him is The President of the Board of Trade, the Rt. Hon. Anthony

Crosland, M .P.

organisations involved, to become in-
creasingly concerned about this problem.
The formation of an NDT Centre at Har-
well in February 1967 has led to further
discussions through meetings of the Ad-
visory Committee set up to advise the
Director of Harwell on the programme
and activities of the Centre. These and
subsequent discussions have led to the
appointment of Mr. White to carry out
the review which will be done with the
support of the Advisory Committee, the
British National Committee for Non-
destructive Testing, the NDT Centre at
Harwell and other societies and organisa-
tions involved.

All the recognised forums of opinion
in the NDT field are being invited to give
assistance in the review but individuals,
companies or organisations who feel that
their experience or advice may be help-
ful, are invited to write to Mr. White.
Mr. A. S. White, B.Sc., F.R.I.C., C.Eng.,
M.I.Chem.E., A.E.R.E., Harwell, Didcot,
Berks. 22nd May, 1968

Birthday Honours

The Queen has awarded Birthday Hon-
ours to the following U.K.A.E.A. staff : —
O.B.E.

Mr. R. H. Campbell, Deputy to Director,
Fast Reactor Design, Risley.

M.B.E.

Mr. R. Jones, Engineer II, Dounreay.
Mr. A. Sunderland, Assistant Chief
Engineer, Risley.

B.E.M.

Mr. W. Coleman, Non-Tech. I. Range
Foreman, Foulness.

Mr. J. W. Gunn, Police Inspector,
Capenhurst.

Mr. L. G. Needham, Process Super-

visor II, Windscale.

Post-Graduate Education Centre
Syllabus

The Harwell Post-Graduate Education
Centre has published a new booklet giv-
ing details of courses and lectures to be
held during the coming months. Copies
of the booklet are available from the
Post-Graduate Education Centre. (A).
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Nuclear power conference in Copenhagen

As announced in the Authority’s press
release of 20th May, 1968 (see page 159)
a conference held in Copenhagen on 12th
June, arranged under the auspices of the
British Nuclear Export Executive, was
one of the events of British Engineering
Week in Denmark.

A paper on “The performance of the
Central Electricity Generating Board
nuclear power stations”, by Dr. D. J.
Silverleaf and Mr. R. J. Weeks (C.E.G.B.
plant operations engineers) said that the
later stations of Britain’s first nuclear
power programme (“Calder Hall-type” or
magnox reactors) would generate elec-
tricity as cheaply as oil—or coal-fired
stations; the Advanced Gas-Cooled Re-
actors would provide electricity more
cheaply than conventional stations.

They reached these conclusions despite
the fact that “nuclear costs are still
penalised by the assumption of a 75%
load-factor and a 20-year useful lifetime”
(compared with 30 years for coal- or oil-
fired stations). They pointed out that “the
magnoXx nuclear stations have either al-
ready surpassed the design intention of a
lifetime load-factor of 75%, are near this
achievement or are heading towards this
target”. They added: “Perhaps the most
significant statistics are those relating to
the performance of the stations over the
winter load period. The nuclear stations
have been remarkably reliable and have
functioned at full power over extended
periods.”

Forty reactor years

After referring to the fact that
C.E.G.B. now had forty “reactor-years”
of operating experience, the authors said :
“The most striking conclusions to be
drawn from the C.E.G.B.’s experience of
reactor operation are, first, the extremely
high cumulative load factors achieved;
and, secondly, the surprising ease with
which this performance has been
achieved . . .

“In so far as we have felt any real
concern about the reactors or equipment
closely connected with them, this has
been restricted essentially to two items.

The first was the refuelling machinery;
once the source of our greatest operational
difficulty, it has now become a major
engineering success at the earlier stations,
a success which we believe will be re-
peated elsewhere. The second was the
remote, but not inconceivable, possibility
of fuel melt-out or ignition. Now that an
instrument capable of detecting major
cladding failures within a few seconds of
their onset has been developed, we are
confident that this potential hazard will
shortly be eliminated.

“ Magnox stations are no longer novel.
As we move forward to our first
A.G.Rs, which themselves can only be
regarded as mildly unconventional, it is
ingeresting to note that the design of
these stations anticipates (and eliminates)
such difficulties as we have experienced
with the magnox stations: the A.G.R.’s
will have simple refuelling machinery,
oxide fuel and turbines which utilise
steam under standard conditions. We
look forward to even better load-factors
than those achieved by maghox stations
and to cheaper generation costs than can
be obtained with fossil-fuel stations.”

Commenting on “the prompt and effici-
ent supply of fuel” by the Atomic Energy
Authority, the authors said: “1It is now
usual to find not more than one potential
failure in a complete charge of 40,000
elements.”

Consortia paper

Representatives of all three industrial
Consortia were joint authors of a paper
entitled “ Progress in the exploitation of
the Gas-Cooled Reactor”. They were:
Dr. Gordon Brown, Managing Director,
Atomic Power Constructions, Ltd., Dr.
G. Insch, Manager of Engineering, Nu-
clear Design and Construction, Ltd.; and
Mr. C. V. Wagstaff, Export Manager,
The Nuclear Power Group, Ltd.

Their paper said: ‘“The United King-
dom first generated electricity from nu-
clear power in significant quantities in
1956, when the first power reactor at
Calder Hall was brought into operation,
and by 1970 will have 5,000 megawatts
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of electrical capacity installed at nuclear
stations of the same gas-cooled Magnox
type. Eight stations are now operating,
generating a total electrical output of
approximately 3,600 MW. The final station
consisting of two reactors in an advanced
stage of construction is at Wylfa Head in
Anglesey. When brought to power in
1969, the generated electrical output will
be 590 MW per reactor; over twice the
output of any other reactor of the same
type and more than ten times greater than
the output from each reactor at Calder
Hall.”

A number of important advances had
been made during the first nuclear pro-
gramme, resulting in reductions in cost
and improved operating and safety
characteristics. “A most significant
development from a safety considera-
tion”, the paper said, “has been the pre-
stressed concrete pressure vessel contain-
ing the reactor-core, surrounding shields,
boilers and gas circulators. . . . In the un-
likely event of vessel failure, this would
be a gradual process giving ample warn-
ing and allowing the reactor to be safely
shut down. . . . The concrete pressure
vessel also allows much larger units with
higher coolant pressures to be used than
is the case with steel vessels, This is an
important economic benefit which has
considerable development potential.”

A.G.R. success

The prototype Advanced Gas-Cooled
Reactor at Windscale had “ proved an
outstanding success and operated at a
consistently high availability since com-
misioning in December, 1962.” The
Second Nuclear Power Programme of
8,000 MW was announced in 1965 and
after careful technical and economic
appraisal of both A.G.R. and water reac-
tor offers, the first contract for a 2 X
600 MW(e) station to be built at Dun-
geness was awarded for an A.G.R. Con-
struction of the first two A.G.R. stations
was already under way and a site had
just been opened up for a third station.
It was anticipated that the order for a
fourth station would be placed shortly.

Describing features of the A.G.R., the
paper continued: “The use of uranium
dioxide for fuel clad with stainless steel,
and sub-division of the fuel into a rod
cluster, allows ratings to be three to four
times higher than in the Magnox system
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and permits the use of much higher core
gas temperatures. This gives boiler steam
conditions comparable with those in cur-
rent fossil fuelled stations. The reactor can
therefore be associated with a turbine
house which follows modern high tem-
perature steam plant practice. The effi-
ciency of an A.G.R. station is about
429%. Running costs are therefore lower
than other reactor systems including the
earlier Magnox stations, and the substan-
tial reduction in turbine condenser cool-
ing water requirements per unit generated
gives a greater freedom of siting.

“The choice of on-load fuelling per-
mits the use of efficient fuel management
schemes, allowing fuel replacement rate
to match the reactor load demand. This
has important consequences for the
operator since he is relieved of predic-
tions of long term operating require-
ments and has flexibility to operate his
reactor in the most efficient manner with
consequent reductions in running costs.
Refuelling and fuel re-arrangement can
be carried out at a leisurely pace since
only two or three channels must be
changed each week.”

The paper went on to describe: pro-
gress in the building of the A.G.R.
station at Dungeness “B” by Atomic
Power Constructions, Ltd.; design
features of the Hinkley Point “B” and
Hunterston “ B ™ stations being built by
The Nuclear Power Group, Ltd.: and a
360 MW A.G.R. design by Nuclear
Design and Construction, Ltd., to meet
“a requirement for reactors of smaller
sizes for export purposes .

Concluding, the authors said: “ The
technology of gas-cooled reactors has
developed continuously and progres-
sively to the current A.G.R., and there
are many considerations which show that
the development limit is still to be
reached.

“Ten per cent of all the power
generated in the United Kingdom at the
present time comes from nuclear stations.

“Safety is already fully assured, so
much so, that the next A.G.R. station in
the United Kingdom is planned for either
Hartlepool or Heysham, both sites being
close to high population centres.

“The freedom to locate the A.G.R.
near the load centre, and thus reduce
transmission costs, is an additional advant-
age to a system which has already shown



to be fully competitive with conventional
and other power generation systems.”

S.G.H.W.R.

“The design, commissioning and
operation of the Steam Generating Heavy
Water Reactor” was the subject of a
paper by Mr. H. Cartwright, Director,
Water Reactors, at the Reactor Group
of the United Kingdom Atomic Energy
Authority.

He said that S.G.H.W.R. differed from
other types of heavy water reactor now
in operation in that light water was used
as the coolant and heavy water was used
only for neutron moderation.

On-load refuelling had been incor-
porated into the S.G.H.W.R. built at the
Authority’s establishment at Winfrith, but
the system was also suitable for “ off-
load ” refuelling, with little loss of avail-
ability.

He continued: “ Financial sanction to
build the Winfrith S.G.H.W.R. was given
in February 1963, work began on site
two months later and full power was
achieved in January 1968. As this was
the first of a new reactor system, the
design was not finally complete when
construction work started. Even so, com-
ponent development proceeded largely as
planned and progress during construction
was good.

“The fact that construction was car-
ried out generally to schedule was made
possible because of the pressure tube
type of construction which permitted the
manufacture of all reactor components at
the contractor’s works. These were then
delivered completed to site. Site work was
therefore limited to assembly and erec-
tion, which was facilitated by the detailed
planning methods used. These latter were
based on the Authority’s considerable
construction experience and included the
production of detailed erection pro-
cedures, well ahead of the time when the
operation had to be carried out. It was
also possible to separate the reactor civil
work from the erection of plant, so
avoiding difficult co-ordination prob-
lems.”

Full power of 100 MW(e) was first
achieved on 7th January and the plant
was raised to continuous full power
operation on 25th January. The few
months of operation after achieving full
power had proved very satisfactory and

the plant was stable in operation. During
March the plant load-factor was 939 and
the reactor availability 989%.

Mr. Cartwright pointed out that the
most important single feature of the
S.G.HW.R. was that it was a pressure
tube reactor. It was this which made pos-
sible designs for different outputs using
substantially standard units.

Designs of commercial reactors based
on Winfrith experience were developed
first at around 300 MW(e) but since then
the range had been extended to include
reactors of over 500 MW(e).

Dr. T. N. Marsham, Director, Tech-
nical Operations, UK.A.E.A., reviewed
fast reactor work in a paper “ The place
of the fast reactor in commercial power
development”.

“The primary object of a new com-
mercial reactor system,” said Dr. Mar-
sham, “must be to produce, for the elec-
trical network as a whole, lower average
generating costs than would have resulted
had it not been introduced, taking into
account the conditions that will be
created by the continuing large scale in-
stallation of the current reactor types.
Some of these conditions make the intro-
duction of new systems more difficult,
e.g. the benefits of continuing evolution
in design, the creation of large scale
manufacturing facilities for components
and fuel cycle requirements for the exist-
ing reactors. For the particular case of
fast reactors certain aspects can be made
to yield a potentially overwhelming
advantage in fuel cycle costs both in
terms of reduced requirements for new
fissile material and by making the best
use of the plutonium and depleted uranium
which arises as the ‘waste’ (or ‘tails”) from
the enrichment plants which provide fuel
for thermal reactors. It is essential, how-
ever, that this potential advantage is real-
ised with acceptable capital costs and
plant operational and safety features ™.

One of the advantages of the fast re-
actor system, the author pointed out, was
a saving in foreign exchange: “Like
many countries in Europe, the U.K. has
no exploitable indigenous resources and
so the need to make the best use of im-
ported nuclear fuel to avoid other short-
ages or high import bills has been a major
factor in the U.K.’s reactor development
programme for the past 20 years. A factor
which has also been important is the rela-
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tively high cost of coal in the U.K. which
led to the early large scale introduction
of natural uranium reactor power plants
and thus the early creation of a large
stock of plutonium and also of depleted
uranium. Consideration of the alternative
courses of action led to a decision to
concentrate on the early development of
fast breeder reactors, which seemed to
have the best long term potential, re-
ducing uranium requirements by nearly
a factor of 100, making the best use of
the plutonium arising from the early
stations and overall producing the lowest
forecast power costs .

The U.K. had been developing sodium
cooled fast breeder reactors for some
twenty years and one of 250 MW(e) is
now well under construction. This, said
Dr. Marsham, would provide a firm base
for the introduction of commercial fast
reactors in the early 1970s. ““ Such a pro-
gramme would also tend to improve the
economics of the current large thermal re-
actor programmes by easing the pressure
on the uranium suppliers and providing
a more economic outlet for the plutonium
they produce than recycling this in the
enriched uranium thermal systems. The
stocks of depleted uranium accumulated
from the enrichment plants would be
sufficient to supply a very large fast re-
actor installation for many decades and
ultimately uranium requirements would
be reduced to a rate only about one
hundredth of that required by present
systems.”

Fuel Service

Mr. F. W. Bamford (Chief Commercial
Manager, Production Group) gave a
paper on “ Nuclear fuel supplies and ser-
vices of the United Kingdom Atomic
Energy Authority .

After referring to the fact that other
papers at the conference had described
United Kingdom experience with the
Magnox, A.G.R., S.G.H.W. and fast re-
actor types, he pointed out that it was
the function of the UK.AE.A. to pro-
vide a complete fuel service for reactors
of all these types in the U.K. and similar
services were offered overseas.

For many vears, said Mr. Bamford, the
U.K.A.E.A. had had the responsibility of
fuelling the largest nuclear power pro-
gramme in the world.

Referring to the reactivation of the

Capenhurst diffusion plant to meet the
needs of the second nuclear power pro-
gramme for enriched uranium, he said:
“It is believed that this planned expan-
sion of the Capenhurst plant is the first
occasion on which a diffusion plant has
been constructed with the minimum cost
of production—under commercial ground
rules—as the prime criterion ”.

He continued: “ The present estimate
is that during the next four or five years
the increase in capacity at Capenhurst
will fairly closely match the rising UK.
requirement for enrichment, but there-
after spare capacity will become avail-
able for the supply of enrichment to
overseas customers. U.K.AE.A. are plan-
ning by the end of 1968 to propose con-
tract terms and prices for the supply of
enriched uranium to overseas customers,
beginning about 1973-1974”.

The Authority had unique experience
in transporting irradiated fuel from many
parts of the world, including Canada,
Australia, India, Italy, France and Den-
mark. In some cases it had proved appro-
priate to charter a special ship, but ex-
perience of transporting irradiated fuel
on ordinary cargo vessels was developing.

Describing the fuel services which the
Authority could supply in support of a
British-designed nuclear power station in
Denmark, Mr. Bamford said: *“ The
U.XK.A.E.A. has established close relation-
ships with the British Consortia who de-
sign and construct nuclear power stations
for the British market. On the basis of
this domestic co-operation, the overseas
customer may receive a single package
offer to design and construct a nuclear
power station, including the provision of
the fuel, and such an offer would have
the full technical support of the
U XK.A.E.A. Specifically an offer to con-
struct a nuclear power station in Den-
mark would include all the fuel supplies
and services, and these offers can be made
available in the form of a comprehensive
service or in whatever manner is con-
sidered appropriate. UK.A.E.A. are pre-
pared to operate quite flexibly if the cus-
tomer desires to provide some parts of
the fuel service from other sources.

“ As far as guarantees of fuel perform-
ance and endurance are concerned, utili-
ties with a great deal of experience and
expertise in the operation of nuclear
power stations may seek only minimal
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protection and rely on their own experi-
ence in satisfying themselves about the
potential performance of the fuel. Others
may, however, come to the conclusion
that they require guarantee cover in
varying degrees of  completeness.
U.K.AE.A. working in full co-operation
with the reactor supplier, are ready to
fit in with customers’ wishes in this res-
pect. Guarantee would be available even
if some parts of the fuel service are pro-
vided from other sources ”.

British Engineering
Week Exhibition

Britain’s nuclear power programmes
were outlined on the United Kingdom
Atomic Energy Authority’s stand at an
exhibition held at Bella-Centret, Copen-
hagen, during 10th-14th June. Data was
given on the 27 power reactors now work-
ing, and the nine more being built.

Models and details of the SGHWR and
the Dounreay 250 megawatt fast reactor
were on show.

The exhibit also described research
and power reactor fuel elements made at
the Authority’s Springfields and Doun-
reay works (the UKAEA has made well
over two million reactor fuel elements).
The UKAEA offers a complete nuclear
fuel cycle service, supplying, transport-
ing and reprocessing fuel all over the
world—including that for the British
designed DR-3 DIDO type reactor at
Riso.

There was also a wide range of engi-
neering equipment from  Authority
establishments,

From Aldermaston: an audiometer, for
testing babies’ hearing, an automatic sol-
vent  extraction and  precipitation
apparatus, and a press for compacting
and densifying powders.

From Harwell: A RIPPLE radioiso-
tope powered electric generator; one is
already installed as a light beacon at
Asnaes (Denmark) on the main shipping
route to Kalundborg and the Kiel Canal;
another is sited at Tegelhdllon in the
Stockholm archipelago. Also—modular
electronics, planetary swaging equipment
for use with metal tubes, and geological
assay equipment.

From the Radiochemical Centre,
Amersham: A display of radioactive
sources—Amersham being one of the
world’s main suppliers of radioisotopes.

A.E.R.E. Post-Graduate
Education Centre

THE fellowing courses are due to be held
at the Post-Graduate Education Centre,
AER.E. Harwell, Didcot, Berks, Fur-
ther information and enrolment forms
can be obtained on application.

Science and Mathematics Teachers and
use of Radioisotopes in Schools

Oth to 13th September, 1968

24th to 28th March, 1969

This course for science ana mathe-
matics teachers, which may also be of in-
terest to teachers in Colleges and Depart-
ments of Education, is intended to give a
background knowledge of current de-
velopments in some of the subjects in-
vestigated at Harwell. There will also be
an alternative section giving an introduc-
tion to the use of radioisotopes in schools
in the physics, chemistry and biology syl-
labus. It will include visits to laboratories
and nuclear reactors and short experi-
mental sessions as well as an extensive
lecture programme. The aim is to provoke
interest in recent applications rather than
to provide material directly applicable to
a school syllabus. Fee: £5 exclusive of
accommodation.

Lecturers in Engineering
16th to 20th September, 1968

This course is intended primarily to give
lecturers a background of current devel-
opments in the types of engineering and
associated subjects of which we have
special knowledge. It has been designed
for senior members of the Engineering
departments of Universities and Techni-
cal Colleges and should also be of interest
to applied physicists, applied chemists
and chemical engineers., Fee: £20 exclu-
sive of accommodation.

Introduction to Radioisotopes
16th to 27th September, 1968
28th April to 9th May, 1969

The course is aimed at those with pre-
liminary training in a scientific discipline
who need an introduction to the tech-
niques of handling and measuring radio-
active materials, mainly at the tracer level.
It is also a useful preliminary to a more
specialised course. Fee: £80 exclusive of
accommodation.

continued on page 204
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IN PARLIAMENT

Select Committee
Report

The following extracts are from the debate
on the Select Committee Report which
took place in the House of Lords on 8th
May, 1968.

Lorp SHERFIELD: This is the first Report
of the first specialised Select Committee.
It is interesting that the Committee should
have selected nuclear power for its debut,
and though, in terms, the Report is limited
to the United Kingdom Nuclear Reactor
Programme, it raises some rather broader
issues which I shall endeavour to identify.
In the first place, it establishes certain facts
about the United Kingdom nuclear pro-
gramme which have long been in dispute.
The original purpose of this programme,
say the Committee—the establishment of a
new lower cost primary energy source for
the British Isles—is already attained. The
existing Magnox stations have more than
lived up to expectations, in terms both of
output and availability. It was right, they
conclude, that the United Kingdom Atomic
Energy Authority should have devoted so
much effort to the development of the gas
graphite reactor; indeed, they should press
ahead for the development of high tem-
perature reactors of this type, and should
complete the DRAGON experiment at
Winfrith Heath if our European partners
drop out of it. It was right, too, to diversify
into the field of water reactors, and the
A.E.A. and the industry are encouraged
and should be enabled to speed up the
development of the steam generating heavy
water reactor. The Committee approve of
the fast reactor programme, and spur the
A.E.A. on to further efforts in this field.

The Committee accept the view that as
far as the advanced gas-cooled reactor
programme is concerned, electricity pro-
duced by nuclear fission will be commer-
cially cheaper than electricity produced
from coal, and is likely to become cheaper
still. The arguments put forward by the
Coal Board and others against this view
are decisively rejected, and the Government
are urged to face the consequences of a
rapid contraction of the coal industry.

The Committee go further in saying that
the United Kingdom is in danger of falling
behind other advanced countries in the rate
of installation of nuclear power, especially

the United States. They very properly
emphasise that nuclear fission is a cleaner
and more sophisticated way of obtaining
energy than burning fossil fuels, and that
cleanliness and avoidance of atmospheric
pollution in the large-scale production of
electrical energy is already important. The
Committee therefore draw attention to the
economic advantage to the country of an
increase in the size of the present nuclear
power programme.

The Select Committee, after full inquiry,
have thus given complete endorsement to
what has been done so far to develop the
nuclear power industry.

I now turn to the more difficult and more
controversial question of the future
organisation of the industry and of the
Atomic Energy Authority. This has quite
rightly to come up for review now, mainly
because the first phase of the civil nuclear
programme has come to an end with the
establishment of competitive nuclear power,
and we are entering a new era. The
Committee first throw an envious glance
at the American system under which the
main research and development work is
let out by the Atomic Energy Commission
on contract to universities and to industrial
firms. Virtually all the Commission’s
installations are run for them. This system
has proved to have many advantages, but
in 1946 it was not one which either British
industry or the Government were able or
willing to adopt. We plumped for State
monopoly in research and development
and, as far as the fuel cycle was concerned,
for State manufacture. It is too late to put
the clock back now and to undo what has
been done, though it is not, of course, too
late to introduce modifications.  The
Committee’s solution is of a root-and-
branch kind. It involves the disbandment
of the consortia, and the disintegration
of the Atomic Energy Authority.

In considering this question, there are
two broad issues which affect one’s judg-
ment. They are the question of exports
and the question of competition. Our
export performance in the civil nuclear
field has not come up to expectation, and
it is relevant to ask why. I think that part
of the explanation is the following. One
of the main consequences, and perhaps
the main disadvantage, of the enlargement
of the civil nuclear programme in the mid-
*fifties was that it threw such a heavy load
on the industry that the consortia were not
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able, or not willing, to make a real effort
in the export field. On the other hand, the
Americans laid the foundations of their
success in this period. They moved in
quickly after the so-called Atoms For
Peace Conference in Vienna in 1956. They
made an agreement with EURATOM, They
offered co-operation and attractive incen-
tives for nuclear development. Whenever
one visited a European nuclear laboratory
there was a representative of Westinghouse
or of General Electric working in the
laboratory alongside the local experts. Of
representatives of British industry there was
little sign. The benefits of this careful
groundbaiting were later realised by the
United States.

Another consequence was that such
tenders as were put in by British industry
were greatly in excess of American and
Canadian tenders, which were also ac-
companied by extremely favourable finan-
cial terms. Finally, the Central Electricity
Generating Board hesitated over-long in
ordering an advanced gas-cooled reactor,
which gave the Americans two vital years
in which to establish their strength in and
inside overseas markets. The Select Com-
mittee are inclined to pooh-pooh the
suggestion that a domestic order is a pre-
requisite of a foreign order. Personally, T
think that in this they are mistaken. But,
however this may be, British industry and
the Atomic Energy Authority did make a
fresh start in the export field in 1966 with
the formation of the British Nuclear Ex-
port Executive. This has not so far been
successful in securing export orders, and
the Select Committee recommend that it
should be wound up and the problem of
exports passed to the Board of Trade for
study. What do the Government think
about that? To me it is not very clear
what a Government department can achieve
where the A.E.A. and industry have not
succeeded.

One should not overlook the difficulties
that have been encountered, the lost
opportunities in the past, the nationalistic
attitude of the present, which lead countries
to follow uneconomic and expensive
protectionist policies in order to build up
their own resources rather than to use
overseas facilities.

One of the purposes of the organisation
of the nuclear industry into a number of
consortia was to prevent monopoly and to
preserve competition. This view perhaps

had some merit, as leading to diversity of
approach to a novel engineering and con-
struction programme, at a time when a
number of orders for relatively small
nuclear stations were contemplated. But it
largely lost its raison d’étre when the size
of the individual unit increased beyond
expectation. This meant that with at most
one order in a year, or in an even longer
period, the C.E.G.B. had either to give an
order to each consortium in turn, or, in
effect, to put one or more out of business.
The fearful expense of tendering made the
position all the more difficult. Thus,
competition in the full sense is not
attainable.

The Select Committee recognise this
problem, and they advocate two new
monopolies, one for the construction of the
nuclear boiler—what they call the “nuclear
island”’—and one for fuel manufacture, the
competition coming from the foreign manu-
facturer, and the Central Electricity
Generating Board being encouraged to
seek foreign tenders. This is pretty drastic.
It involves the elimination of certain vested
interests which are not necessarily bad
ones; it involves the radical reorganisation
of the industry, and the virtual dissolution
of the Atomic Energy Authority. More-
over, it is not a solution which commands
even majority support, since the Central
Electricity Generating Board and an
important part of industry are against it.

It seems to me that this puts the Govern-
ment in a difficult position. Suppose they
were to accept the Committee’s recommen-
dation? How are they to impose it—by
legislation? Moreover, the proposal itself
is not very precise. The new company,
that is to say the Nuclear Boiler Company,
is to comprise a substantial part of the
United Kingdom Atomic Energy Authority,
together with
“those design and manufacturing resources
peculiar to nuclear engineering”
and
“so much of the Authority’s facilities as is at
present devoted to research and development
of a commercial nature.”

To one who is fairly familiar with the
organisation of the Atomic Energy
Authority, this poses a problem of dis-
section so difficult as to be liable to lead
to the death of both halves of the patient.
By propounding so controversial a solu-
tion, the Committee have left others to
make what they can of it. I cannot help
wondering whether there is not some rather
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less far-reaching method which might prove
to be more workable: for example, having
the Atomic Energy Authority and two in-
dustrial groups with interlocking share-
holdings, a large consortium with a single
export organisation, capable of standing
behind any export order. This would not
provide competition in the true sense, for
the reasons I have given, but it would
provide a check on monopolistic practices,
and it is relevant that the Central Electricity
Generating Board consider that the degree
of competition offered by two industrial
groups in the domestic market would be
of value to them.

The second proposal is that a new
British fuel supply and manufacturing
company should be established to take the
place of the present Atomic Energy
Authority monopoly of the fuel cycle.
1 do not myself find this proposal to super-
sede the existing Authority’s control of
the fuel manufacture and supply very
attractive.  This part of the Atomic
Energy Authority’s activities is, and has
been for some time, on a commercial and
profitable basis. It is not a process
which private industry has taken up in
this country, except to a marginal extent.
It therefore differs from the design and
construction of nuclear stations.

The Committee’s reason for making
this proposal seems to be partly con-
nected with a belief that it would make
easier collaboration with the FEuropean
Economic Community. But I find this
argument rather difficult to follow; nor
has it yet been borne out by experience,
vide the contract for the supply of
plutonium to EURATOM announced only
this week. In any case, the present
system is undoubtedly working well, and
there does not seem to be the same
urgency about dealing with it as there is
in the case of the organisation of the rest
of the nuclear industry.

Finally, as regards the Atomic Energy
Authority itself, the Committee say they
are satisfied that the Authority has done
their basic task, that of nuclear research
and development, with success. But the
Committee go on to suggest, really without
further argument, that the Authority should
now be broken up into four parts. The
consequences of this proposal do not seem
to have been fully thought out.

The Parliamentary Secretary, Ministry

of Public Building and Works (Lord
Winterbottom): From the outset the basic
aim of the United Kingdom’s civil atomic
energy policy has been to encourage the
sure and safe development of a low-cost
energy source for the benefit of the
country’s economy. The lines of advance
have been, first, to secure the general
development of the new technology as
rapidly as possible; second, to seek to meet
the requirements of the Generating Boards;
and third, to develop and exploit export
markets for U.K. reactors and fuels.

About three years ago, in May, 1965,
with the award of the Dungeness “B”
contract to an advanced gas-cooled reactor
design the exploratory phase of the atomic
energy programme can be said to have
ended, in that it marked the stage when
nuclear power was seen to have become the
most economic source of energy generation
in this country. At the same time British
reactor designs were shown to be fully
competitive. The estimated costs of
nuclear power generation have continued to
decline. Thus the estimated cost of
generation from Hinkley Point “B” is
0.52d. per kWh compared with 0.57d. for
Dungeness “B”. Further and considerable
cost reductions are expected from ad-
vanced gas-cooled reactors in the post-1975
period, and the recent White Paper, Fuel
Policy, predicts that A.G.R. costs will be
down by 20 per cent. by 1980. Fast
reactors in the 1980s and 1990s will
provide even cheaper power.

The disappointing results so far of our
efforts to sell nuclear reactors abroad
stem from a number of reasons. Some of
these are connected with weaknesses in
organisation which we now aim to correct.
Others lie outside the scope of normal
commercial transactions, since in this sort
of field where national prestige plays a
part, political as well as economic con-
siderations are sometimes decisive. There
are also technical factors. The A.G.R.
system designed for the domestic market
and generating about 500 to 600 megawatts
is not ideally suited for overseas markets
where smaller units of about 100 to 150
megawatts are in greater demand. The
steam generating heavy water reactor
(S.G.H.W.) recently unveiled at Winfrith
has been designed specifically to meet this
demand, and we have high hopes of being
able to exploit this versatile design in the
export markets.
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While it will be necessary to maintain a
sizeable effort on research and development
in support of systems now in hand, it is
clear that the emphasis of our civil nuclear
programme has now shifted to the stage
where we must do everything possible
to exploit the vast store of experience and
expertise which has been built up in the
last twelve or thirteen years by selling our
reactors and fuel in overseas markets.
It was because of this change in emphasis,
and because of our comparative lack of
success in the export field, that early in
1967 the Government came to the conclu-
sion that the existing organisation of the
nuclear power industry was unsatisfactory;
and this led to the initiation by my right
honourable friend the Minister of Tech-
nology of discussions with all sectors of the
industry and Government concerned with
the nuclear power programme with a view
to making changes in that organisation.
The examination of the nuclear reactor pro-
gramme by the Select Committee and its
subsequent Report was, therefore, most
timely.

Since the publication of the Report
there have been a number of informal
discussions with most of those interests
which will be involved in the reorganisa-
tion of the industry. It has become clear
from these discussions that there is con-
siderable disparity of view about what
is practicable and what new form of
organisation will be most effective. As
noble Lords are aware; the Select Com-
mittee was itself divided on the major
question whether or not there should be
a single organisation to design and organise
the construction of nuclear boilers. This
division of opinion is reflected in industry
and the public authorities concerned.

It is clear, therefore, that any reorganisa-
tion will be difficult to achieve. There
are, quite naturally, vested interests to
overcome. One consortium has already a
healthy programme of work. As is only
too clear from the evidence given to the
Select Committee, there are conflicting
views to be reconciled. The interests of
the staff of the various organisations in-
volved must be carefully considered, and
continuing uncertainty about their future
is not conducive to the maintenance of
good morale.

In spite of all the difficulties, the Govern-
ment continue to be most anxious to arrive
at an early solution to the major problem
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of the future structure of the industry.
Initial talks with the chairmen of the con-
sortia were held more than a year ago.
Inevitably, the work and the Report of the
Select Committee have prolonged the
uncertainty both in industry and in the
Atomic Energy Authority. Apart from the
effect on the morale of the people con-
cerned, our efforts overseas are also handi-
capped, owing to uncertainty about where
future responsibility in this field will lie.
In particular arrangements for the com-
mercial exploitation both at home and
overseas of the two new reactor systems,
the steam generating heavy water reactor
and the fast reactor, cannot long be
deferred. Both noble Lords who have
spoken so far have stressed this point.
Moreover, the possibility that these new
reactor systems and an improved version
of the advanced gas-cooled reactor may be
very competitive with American designs,
particularly in the light of the trend of
current costs in the U.S.A. and elsewhere,
makes it desirable from the commercial
standpoint that any new organisation
should quickly be brought into being to
take advantage of them.

Successive Governments have over the
years spent considerable sums on research
and development on nuclear power sys-
tems, and the present Government have
the right and the duty to see that this
investment produces dividends by way of
an increase in overseas trade, in addition,
of course, to whatever royalties may be
obtained from the Central Electricity
Generating Board and the long-term
industrial and domestic advantage of using
a cheaper mode of generating electricity
than burning either coal or oil.

The design of the nuclear boiler con-
stituent of a nuclear power station entails
the participation not only of the nuclear
engineers but also of the boilermakers and
manufacturers of other major components
who are normally responsible for the
detailed design of their respective compo-
nents within the parameters set by the
nuclear engineers. This brings in a number
of different industries; and in the actual
construction of the complete power station
the turbine and other electrical gear
manufacturers, working to their own
designs, and the civil engineers also have a
major part to play.

As your Lordships know, it was decided
at the outset of our civil nuclear programme



that firms in these various industries should
band together in nuclear consortia to
design and build nuclear power stations on
a turnkey basis. Latterly, after these
nuclear consortia had in the process of
time been reduced to three, they have been
transformed from associations of firms
into companies with a separate existence
under their own management, and operat-
ing to some extent independently of their
parent firms. Thus, the present organisa-
tion is exceedingly complex, and negotia-
tions on a new structure for the nuclear
industry entail discussion not merely with
the nuclear companies or consortia but with
a large number of their parent firms, many
of them of major importance with wide-
spread industrial interests, and often with
associate and subsidiary companies over-
seas interested in one or other aspects of
the nuclear business. Discussions are now
in progress with the various interested
parties. They are bound to be delicate.
In these circumstances, I would ask noble
Lords to excuse me from giving any further
details of what it is in the Government’s
mind to achieve during these negotiations.

Whatever I might say could possibly
prejudice the success of these negotiations,
and I am sure that noble Lords taking
part in the debate on this Motion will
share the view of the Government that the
objective must be to try to secure as
satisfactory an organisation as possible. I
am sure that many of those who will
participate in this debate will have had
much more intimate and detailed know-
ledge of the situation in this industry than
I can claim. Their views on what it is
desirable to aim at and what may be
achievable in the reorganisation of the
industry will undoubtedly be helpful to the
Government in a somewhat tangled
situation.

The benefits of competition in this
highly specialised field can be overrated,
and in this industry such competition as
might take place is much more likely to be
between different reactor systems rather
than between different organisations. From
this standpoint there is much to be said for
the majority view of the Select Committee,
that we should aim to set up a single,
strong design/construction organisation,
in which the Atomic Energy Authority and
the principal manufacturers will participate,
formed from elements of the existing
consortia and the U.K.AE.A. The

Government have in fact invited the
Chairman of the Industrial Reorganisation
Corporation to seek the reactions of
industry to a reorganisation along the
lines of the majority view of the Com-
mittee. The Chairman’s preliminary re-
port to the Minister of Technology will
not be available until later. Following
that, delicate and complicated negotiations
will be required. We are all anxious to
reach a rapid decision, but I think your
Lordships will agree that it is even more
important to get the right results than to
get them quickly, although I know that
the noble Lord, Lord Sherfield, believes
that speed is an important element in our
calculations.

The scope of the present negotiations
covers the Select Committee’s recommen-
dations in the beginning of the Blue Book.
So far as Recommendation 6 is concerned,
I should like to say that the British Nuclear
Export Executive has done valuable work
in studying the prospects in export markets
and establishing contact with possible
customers, and publicising the achieve-
ments of the British nuclear power pro-
gramme. Until the future organisation of
the British nuclear industry becomes clear
B.N.X. must stay in business. As regards
Recommendation 3, the Government be-
lieve that there appear to be good argu-
ments that a separate fuel organisation
should be set up. However, the existing
organisation has operated very successfully
and a decision on the nature and timing of
any changes cannot be taken until the
shape of the new organisation for the
design and construction of reactors has
been determined. The remaining recom-
mendations are being considered by the
Government Departments concerned, and
it is proposed to incorporate the Govern-
ment’s views on these matters either in an
early statement or, if negotiations on the
major problems of reorganisation are
speedily concluded, in a comprehensive
White Paper.

The story of nuclear power is one of
great success, and given the right organisa-
tion the industry and the nation now have a
great opportunity to reap the rewards in
overseas markets of all the effort and money
which has gone into research and develop-
ment over the past twenty years. To achieve
that organisation, sacrifices may have to be
made. But given flexibility of outlook,
singleness of purpose, and true co-opera-
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tion between Government and industry,
the opportunity can be seized.

Lord Hinton of Bankside: I do
not agree with all the recommendations
made by the Select Committee on Science
and Technology but I should like to pay
tribute to them for the very thorough and
useful examination they have made of the
nuclear power industry. Although 1T
suppose it is unfashionable and it may be
indiscreet to confess to disappointment, I
am disappointed—and I am sure that my
disappointment is shared by many of the
other men who worked on the develop-
ment of nuclear power in the 1950’s—over
the way in which the industry has developed
in this country in the years that have passed
since. We felt at that time that we were
creating a new industry and we felt too
that this country was leading the world in
that new industry.

But, my Lords, the success of industry
must, I suppose, be measured to some
extent by the size of its order books. If
we use this criterion in judging the success
of the nuclear power industry, we find
that the picture is not a very happy one,
because in the two years 1966 and 1967
orders for about 40,000 megawatts capa-
city nuclear powered plant of American
design were placed, while less than one-
tenth of that capacity nuclear powered
plant of British design was ordered.
But, perhaps even worse, one finds that
while reactors of American design have
been ordered and are being built in eight
overseas countries, only two countries have
ordered a reactor of British design—and
that more than ten years ago.

When one meets with disappointment of
this kind, T think it is wise to seek the
reason for it. I should like to suggest to
your Lordships three reasons why progress
has been, as I see it, disappointing. In the
first place, I think the technological pro-
gress in this country was retarded by the
large, obligatory, nuclear-powered pro-
gramme of 1957. I do not seek to criticise
the people who were responsible for that
programme; indeed, I had some part of it
myself. At that time the programme ap-
peared to be absolutely necessary. The
official forecast warned the electrical
industries that at no date in the future
would more than 52 million tons of coal a
year be available for electricity generation;
the Suez crisis curtailed supplies of oil;

and it looked as if we must make extensive
use of nuclear fuel, irrespective of cost, as
quickly as possible.

But although that programme was
reduced when supplies of fossil fuels
improved in 1959, the programme re-
mained large. The servicing of that large
programme made heavy calls on the re-
sources of the A.E.A. and of the generating
boards and I think it diverted attention
from the development of more advanced
forms of reactors. But, even worse, it
gave a guaranteed programme to the
nuclear power industry, and that industry
knew that, irrespective of economics, the
Electricity Boards were bound to go on
ordering nuclear power stations—each
one of which was certainly better than the
last but all of which were less economic
than the conventional stations which could
have been built concurrently—simply to
meet an immutable long-term nuclear
programme. That, T suggest, is one reason.

The second reason which 1 should like
to suggest for our comparative lack of
success is that it takes too long to build
plant in this country; it takes us too long
to get off the drawing board and out of
the development laboratories into full-
scale production. I believe that the figures
published by the Central Electricity
Generating Board giving a comparison of
costs for the Dungeness reactor should
convince an unbiased engineer anywhere
in the world that in most circumstances
there is very little to choose between the
A.G.R. and the American reactor systems.
But overseas buyers—and particularly
those overseas buyers making a choice
between two systems whose economics are
more or less equal—are likely to follow
the majority lead and to place their orders
(remembering that there is little to choose)
for the type of reactor for which most
orders have been placed. If we in this
country had been able to get the A.G.R.
through the prototype and development
stage 18 months or two years earlier than
we did, T believe that position could have
been reversed and we might have had the
American manufacturers trying to catch up
with us, instead of our being in the position
of trying to catch up with them. That I
suggest is the second reason.

The third reason lies, I think, in the
extremely vigorous and very expensive
promotional campaign waged by the
American manufacturers. In considering
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that, I think we should remember the
great support that they get from the large
power-plant consultants and engineer archi-
tect firms in the United States. Those
organisations are an important component
in getting overseas orders, because they
are most likely to recommend to their
clients the reactors which have been
developed in their own country and
with which they are familiar.

If, as I believe, those are three reasons
for our disappointing performance, 1
think that we should be wise to ask our-
selves what lessons we ought to learn from
them. In the first place, I think that we
should learn that it is a mistake to lay
down a long-term, fixed, immutable pro-
gramme for the use of given quantities of
any type of fuel. Certainly broad, long-
term Government planning is necessary,
but I suggest that it should be flexible and
that the decision on the type of fuel to be
used in any power station when its con-
struction is under consideration should be
determined by the economic evaluation
of that specific case; that the fuel to be used
should be the fuel which gives the greatest
economy and not the fuel which has to be
used to meet an immutable Government
programme.

In the second place I think that we
must learn to do our construction work
in this country more quickly. This is
important not merely in the field of nuclear
power, it is important in all the fields of
engineering,. The prospective buyer,
particularly the prospective buyer from
overseas is not impressed by the idea,
however brilliant, that he sees on the
drawing board, or in the development
laboratory; he wants to see ironmongery
working, and in order that we can show
this before our competitors we must do
construction work more quickly.

In the third place, I think we should be
careful to see that we build up in this
country strong teams of consultants and
engineer architects. The existing con-
sortia in the nuclear field, can, I believe,
already act satisfactorily as engineer
architects. The consultants have recently—
I think with a great wisdom—formed a
joint organisation for the design of nuclear
power plant, but I think we ought always to
remember that the great American power
plant consortia and engineer architects get
off-shore business because they are regular-
ly employed by the United States utilities.

Their off-shore business is built on the
basis of the work that they do at home.
We must aim to achieve this in the United
Kingdom. British consultants should, I
consider, be similarly employed, and this
should be done even though it demands
some change in the organisation of the
electricity authorities; although I feel
that it would be possible to conceive an
organisation in which it could be done
without any dramatic change in those
organisations. I think that we must look to
the future, and that as we do so we shall
find that it is much brighter than the past
has been.

My Lords, the Atomic Energy Authority
has within the last six months commis-
sioned the steam generating heavy water
reactor at Winfrith Heath. Although that
was developed with the primary purpose of
competing in the small reactor field, I
believe that it has great potentiality in the
field of the larger reactors. It may well
prove to be a better reactor than the A.G.R.
and perhaps, with some limitations on the
very largest sizes, it may well prove to be
better than either of the American estab-
lished reactor types. The techniques of
manufacture and construction of the
steam generating heavy water reactor are
very different from those of the A.G.R.,
and are much more in line with the tech-
niques of the American reactor manufac-
ture and construction. I think that in
deciding how to exploit the steam generat-
ing heavy water reactor it would be worth
while to look at the pattern of industry
which has been adopted by those great
American manufacturers who have met
with such success.

In the early promotional days the
American manufacturers were prepared
to accept turnkey contracts for the design
and construction of complete stations,
but as they emerged from the promotional
stage they firmly adopted a policy based
on the fact that the design and construction
of complete power stations, with all the
heavy civil and structural engineering
which is involved, is not the line of country
in which they are outstandingly expert.
They now aim to undertake to contract
only for what they call the nuclear com-
ponents; that, in the case of the American
reactors, is the fuel, the control mechan-
ism, some of the instrumentation and the
reactor vessels. This accounts for about
one-third of the total cost of the power
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station, and the purchasing utility is left
free either to design the station himself
and place his own contracts for the other
two-thirds of the work, to employ con-
sultants to do this for him, or to place the
whole station in the hands of an engineer
architect.

My Lords, I believe that that system
could well be employed and should be
carefully considered for the exploitation
of the SSGHW. The AE.A. could
design and supply the nuclear components
plus the fuel. The overall design of the
station, the civil, structural and other
engineering work, could be done either by
the purchasing utility or consultants
employed by him, or by the consortia
acting as engineer architects. This would
have the advantage of keeping together
the very highly competent design teams of
the A.E.A., but it would confine them to
those sections of the work in which they are
outstandingly expert. I suggest that the
adoption of such a system would not
destroy competition because the existing
consortia, either merged or kept separate,
as they judged best, could still offer the
A.G.R., for which they have licences; and
they would in any case be able to tender for
the two-thirds of the station which repre-
sents the bulk of it and comprises every-
thing other than the so-called nuclear
components.

With respect to the Select Committee,
I do not agree with their proposal that
the manufacture of fuel elements should
be divorced from the design of the nuclear
components, and indeed of the whole
power station. I disagree for two reasons.
In the first place, many overseas buyers
do not like to feel that they are dependent
on two separate organisations for the
satisfactory performance of the reactor
they have purchased: they want to hold
one manufacturer responsible both for the
design of the reactor and for the perfor-
mance of the fuel. And in the second
place there are, I think, occasions when
negotiating for off-shore contracts where it
is an advantage to offer a reactor at a
promotional capital cost, counting on
making one’s profit from the later sale of
fuel elements. That can be done only if an
integrated organisation is retained. If
one looks forward into the future, it
seems that such an organisation would
fit well with the design of the fast reactor
as it is at present envisaged.
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The following extracts are taken from
the debate on the Report which took
place in the House of Commons on 23rd
May, 1968.

MR. ARTHUR PALMER (Bristol, Central):
The Report is the first major Report of
the Select Committee on Science and
Technology, of which I have the honour
to be chairman.

From a score of candidate subjects
we selected the nuclear reactor pro-
gramme for our first major investigation.
I think that we did so because it seemed
to us to fulfil three conditions that we
thought desirable. First, it was and is a
great spender of public money. Second,
it is an industry of outstanding contem-
porary national importance. Third, it is
generally accepted that changes in public
policy are here desirable and urgent.

The House should note that, arising out
of the Report and the arguments put
forward in it, there are nine broad con-
clusions. From these spring the eleven
specific Recommendations to the House
and, of course, to the Government. Three
of these concern the general energy field;
the remainder deal with the purpose,
activity and future organisation of the
nuclear reactor industry iiself.

The Committee did not set out to find
out which primary energy source is the
cheapest in any immediate absolute sense.
On the evidence submitted to us we
looked at the trends and concluded that
nuclear power is now generally competi-
tive in relation to other sources of pri-
mary energy available to the United
Kingdom and that it is likely to become
cheaper with, we hope, further improve-
ments in the advanced gas-cooled re-
actor and, of course, the quicker
development of the steam generating
heavy water reactor.

We also say firmly that, on the evi-
dence given to us and the conclusions we
drew from it, eventually the cheapest
source of primary energy to this country
will be nuclear power when the fast
breeder reactor becomes commercially
available. But these were trends in our
view rather than statements of contem-
porary absolute fact.

The Report recommends that in the
short term there should be an outside
examination by an independent agency
of all financial aspects of the costing of
all methods of electricity supply. Had



there been time, we should probably
have commissioned that investigation
ourselves,

We argue that in the long term energy
is so important to the country that we
should give consideration to the estab-
lishment of a Parliamentary body simi-
lar to a United States Joint Congressional
Committee, in this case the committee
on atomic energy which some of us saw
when we visited the United States. This
body could be a public watchdog giving
continuous attention to all aspects of
energy policy. Iis advice and recommen-
dations would be available to the Gov-
ernment in the same way as our advice
and recommendations are available to
the Government.

As the chairman of the Committee, I
say that it is unfair to the Committee to
suggest that at any stage there was an
automatic party division across the Com-
mittee. The issue of future structure in
the end seemed to me to be a choice be-
tween those who favoured what I shall
call the managed solution and those who
favoured what I shall call the market
solution. The majority favoured the man-
aged solution and the remainder the mar-
ket solution. But it is wrong to think
that it was a simple issue between com-
petition and monopoly.

After all, it must be accepted that
reactors cannot be sold as an outfitter
sells shirts. Competition in the sale of
shirts is natural enough, but reactors are
large and expensive and, of necessity,
competition must be limited but it can
exist. All the members of the Committee
appreciated the inevitability of that in
one sense or another. The majority
doubted the need for competition in the
country partly because there was so much
competition in the sale of reactors abroad.
All were in favour of now ending the
turnkey system of consortium tendering
and the building of complete nuclear
power stations by groupings of companies
such as we have had since the start of
the construction of nuclear reactors. But
this means more competition not less. If,
as we recommend, nuclear power stations
in future are built as coal- and oil-fired
power stations are built, it is bound to
mean that much power station construc-
tion and equipment will be separately
tendered for. The majority of the Com-
mittee took the view that once the con-
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sortium system is phased out and we
depart from the turnkey system for the
construction of nuclear power stations,
as the United States industry has gener-
ally departed from it, then to quote the
report, paragraph 142:

The Committee said:

“

. . a single nuclear boiler company
should be formed. Such a company should
comprise a substantial part of the
UK.AE.A, together with those design and
manufacturing resources peculiar to nuclear
engineering such as are necessary to create
an effective commercial enterprise. Your
Committee are satisfied that genuine com-
petition between two or more such com-
panies cannot be realised. This is either
because of an insufficient flow of contracts
from the C.E.G.B. or because the integra-
tion of commercial activities of the
UK.AEA. must necessarily preclude it.
Your Committee are satisfied that technolo-
gical progress will continue under the stimu-
tus of a diversity of projects and in response
to the challenge of foreign competition. A
sufficient element of day to day commercial
competition will be provided between spe-
cialist manufacturers tendering for smaller
items of equipment and components.”

I want also to read paragraph 143, be-
cause this is often overlooked. It says:

. Your Committee wish to emphasise
that they do not present their recommenda-
tions as an unalterable solution to be ad-
hered to for all time. They have been very
much awarg throughout their enquiries that
great changes in marketing opportunities
may take place in the future, particularly if
links can be established with continental and
other interests. With an increase in the scale
of ordering by utilities and others and
greater success than hitherto in securing
orders it may be that ultimately there will
be scope for the operation of additional nu-
clear boiler companies, whether British or
jointly owned with overseas manufacturers.
However, the time has not yet come and
Your Committee’s recommendation is, there-
fore, shaped to meet the urgent necessities
of the foreseeable future.”

Whatever may be argued against this,
it is no doctrinaire solution. From many
points of view it is an extremely liberal
sclution. This is shown particularly in
our willingness to face the realities of in-
ternational competition, and to assume
that if Britain is to sell nuclear reactors
overseas successfully occasionally British
utilities must consider the possibility of
buying a foreign reactor and using it
here. This is a realistic solution, sound in



principle and practice. It should
strengthen the nuclear export position of
the country.

I would like to touch on other recom-
mendations that we have put for-
ward. There is first the reconstruction of
a smaller Atomic Energy Authority, start-
ing afresh and concentrating on purer
research and development. In other
words, we want to hive off the industrial
part of the Atomic Energy Authority and
return the rest to its original purpose as
an advanced thinking research and de-
velopment body. What is mainly commer-
cial in the Authotity and already de-
veloped on commercial lines should be
genuinely commercial and not kept in a
framework where it is part subsidised
out of public funds.

Another recommendation was that an
independent nuclear fuel company, pri-
vately or publicly-owned, or half and
half, should be established. We believe
that the sale of nuclear fuel is a valuable
export line in itself. We argue also that
the Export Executive should be wound
up. This organisation, while it has been
working hard and doing its best, we came
to the conclusion, was a puny child in
the first place, which shows no signs of
useful growth. We thought that it would
be far better if nuclear exports became
the direct responsibility of new manu-
facturing companies; in other words that
those making and selling the reactors
should deal directly, on normal commer-
cial lines, with possible purchasers and
that the Board of Trade should be en-
couraged to look at things nuclear in the
way they do exports in general.

Sir H. Legge-Bourke: There is one im-
portant feature which I should mention.
Had we not been in the haste that we
were, and had we had from the Minister
of Power the papers which were even-
tually, after pressure, extracted from him,
I am inclined to think that we might have
made different recommendations about
the costing of the industry in relation to
coal. Lord Robens is a good, robust wit-
ness. He was standing up for something
of which he was very proud, and I res-
pect him for having done so. He argued,
in particular, that the basis of costing
nuclear energy was unfair to the coal
industry.

At the end of the last Report of the

Atomic Energy Authority, for 1966-67,
there is a comment by the Comptroller
and Auditor-General, who makes it clear
that the original research and develop-
ment costs of the Magnox system have
never been shown in the trading account
of the Authority. The Authority defends
itself by saying that had these costs been
charged to the trading account, it would
simply have meant that the Authority’s
profits would have been lower and, as a
result, its reliance on the Treasury in
future would have been greater and,
therefore, that it was in the interests of
the nation and the Treasury that matters
should continue as before.

I can well understand that Lord
Robens was worried about this matter.
We can argue for years about it. We
recommended that a special independent
study should be made of the relative
costings. My belief, for what it is worth,
is that probably it would be as well to
call it a day and accept this as a pro-
position and to say that nuclear energy
and coal from the East Midlands are
probably highly competitive with each
other. But so long as, for sociological
and perfectly understandable reasons, the
coal industry must be kept going, where
coal cannot be exfracted really econom-
ically, then, plainly, the price of coal
must be changed and the coal gained in
the East Midlands sold to the public at
a higher price than it would be if only
the East Midlands was producing coal.

If we accept that as a proposition, then
Lord Robens, the Authority, the Govern-
ment and everybody else would get on
with the job and decide what should be
done about nuclear energy with a good
deal more agreement than has proved
possible. But I am glad that Lord
Robens placed on record, when he
appeared before us, the fact that he was
not arguing against nuclear energy as
such. I hope that he will always take
that view.

When the Committee first met, it was
aware that the existing three consortia
were, perhaps, in the light of events and
of the home market for nuclear power
stations, likely to be in need of some
readjustment and change. I think that
the whole Committee was agreed on the
recommendation that we should phase
out the consortia. What we put in its
place is where the rub comes.
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The Minister of Technology (Mr.
Anthony Wedgwood Benn): The House
will probably realise that I am not in a
position today to announce a final answer
to the problems which the Committee
brought to our attention.

I should like to try to set this problem
in the perspective of time-scale, cost and
complexity. If we look at the time-scale,
we are looking back over developments
which had their origins in the immediate
post-war years, but whose results will be
with us unti] the year 2000 or 2030,

The first series of nuclear power
stations, the Magnox stations, which have
already generated more electricity from
nuclear power than the rest of the world
put together, were largely a “fall out”
from the post-war military programme.

TLooking further ahead the fast
reactor is likely to become the main-
stay of our power programme a decade
from now. Yet this new type of reactor,
with its promise of greatly reduced elec-
tricity costs, has developed from an
experimental reactor, on which building
began at Dounreay in 1955, as part of a
20-year programme of research and
development.

Between the two, the old and the new,
were the advanced gas-cooled reactor,
the high temperature reactor and the
steam generating heavy water reactor.
The basic research which has gone into
these reactor systems and their develop-
ment have cost the country hundreds of
millions of pounds.

In looking at the Report of the Com-
mittee I will come in detail to the recom-
mendations and points made by my hon.
Friend. The Select Committee was
satisfied that the Atomic Energy
Authority has done its basic task of civil
nuclear research and development with
success. There is no doubt about that.
It is undisputed. We are talking about
a technology in which this country is
pre-eminent.

No one looking at the record could
speak convincingly of any technological
gap between this country and the United
States in the field of atomic energy. But
now that nuclear electricity has “arrived”
in a commercial sense the main task is
one of exploitation and it is to this that
we are turning in this debate; because,
despite what I have said—and attention
is drawn to it in the Report—Britain has

not sold a nuclear reactor abroad for 10
years. There has long been a feeling that
the organisation of the British nuclear
effort has been inadequate, and that we
have failed to exploit our technology in
the way that we must if the enormous
research and development effort is to be
converted into an economic success to
enable us to regain what we have spent
upon it.

Much of the work of my Department
reflects the same basic problem of inade-
quate exploitation. In January, 1967,
when my right hon. Friend the Minister
of Transport was Minister of Power, he
and T met the consortia and told them
we then took the view that a fresh effort
to strengthen our position should be
made. At that meeting the Atomic
Energy Authority and the Central Elec-
tricity Generating Board were also repre-
sented; and here I want to come to the
réle of the Select Committee, not in a
parliamentary but in a specific sense. The
Select Committee entered the scene of its
own volition,

The Report brings out the views of all
the parties; it marshals the facts, and
makes clear recommendations. The
knowledge that it was working in parallel
with us was a great help, and has made
is possible to bring to public view all
the complexities of the issues and the
need for a new start.

We have been engaged in a number of
discussions, one set of which has been
referred to, namely, the discussions with
the I.R.C. whom we asked to put to the
industry and the parties concerned the
proposals contained in the Report.

I now come to the specific point raised
about the 1rdéle of the ILR.C. in
this respect. The LR.C. is respon-
sible to the Secretary of State for
Economic Affairs and it has certain
powers of its own volition; there are
certain things that it can do if it wants
to by way of individual activities, if the
Secretary of State asks it to do so and
it wants to do so.

But here we are talking about some-
thing more informal—about the working
relationship that we have had with the
ILR.C. since its establishment, namely,
that a- Minister who is faced with indus-
trial reorganisation problems has been
able to go to the IL.R.C.

Sir Frank Kearton is not only an
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independent and external member of the
Authority but has been a member of my
Advisory Committee on Technology. It
was on that intimate and informal basis
that I approached the I.R.C. and asked it
to undertake this job. I asked the LR.C.
not only to convey the views within the
industry about the proposals of the Select
Committee but also to advise me, from
its own experience, on the ways and
means by which we could achieve the
objectives that we all have in mind. These
discussions are not yet concluded and
this is why I hope that the House will not
expect me today to anticipate the out-
come, but at least it will be able to make
its views known before the final stages,

One of the difficulties here is to find a
natural break in what is sometimes re-
garded as a seamless robe of research,
development, production and exploita-
tion. There is no absolutely correct solu-
tion, but few would regard the present
one as the best attainable.

I know that, in studying the American
system, the Select Committee was struck
by the integration of basic research, de-
velopment and prototype construction,
some parts of which, at least, were mainly
done under contract with the commercial
organisations. But this is not a pattern
which we can easily follow, and we must
build on what we have. I do not think
that industry in this country could bear
the whole cost of the basic supporting
research and development which the
Authority now undertakes, but what we
are engaged in is a reformulation of the
relationship between the public sector
and the private, between research, design,
development and exploitation and the
improvements in the links between them
which will clearly be necessary.

We are dealing not only with the three
consortia, but also with the parent firms,
that is to say, the plant manufacturers,
for whom the nuclear part of their busi-
ness is not the only part. We are dealing
with the Atomic Energy Authority, which
at present spans the range from basic re-
search to the construction and operation
of prototype reactors, with the Central
Electricity Generating Board and with
the South of Scotland Electricity Board.

The logical order in which this now
operates is that the basic research and
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proving of designs is State-financed,
through the A.E.A.; the detailed design
of power stations and their construction
is in the hands of private industry; the
State corporations are the customers;
and the State monopoly, the A.E.A., pro-
duces the fuel. It is against this back-
ground that we must try to find objectives
which will command wide agreement be-
cause I am sure that the Committee was
really divided only on the one question,
that of the single design authority. Both
sides were close together and to us in
trying to achieve certain objectives.

1 would like to summarise those objec-
tives, as follows: first, to make the best
possible use of all the existing resources
in this field, cutting out overlapping and
duplication, of which there manifestly is
some; second, to allow those who have
worked in the Atomic Energy Authority
full scope for carrying their work for-
ward into the exploitation and sale of
the systems which they have developed;
third, to get the maximum possible ad-
vantage of the technical standardisation,
coupled with the most effective design
competition in engineering detail and con-
struction method: fourth, to try to link
and co-ordinate the effort in such a way
as to relate reactor systems to the fuel
elements and reprocessing business at
which the A.E.A. has excelled, both tech-
nically and commercially, through its fuel
production group.

Fifth, to create an organisation which
permits the sort of international, indus-
trial links which will be of critical im-
portance in all sectors of advance industry
and not just in atomic energy. Sixth, to
do this with a special eye upon the
future of the European nuclear industry
in co-operation with our partners in
Europe. Seventh, to change the emphasis
of our national effort in such a way as
to increase it on the exploitation side and
see that future nuclear research is guided
and shaped more directly by the needs of
the market at home and abroad.

Eighth, to establish a creative partner-
ship between the public and private
sectors as far as possible by reaching a
consensus of agreement so as to allow all
the other objectives I have described to
be achieved.

I come to the very difficult question
of the value of design competition.



Opinions obviously differ on the scope
for commercial competition in the United
Kingdom for domestic orders, but there
can be little doubt that competition
between competing designs and in ways
of improving an established basic design
can be of value. I have heard it argued
that very often on engineering design our
foreign competitors have had advantage
over us. Past experience bears this out
—each one of the seven Magnox stations
has been more economic than its pre-
decessor. This is the obverse side of the
argument on replication.

It is true that the design competition
has reduced the generating costs from
1-27d. per kW/hour in Berkeley to the
Oldbury costs of 0-64d. kW /hour, just
a half, and Wylfa’s costs will be less
again. With the A.G.R. stations now
building, a new downward progression
in costs is confidently forecast. There
is some argument for saying, therefore,
that design competition ought to be the
future of the programme and pattern
which we aim to see.

I should like to turn to some of the
Committee’s other recommendations.
First, the rdle of the Atomic Energy
Authority cannot be determined until the
future organisation of the industry is
clear. Until then, the British Nuclear
Export Executive, on which there is also
a comment, must obviously continue to
do its work.

The other recommendation was that a
technical assessment unit should be estab-
lished to advise on the merits of projects
coming to it from the Atomic Energy
Authority, We are considering this, but
there are real difficulties in that the
Authority is the repository of all the skill,
knowledge and national expertise in this
field.

What I am trying to do is to apply
commercial criteria across the board so
that, although I cannot comment on the
nuclear physics of what the A.E.A. may
say or the detailed design which comes
forward, I can ask how projects compare
in terms of deployment of our national
resources with other investments which
may be brought forward.

On the non-nuclear side, where there
is some work going on about which the
Committee and the House knows, the
technical staff of my Department, other
Departments and industrial organisations
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is available. The Programme Analysis
Unit, which I set up jointly with the
Atomic Energy Authority, is a very
valuable tool in examining projects that
come up there.

I turn to the recommendation about
having a British parallel to the United
States Joint Congressional Atomic Energy
Committee. We are giving very care-
ful consideration to this, but it is difficult
to transplant one type of constitutional
procedure from one system of govern-
ment to another, and it is certainly fair
to say that in this case one would be
impinging on the statutory responsibilities
of the Minister of Power.

The next recommendation was the
question whether there should be an in-
dependent agency for costing energy sup-
plies. What the Committee suggested was
that some entirely outside body might
look at the purely financial aspects of
this. I cannot go beyond what my right
hon. Friend the former Minister of Power
said when asked about this. He stated that
he was considering the proposal, and that
is how the matter stands. But the Ministry
of Power keeps the trend of comparative
costs critically under review, and—with
particular reference to studies of nuclear
costs—I am not sure that an independent
body could have experience and expertise
in this field comparable to that of the
organisations which took part in nuclear
costs studies made as part of the fuel
policy review. Taking part in those
studies were the C.E.G.B., the A.E.A. and
the Chief Scientist’s Division of the
Ministry of Power. The National Coal
Board also participated in the second
stage of that work.

The Committee also said something
about the new reactor types and recom-
mended the development of the high
temperature reactor, the steam generating
heavy water reactor and other water
reactors, and that development of the
fast reactor should proceed with a view
to its commercial exploitation at home
and abroad. All these recommendations
are being actively pursued by the
Ministry and the United Kingdom
Atomic Energy Authority.

There was alse the recommendation,
to which some hon. Members attach con-
siderable importance, on the possibilities
of nuclear marine propulsion and a pro-
posal that a Departmental Committee



might be set up. I have answered Ques-
tions on this. Owing to the reorganisation
of responsibilities within the Ministry of
Technology, it so happens that I have
within my administrative control not only
responsibility for shipbuilding and con-
tainerisation and executive responsibility
for the Ship Division of the National
Physical Laboratory, but responsibility
for the A.E.A. T am not sure, therefore,
that any new Departmental structure is
required here.

What is required, as the Committee it-
self observed, is to decide the point at
which marine propulsion would become
economically viable. As I have told the
House often, it is thought that it is the
large container ship of perhaps 200,000
tons that will make marine propulsion
viable in the 1970s. There is nothing to
prove here. We know that it can be done.
It is a matter of at what point to go in
for the investment to bring in a return.

Finally, I turn to fusion. This is a
subject to which the Committee made
reference. The position here is that the
A.E.A., which is responsible for the policy
of research that it undertakes, subject to
the Ministry, is looking at the work done
on fusion after a period in which some
very brilliant research had been done by
a group set up for the purpose with a set
time in which to do it.

The A.E.A. set up an internal commit-
tee which reported to the Authority, and
the Authority decided that there should
be a rundown of 10 per cent a year over
five years, with provision for review. The
provision for review exists. Given the
circumstances in which my advisers in
atomic energy recommended to me a run-
down in this case, I either had to accept
that recommendation or say to them,
“ Despite what you say you must con-
tinue with fusion research and with
plasma physics research as you have
done.” I take the responsibility on myself,
but, when the Authority made this recom-
mendation, it seemed to me that I had
to give great weight to what it said.

I conclude by trying to put this
development once more into its broadest
context as one of the biggest pieces of
industrial reorganisation on which the
country has been engaged. It is much
bigger than shipbuilding, much bigger
than computers, much bigger than the

electrical industry, or other industries
such as the motorcar industry, and much
bigger than the Rolis-Royce-Bristol
Siddeley engine merger. We are here
talking about the development of an in-
dustrial structure which will allow us to
get as a return in our balance of pay-
ments—and perhaps that is the right way
to put it in the end, because this must
be one of the dominating factors—and
the productive efficiency of our own in-
dustry the provision of cheap power,
which is the objective which we have in
mind.

Mr. Eric Lubbock (Orpington): I
cannot agree that yet another body
should be established to confirm or dis-
pute the estimates already presented in
such detail in our Report which in the
end we gouged out of the Minister of
Power. These are absolutely conclusive
and it is time that people stopped ques-
tioning the last 0-01d. by which nuclear
power may be cheaper than coal-fired
power stations.

I know that this is not popular with
all hon. Members, but sooner or later I
think they will accept it. Even Lord
Robens admits that we may have a fast
reactor which will be the mainstay of our
electricity programme. It is admitted that
it will happen in a few years’ time. To
that extent inflation, or its importance,
has not altered the decisions this country
has had to take in the last few years,
particularly with the A.G.R. and the
second nuclear power programme.

On the question of the organisation
of the industry, I do not depart in
theory from the view I expressed at
the time that the ideal would be a single
organisation to construct and export
nuclear boilers from the whole of the
United Kingdom. The arguments for that
on theoretical grounds are indisputable.
I shall not go into that in detail but,
first, there is the limited size of the
programme coupled with the increasing
size of units ordered by the C.E.G.B. and
the South of Scotland Electricity Board.
We have already reached 1,200 mega-
watts and are shortly to go to 2,400
Possibly there may be even larger stations
in future. Each company, we calculated,
would only receive orders about once in
four years, unless one reduced the num-
ber of organisations competing, with the
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size of the programme we could con-
template on the near and medium term
view.

Secondly, there are the marginal bene-
fits which have been derived from internal
United Kingdom competition in the past.

Thirdly, there was the difficulty one
would have had in sorting out and shar-
ing the research and development facilities
of the companies if more than one group
remained and we adopted the kind of
solution whereby much more of the re-
search and development would be done in
the industry and much less in Govern-
ment establishments.

Fourthly, and very important, there
is the need for a very powerful assault
on the export market, which might only
be possible with a very large grouping.
I do not go along with some of the criti-
cism of the industry’s export perform-
ance in the past. One must give weight
to the fact that, for many years, it did
not have a saleable product. The Magnox
reactor was in advance of its time when
first produced, but we did not move
quickly enough to the second stage and
in the late 1950s and early 1960s there is
no doubt that the Magnox system was not
competitive with the American light
water reactors. To that extent, one can-
not blame the consortia for the poor ex-
port performance of past years.

I realised at the time of the hearings
that there would be some practical objec-
tions to the Committee’s solution. The
C.E.G.B., the industry’s principal custo-
mer, was resolutely opposed to a single
nuclear boiler company and we know
that the three consortia do not like the
idea also, although Atomic Power Con-
struction proposed a solution in which
there would be a single design organisa-
tion for reactor cores. Probably the
House does not want to be bored with
details of the difference, but there is a
substantial difference between a single
design organisation for reactor cores and
what we talk about in the Report—a nu-
clear boiler company.

T agreed with Lord Penney that, in the
last resort, we could not force the con-
struction. industry to accept the solution
of a single nuclear boiler company and
that we could only achieve this by persua-
sion. Since the Committee reported, a
new factor has caused me to modify my

opinion. This is the international group-
ings which are in process of being formed
by Atomic Power Construction and the
Nuclear Power Group. In the short
term, the establishment of these links
with the Continent, which I support,
might be jeopardised if we insisted on the
recommendation of the Committee for
the creation of a single United Kingdom
company.

For this reason, firms which are com-
peting against each other, for example
in Germany or Italy, might not wish to
be associated with the same United King-
dow partners. On balance, we ought to
be pragmatic about this, and attempt to
secure a reduction to two design
organisations, two nuclear boiler com-
panies in the United Kingdom, as our
immediate objective. In view of the
difficulties of apportionment of R. & D.
facilities which I mentioned as one of
the arguments in favour of a single
organisation, this would mean that the
Atomic Energy Authority’s R. & D.
facilities would have to remain under
its control.

There is no reason why design teams
working on the steam generating heavy
water reactor and the gas-cooled reactor
should not be transferred to these two
new groupings, in return for which the
Authority would expect, and be entitled
to receive, a minority equity participation
in each.

I turn now to discuss the develop-
ment of reactor systems. Progress has
been held up by the refusal of the A.E.A.
to license manufacturers of steam gener-
ating heavy water reactors on the
grounds that such arrangements ought to
await reorganisation. I know that this
was a valid reason, but I suggest that
the sooner the industry gets on with the
reorganisation of the kind which I have
described, or some other agreement,
which I hope the Minister will reach with
them at the earliest possible date, then
the sooner the industry can get on manu-
facturing and exporting the S.G.H.W.
instead of leaving the whole of the work
to the Atomic Energy Authority. Mean-
while, the Authority’s policy of pursuing
overseas sales of its own account is right.

It must be admitted that the failure
to sell advanced gas-cooled reactors over-
seas so far has been disappointing.
There has not been a great deal to choose
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between the A.G.R. and the American
light water reactors in engineering costs.
The European utilities have, in general,
been brought up on water reactors, and
have to be convinced that there is a
substantial cost advantage to them in
changing over, just as the C.E.G.B.
would have to be convinced of a sub-
stantial cost advantage if it were to be
persuaded to change over from gas-cooled
reactors to water-cooled reactors.

The prospects for the A.G.R. sales in
our principal overseas markets, are not
very exciting at the moment. It has fur-
ther development potential, as we see
from the reductions in capital and oper-
ating costs between Dungeness B and
Hinkley B and Hinkley B and Hunterston
B. The prospects of European orders, for
the reason I have given, not because there
is not merit in the A.G.R. system, but
because water reactors are so strongly
entrenched on the Continent of Europe,
are not all that attractive.

If we are really going to beat the
Americans we must press ahead with
major improvements in the family of gas-
cooled reactors, in which we have ex-
celled. The Seclect Committee was much
impressed with the work that had been
done on the DRAGON high temperature
reactor, and recommended that the de-
velopment of that system should be inten-
sified.

1 have become convinced that we could
sweep the board if we went ahead with a
commercial reactor based on the DRAGON
principle at this moment, and do not
wait several years, allowing the Americans
to overtake us and go ahead.

I make two requests. Let us first of all,
open the tenders as they do in the United
States so that we can see, roughly, what is
the comparison at this stage in time be-
tween H.T.R.s and A.G.R.s. Second, may
I ask the Minister whether he would con-
sider the Authority providing guarantees
of fuel performance to the C.E.G.B. in
this case, so as to get H.T.R, going, as
the Atomic Energy Commission does in
the United States for utilities who are
ordering new reactor systems.

Another reason why I am equally
enthusiastic with the hon. Gentleman
about the H.T.R. concept is that ulti-
mately we can eliminate the transfer of
heat from one working fluid to another
as we have to do in conventional nuclear
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stations, and use helium direct in gas
turbines. This will lead to very substan-
tial reductions in capital cost. There is
work already going on in several coun-
tries on this concept, which might lead
to spectacular reductions in ten years or
so.

In my opinion, fast reactor develop-
ment should be left in the hands of the
Authority. T believe that we are correct
in going only for a sodium-cooled proto-
type at this stage, and I strongly recom-
mend that we do not embark on a diversi-
fication programme with a steam-cooled
prototype as well. This would be a tre-
mendously wasteful use of the resources
of this country. But what might be ex-
plored, if what I have said about the tre-
mendous lead of this country in gas-
cooled technology is correct, is consider-
ing whether, with our European friends,
we could embark on the design and de-
velopment of a gas-cooled prototype fast
reactor.

This is a distant concept, but it is one
which we might begin to consider before
it has commercial implications, when co-
operation between different countries is
much more difficult to secure.

Overseas participation in
non-nuclear work
13th May, 1968

Sir H. Legge-Bourke asked the Minister
of Technology if he will list the overseas
countries which are participating in the
various items of civil non-nuclear work at
the Atomic Weapons Research Establish-
ment, giving the amount contributed by
each country concerned.

Mr. Benn: None.

A.W.R.E. non-nuclear
work
13th May, 1968

SR H. LEGGE-BOURKE asked the Minister
of Technology if he will list the various
items of civil non-nuclear work at the
Atomic Weapons Research Establishment
carried out on repayment conducted under
special Ministerial approval, showing the
date each was started, the amount so far
spent on each, the extent to which each
forms part of an international effort, the
estimated cost to the United Kingdom in
the current financial year, and the pro-
portion which this represents of inter-



national total contributions to each item.
Mr. Benn: The following information

has been provided by the Atomic Energy
Authority.

Expenditure
to 3ist 1968-69
Date started Description March, 1968 (Estimated)
(£°000) (£°000)
A. Civil R and D Work for
Government Departments
1. Work completed .. April, 1963 Various 575 —_
onwards
2. SR.C April, 1965.. Space technology . . 215 230
3. M.O.H. April, 1966., Medical, Engmeerlng and 110 180
Services
4. Home Office April, 1966.. Forensic science .. .. 110 55
5. M\OH. . October, 1966 Dental materials .. .. 25 20
6. Mintech October, 1966 Aldermaston project for 95 185
application of computers
to engineering (APACE)
7. Mintech October, 1966 Advanced computer inter- 75 65
connections
8. M.P.BW. .. August, 1967 Glass fibre reinforced 15 25
plaster
9. Other Work in hand Various Various (inc. in 200
{minor projects) 1 above)
B. Civil R and D work for
other customers
‘Various customers April, 1963 Various 90 40
onwards
Total* 1,310 1,000

None of the above projects forms part of any international effort,
* Figures of expenditure cover full cost, including depreciation and similar notional overheads.

Full cost is recovered from all customers.

Non-rechargeable and recharge-
able projects

13th May, 1968

Sir H. LEGGE-BOURKE asked the Minister
of Technology, if he will list, the various
non-rechargeable projects undertaken by
the United Kingdom Atomic Energy

Authority under Section 4 of the Science
and Technology Act, 1965, the date on
which each was started, the amount so far
spent on each, and the estimated cost in the
current financial year.

Mr. Benn: The following information
has been provided by the Atomic Energy
Authority.

Expenditure  1968—69
Date Started Description to 31st (Estimated)
March, 1968  (£000)
(£000)

1. 23rd April, 1965 Desalination .. .. 1,461 1,263
2. 2l1st May, 1965 .. Biological cenmfuge .. .. 43 —
3. 11th October, 1965 Hydrostatic extrusion 250 47
4, 31st January, 1966 Transducers .. .. 38 —
5. 6th May, 1966 . Beryllia ceramics . . .. 25 —
6. 27th January, 1967 Non-destructive testing centre .. 143 175
7. 27th January, 1967 Ceramics centre. .. .. 232 370
8. 9th June, 1967 Improved structural steels .. 39 39
9. 26th July, 1967 .. Atmospheric pallution .. .. 44 95
10. 23rd November, 1967 Heat transfer and fluid flow .. — 110
11, 28th November, 1967 Tribology .. 5 100
12, 20th December, 1967 Carbon fibres 25 257
13. 8th April, 1968 Quality control — 390
14. Various Minor Schemes 49 —
Total* 2,534 2,846

* Figures of expenditure cover current and capital expenditure, and thus represent the cash
amounts for which provision is taken in the Atomic Energy Vote. Substantial revenue is expected

from certain of these projects as they mature.
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13th May, 1968

SiIr H. LEGGE-BOURKE asked the Minister
of Technology if he will list the various
rechargeable projects undertaken by the
U.K.A.E.A. under Section 4 of the Science
and Technology Act, 1965, the date on
which each was started, the amount so far

spent on each, the amount recovered from
customers, the names of such customers,
and the gross expenditure and receipts
estimated for the current financial year.

Mr. Benn: The following information
has been provided by the Atomic Energy
Authority.

Date started Expendi-
Customer (Section 4 Description ture 1968-69
requirement) to 31st  (estimated)
March, 1968  (£000)
(£°000)
1. ES.R.O. 16th July, 1965 Scientific package for
E.S.R.O. Large Astro-
nomical Satellite 143 23
2. SR.C 21st Dec., 1966 Advanced Radio Tele-
scopes . . .. .. 20 26
3. Gas Council and +4th April, 1967 High temperature fuel 20 —
Ministry of Defence 5th April, 1968 cells. — 75
4, Computer Board 14th Mar., 1968 Development of com-
. puter links between
Culham and 7 Univer-
sities (COTAN) .. — 15
Total* 183 139

*Figures of expenditure cover full cost, including depreciation and similar notional overheads.

Full cost is recovered from all customers.

Finnish tender
15th May, 1968

MR. Davip Prick asked the Minister of
Technology if he is satisfied that the
United Kingdom Atomic Energy Authority
steam generating heavy water reactor on
offer to Imatran Voima, Finland, is both
technically and commercially fully com-
petitive with reactors on offer from other
countries; and if he willi make a statement.

Mr. Benn: Yes. The United Kingdom
Energy Authority and myself are com-
pletely confident that the steam generating
heavy water reactor is technically and
commercially competitive with other
reactor systems on offer in Finland. In
a commercial competition, we are not, of
course, in a position to know details of
offers made by other countries.

European Reactor Programme
16th May, 1968

MR. Rose asked the Prime Minister
if he will consider discussions with the
European Economic Community and the
European Free Trade Association countries
about the possibility of a European nuclear
programme for the civil development of
nuclear energy.

The Prime Minister: We have been
collaborating for many years with our
friends in both the European Free Trade
Association and the European Economic
Community on the development of nuclear
reactors through the Organisation for
Economic Co-operation and Development
Halden and DRAGON joint reactor projects.
Currently, in the European Nuclear Energy
Agency, we are examining with the same
countries whether, and if so how, our
common interests might be served by
collaboration on the development of a
more advanced reactor type.

Select Committee
Report
16th May, 1968

MRs. THATCHER asked the Minister of
Technology if he will state the specific
terms upon which the Report of the Select
Committee on Science and Technology,
concerning nuclear reactors, has been
referred to the Industrial Reorganisation
Corporation.

Mr. Benn: The Select Committee
recommended that there should be a single
organisation concerned with the design and
construction of nuclear boilers. The
Chairman of the Industrial Reorganisation
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Corporation was invited to seek the
reactions of industry to this proposed
reorganisation, and to give me his advice
when he had completed his confidential
discussions.

Prototype Fast Reactor,
Dounreay
27th May, 1968

MR. HecTtorR HUGHES asked the Minister
of Technology what is now the approximate
date in 1971 when the Dounreay experimen-
tal fast reactor will come into full operation;
what supply in kilowatts and what area will
then be supplied in Scotland with par-
ticular reference to Aberdeen; and what is
the number and status of the persons now
and also then employed there.

Dr. Bray: The prototype fast reactor is
expected to reach full power during the
second half of 1971. Its 250,000 kilowatts
output will supply the North of Scotland
Hydro-electric Board’s area, including
Aberdeen.

Employment at Dounreay should re-
main fairly stable over the next few years
at not much less than the present level of
2,300.

A.E.A. Reports
available

TuE titles below are a selection from the
June, 1968, “U.K.A.E.A. list of publica-
tions available to the public”. This list is
obtainable free from the Librarian,
A.E.R.E., Harwell, Didcot, Berkshire. It
includes titles of all reports on sale, trans-
lations into English, books, periodical
articles, patent specifications and reports
which have appeared in the published
literature. It also lists the Depository
Libraries in the U.K. and the countries
with official atomic energy projects which
receive copies of U.K.A.E.A. unclassified
reports.

AEEW-R 571

Parameter Estimation from Dragon High
Temperature Gas Cooled Reactor Experi-
ments. By J. D. Cummins. 1968. 102 pp.

H.M.S.0. 14s.

AEEW-R 580

Identification and Optimization Studies of
the Dynamics of a Small Experimental
Boiler. By J. D. Cummins. October, 1967.
55 pp. HM.S.0. 24s.

AEEW-R 594

Homogenisation of a Wigner-Seitz Cell in
Two Group Diffusion Theory. By F. R.
Allen. February, 1968. 15 pp. HM.S.0. 3s.

AERE-AM 103

Analytical Procedures used by the Bioassay
Section at A.E.R.E., Harwell. By J. D.
Eakins, A. E. Lally, A. Morgan and F. J.
Sandalls. April, 1968. 67 pp. H.M.S.0. 9s,

A.E.R.E.-AM 106
The Determination of Traces of Copper,
Arsenic and Antimony in Steels and Steel
Oxides by Neutron-Activation Analysis. By
M. Perkins and T. B. Rees. March, 1968. 18
pp. HM.S.0. 3s.

AERE-Bib 157

List of Unclassified Documents Lectures, etc.
by the Staff of the Chemistry Division,
AERE, Harwell, 1967. Compiled by E. A.
Bibby. February, 1968. 19 pp. HM.S.0. 3s.

AERE-M 2008

The Separation of Small Quantities of Mer-
cury from Gross Amounts of Silver in Nitric
Acid Solution. By B. M, Maude and K. L.
Will;iélson. February, 1968. 10 pp. HM.S.0.
Is. .

AERE-M 2025

A Proposed Low-Signal Radiation Detector
Incorporating Internal Multiplication. By
P. E9.dGibbons. March, 1968 9 pp. HM.S.0.
Is. 9d.

AERE-R 5364

Measurements of Fast Neutron Specira in
Reactor Materials. By M. S. Coates, D. B.
Gayther and P. D. Goode. February, 1968.
38 pp. HM.S.0. 8s.

AERE-R 5647

Neutron Monochromator Studies at Atomic
Energy Research Establishment. By K. C.
Turl%té]rﬁeld. February, 1968. 38 pp. HM.S.O.
Ss. .

AERE-R 5698

The Dido White Beam Scattering Apparatus.
By T. Beirne, April, 1968. 16 pp. HM.S.0.
2s. 6d.

AERE-R 5703

Gamma Ray Spectrometer Systems Using
Lithium Drifted Germanium Detectors. By
P. E. Gibbons and J. H. Howes. March,
1968. 40 pp. HM.S.0. 6s.

AERE-R 5758

The Determination of Hydrogen and Deu-
terium in Zirconium Alloys Using an MS
10 Mass Spectrometer. By K. R. J. Cottell,
M. Quarmby and H. I. Shalgosky. March,
1968. 8 pp. HM.S.0. Is. 9d.

PG Report 827(W)
A Precise Amperometric Titration for the
Determination of Uranium Using Ferrous
Sulphate as a Reductant. By J. Cherry. 1968.
9 pp. HM.S.O. 2s.
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Commissioning and operating experience
with the Winfrith SGHWR

This paper, by D. Smith, D. English and
J. McCrickard, of A.E.E. Winfrith, was
presented at a Conference on Steam
Generating and Other Heavy Water Reac-
tors, organised by the British Nuclear
Energy Society from I4th-16th May, at
the Institution of Civil Engineers, London.

Earlier papers to this conference have
provided an outling of the work that led
to the completion of the construction of the
Winfrith SGHWR. Whilst a substantial
amount of performance testing and proving
had beenundertaken before commissioning,
the objectives over the first four months
of operation have been to demonstrate that
the overall plant:

(a) was capable of being operated as a

power producing unit;

(b) functioned in a manner which
closely confirms the performance
predictions made for it.

Since the Winfrith SGHWR first
achieved sustained full load capability on
25th January, 1968, it has already generated
135 million units and achieved an average
plant availability of 799, which has risen
to 969, since Ist March, 1968. Thus,
while the time that has eclapsed is too
short to constitute a full demonstration,
there are substantial and encouraging
grounds for believing that the design
objectives are being achieved. This paper
provides the bases for this opinion and is
divided into two main parts.

Part A summarizes the commissioning
programme and describes the more signifi-
cant events from the commencement of
fuel and heavy water loading including
operating experience until mid-April, 1968.

Part B describes the results of the main
core performance measurements made
during commissioning and initial power
operation and their agreement with
prediction. -

PART A

Organisation and training

In building up the Operations Division
for the Winfrith SGHWR, a balance was
struck between personnel with experience
of commissioning and operating nuclear

power stations and those with experience of
experimental or prototype reactors. The
team was supplemented for the commis-
sioning and early stages of operation by
staff with particular expertise.

A training programme was introduced
which included specialised courses and
attachments to nuclear and non-nuclear
plants. A training simulator of the control
system was built which could be coupled
to the Winfrith PACE analogue model of
the SGHWR on which all operators and
technologists received several hours of
training. The operational shift team were
responsible for the operation of plant
during the functional tests which preceded
the commissioning programme,

Plapning

The planning of various stages of the
commissioning programme began with the
preparation of outline proposals for each
individual procedure or test., These iden-
tified equipment requirements, safety and
operational aspects and provided an
estimate of the time that would be taken.
Special test or experimental procedures
were written for repetitive measurements,
e.g., period measurements. The final
programme was formulated by arranging
the essential work in a manner which would
occupy the minimum time.

Operational aspects of commissioning

The commissioning period was divided

into three main sections as follows:

Stage | Fuel and heavy water loading,
zero power physics measure-
ments and hydraulic tests (24th
August-16th October, 1967).

Stage 2 Completion of construction and
safety circuit testing (16th Octo-
ber-20th December, 1967).

Stage 3 Raising to full power (20th
December, 1967-24th January,
1968).

The principal events during these three
periods will now be described.

Stage 1
Following the practice developed with
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heavy water materials testing reactors of
the DIDO class, the moderator system had
been completely tested using light water.
During this, the volumes of the calandria

and dump tanks were calibrated and it was
then necessary for the moderator circuit to
be thoroughly dried to prevent degradation
of the heavy water. The complete drying
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Fig I Principal programme events from commencement of fuel loading.
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operation occupied six days. Subsequent

measurements indicated that this was

completely successful since the isotopic

concentration of the heavy water suffered a

reduction of only 0.02% upon loading to

give a final value of 99.75 mole per cent.

Fuel loading commenced on 24th August,
1967, as indicated on Fig. 1 which shows
the principal programme events from that
date. The fuel had been assembled under
dry conditions in the pond area and was
loaded directly into the reactor by a tem-
porary building crane. Throughout this
period, the primary circuit was full of
light water but the first 69 fuel assemblies
were loaded with the calandria empty. At
this stage, 39 tonnes of heavy water were
loaded into the dump tanks. The remaining
35 fuel assemblies were then loaded with
the heavy water at dump level. Criticality
was achieved on 14th September, 1967, by
raising the moderator height to 172 cm
from a datum at the base of the calandria.
The coid, zero energy physics experiments
were then carried out over a period of
ten days: the results are discussed in Part B
of this paper.

A plant proving run was begun on the
4th October, 1967, The pressure and tem-
perature of the primary circuit were raised
to full operational values of 925 I1bfin®
and 280°C using heat generated by running
the four primary circulators supplemented
by electrical heaters mounted temporarily
on the downcomers from the steam drums
to these pumps. The total heat input was
2,500 kW which allowed an overpressure
test to be made at 1,300 1b/in? and 305°C.
A number of physics and thermal/hydraulic
measuremenis were made at this point
together with a number of plant proving
tests and checks, which included the
following :

(a) primary circulator tests to determine
cavitation limits and run-down rates
and to establish the settings required
for the rate of change of pressure
trip units;
tests of the emergency cooling water
(ECW) system to adjust flow to the
required level;

(c) operation of the blowdown to the
centre pond to determine the rate
of depressurisation;

{d) operation of the blowdown to the
condenser to demonstrate the correct
functioning of the system;

(e) operation of the ventilation plant to

(b

~

set up the appropriate flow rates;

(f) tests on the ancillary cooling water
systems to establish and balance the
flow of coolant and determine the
heat loading;

(g) measurement of thermal movement of
the plant and associated pipework
to check that these were satisfactory;

(h) measurement of vibration levels to
confirm that no section of the plant
was subject to high stresses;

(i) tests on the safety valves to recheck
lifting pressures.

The run at operating temperature was
terminated on the 16th October, 1967, by
full depressurisation of the circuit. It
was followed by a detailed final inspection
of the compiete plant, including the steam
drums, to check whether anything unexpec-
ted had occurred during the early plant
operation. This included removal of selec-
ted channels of thin-walled fuel for visual
examination to verify that no wrinkling had
taken place during the hot run. Nothing
was observed which might have given cause
for concern.

Stage 2

The main commissioning programme
was interrupted at this point to allow
completion and final testing of the safety
circuits. Immediately prior to the planned
commencement of the power raising phase,
two unrelated delays occurred in the pro-
gramme. The first was a leak in a superheat
channel liner. These liners are thin,
helically-wound tubes of zirconium alloy
and the damage to the liner concerned
had been caused by the application of an
excess pressure differential across it during
a special pressure test which was made on
a section of the primary circuit pipework.
It was decided to remove the complete
superheat channel tube assembly and,
although it had been lightly irradiated
(10 h at a power of 2 MW?1), this gave rise
to no problems. The whole operation
including blanking-off the connections to
the channel, took only four days because
equipment was available for channel tube
removal and a procedure had been formu-
lated during the design and construction
stages.

The second incident concerned the
booster pump unit. This provides an
augmented coolant flow to four channels for
testing advanced fuel assemblies. The pump
was found to have seized during an
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aftempt to start the unit and the fault was
traced to the windings of the driving
motor, necessitating the removal of the unit
to the manufacturer’s works. The motor
was -completely rewound and the pump
replaced in circuit after works bench tests,

Fig 2 SGHWR power history.

the complete operation again taking only
four days. The cause of the overheating of
the windings was ascribed to excessive
friction in the main bearings which may
have resulted from the deposition of
solids from the water, since the condition
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arose after the pump had been shut down.
Improvements have been made to the
display of pump motor current loadings
so that repetition of this incident should be
avoided.

Stage 3

Power raising commenced on the 20th
December, 1967 and, by the 25th January,
1968, an output of 104.6 MWe had been
achieved and the plant was considered to
be available for sustained full-power
operation. Fig. 2 shows the stages by
which power was raised; it will be noted
that the turbo-alternator was first syn-
chronised to the national grid on the 24th
December, 1967, and full-power at-
tained for a limited time on the 7th
January, 1968. It will be evident from Fig.
2 that a substantial load factor was achieved
during March and the first half of April.

During the power raising process a
number of measurements and plant checks
were performed as follows:

(a) Radiation surveys. These were
conducted throughout power raising
around the plant and showed no
unexpectedly high levels. The values
in the turbine hall are close to those
predicted and have caused no prob-
lems either during operation or when
access was required for maintenance.
The principal source of radiation is
nitrogen-16 (half-life 7 s), which is
carried over to the turbine from the
steam drums and eventually passes
up the discharge stack via the
condenser and off-gas system. A
typical radiation survey of the tur-
bine hall is shown in Fig. 3 while
the variation of the radiation level
at a point in this area with reactor
power is shown in Fig. 4. From this,
it will be seen that the levels vary
approximately with power in accor-
dance with a [reactor power]? rela-
tion.

(b

=

Turbo-alternator checks. Only a very
limited number of tests were needed
on the turbo-alternator itself as the
majority of the initial proving of
the machine had been carried out
using a temporary commissioning
boiler before the nominal plant
completion. The additional tests
performed during Stage 3 were:

(i) load throw-off at 25 MWe and
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53 MWe (tests at 100 MWe were
done subsequently);

(ii) bus-bar heat run to measure
maximum temperature attained;

(iii) on-load overspeed tests at 15-20
MWe (NB, overspeed tests are
carried out at zero output every
time the turbo-alternator is
synchronized);

(iv) automatic voltage regulator
(AVR) setting up and checking;

(v) overspeed-limiting gear opera-
tion.

Operation with the package boiler
had not permitted all the auxiliary
and ancillary plant to be loaded to
capacity so that only during this
phase could the commissioning of
such items as the rotary air pumps,
condensate extraction and feed water
pumps, feed heaters and the asso-
ciated bled steam system, and
deaerator controls be undertaken.

System vibration measurements. The
vibration measurements that had
been made during the engineering
tests and low-power phases of the
programme were repeated. They
showed that the system was free of
vibration except when certain steam
lines were being warmed-through
and when a blow-down line asso-
ciated with the primary circuit
clean-up was operated. Simple
modifications to operating proce-
dures, provision of a limited number
of additional physical restraints and
the insertion of a nozzle in thg blow-
down pipework rectified these defects

(d) Performance checks. Various physics
and thermal performance measure-
ments were made to check the reac-
tor performance and to confirm that
operating limits were met. These
are described in Part B. In addition,
the overall performance of the tur-
bine and feed train and auxiliary
equipment has been checked and
appears to be satisfactory although
the final acceptance tests have not
yet been made on the turbine and
cooling towers.

Commissioning of the automatic con-
trol system. Only minor adjustments
have been required to the parameters
of the automatic control system
which had been chosen on the basis

(©
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of simulator studies. The only
significant modifications have been
associated with the characteristics of
the turbine governor.

Outage during this period of power
raising resulted principally from a spillage
of heavy water. This occurred when the
plant was at a power near to 100 MWe and
a controlled shutdown was initiated. The
unit was fully shut down within 30 min.
After access had been gained to the
primary containment, it was found that the
leakage was from one of the two-plate-
type heavy water coolers which had been
wrongly assembled.
Early operational experience with the
Winfrith SGHWR

Since achieving full power, the operation
of the reactor has been very satisfactory.
Generally the plant has been operated at
or near full-power with only very limited
periods of part-load for tests or the cor-
rection of the occasional minor plant

problem. The main plant performance
parameters have agreed closely with
predictions.  Table 1 gives the basic

operational figures up to the 16th April,
1968, when the reactor had a planned
shutdown to allow commissioning of the
experimental cluster loop and the main
refuelling machine.

The performance already achieved indi-
cates the considerable progress made in the
very few months since commissioning with
the elimination of equipment defects that
are commonly experienced when bringing

any major plant into operation. It also
L TABLE 1 -
Since
25.1.68 Since
(first full 1.3.68
power)
Availability 79% 969
Load factor 699% 90%;
Generation 134.841 101.052

X 108 units X 108 units
Total generation since 24.12.67
—138,372,000 kWh
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reflects the growing experience of the
operating team which will enable sub-

sequent operating programmes to be
formulated with confidence.
Radiation and activity levels.  Direct

experience has been obtained of access to
and work in the primary containment and
also of maintenance on the turbine and
feed train. Radiation levels in the pri-
mary containment after the reactor has
been in operation have not prevented
essential work or access on any occasion.
The genecral radiation level in the main
primary containment plant area is shown in
Fig. 5 as a function of time after shutdown.
Contamination has been localised to
areas near the occasional minor steam or
water leak. Provided the basic health
physics precautions are taken, no difficult-
ties arise. Most of the activity from any
such steam and water leakage is associated
with activation products which have been
retained by the pipework lagging. This,
incidentally, has given a useful method of
leak detection when the reactor is shut
down and depressurised. The feed heater
cell is classified as a restricted radiation
area principally because it contains bled
steam pipes and the primary circuit polish-
ing plant. However, access has been
possible at all times for visual inspection,
and some maintenance work has been
performed with the reactor at full power.

Chemistry. Experience with water
reactors has shown the importance of
water chemistry conditions. For this
reason, the design of the Winfrith SGHWR
included a polishing plant capable of taking
the full feed flow, together with a fractional
by-pass of the primary circuit water. The
quantities of prime interest have been
“crud” (iron and copper), silica and
chloride. The polishing plant has been
effective in maintaining acceptable levels
of crud and chloride. However, while the
silica has been kept to a suitable level, the
polishing plant has not been very effective
in achieving its removal principally because
of the temperature conditions that exist
local to this plant.

The chemistry of the moderator circuit is
discussed in detail in another symposium
paper (ref. 1). Operationally, the two
main aspects have been the control of
boron level and the concentration of
deuterium in the helium blanket above the

moderator. The addition and removal of
boron is easily performed although it is not
yet fully automated or automatically
monitored. The deuterium levels have been
higher than predicted but the concentration
has been kept below the maximum per-
missible level of 79,. An increase of the
recombination capacity by about 50% is
proposed.

Reactor control. Simulator studies had
predicted that manual control of the reactor
would be satisfactory. This has been con-
firmed on the plant. However, because of
the operational advantages and the need
to demonstrate the load following
capability of the unit to support commer-
cial designs, it was decided to commission
the automatic control system at an early
stage of the programme. This maintains
key parameters such as system pressure,
drum level and steam flow to the turbine at
pre-set values. The system pressure is
controlled directly by the position of the
turbine governor valve, this control action
being performed through a conventional
governor gear. Some difficulties have been
experienced with this and, although it is
now giving an acceptable performance,
further modifications and optimisation of
the system are proposed.

Drum level control assumes a major
role in a direct cycle system since it con-
stitutes the interface between the reactor
and the turbine-feed train. Control has
been satisfactory at full-power but less
so at very low powers. However, no
significant attempt has been made to
optimise the system for these conditions
and studies suggest that no inherent
difficulty exists with control at low power.
Problems have been experienced with
noise in the transducer signals. The
difficulty was associated with only one of
the two halves of the main reactor coolant
circuit and was found to be related to the
geometry of the pipe runs to the instru-
ments. The effect has now been greatly
reduced by re-routing some of this piping.
The steam flow to the turbine is controlled
by variation in the reactor power which
results from adjustments to moderator
height. This system has performed very
satisfactorily. Use is made of a switch
installed to vary the gain of the system
thereby providing improved response over
the full power range. Steam flow control
is normally engaged above 30 MWe.
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Below this level, reactor power is controlled
by use of a neutron flux signal from an
out-of-pile ion chamber. The pattern of
operation employed in bringing the plant
to full power involved a number of single
power cycles. These were accomplished
very smoothly. On one occasion, the reac-
tor was shut down and the booster pump
stopped to allow the replacement of a
damaged fan belt on the motor alternator
which supplies this pump. The whole
operation, including the repair work, was
completed within 10 hours.

Fuel performance. The reactor fuel charge
contains approximately one third experi-
mental channels and has performed very
well with the exception of a leaking
fuel element which was detected at the end
of March. The defect fuel cluster is of an
experimental type which is used to monitor
the effect of primary circuit water con-
ditions on zirconium alloys. After the
initial rise in radiation levels, there was no
alteration in the activity from this defect
during approximately three weeks of full
power operation until the April shutdown.

This period of operation included four
power cycles, one of which was a reactor
trip. The defect gave valuable experience
in checking operational procedures and
monitoring levels throughout the plant.
In fact, it had been intended to load a
deliberate defect into the reactor in order to
obtain the experience which has been
gained from this defect. This experiment
will not now be performed. The activity
discharged from the reactor was well
within acceptable levels.

Outages. Operational time has been lost
for a variety of reasons. Since the 25th
January, 1968, the following have been the
major causes of system outage:

(i) turbine feed train problems;

(ii) spurious trips (mainly in first few
weeks of operation);

(iii) failure of experimental flux scanning
thimbles;

(iv) mechanical problems associated
with faulty construction of the
primary circuit polishing plant.

The lost time has been almost equally
divided among the above plant problems,
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all of which have now been overcome.
They are thought to be of a non-recurrent
type and again represent typical initial or
commissioning problems which occur dur-
ing the first few weeks of plant operation.

PART B

Core performance measurements
in the Winfrith SGHWR
Objectives of the measurement programme

The programme of performance measure-
ments was planned with two aims:

(i) to provide data necessary for the
safe and efficient operation of the
Winfrith SGHWR;

(i) to provide accurate tests of theoreti-
cal models under operational con-
ditions and so achieve a firm basis
for design developments in later
reactors.

Up to the present, emphasis has been
placed on the first of these objectives.
Sufficient information has been assembled
to demonstrate that safety and operating
criteria have been met; attention is now
being turned to the more refined measure-
ments needed to attain the second objective.

Operational aims

In order to achieve the design output of
100 MWe, satisfy the safety criteria and
meet the needs of the irradiation pro-
gramme, it was necessary that the initial
core loading should satisfy the following
main conditions:

(1) possess sufficient reactivity to be
taken critical and raised to full
power with Xe and Sm poisons;

(2) at initial full power to possess
sufficient excess reactivity to run
subsequently for 3004-30 equivalent
full power days;

(3) possess reactivity coefficients and
control and shutdown variable res-
ponses compatible with the design
tolerance of the control system
and within limiting values allowed
for in the hazards analysis;

(4) give rise to a coolant flow distribu-
tion within the tolerances needed to
achieve an adequate margin to
dryout;

(5) give rise to a power distribution such
that

(i) no standard fuel channel exceeds
4 MW thermal output,
(ii) the “enriched design” boosted

channel experiments operate at
thermal powers close to but not
exceeding 5 MW,

(iii) the “natural design” boosted
channel experiments operate at
3.5 MW.

Initial core loading

The initial core loading chosen to
satisfy the requirements is shown in Fig. 6.
The reasons for this choice of loading have
been discussed in companion papers
(refs. 2, 3 and 4). A basic 3-batch arrange-
ment of 2.289%, 1.56% and 1.24%; fuels
has been perturbed to include a number of
irradiation experiments (ref. 4). The most
important perturbations are:

(a) the so-called boosted channels (A9,
C9 (“npatural” design) and All,
C11 (““enriched” design) ) which are
provided with an additional pump
and are fuelled with relatively
highly-enriched experiments;

(b) four 3.0%, enriched fuel elements
(E19, S21, Ul17, W15) intended for
extra long irradiations;

(c) two small (pencil) loops in positions
H16 and R16 which are at present
unfuelled;

(d) the superheat channels, at present
unfuelled, but causing local flux
disturbances.

Prediction basis

It was evident that the accurate pre-
diction of reactivity levels and power
distribution for such a complicated loading
would provide a severe test of the PAT-
RIARCH computer codes (refs. 2, 3).
In many cases, it has been necessary to
use the soLoMON synthesis code to
obtain an adequate representation. This
combines the AmMAZ Xy-reactor physics
model with the cusg multi-channel
primary circuit representation and the
TIRAZ coupled nuclear-thermal-hydraulic
single channel model.

Scope of the measurements

Valuable reactor time was saved by
carrying out some of the preliminary
reactor physics measurements with the
power reactor fuel loaded into a core mock-
up in the tank of the DIMPLE zero energy
assembly. However, due to the limited
size of the DIMPLE tank, a maximum of
68 fuel elements was all that could be
accommodated and some extrapolations
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from these results were still necessary.

Performance measurements were made
on the power reactor itself during the
following phases of the commissioning
programme:

(a) hydraulic tests before fuel loading;

(b) cold zero energy experiments;

(c) hot zero energy tests;

(d) power raising;

(e) full power operation.
The more important results will now be
reviewed.,

Reactivity levels
Cold zero energy

The reactor was taken critical with
mederator boron concentrations ranging
from 4.1-12.7 ppm and immersed fuel
heights from 109-360 cm. A convenient
indicator of the accuracy of reactivity
calculations is provided by the closeness
of the predicted Keg to unity for states
known to be just critical. Over the range
of states

predicted K.x=1.0068+0.0015.

Hot zero energy

Similar tests with the H,O coolant and
D,0 moderator raised to full operating
temperatures (280°C and 65°C respectively)
by electrical heat gave

predicted K 5=0.9995 4+0.0004.

These results, showing the disappearance
of small overprediction bias in reactivity
levels at operating temperature, were con-
sistent with expectations from previous
Zero energy measurements.

Full power operation

At full power the reproduction factor is
reduced by the build-up of Xe and Sm
poisons, the action of the fuel temperature
coefficient (mainly due to Doppler broaden-
ing of U-238 resonances) and the presence
of steam voids. The boron concentration
in the moderator must therefore be reduced
to compensate. Since the zero energy
tests show that the influence of boron on
reactivity has been accurately predicted
then a comparison between the calculated
and measured boron concentrations with
the reactor operating steadily at full power
is a direct indication of the accuracy of
calculations of reactivity level.  Since
the fuel was necessarily slightly burnt up
during the preliminary operations at less
than full power it is necessary to apply
some small corrections to the measure-

ments. These have been reduced to a
standard state in which the core is operated
with equilibrium Xe and Sm poisons at
zero irradiation. The following comparison
emerges:

measured B concentration=6.66-+0.20

ppm

SOLOMON prediction=6.36 ppm.
Since 1 ppm B~ 1% AK_, these results
suggest that the core is approximately
+% more reactive than expected in the
hot full power condition.

Reactivity changes
Burn-up

Tt is still too early in the first cycle of
fuel burn-up to make firm predictions of
the cycle length. Nevertheless during the
month of March when the reactor was
operating essentially at steady full power:

observed B! burn-up rate=1.940.2

% 1072 ppm/EFPD (Effective Full Power

Days)

soLoMoN prediction=1.7 X10* ppm/

EFPD (Effective Full Power Days).
When taken in conjunction with the agree-
ment on initial B level previously noted,
this suggests that a cycle length within the
design tolerance of 30030 EFPD will be
attained.

Steam void reactivity effects

Zero energy measurements made in the
core mock-up using H,O/D,0 mixtures to
simulate coolant of various effective
densities showed that

measured void coefficient K,=—0.016

+-0.001

calculated K,=—0.016
where K, =(fractional reactivity change)/

(fractional void change).

Since the mock-up contained only 68 fuel
clements against the 104 of the power
reactor, there was more neutron leakage
and the void coefficient correspondingly
more negative. The same method of
calculation gave for the complete power
reactor at full power

K,=-—0.009
for perturbations involving small increases
in reactor power.

A first check on the magnitude of void
reactivity effects in the power reactor was
made by perturbing coolant flow by partial-
ly opening and closing two of the four
pump discharge valves with the reactor
running at a thermal power of 75 MW.
No discernable change in the slow drift of
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critical height with xenon build-up was
detected. This was consistent with the
very small effective void coefficient of
K,=-0.0002 computed for this type of
flow perturbation.

A further experiment was made with the
plant running at about 90 MWe. Two high
pressure feed heaters were disconnected in
succession while the reactor was operated
at constant neutron flux. The sub-cooling
at channel entry was therefore increased
and less steam voids created. This pro-
duced a perturbation in critical height
which was interpreted as equivalent to

K, 0.0074-0.002
compared with (for this type of perturba-
tion)

predicted K,

0.006.
Power deficit

It is difficult to separate the true power-
void coefficient from the fuel temperature
coefficient since both operate approxi-
mately simultaneously. For many practical
purposes, e.g., assessment of the adequacy
of the shutdown system, it is not necessary
to make this separation. Estimates of the
combined effects of coolant voids and the
fuel temperature coefficients were made

during power raising since this often lasted
for several hours. It was necessary to
apply corrections for changes in coolant
and moderator temperature and in xenon
reactivity. The latter correction was
facilitated by using a xenon computer with
the equilibrium value normalised to a
SOLOMON estimate. Not surprisingly,
there is a considerable scatter in the data
and a typical run-up is shown in Fig. 7.

To summarise the available evidence on
void and power coefficients:

(1) the power coefficient (combined
effect of voids and fuel temperature
coefficient) is certainly negative,
probably rather more so than pre-
dicted;
the void coefficient is small and
negative and well within the control
system tolerance;
it is likely that the fuel temperature
coefficient is more negative than
expected.

0]

&)

Moderator and coolant temperature
coefficients

These coefficients were measured during
the hot zero energy phase of the pro-
gramme. As expected they are about
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TABLE 2
Moderator and fuel temperature coefficients

Moderator coefficient

Coolant and fuel coefficient

Boron mN/°C mN/°C
concentration
(ppm) Experiment Calculation Experiment Calculation
9.35 14.540.5 20.47 —8.440.2 —12.30
11.48 19.8+1.6 23.69 —7.841.3 —12.64

5 mN/°C (1 mN=10"3 AKeg/K.) less
negative than predicted. Similar discrepan-
cies have been observed in other liquid
moderated systems. The effect is, however,
small and of little practical significance in
SGHWR. Results of the measurements
are presented in Table 2.

Control variable effectiveness

As has already been discussed the zero
energy experiments have confirmed closely
the predicted influence of moderator boron
and hence its predicted effectiveness as a
control variable.

Measurements of moderator height co-
efficients have been made by measuring
reactor periods with excess moderator
height. The coefficients are 259, smaller
than predicted but are within control
system tolerance. Smaller discrepancies of
about 8 % had previously been observed in
Zero energy measurements in DIMPLE.

Liquid shutdown tube worth

Pulsed source and rod drop techniques
were used to estimate the worth of the
12-liquid shutdown tubes. The agreement
with prediction through the zero energy
phases was in all cases within $:0.15 AK
and the combined worth was 3.4 AKr
at hot zero energy with a full tank.

It was demonstrated, by measurements of
critical boron concentration, that even if
three liquid shutdown tubes near to the
booster channels failed to fire then the
remaining nine tubes would hold down
2.1% AKey. This is considerably larger
than the combined power deficit and is
therefore sufficient to ensure shutdown.

Primary Circuit Hydraulics
Total flow

Estimates of coolant flow in the circuits
were based on data derived from full-scale
tests on most of the major components
including the fuel elements. In view of the
complexity of the pipework, it was difficult
to prejudge the likely accuracy of the overall

prediction. Total flows were measured by
Dall tubes situated in the main downcomers
to the pumps, over a range of thermal
powers up to 300 MW. The pre-
dictions were within the scatter of the
measured points. At full power the
comparison was as shown in Table 3.
These results indicate that the flow in
the South circuit is about 39/ higher than
in the North. This is due principally to the
fact that one of the pumps in this circuit,
although of the same design as the others
has a higher head versus flow characteristic.

Flow distribution

An important feature of the Winfrith
reactor is that each channel is fitted with
hydraulic instrumentation in the form of
inlet and outlet Venturi meters. The inlet
Venturis measure the total flow and have
shown that the distribution of flow at
full power is well predicted. Individual
channel flows are predicted to +59%,.
Only at zero power was there a significant
difference between the measurements and
prediction, and this was a local effect
observed in the channels fed from the
four sub-headers nearest to the main
circulating pumps. With no steam voidage
in the core these channels were receiving
109% to 209 less flow than the average
value for the core as a whole. Tt is believed
that this starving of the end sub-headers
at zero power was due to momentum
effects in the bottom header (not included
in the model) and the sharp radius of
curvature of the pipe joining the pump
to the bottom header. At power the effect
was less significant due to the increase in

TABLE 3
Circuit flows
Measured Predicted
gall/min gall/min
N circuit 16,8004-200 17,160
S circuit 17,3004+200 17,180
Total: 34,100+300 34,340
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the total circuit pressure drop associated
with core voidage.

Power distribution
Zero energy measurements

Provision has been made in the Winfrith
reactor for the insertion of flux measuring
wires along the axes of the fuel elements.
Wires may be loaded or withdrawn
with the reactor on power. Copper wires
were used during the zero energy experi-
ments to check the radial and axial neutron
flux distribution.

At cold zero energy with a high concen-
tration of boron in the moderator some
large discrepancies amounting to a 409,
underprediction of copper reaction rates
were observed in the vicinity of the boosted
channels. As the core was raised to
operating temperature and the critical
boron concentration was reduced from
13 ppm-10 ppm, the discrepancy was greatly
reduced and fell to the few per cent over-
prediction level which had been expected on
the basis of DIMPLE experience with high
enrichment perturbations. As a precau-
tionary measure to avoid possible delays at
the beginning of power operation reactivity
was reduced in the booster channel area by
changing channels El11, C13 and Al3 to
the enrichments shown in Fig. 6. Pre-
viously these channels had been fuelled
with 1.24%, 1.249; and 2.28% fuel ele-
ments respectively.

Subsequent theoretical studies have
suggested that the form of coarse mesh
diffusion theory used in the standard
applications of the AIMAZ code does not
represent the high local current flows from
relatively highly enriched fuel to a highly
borated reflector with sufficient accuracy.
The problem is, however, much less sig-
nificant at the lower boron levels arising
at power operation.

Power operation

The outlet Venturi meter fitted to indi-
vidual channels in the Winfrith SGHWR
provides a means of measuring exit
steam quality and hence channel power.
The equation relating quality meter
differential pressure Ap, channel flow w,
and steam quality x, were obtained from
out-of-pile tests wusing an electrically
heated facsimile of the fuel cluster in a full
scale model of the channel and riser
pipework under reactor conditions. A
general relationship for the normal operat-

ing range of quality was demonstrated
of the form
<=2 (Ap—17.0 w¥)+Db
W2
where a and b are constants for a par-
ticular channel pipework configuration.

During commissioning, channel measure-
ments were made at various reactor powers
using the inlet flow meters and quality
meters. At zero power, i.e., with no steam
quality, checks were made of the channel
flows as measured by the inlet and outlet
Venturi meters respectively, and where
they did not agree within 5%, those
channels were excluded from the subse-
quent analysis of core power distribution.
In addition certain of the channel instru-
ments had developed faults and could not
be repaired at this stage because access is
only available during shutdown. Neverthe-
less the instrumentation in 77 out of the
104 channels proved to be satisfactory and
provided a detailed survey of core power
distribution.

In order to facilitate comparisons with
theory by smoothing random errors in
meter calibration (+6%) and to fill in
gaps where the instrumentation is not
operative, the results have been processed
through the sAMSoN code, which pro-
duces a best fit consistent with neutron
diffusion theory. Fig. 8 shows the results
and presents a comparison with the
SOLOMON predictions. It is clear that the
peak standard channel is operating at
below 4 MW and the booster channels at
just under 5 MW as required. It also
appears that SoLoMON follows the
channel to channel variations associated
with the enrichment loading pattern quite
closely. However there is a systematic
tendency for the observed powers to be
about 109 higher in the booster channels
and other high flux regions and propor-
tionately lower elsewhere.

The quality meter power distribution
measurements at steady full power opera-
tion are now being supplemented by wire
activation scans made with 1.5% Cu/
titanium alloy. At the time of writing the
first results have not been fully analysed.
There are indications that the axial power
form factor will be 1.56 4-0.02 which is 8%
higher than the original figure used in the
design analysis. The difference appears to
be related to the effect of the bottom
reflector but is not of great practical
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significance since sufficient thermal design
tolerances exist, especially as the peak
channels are operating at below the 4 MW
design limit,

Conclusions

The time taken to bring the Winfrith
SGHWR to full-load capability from the
nominal completion of construction and
initial fuel and heavy water loading bears
favourable comparison with that taken to
commission a conventional power plant
containing equipment which replicates that
already proved in existing generating
stations. This has resulted, in part, from
careful planning and training but also from
the design which permits extensive com-
ponent testing and proving before assembly
on site and follows closely many aspects
which are well established in conventional
power plant. In the first 23 months after
reaching full-load capability, the plant
availability has been high while the system
has demonstrated that it is flexible,
readily controlled and affords simple access
for maintenance and adjustment.

As regards the performance of the Win-
frith SGHWR, measurements have shown
that this is close to prediction. In particu-
lar, the core has been brought to full-
power without exceeding the channel
output limits and it provides sufficient
reactivity margin to give the designed
burn-up.
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U.K.A.E.A. SCIENTIFIC AND
TECHNICAL NEWS SERVICE

Thermal diffusivity
equipment

Equipment which enables the thermal
diffusivity of small samples to be
measured quickly and accurately over a
wide range of temperatures has been de-
veloped jointly by the U.K.A.E.A. and
Goulding and Partners (Consulting En-
gineers).

The Authority have licensed Goulding
and Partners, of Essex Road, Acton,
London, W.3, to manufacture further
equipment of this type.

With this equipment, under suitable
conditions, up to 50 measurements can
be made in one eight hour working day
compared with approximately one per
day by steady state methods.

In the equipment a sample is heated to
the test temperature in a suitable environ-
ment and a heat pulse is directed at one
face. The temperature change at the other
face is measured and recorded on a high
speed recorder or by photography of an
oscilloscope trace. The method is very
versatile and the equipment exists in the
following forms:—

A simple sample holder for measure-
ments at ambient temperature, the
samples being cylindrical up to 0.50
in. long by 0.25 in. diameter. This
version uses a photoflash tube as the
heat source and a thermocouple de-
tector on the sample. It is very suitable
for routine thermal conductivity deter-
minations at a very high measurement
rate.
Equipment similar to the one described
above, but with the sample holder
contained in a Dewar flask for
measurements from ambient tempera-
ture to the boiling point of liquid
nitrogen (—196°C).
Equipment using a laser pulse as the
heat source and an infra-red detector
with an optical system, for operation
from 500°C to 1200°C (versions for
measurements from ambient to 500°C,
and up to 2000°C are being construc-
ted).

Equipment using a Q-switched (fast

pulse) laser and an infra-red detector,

together with a high speed oscilloscope,
to determine the diffusivity of very
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thin films (10~* cm. or less) or of a
thin film on a substrate. This operates
from ambient to 800°C.

10th May, 1968

Heavy water reactor
conference

The British Nuclear Energy Society
held a conference on * Steam Generating
and other Heavy Water Reactors ™ at the
Institute of Civil Engineers, Great George

Street, Westminster, London, S.W.1,
from 14th-16th May.
Delegates included  representatives

from 18 countries overseas apart from a
large U.K. representation drawn from

industry, the Electricity Generating
Boards and the UK. Atomic Energy
Authority.

Many of the papers presented featured
the Steam Generating Heavy Water Re-
actor, a 100 megawatt version of which
was opened last February by the Duke
of Edinburgh at Winfrith, Dorset. This
is the Atomic Energy Authority’s largest
operational reactor and although only
recently commissioned has produced
nearly 150 million units of electricity.
This reactor, with its straightforward
design and relatively simple construction,
is attracting widespread interest abroad.

The conference was organised in the
following sessions: Tuesday, 14th May:
Afternoon — SGHWR general design;
Wednesday, 15th May: Morning —
SGHWR performance; Afternoon —
SGHWR materials and operation; Thurs-
day, 16th May: Morning/Afternoon —
The broader scene. This included papers
on heavy water reactors in Canada,
France, Germany, Italy, Sweden and the

U.S.A.
14th May, 1968

Amersham
at Liege
The Radiochemical Centre participated
in the International Symposium on Hor-
mones, Polypeptides and Proteins at
Ligge, Belgium, from 19th-25th May.
The main item exhibited by the Centre
was the insulin immunoassay kit, which
in the last six months has been supplied
to 43 countries in all five continents.
The kit offers a sensitive and conveni-
ent method—requiring no specialised

training or experience—of measuring the
insulin. content in blood plasma.

Insulin is a protein hormone, the
action of which in the human body is
being better understood because of the
ease with which large numbers of meas-
urements can be made with the immuno-
assay Kkit.

The kit consists of insulin iodinated
with radioactive iodine-125, and anti-
sera, the latter prepared in collaboration
with the Wellcome Research Labora-
tories. Specially batch-tested “ Oxoid”
membrane filters are also available.

The test depends upon the competition
of the insulin in the samples of blood
plasma being investigated with the iodin-
ated insulin for combination with anti-
sera. The anti-sera binds the insulin mole-
cules and is separated from the solution
on membrane filters; the amount of
radioactivity measured on a filter is in-
versely proportional to the insulin in the
plasma sample.

Further information is available from
The Radiochemical Centre, Amersham,

Bucks.
16th May, 1968

Atom Show ‘68

The UKAEA’s Production Group
exhibited at the Toronto Atom Show
10th-12th. June, the main theme being
that it can meet worldwide demands for
nuclear fuel services and products.

The exhibit emphasized that the
UKAEA operates a fully integrated fuel
cycle service and that the commercial
activities of the Production Group are
financed by a separate trading fund, not
by government subsidy. Thus the Group
acts in a strictly commercial way, under
single management.

Part of the display described the
Group’s reprocessing facilities. For the
reprocessing of nuclear fuel to be of
maximum value to the fuel cycle it must
be done by the fastest and most economi-
cal methods. This is only possible with
large-scale plant and the UKAEA oper-
ates at Windscale the world’s largest com-
mercial reprocessing plant (its capacity
exceeds 2,000 tons a year). Recent con-
tracts have included the reprocessing of
irradiated oxide fuel from the two 350
MW() PWR’s under construction at
Beznau, Switzerland, and the irradiated
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metal fuel from the 166 MW(e) Tokai
Mura gas-cooled reactor in Japan. The
plant has also reprocessed fuel from the
Canadian NPD reactor and a continuing
contract for the reprocessing of fuel from
the Latina reactor in Italy has been in
operation for some years.

Another feature of the exhibit was the
international transportation of irradiated
nuclear fuel—a field pioneered by the
Production Group.

The UKAEA operates the world’s lar-
gest centre for nuclear fuel manufacture,
at Springfields. It already makes fuel for
29 power reactors, which have produced
over two-thirds of the world’s nuclear
electricity, and is backed up by two
decades of fuel manufacturing experience.

An integrated nuclear fuel service
should include the enrichment of uranium
and a section of the exhibit described the
Capenhurst gaseous diffusion plant’s pro-
gramme to meet increasing world
demand.

Another section of the display des-
cribed the manufacture of plutonium
fuels—the UKAEA has made fuel for

r

the Dounreay Experimental Fast Reactor,
the Swedish Agesta reactor, the German
Kahl reactor, BR3 in Belgium and the
Italian Garigliano reactor. A major fuel
manufacturing plant is under construc-
tion at Windscale. Due for completion in
1968, its main task initially will be to sup-
ply fuel for the Prototype Fast Reactor
at Dounreay.

The show also included research and
materials testing reactor fuels which are
supplied to a number of reactors in the
UK and overseas.

Radiation shielding
windows

In conjunction with two industrial
firms, the U.K.A.E.A. showed radiation
shielding windows of advanced design at
the International Trade Exhibition for
Medical and Hospital Equipment, in
Vienna, 15th-19th May, and at the British
Medical Exhibition in Madrid, 21st-27th
June, 1968.

These windows, for the observation of
patients in radiotherapy units or for use

o

*

‘!

A three foot thick Harwell type zinc bromide viewing window used in the Betatron cancer unit at
St. Luke’s Hospital, Guildford.
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where radioactive materials are handled,
are based on ten years’ design and user
service in the UK. AE.A. Safety, com-
bined with excellent viewing, sound
economy and simplified installation are
the criteria for their design and both
manufacturers have access to Harwell’s
expert advice in this field; similar types
of window are already installed in many
hospitals and nuclear establishments in
the United Kingdom and abroad.

Two types of window were shown.

The solid glass window is one of an
extensive range with thicknesses from 5
mm. to 2 metres or more; densities are
from 2.5 gm cm™® to 6.1 gm
cm~* and the glasses are radiation stable
up to at least 2 x 10° rads. The wide
range available enables windows of this
type to be used with all the normal shield-
ing media.

The manufacturers are Chance Pilking-
ton, Glascoed Road, St. Asaph, Flints.

The zinc bromide window is a major
advance, being compact in design, circu-
lar in cross section and priced consider-
ably lower than any comparable window.
It is one of a range with thicknesses from
60 ¢cm up to 150 cm and matching the
biological protection of a normal density
concrete wall; for thicknesses above 150
cm, a special combination of solid glass
and zinc bromide window is available.

The manufacturers are Parglas Ltd.,
Barton Manor, Bristol 2.

A.E.R.E. Post-Graduate
Education Centre

continued from page 165

Radiological Protection

30th September to 4th October, 1968
4th to 8th November, 1968

24th to 28th February, 1969

9th to 13th June, 1969

This short course aims to give users of
radioactive substances and radiations in
industry, research or teaching a broad in-
troduction to the principles and practice
of radiological protection, with a strong
emphasis on practical considerations.
Fee: £40 exclusive of accommodation.

Critical Path Methods

8th to 11th October, 1968

This course is intended for staff of gradu-
ate standard who are or will become users

or managers of the system rather than for
mathematicians already working in the
field. Lectures are given by managers who
have first hand experience with the sys-
tem. Harwell has developed its own
C.P.M. computer programme (CAP-
STAN) details of which will be given
during the course. Fee: £30 exclusive of
accommodation.

Medical Radioisotope

Generators

15th to 17th October, 1968

Arranged in collaboration with the
Radiochemical Centre, Amersham, this
course aims to give users and potential
users of radioisotope generators, practi-
cal experience of established and newly
introduced systems. Fee: £24 exclusive
of accommodation.

Commissioning, Use and Maintenance of
Reactor Instrumentation

21st October to 1st November, 1968
This course is intended for commission-
ing, operation and maintenance engineers
working on nuclear reactor instrumenta-
tion. Participants should have some
knowledge of the basic principles of
nuclear reactions and reactors, electronics
and the measurement of physical quan-
tities. Fee: £80 exclusive of accommoda-
tion.

Process Instrumentation

21st October to 1st November, 1968
10th to 21st March, 1969

This course is intended for graduates who
are working on the instrumentation of
process plant, nuclear reactors and scien-
tific apparatus or who have a direct in-
terest in the subject. A visit will be
arranged to a process plant or a power
station where modern control techniques
are being applied. Fee: £80 exclusive of
accommodation.

Introduction to Production Control by
Computer

30th and 31st October, 1968

4th and 5th December, 1968

31st March and 1st April, 1969

A new system of production control
(WASP) which ensures better loading of
machine tools has been devised at Har-
well. The course will show how “ WASP »
may be used on its own, or in conjunc-
tion with other computer control systems.
Fee: £25 exclusive of accommodation,
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EO Series
diffusion
pumps
reach

peak
performance
faster —

THEY ARE
VACUUM
BRAZED

When a batch of stainless steel EQ series pump bodies emerges from our
Edwards vacuum furnace they are clean, thoroughly degassed-—really
C-L-E-A-N. We make sure of that by giving them a one hour degas
soak at 1060°C with a terminal pressure of 10~ torr at temperature.
That, and their crevice-free design, is why they reach peak performance as
soon as you put them into operation.

Performance data for the EO Series and all Edwards oil and mercury
vapour diffusion pumps up to 36 in. diameter are summarised in our new
publication 05663-—copies on request.

E EDWARDS

EDWARDS HIGH VACUUM LIMITED MANOR ROYAL CRAWLEY SUSSEX ENGLAND
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If you want a British
quadrupole mass
spectrometer providing
residual gas analysis in all
types of vacuum systems,
that is light, compact,
bakeable, with fast response,
good resolution and

linear mass number
spectrum display—

Say hello to the
CENTRONIC Q806!

Mass Range: 1-100 a.m.u. in one range

Sensitivity (partial pressure): better than10-"*Torr
for nitrogen e,
Resolution: Better than 80 Wity

Bake-out temperature: at least 400°C
Vacuum Range: 10-* Torr and lower

1968

Fully descriptive leaflet available on request

DD 207H CENTURY ELECTRONS LT

Centronic Works, King Henry's Drive, New Addington
Croydon, CR9 0BG, England. Telephone Lodge Hill 2121
A/7/68

LAMMA
IRRADIATION

A service for industry,

hospitals and research

The Wantage Research Laboratory
of the UKAEA provides an economic
and efficient service of gamma
irradiation for a wide range of
products either in small quantities

or on a commercial scale.

For information and details of
charges write to:

Irradiation Service Office, Wantage
Research Laboratory, UKAEA

Wantage, Berks.
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highest purity transparent quartz glass
..and the best
round tubes too!

Quartz glass from Engelhard Hanovia has the

highest purity obtainable. [t is transparent

to ultra violet and infra-red Iight and will not interfere
with the ocutcome of fine analysis. Other essential
features are resistance to chemical attack,

thermal shock, high temperatures and near perfect
dielectric properties. This top grade material is available
from comprehensive round tube stocks, or in a

wide range of standard and custom-built

Apparatus for Science and Industry.

We are the U.K. stockists and fabricators of all Hereaus
materials including Heralux, Herasil,
Suprasil, Rotosil and Infrasil.

Descriptive booklet requests and enquiries to:
Guartz Division,

ENGELHARD HANOVIA LAMPS
Bath Road Slough Bucks Tel: Burnham 4041
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FINE TUBES for finest tubes...
fast for the nuclear industry

Fine Tubes supply the U.K.A.E.A. with fue!l ele-

ment can tubing used in their research reactors

at Windscale, Dounreay and Winfrith. These are

made to the Authority’'s rigid specifications in

Vacuum Melted 20/25Nb steel, Modified AIS|

316L, Double Vacuum melted AISI 304, Nimonic

PIE1 6 afnd many other anallysdes. | h |

Plain, finred, stepped cylindrical and hexagona

can tubing made by Fine Tubes is fully inspected, FI N E TU B ES

and non-destructively tested for flaws to the . .

highest specifications for fuel cans, BCD, instru- Fine Tul?es Limited - Estover Works
ment tubing and heat-exchangers. Fine tests for Crownhill - Plymouth - Devon
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