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SURFNGE
CLEANING
PROBLENMIS?

CONCENTRATE RBS 25 is the general
purpose laboratory equipment cleaner
which specialises in the removal of radio-
active contaminants. It enables apparatus
to be used repeatedly with different isotopes
without risk of cross-contamination. It
may be used cold, hot, weak or strong,
as required. For example 100 millicuries
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of 1-131 was removed experimentally by
immersion in a cold 2% RBS 25 solution
for about 36 hours, and boiling in a 209,
solution for 10 minutes. RBS 25 is totally
effective, cheap and safe.

Free sample and information folder from
sole UK suppliers:

CHEMICAL CONCENTRATES LTD * 41 Webb’s Rd + London SW11 - Telephone 01-228 0078



‘SPECIFICATION. :

- Input 200/250 Volts, 50 Hz
. Output 100-2100VoltsDC.
‘ 5 mA Max -

ImV Peak to Peak
1 partin 104 against
- 4 71% mainschange
. Bpansin 105 perho

939, London Road, Thomiton Heath, Surre
CRAGJE. Telephons: 01688 0441/

- v . -
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Experience counts

In the field of reactor control and instrumentation, System system
Computors’ record puts them near the top of the pile. Computors
Systems they have installed or are about to supply include Limited
some of the most advanced nucleonic equipment developed imite
1 . . £ ooled i fas . Fossway . Newcastle upon Tvne NEE 2YD
for the latest generation of gas cooled and fast reactors. A member of the Reyrofle Parsons Srous
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(" WINDSCALE

DUNGENESS A HUNTERSTON B

IN FROM
THE START

WITH THE COMPLETE DESIGN & MANUFACTURE
OF FUEL HANDLING EQUIPMENT

@ STRACHAN &
HENSHAW LTD

\ ASHTON WORKS - BRISTOL BS99 7T) - Tel (STD 0272) 664677 /
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*Permission to reproduce this photograph was
kindly given by Dr. G. K. L. Cranstoun of the
Inorganic Chemistry Laboratory Oxford University.

gota
good eye
for darkness

... It's called the EMI 4-stage Image Intensifier, amplifying
the light image more than a million times and opening up new
possibilities in electron and field ion microscopy, astronomy,
crystallography, medical, plasma and atomic physics by . ..
... Overcoming the problem of dark adaptation . . . of
specimens changing state or being destroyed by radiation
... by allowing direct viewing and television read-out . . . by
reducing photographic exposure time from, for example,
two hours to one second.
Variants are available with bi-alkali photocathodes, giving
typical dark current of 10-"° lux equivalent light input; S20
photocathodes for use out to 8500 A°, with sapphire input
window for use in the UV; with fibre optic windows and with
various phosphors for D.C. or pulsed operation. Typical centre
resolution is 25 line pairs/mm and useful diameter is 48mm.
2-stage and 3-stage tubes are also available.

* A typical field ion image of iridium in helium at 10-3 torr,
with a linear magnification of about 5,000,000, Exposure
time, 1 sec. at f16 using the EMI 4-stage intensifier type 3694.
Without intensification, the required expasure would be
equivalent to more than 2 hours at f16.

LVELECTRONILS

Telephone or write for full details to:
EMI ELECTRONICS LTD-ELECTRON TUBE DIV-HAYES-MIDDX
Tel: 573 3888 Ext. 2075 Telex 22417-Cables EMIDATA LONDON
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Ask any chef. He'll tell
you what a saving it is to
have some first-class
ingredients ready-blended.

®
arw1n It can save time and
trouble — and cut the
cake’'s cost!
an e The same goes for

mostelectronic equipment.
hd The more complete and
e ectronlc unified the sub-assembly
service — the less handling
for the busy manufacturer.
Ca e That's where Harwin
come in.

Harwin’s sub-assembly service includes
the original manufacture of terminals and
terminal boards - as well as complete
assembly and wiring of components (supplied
by the customer or acquired by us) testing
and delivery.

This means you don't have to shop around
so much for all the ingredients of your
electronic cake. Contact us soon—and we'll
see you get the recipe for success.

Harwin Engineers Ltd., Fitzherbert Road,
Farlington, Hants. Telephone: Cosham 70451/2/3
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Space saving
with PARAFLOW
plateheatexchangers
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Both drawings are to the same

scale—one square represents 2 ft.

An APV Case Study

These three conventional tubulars are designed to
cool 864 000 Ib/h of demineralised water from
41-7°10 28°C using 773 000 Ib/h of coastal
seawater at 22°C. But one APV Paraflow type
R.106 — shown to scale — performs the same duty
using only one third of their total surface area.
This case study is based on an actual Paraflow
offer for a nuclear power station. The tubulars
were computer-designed to handle precisely the
same duty with the same allowable pressure drop.
Apart from saving space, Paraflows save money
on capital cost — particularly where titanium or
other expensive metals are required. Cleaning and
maintenance is easier and cheaper too.

Send for details.

THE A.P.V. COMPANY LTD - CRAWLEY - SUSSEX

Telephone: Crawley 27777 Telex: 87237 Cables: Anaclastic Crawley Telex
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15th Annual Report:
Press Conference

Sir John Hill, Chairman of the UK.
Atomic Energy Authority, made the
following introductory statement at the
Press Conference on the Authority’s 15th
Annual Report, held on 1st October, 1969.

When I spoke to you at this time last
year there was a great deal of uncertainty
about the restructuring of the nuclear
industry in this country. I had to try to
outline to you what was likely to happen
before we were sure ourselves and in fact
not everything worked out in the way we
expected.

But let me first tell you of the changes
on the Board of the Authority. Mr.
J. C. C, Stewart, who had been with the
Authority since 1946, and was Member
for Reactors, left last December to
become Deputy Chairman of B.N.D.C.
His move is a great loss to the Authority,
but I am sure is as great a gain to
B.N.D.C. Dr. J. B. Adams, the Member
for Research, left us at the end of March
to become head of the new European
project for the 300 GeV accelerator. It
is, I think, an enormous tribute to Dr.
Adams that an Englishman should be
selected to head this great European pro-
ject even though the U.K. has not found
it possible to participate and contribute.

New members

Two new Members have been ap-
pointed. Dr. N. L. Franklin, who took
my previous position as Member for
Production, and Dr. H. Kronberger, who
became Member for Reactor Develop-
ment. We now have a smaller Board than
we have had in the past, but it does per-
mit tighter integration of the research and
development activities in our northern
and southern establishments.

To return now to the nuclear industry.
Although the outcome is well known to
you I think I should recall it here as a
background to the way the Authority is
adapting itself to the changing circum-
stances of nuclear energy in this country
and in the world. Last year we had four
separate design and construction teams,
three in private industry, and one in the
Authority’s Reactor Group. Now we
have made substantial progress towards
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On the platform at the Press Conference on the U.K.A.E.A.’s 15th Annual Report are (left
to right): Mr. M. I. Michaels, Under Secretary, Atomic Energy Division, Ministry of Tech-
nology;, Mr. T. Tuohy, Managing Director, U.K.A.E.A., Production Group; Sir Charles
Cunningham, Deputy Chairman, U.K.A.E.A.; Sir John Hill, Chairman, U.K.A.E.A.; Dr. H.
Kronberger, Member for Reactor Development, U.K.A.E A.; Air Chief Marshal Sir Denis
Barnett, Member for Weapons Research and Development, U.K.A.E.A.; and Dr. W.
Marshall, Director of Research Group, U.K.A.E.A.

the concentration of effort and resources
into two teams, B.N.D.C. and T.N.P.G.
The Authority is a shareholder in each
company to the extent of 20 per cent. and
we have Dr. Franklin as a Director on
the Board of B.N.D.C., and Dr. Kron-
berger and Mr. Allday, the Commercial
Director of the Production Group, as
Directors on the Board of T.N.P.G.

As far as staff transfers are concerned,
I have already referred to Mr. Stewart’s
appointment as Deputy Chairman of
B.N.D.C. and you will know that about
forty of the design and construction staff
on the fast reactor project have joined
the new T.N.P.G. Group.

On the proposed new Fuel Company,
the Authority has been assisting Govern-
ment departments in formulating the
necessary draft legislation for considera-
tion by Ministers and Parliament. I
should say that I regard the formation of
a nuclear fuel company as the logical
extension of the process by which the
Authority set up the Trading Fund to
allow its commercial activities to be con-
ducted on a normal commercial basis.

Future programme

But the whole purpose of the reor-
ganisation has been to get a closer
integration of the various parts of the
nuclear industry. Our future programme,
and by this I mean the whole U.K.
nuclear power programme, is discussed
at regular meetings of the Reactor Policy

Committee. This Committee is composed
of equal numbers of the most senior
engineers and technical people from the
Electricity Authorities, the design and
construction companies and the Atomic
Energy Authority. I chair this Committee
and we try to thrash out our future
development and engineering programme
between us so that we are all working
with the same objectives and to the same
timescale. I believe it is working well and
all parties are in full accord with the
programmes and policies that are being
pursued.

Perhaps I should add that the two
design and construction companies now
have full access to any information they
require on any reactor system under
development in the Authority. I would
also like to say that the Authority is
giving, and will continue to give, every
aid and assistance to the firms in support
of their proposals for nuclear power
stations for the Electricity Boards at
home, and in support of their efforts to
sell nuclear power stations abroad.

Let me turn now to the work of the
Authority itself, and let me start by
describing the commercial and produc-
tion side. Activity has increased in every
sector and all plants are working close
to capacity. The Radiochemical Centre
at Amersham has increased the range of
its products and has increased its turn-
over by 10 per cent. to £3.15M. 57 per
cent. of its production was exported. It
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has set up a new joint company in the
United States with the Searle Corporation
to expand further its activities in that vital
market.

Fuel output

The Springfields factory produced over
2,200 tons of natural uranium fuel during
the year, the highest output yet achieved.
It also commissioned and is now operat-
ing a new plant for the manufacture of
2,000 tons per annum of uranium hexa-
fluoride for the extended diffusion plant
at Capenhurst, and a new line for the
manufacture of A.G.R. fuel.

At Windscale the main active separa-
tion plant continued to operate at near
full capacity and the new head-end plant
for reprocessing enriched uranium oxide
fuel was commissioned and is now oper-
ating. A start was made on the commis-
sioning of the new fuel plant for the
manufacture of plutonium fuels for the
fast reactor. The Calder Hall reactors
have continued to operate at very high
load factor.

At Capenhurst, the first stages of the
reconstructed diffusion plant were recom-
missioned and output is increasing steadily
as additional stages are brought on line.
Development on the centrifuge continues
to make encouraging progress.

Finally, at Chapelcross, the reactor
which was badly contaminated when a
fuel channel melted two years ago, has
been cleaned up and recommissioned.

Exports

Exports of nuclear fuel services have
again been buoyant and orders received
exceed £11M.

Although most of these increases in
output have been achieved by increases
in productivity, some increase in num-
bers has been required. The total strength
employed on these commercial activities
during the year under review increased
from 9,215 to 9,585, a total increase of
370, of which 225 were transferred from
other parts of the Authority as part of
the overall rationalisation plan.

On the research and development side
of the Authority, including weapons re-
search, we have carried out a further
streamlining and reorganisation in the
interests of efficiency and economy. The
Orfordness Establishment in Suffolk is
being closed and its activities transferred

to Aldermaston. The Research Laboratory
at Wantage is being closed and the activi-
ties transferred to Harwell, and we are
proposing to close the Culcheth Labora-
tories in Lancashire over the next year or
two and transfer the activities to the
Risley Engineering Laboratories and to
the Springfields Establishment near Pres-
ton. The Engineering Group has been
disbanded as a separate Group and those
staff engaged principally on production
matters have been transferred to the Pro-
duction Group, and the remainder have
become the Engineering Division of the
Reactor Group. This reorganisation will
bring a significant reduction in overhead
costs and will also result in closer integra-
tion of the work with the activities of the
larger establishments. The total number
employed by the Authority on all activi-
ties outside the commercial field has been
reduced from 22,310 to 21,380, a reduc-
tion of 930 (including the 225 transferred
to production activities).

Gas-cooled reactors

Now let me turn to our development
programme. Our programme on gas-
cooled reactors, and by our programme I
mean the programme agreed by the Elec-
tricity Boards, the design and construc-
tion companies and the Atomic Energy
Authority, is in the shorter term to ensure
the satisfactory operation of the A.G.R.s.
(Mark IT gas-cooled reactors) now under
construction and still to be ordered by
the Electricity Boards and, in the longer
term, to base development on helium
cooling with graphite coated fuel (the
H.T.R. or Mark TII reactor). Gas-cooled
reactors improve year by year and some
years they make bigger advances than
others.

Fast breeders

Let me now turn to the fast breeder
reactor. You will remember that the aim
of this reactor system is not only to
reduce generating costs from nuclear
power still further, but also to reduce our
dependence on imports of uranium.

The Experimental Fast Reactor at
Dounreay, D.F.R., continues to work
well, amassing information on the behavi-
our of large numbers of fuel pins: a key
item in Fast Reactor development. We
have now taken over 400 pins to a burn-
up in excess of 5 per cent. of heavy atoms
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(50,000 MWD/T); well over 200 have
reached 7 per cent. burn-up and some
have reached 10 per cent. burn-up, or
nearly 100,000 MWD /T. Many of these
fuel pins were in fuel sub-assemblies
characteristic of those to be used in fast
reactor power stations. This performance
is, so far as I know, more advanced than
that achieved anywhere else in the world.
Emphasis has been moving for some time
to determine limits of fuel performance.
Fuel pins have been taken to failure and
the effect of such failure on the operation
of the reactor has been investigated. We
have been greatly encouraged by the fact
that when failure occurs it has been of a
more limited nature than might have been
expected and has had no effect on the
subsequent use of the reactor.

Test bed

The D.F.R. is a very versatile irradia-
tion test bed and a number of other coun-
tries are using it to test their own designs
of fuel elements. This test work is carried
out on a commercial basis and currently
earning approximately £1M. a year.

In any large power station or in a com-
plicated machine like an aircraft where
safety is such an important factor, it is
necessary to have a very large amount of
instrumentation to detect any slight ab-
normality in operation so that appropriate
remedial action can be taken immediately.
The fast reactor is no exception to this
rule and a great deal of ingenuity has
gone into designing and developing instru-
ments to detect any abnormality in the
operation of the reactor, particularly the
reactor core. Traces of fission products
can be detected in the highly radioactive
sodium coolant; traces of gas or vapour
can be detected, as can voiding, in the
highly turbulent core. Temperatures are
of course recorded everywhere. I men-
tion this simply as an illustration of the
range of activities that have to be under-
taken in the development of these pro-
jects.

As you know, it has been necessary to
put back the completion date of the pro-
totype fast reactor. There have been de-
lays in the delivery to the site of some
of the heavy fabricated components. I
should say, however, that these items were
not easy to fabricate. They presented new
problems which took longer than expected
to overcome. Naturally we would not
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consider any erosion of standards which
could affect our safety margins in the
interests of quick delivery.

I reported last year on the early opera-
tion of the S.G.H.W. reactor at Winfrith
Heath. The reactor has operated well and
has very attractive features, particularly
in the 300 MW-500 MW range. The two
design and construction companies are
vigorously pursuing the commercial ex-
ploitation of this reactor system at home
and abroad.

Harwell programme

Perhaps I should now turn to Harwell,
where big changes have taken place under
the direction of Dr. Marshall. In the last
year Harwell has increased the amount of
work it is doing in direct support of the
main reactor projects. It has also in-
creased substantially the amount of work
it is doing in general support of British
industry, both inside and outside the field
of atomic energy. The response of the
Harwell staff to these new and exciting
fields of work has been such that the
demand from industry for services, joint
programmes or contract R. & D. work
has tended to exceed the rate at which
staff could be released from other work.
The manner in which Harwell works with
industry places the main emphasis on the
need to carry out R. & D. as an integral
part of the innovative process (marketing,
design and production), and on the need
to provide both Harwell and the firm
with a common purpose.

The objective of the industrial R. & D.
programme is first to use our resources in
the national interest but, within this remit,
to maximise cash and royalty returns to
the Authority. There will be successes and
failures—as in all R. & D. projects—and
we are adopting the same practices as do
industrial firms. Projects which show suc-
cess are being vigorously pressed forward;
those which show little or no industrial
promise will be stopped as quickly as
possible. Many of Harwell’s activities
—in carbon fibres, non-destructive testing,
ceramics—have been described elsewhere,
and I will not repeat them to-day. How-
ever, it is worth noting that Harwell gave
assistance to a mining firm over the Whit-
sun holidays in assessing a new overseas .
development. As a minor digression I
would like to say how pleased we are that
Dr. Smales has been selected as a NASA



principal investigator to assist in analys-
ing lunar material. This analysis is cur-
rently under way.

The work done by the Authority in
association with industry is beginning to
show results. For example, in desalina-
tion, where work is carried out in more
than one Authority establishment, British
firms have secured three large overseas
contracts this year. An increasing propor-
tion of Aldermaston’s activity is allocated
to non-nuclear projects mainly on behalf
of government departments but also on
industrial projects such as APACE and
high temperature chemical technology. In
all this I am sure that the most important

fact is the way in which the Authority is
swiftly adapting to the changing needs of
to-day.

Turning finally to Culham and the
fusion programme, the recent conference
at Culham showed that good progress is
being made there towards the objective of
a fusion power reactor. There is still a
very long way to go before an economic
fusion reactor can be envisaged, but I am
sure that the Culham conference marks
an important stage in the way ahead. A
long-term technological project like that is
well suited to international collaboration
and Culham is playing its full part in this
exciting development.

The Authority: 1968-1969

(The following is an extract from Chapter I of the. A.E.A. Fifteenth Annual Report)

By the end of the year under review,
the first steps in the planned reorganisa-
tion of the nuclear power industry had
been accomplished.

The recommendations of the Select
Committee on Science and Technology on
the United Kingdom nuclear reactor pro-
gramme and the decisions of the Minister
of Technology (announced in the House
of Commons on 17th July, 1968) were
printed in the Authority’s annual report
for 1967/68.

In accordance with these decisions, the
Minister asked the Industrial Reorganisa-
tion Corporation “ to assist in the creation
of two design and construction organisa-
tions to be established in place of the
three commercial firms and the design
teams working within the Atomic Energy
Authority.”

Two such companies—British Nuclear
Design & Construction Ltd. (B.N.D.C))
and The Nuclear Power Group (T.N.P.G.)
-—have now been established. The
Authority have a 20 per cent. sharehold-
ing in each company and are represented
on its board. In pursuance of the Minis-
try’s policy that the design and the later
development stages of nuclear reactors
should now be the responsibility of the
two new companies rather than of the
Authority, T.N.P.G. have been given con-
tracts for managing the completion of the
Dounreay prototype fast reactor (P.F.R.)
and for certain development work on the
fast reactor system. Some 40 members of
the Authority’s design and engineering
staff have accepted offers of employment
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with the company; and the Authority, in
order to secure continuity of effort on
fast reactor work, have seconded a fur-
ther 100 officers to serve temporarily with
TN.P.G. on work covered by the two
contracts.

Early in 1969, the Authority initiated
discussions for the conclusion of licensing
agreements with the two new companies
(when established) covering all the reactor
systems developed by the Authority, both
thermal and fast. It is intended that these
agreements should supersede the existing
agreements which are confined to gas-
cooled reactors.

The Minister’s statement of July, 1968
envisaged the transfer of the Authority’s
fuel business to a publicly-owned com-
pany under the Companies Acts. This
transfer of part of the Authority’s func-
tions will require legislation, and discus-
sions concerning the form of the legisla-
tion were in progress at the year’s end.

Of the Authority’s civil research and
development expenditure, by far the larger
part (currently over £40 million per an-
num) is in aid of reactor development and
there seems no possibility that the design
and construction companies could accept
responsibility for any substantial part of
this work in the short term. It is clearly in
the general interest that major facilities
now provided by the Authority—e.g., the
fast reactor at Dounreay (D.F.R)), the
Prototype Advanced Gas-cooled Reactor
(A.G.R.) at Windscale, the Steam Gener-
ating Heavy Water Reactor (S.G.H.W.R\)
at Winfrith, the Materials Testing Reac-
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tors at Harwell—should continue to be
operated in the interests of both com-
panies; it would be impracticable for each
company to duplicate them. Various state-
ments which have been made concerning
reorganisation seem to have created the
impression that the Authority was on the
verge of fragmentation. On the contrary,
the principal responsibility of the Autho-
rity has always been to undertake research
and development into all aspects of
atomic energy and this responsibility is
unchanged. Furthermore, with the rapid
increase in investment in new nuclear
power stations that can be expected dur-
ing the next few years, the importance of
a soundly-based supporting programme of
research and development will be en-
hanced rather than diminished.

Further modifications in the organisa-
tion of the Authority were forecast in the
Minister’s statement. These will no doubt
take some time to effect. Meanwhile, it is
essential for the Authority to press on
with the important research and develop-
ment work which lies ahead.

Main programmes

The Authority’s main programmes have
been well maintained during the year
under review. The Authority continued to
meet the requirements placed upon them
by the Ministry of Defence and pursued
their programme of research into detec-
tion of nuclear explosions. The Trading
Fund had another good year. Seven of
the eight Calder and Chapelcross reactors
operated at high load factor; the blocked
fuel channel in Chapelcross No. 2 reactor
was cleared and the necessary measures to
bring the reactor back to power were set
in hand. The Windscale A.G.R. continued
to perform satisfactorily, as did the
S.G.H.W. reactor at Winfrith, apart from
fuel troubles due to early malfunctioning
of the water purification plant. The Doun-
reay Fast Reactor (D.F.R.) was restored
to power operation on 22nd June, 1968,
after the sodium leak had been remedied.
Construction of the P.F.R. continued,
though it was necessary to set back the
completion date by about 12 months
because of difficulty which had been ex-
perienced in fabrication of the radiation
shield roof.

In May, 1968, the Authority announced
their intention to close down two research
reactors, BEPO at Harwell and the Mate-

rials Testing Reactor at Dounreay. This
decision, reached as a result of a review
designed to ensure the most efficient use
of the Authority’s materials testing facili-
ties, will reduce annual operating costs by
£% million. BEPO, the second oldest of the
Authority’s reactors—it had been in oper-
ation since 1948-—was finally shut down
on 13th December, 1968; D.M.T.R. was
closed on 12th May, 1969.

In June, 1968, the Radiochemical
Centre, Amersham formed a joint com-
pany with G. D. Searle & Co. (Inc.), one
of the leading manufacturers of pharma-
ceuticals in the United States, to market
Radiochemical Centre products in North
and South America.

Gas centrifuge

Satisfactory results of the Authority’s
gas centrifuge development programme
led the Authority early in the year under
review, to conclude that in European con-
ditions the gas centrifuge would probably
be the most economical method of ura-
nium enrichment. Accordingly, if develop-
ment continues satisfactorily, further
expansion of U.K. enrichment capacity
necessary to fuel the UO,-fuelled nuclear
power stations will be provided by the
centrifuge route. Centrifuge development
has already been carried on in Germany
and Holland, and negotiations were begun
between the three Governments towards
the end of 1968 with a view to establish-
ing joint enterprises for the construction
and operation of centrifuge enrichment
plants.

Cost advantage

Two developments concerning the
nuclear power programme should be
noted. First, the Central Electricity Gener-
ating Board (C.E.G.B.) have now in-
creased the assumed life of A.G.R. power
stations from 20 to 25 years in the light
of satisfactory experience of the Wind-
scale A.G.R. Second, whereas the capital
costs of the earliest magnox stations were
some three times higher than those of
their fossil fuel equivalents, the difference
between the Hinkley ‘B> A.G.R. and the
coal-fired Drax is narrowed to some 25
per cent. When account is taken of the
very much cheaper fuelling costs, this
establishes a decisive cost advantage for
nuclear power.

The estimates for 1969/70 under the
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U.K.A.E.A. Reactors

1 GLEEP Harwell Routine testing of the quality of
graphite and uranium. Research
with oscillator. Biological
irradiations. )

2 LIDO Harwell Thermal reactor studies including
shielding and neutron spectra
measurements.

3 DIDO Harwell Studies of nuclear reactor
materials. Isotope production.
Neutron and solid state physics.
Radiation chemistry.

4 PLUTO Harwell Studies of nuclear reactor
materials. Isotope production.
Neutron and solid state physics.
Radiation chemistry.

5 FAST REACTOR (DFR) Dounreay Fast neutron irradiation testing of
advanced fuels, structural
materials, etc. Development of
‘fast reactor technology.

6 ZENITH Winfrith Reactor physics investigations for
advanced graphite-moderated
reactors.

7 HERALD Aldermaston Studies in neutron physics,
radiochemistry and nuclear
reactor materials.

8 HORACE Aldermaston To obtain basic nuclear
information for HERALD.

9 YERA Aldermaston Experimental studies of fast
reactor systems.

10 NESTOR Winfrith Source of neutrons of sub-critical
assemblies,

11 DIMPLE Winfrith Testing of a wide range of lattices.

12 HERO Windscale Reactor physics studies for the
advanced gas-cooled reactor system

13 DAPHNE Harwell To simulate DIDO or PLUTO; to
provide basic physics information
in support of these reactors.

14 ZEBRA Winfrith Reactor physics studies of the
PFR and other large fast reactors.

15 HECTOR Winfrith Oscillator reactor reactivity
measurements on materials and
fuel elements.

16 JUNO Winfrith Testing of a wide range of liquid-
moderated lattices.

17 VIPER Aldermaston Puised reactor. Experimental
studies of the effects of intense,
transient bursts of neutrons and
gamma radiation.

18 ADVANCED GAS- Windscale To study the advanced gas-cooled
COOLED REACTOR power reactor system and to test
(AGR) fuel elements for commercial

AGRs,

19 STEAM-GENERATING Winfrith To obtain experience with the
HEAVY-WATER SGHWR concept and to test
REACTOR (SGHWR) fuel for commercial SGHWRs.

20 PROTOTYPE FAST Dounreay To obtain the information
REACTOR (PFR) necessary for the design of high
(under construction) power, commercial fast reactors.

21 CALDER HALL Power and plutonium production;
(Four reactors) process steam supplied to

Windscale site services.

22 CHAPELCROSS Power and plutonium production;

(Four reactors) experimental work in aid of the
UK power programme.
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Atomic Energy Vote total £27.9 million
nett (£94.79 million gross) and show a
reduction of £2.3 million. The Authority’s
cash expenditure in 1968/69 on the civil
research and development programme
was £48 million and 2,380 qualified scien-
tists and engineers were engaged on this
work at the end of the year. In addition,
265 qualified staff were employed on other
nuclear and non-nuclear work on repay-
ment.

Sales

The Authority’s sales, primarily of
nuclear fuel services, electricity and radio-
isotopes totalled £41.7 million with a net
surplus of £1.5 million. All the electricity
sales and the larger part of the fuel ser-
vices sales were to the UK. electricity
generating boards; overseas fuel service
sales totalled £1.9 million, and outstanding
export contracts totalled £19 million at
the year’s end. Sales of radioisotopes from
the Radiochemical Centre increased by
ten per cent. to £3.15 million of which
57 per cent. were overseas.

The first priority of the Authority’s
reactor programme is to ensure the satis-
factory operation of the Mk. II com-
mercial gas-cooled reactors (A.G.R.s)
now under construction. The scope for
further development of the gas-cooled
system is being exploited by improve-
ments to the fuel for the Mk. IT reactors
under construction and to be ordered. The
S.G.H.WR. is being pursued as a com-
plementary system for home and overseas
markets with particular emphasis on the
intermediate output stations (about 450
MW(E)). Designs for commercial fast
reactors are being studied, since they are
expected to give the lowest generating
costs, though the rate of installation is
likely to be limited for a time in the late
1980s by the availability of plutonium
from thermal reactors. Improvements to
thermal reactors are also being con-
sidered. The considerable experience of
gas-cooled reactors is being exploited fur-
ther by development of a Mk. III gas-
cooled reactor, using low-enriched coated
particle fuel and helium coolant, exploit-
ing the new technology evolving from the
DRAGON project.

During the year the C.E.G.B. signed a
letter of intent for the 1250 MW(E)
A.G.R. power station at Hartlepool. This
brings the total capacity of Mk. II gas-
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cooled reactor stations ordered under the
second nuclear power programme to
about 5,000 MW(E). It was previously
estimated that capacity totalling about
8,000 MW(E) of these stations might be
in commission by 1975, but electricity
peak demand has been growing rather
more slowly than expected and the
Government have indicated in *“ The Task
Ahead ” that the growth of nuclear power
is also likely to be slower.

The nuclear fusion research programme
at Culham Laboratory continues to be
organised and implemented with the ad-
vantage of a full exchange of information
among the principal world laboratories
engaged in this field. Overall plasma con-
finement times continued to increase and
show promise that the confinement needed
for a fusion reactor can be realised.

The Chairman of the Authority, Dr.
J. M. Hill, and the Director of Culham
Laboratory, Dr. R. S. Pease, gave further
evidence on the nuclear fusion pro-
gramme to the Select Committee on
Science and Technology on 28th Novem-
ber, 1968, and the Chairman reaffirmed
the Authority’s intention to maintain a
viable fusion and plasma physics pro-
gramme.

Non-nuclear work

The effort devoted by the Authority to
applied research and development with
industrial objectives outside the nuclear
power field is steadily increasing. Some of
the work is classified as applied nuclear
R. & D.; the remainder is classified as
non-nuclear R. & D. In both cases the
objectives are to achieve national benefit,
either economic or social. These benefits
are assessed by the Programmes Analysis
Unit (P.A.U.) or by the Authority’s Eco-
nomics and Programming Branch.

The Authority continued their pro-
gramme of research and development into
matters not connected with atomic energy.
During the year, five additional Require-
ments were issued by the Minister of
Technology under Section 4 of the Science
and Technology Act, 1965: quality con-
trol; water renovation by reverse osmosis;
high temperature chemical technology;
electrotechnology; and marine techno-
logy. Extensions to existing programmes
of research into hydrostatic extrusion and
the improved utilisation of steels were
under consideration at the year’s end.
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The effort devoted to these activities
continued to increase as follows:

(qualified scientists
1965/66 42 man/years and engineers)
1966/67 81 ’ "
1967/68 175 v »
1968/69 264 ” "

A further increase is expected in 1969/70.
The Authority’s R. & D. programme
on nuclear reactors and in the applied
nuclear and non-nuclear fields are sup-
ported by underlying research in the rele-
vant scientific disciplines. All these re-
search and development programmes re-
quire the support of special major facili-
ties such as research reactors, computers,
particle accelerators, mass spectrometers,
electromagnetic separators, as well as
radiochemical laboratories and post-irra-
diation examination cells for handling and
studying highly radioactive materials.

The reduction in the Authority’s expen-
diture on reactor research and develop-
ment consequent on the achievement of
economic nuclear power necessitated a re-
assessment and reduction of the underly-
ing research and a change in emphasis in
many of the programmes. This re-assess-
ment has now been completed, taking into
consideration not only the long term
needs of the reactor programme and other
applied programmes, but also the need
to maintain a strong and coherent scien-
tific base from which the country can
exploit the new scientific and technical
opportunities that arise in the nuclear
field. At the end of the year, approxi-
mately 290 qualified scientists and en-
gineers were deployed on underlying
research.

The principal aims of this programme
are to study the properties of materials
used in the Authority’s programmes, and
to devise and explore new processes and
techniques which may have application in
research or production.

The major research facilities (e.g., reac-
tors, accelerators, mass spectrometers,
electromagnetic isotope separators) also
provide the means of studying and de-
veloping new ideas and applications such
as the uses of radioisotopes and radiation
sources.

Notable progress has been made in
physical and chemical studies of all the
types of nuclear reactions of importance
in reactor technology.

U.K.A.EA. PRESS RELEASE

A.E.A. to reprocess
Oskarshamn fuel

The United Kingdom Atomic Energy
Authority has received from the Swedish
company, Oskarshamnsverkets Kraft-
grupp AB (OKG), a letter of intent for
the reprocessing of a minimum of 70
tonnes of nuclear fuel from the Oskars-
hamn nuclear power station. The fuel
will be reprocessed at the Authority’s
reprocessing plant at Windscale, Cumber-
land, from 1972 onwards.

Background notes

1. The Oskarshamn nuclear power
station is situated on the peninsula of
Simpevarp on the Baltic coast between
the towns of Oskarshamn and Vistervik.
A 440 MW(E) reactor of the boiling
water type is being constructed by ASEA-
ATOM who were also awarded a contract
earlier this year for a second reactor of
580 MW(E) capacity on the same site.

2. The fuel consists of slightly enriched
uranium dioxide which at equilibrium
will achieve a burn-up of over 20,000
MWD/tonne U. Some 15 tonnes of fuel
will be discharged each year from the
first unit.

3. The U.K.A.E.A. reprocessing plant
at Windscale has a capacity of over 2,000
tonnes of fuel per annum and can process
both natural uranium metal fuels and en-
riched uranium oxide fuels. Apart from
fuel from nuclear power stations in the
U.K,, the plant also reprocesses fuel from
the Tokai-mura reactor in Japan and the
Latina and Garigliano reactors in Italy.
It will in future reprocess fuel from the
NOK Beznau reactor in Switzerland, and
the Zorita reactor in Spain.

Note: 1 tonne is 1,000 kilogrammes, and
in this case refers to the quantity of uranium
contained in the nuclear fuel, not to the

gross weight of the fuel elements.
6th. October 1969

Atom 69

An illustrated summary of the fifteenth
annual report of the United Kingdom
Atomic Energy Authority from 1st April
1968 to 31st March 1969 is available
from Public Relations Branch, Room
102, UK.AE.A.,, 11, Charles II Street,
London, S.W.1.
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The growth of demand for energy and the

role of nuclear power

The following paper by P. J. Searby,
Principal Officer Economics and Pro-
gramming, U.K.A.E.A., London Office,
was presented to the International Atomic
Energy Agency Symposium on nuclear
energy costs and economic development,
held in Istanbul, 20th to 24th October,
1969.

Energy provides the power to progress.
However great may be the natural re-
sources of a country, they can only be
turned into wealth if they are developed,
used, and exchanged for other goods.
This cannot be achieved without energy
—but with a sufficiency of energy pro-
perly applied, a people can rise from
subsistence level to the highest standard
of living.

Evolution of energy consumption

More than half the world’s primary
energy is consumed in North America
and Western Europe, but more than half
the world’s population lives in Asia
where energy consumption is barely 79
of the world’s total'. The contrast be-
tween the high level of and sharp increase
in per capita energy consumption in
North America and that of the develop-
ing countries is brought out in Figure 1,
while Figure 2 shows each region’s share
in the world’s primary energy consump-
tion and how that consumption is made
up. These figures, and indeed world statis-
tics, are necessarily incomplete in failing
to include that major source of energy in
certain parts of the world, human and ani-
mal muscle. They ignore wind-power and
solid fuel sources such as wood and
animal dung, and that forerunner of
hydro-electric power, the water-wheel.
All these sources of primary energy, how-
ever, are already declining in significance.
At the other extreme, the latest ““indus-
trialised ' source of energy—nuclear
power—though by 1965 providing some
10mtce of energy in the form of electri-
city, was then making too small a con-
tribution to register in these figures.

Of particular interest is that from 1960
solid fuel ceased to provide over half the
world’s total energy and, as Figure 3

makes clear, its share has now dropped
below that of liquid fuel. As we discuss
later, these trends can be expected to
accelerate, and Figure 3 also shows the
possible changes in the shares of the main
primary fuels in meeting the world’s

energy requirements to 2000 A.D.

Mr. P. J. Searby

An interesting demonstration of the
inter-relationship between energy usage
and the development of a country is given
in Figure 4 which shows per capita
growth of energy consumption against
GNP (Gross National Product) per
capita. Countries whose national output
is mainly agricultural and whose people
live mostly in rural communities fall at
the lower end of the curve. Typical is
East Pakistan with a population density
of 922 persons per square mile (about the
same as the Netherlands), 959, of whom
live within the narrow ribbons of crop-
land alongside the distributaries of the
Ganges delta. Apart from some natural
gas, mineral and other resources are
negligible, coal has at present to be im-
ported, and hydro sites are scarce. Cloth
and sugar mills provide some industry,
but their effect on a population of 55
million is insignificant®. Although the
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position in West Pakistan is somewhat
better, the two regions combined show a
very low energy usage and income per
head for the country as a whole. The
figures for India’s GNP per capita differ
little from Pakistan’s but energy usage is
considerably higher because of better
resources—India is the world’s sixth
largest coal producer—and more indus-
trialization. However, industrial activity
forms only 16% of India’s GDP (Gross
Domestic Product) and employs less than
10% of the 500 million population while
agriculture comprises 49% of the GDP
(1966 figures). For statistical purposes
India is taken as an economic whole and
consequently comes near the foot of the
curve in Figure 4, but were the country
broken down into smaller economic
entities, there is little doubt that some
regions, e.g. Bombay, would come very
much higher.

As a country (considered as an econo-
mic unit rather than a political area)
develops, the pattern of its energy usage
undergoes a distinct change. In a simple
society, energy is almost entirely a con-
sumer good, and although muscle, wind
and water may provide some motive
power, the effective use of the available
energy is small and its contribution to
the development of the economy negli-
gible. However, once energy is made
available in excess of domestic needs,
e.g. by building hydro-electric dams,
generating plants, and steam engines, it is
not used solely as a consumer good and
becomes a factor of production.
Transport facilities and factory units
multiply rapidly and the energy
usage per worker rises sharply. The in-
numerable small workshops employing
labour at very low wages which often
characterize countries with abundant
labour and little capital resources begin
to be displaced by more efficient produc-
tive units. Income per head rises with
the important consequence that purchas-
ing power and savings both start to grow.

Overall, the correlation between energy
consumption per head and GNP per head
is very good, but clearly there will be
differences from one country (or econo-
mic area) to another. Partly this may
reflect history and tradition, partly it will
reflect economic circumstances such as
the availability of natural resources and
the efficiency with which the energy

available is used. For example, compare
in Figure 4 the position of Japan and
Italy. Their energy consumption per head
is almost identical, but in the years 1955,
1960 and 1965 industrial activity (includ-
ing construction) accounted for 309,36 %
and 37% of Japan’s GDP, but 39% for
each year of Italy’s. Similarly, industrial
activity (including construction) in 1960
and 1965 formed 299 of Chile’s GDP,
but 329 and 36% of Spain’s, although
energy consumption in both countries
was almost the same.

The natural resources of some coun-
tries will lead them to develop energy-
intensive industries and in others energy
will play a less important role in national
output. The former will lie above and
the latter below an ‘average’ curve
drawn through Figure 4. We must, of
course, be careful not to deduce too
much from a single series of generalised
figures, especially where the degree of
statistical reliability will necessarily vary
from country to country—and where the
need to combine (by means of conversion
factors) a variety of different energy
forms can distort the picture. For ex-
ample, for reasons elaborated later, it
seems highly probable that the inter-
nationally accepted conversion factor for
hydro-power reduces the useful energy
consumption per head attributed to
countries, such as Norway, which rely
heavily on hydro-power. It is, however,
clear from Figure 4 that when the stage
of rapid development is passed, the rate
at which energy consumption increases in
order to achieve a given increase in GNP
per capita begins to slow down. It is
outside the scope of this paper to examine
whether, as present indications suggest,
primary energy consumption will ulti-
mately stop growing while GNP per head
continues to rise because the efficiency of
using energy will still be increasing.

Such a development, however, is likely
in any case to be a long time ahead, even
for the more advanced countries, especi-
ally since ample supplies of energy can
contribute to those non-quantifiable ad-
vances which enhance the quality of life.
Moreover, it must be remembered that
the transition of societies from simple to
advanced was not effected in a decade
or so and for some countries it has taken
almost two centuries. We are celebrating
in the U.K. this year the two-hundredth
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anniversary of James Watt’s first patent
for his steam engine. But, whereas to-
day’s advanced countries had to rely on
their own efforts to make the transition,
the abundance of their accumulated
experience, know-how, capital and
financial resources can be made available
to help developing countries build up a
balanced economy. Developing countries
may thus reap much sooner the benefits
of the economies inherent in large-scale

projects and those arising from the adop-
tion of advanced technologies, and there-
by enjoy much more quickly a higher
standard of living. Yet the growth of
their demand for energy may still be
expected to follow the pattern described
above.

Investment in energy
Much has been written about the in-
vestment strategy of the developing coun-
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tries; investment in large integrated steel
mills in areas where agricultural produc-
tivity is low, and in elaborate motorway
systems that lead nowhere, has been
criticised—and the reasons for it
explained. Rapid advance is bound
to create some temporary imbalances and
apparent irrelevancies, but however

priorities are assigned, it will be clear
from the analysis above that a place must
be found for both the provision, and the
proper exploitation, of energy.
Similarly, just as the provision of
energy must take its place within an in-
tegrated scheme of development, it is
important that proper attention be given

291

AtoM 157 November 1969



Table I Efficiency in the use of energy sources—
UK.

Efficiency in Use Factor

In industry ‘E)};IESI‘I’]?;
Coal 25 % 40 %
Gas 35 % 67 %
Petroleum 30 % 62 %
Electricity 85 % 80 %

to the form in which that energy is made
available. Energy may be needed as
heat, as light, as motive power, or for
electric processes such as electrolysis
(such direct uses of electricity in indus-
trial processes are growing rapidly): it
may be needed in large amounts or small:
continuously or intermittently: in loca-
tions readily accessible to its primary
sources or to means of transportation, or
in remote or inaccessible areas; thus,
what is most economic in one set of cir-
cumstances may be quité inappropriate in
others. In comparing the alternatives
available, proper attention must be given
to these factors.

In this connection it is interesting to
note recent studies on the efficiency with
which various forms of energy are in fact
used. Working on the basis of the analy-
sis done by Adams and Miovic® we have
deduced that in UK. circumstances the
efficiency of use of the energy sources
available in the UK. is as given in Table
I. These figures, and the- original work
referred to, both indicate that the present,
necessarily simplifed, factors-used--for
equating different forms of energy (gen-
erally in terms of calorific value), almost
certainly understate the tate of growth of
the utilisation of energy, and that a major
reason for this is the - rapid increase in
the proportion of total energy consumed
as electricity. We turn therefore to speci-
fic consideration of the demand for
electricity.

Electricity demand

The relationship between population
and electricity consumption in different
parts of the globe is represented in Figure
5 which highlights the disparity between
industrialized and developing regions.
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However, even if in absolute terms the
gap between industrialized and develop-
ing regions in consumption per head is
still widening, in relative terms it is less
wide than it was; a growing proportion
of energy requirements is being met by
electricity—a trend which the increasing
availablity of cheap electricity will itself
stimulate—and, as suggested by Figure 6,
this is expected to continue. This may
apply especially to developing countries
because their industrial progress will be
based on modern technologies which are
generally electricity-intensive. (No doubt
different countries will have different
views on the validity of the projections
in Figure 6; they are generally based on
published information from the countries
concerned, and their main merit perhaps
is that they reflect a consistent appraisal
of statistics and information from many
different sources.)

The absence in developing countries*
of a stabilised electricity supply system
such as exists in industrialized countries
limits the value of projecting historical
data, where these are available and reli-
able. Nevertheless it is useful to apply the
annual growth rate of about 619% of the
free world’s generating capacity to some
developing countries in order to obtain
an indication of their possible generating
capacity in say twenty years’ time. The
result is given in Table II. (A slightly
higher growth rate would have included
Bolivia, Cameroon, Costa Rica, Ecuador,
and Kuwait among others.)

However, in each developing country
it ‘'will be necessary to build up the likely
pattern and size of electricity demand by
careful analysis of requirements on a
country-wide basis even if, for a time,
giich district will develop its own net-
wotk. Demand will be influenced by
competition from other forms of energy,
income levels, and the degree of urbaniz-
ation. There will need to be reserve
capacity to cover divergences from the
assumptions made about demand and the
risk of breakdowns in supplies. The pro-
cess of estimating future requirements is

* The term “ developing country ” includes
all countries of Asia except Japan, main-
land China, Mongolia, North Korea, and
North Viet-Nam; of Africa except South
Africa; of Latin America and the Caribbean
area except Cuba; and the southern Euro-
pean countries of Cyprus, Greece, Malta,
Portugal, Spain, Turkey and Yugoslavia.
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Table II Possible generating capacity in 1990

MW 1-2,000 2-5,000 5-10,000 10-20,000

Algeria Ghana Chile Portugal

Angola Ryuku Is. Hong Kong Colombia - -

Burma Singapore Indonesia Greece

Ceylon Surinam Iran Taiwan

Ethiopia Syria Israel U.AR.

Jamaica Trinidad & S. Korea Venezuela 20-50,000

Lebanon Tobago Pakistan -

Morocco Tunisia Peru Argentina

Mozambique Uruguay Philippines Brazil

Nigeria S. Viet-Nam S. Rhodesia India

Puerto Rico Zambia Thailand Mexico
Turkey Spain

a continuing one and, as the economy
expands, unforeseen demands will arise,
particularly from technological advances,
which will present considerable problems
if industrial production is not to be cur-
tailed for want of electricity. Against
this, scarcity of resources makes it im-
portant that generating capacity is not
wasted for lack of demand.

Electricity supply

Although statistics and other data on
energy, electricity, industry, etc., are
compiled on a national basis, natural re-
sources are not confined by political
boundaries. Coal mines and oil and gas
fields may straddle frontiers and the
frontiers themselves may be marked by a
river or mountain range having hydro
potential. In such circumstances, joint
exploitation by neighbouring countries of
the available energy resources may prove
advantageous to both.

It is, however, essential to plan elec-
tricity supplies in relation to the generat-
ing system taken in its entirety if
maximum benefits are to be secured.
Planning will usually cover requirements
up to twenty years ahead, and it will
examine the alternative strategies which
may be adopted with the object of achiev-
ing minimum total system costs, e.g. the
proportions of the types of generating
plant (oil or coal-fired, hydro, nuclear,
etc.) in the system, or the effects of obso-
lescence, retirements, and transmission
distances. Much will depend on the accu-
racy with which requirements can be
forecast and accuracy will diminish into
the future. The demand for electricity
changes continuously and lowest system
costs are obtained by running plant with

the cheapest running cost first, duly
allowing for transmission costs. But,
changes in fuel costs will affect total
system costs through existing as well as
future plant, and it is accordingly neces-
sary to consider the effects of possible
rises in fuel costs.

The generating costs of large nuclear
power stations now compare favourably
with those of contemporary fossil-fuelled
stations, while their running costs are
significantly lower. In many indus-
trialized countries, therefore, despite their
refineries and networks of pipelines,
highly mechanized coal mines and well
developed transport systems, competitive-
ness has been achieved, since large
nuclear stations operated at or near base
load can be economically absorbed within
the large and integrated electricity
generating systems such countries possess.
For countries with smaller systems nuclear
power has a more difficult target to hit,
but even so some developing countries
may find the installation of nuclear power
stations in smaller sizes more economical
than developing their oil and coal indus-
tries. This will depend on their particular
economic circumstances and the current
developments for nuclear power. All
countries will, I believe, find it essential
to consider the overall effect on the elec-
tricity system of the phased installation
of nuclear power, using techniques such
as those for assessing system costs dis-
cussed at the 1967 1.A.E.A. Symposium
on International Extrapolation and Com-
parison of Nuclear Power Costs’. In this
way it will be possible to relate the costs
of introducing each nuclear power station
to the circumstances appropriate at the
time to the developing country concerned
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and to avoid the difficulties of trying to
translate data suited to conditions in
another country.

Prospects for nuclear power

Utilisation of the energy released by
nuclear fission to generate electricity was
realised in the mid-1950s by the U.K,,
U.S.A., US.S.R,, France and Canada,
who all had reactors working within a
short time of one another. Since then
there have been large technological ad-
vances in nuclear reactors and a very
substantial investment has been made in
nuclear technology by the advanced
countries.

The broad advantages
power stations are:

(i) low fuel costs per unit sent out;

(it) high availability, especially where
stations are designed for rapid re-
fuelling;

(iii) flexibility of siting, especially since
the introduction of pre-stressed
concrete pressure vessels;

(iv) reducing capital costs with increas-
ing size;

(v) negligible atmospheric pollution;

(vi) very low transport costs for fuel
and waste materials.

The UK. has always considered that
the gas-cooled graphite moderated re-
actor system has considerable potential
and has accordingly devoted much effort
to its development. The Calder Hall
reactors began to generate electricity for
the U.K. grid in 1956. The knowledge
and experience gained from the operation
of Calder Hall formed the foundation for
the first nuclear power programme of
5000 MW and the stations built under
this programme all used natural uranium
fuelled, gas-cooled, graphite moderated
reactors (the “Magnox ” stations). Be-
tween the start and finish of the pro-
gramme, station sizes had increased from
Berkeley and Bradwell, at about 300
MW(e) each, to Wylfa, which is
scheduled to produce 1180 MW (e) from
two reactors. With the increase in size
has come a decrease in generating costs
so that power from Berkeley costs
1.25d/kWh sent out, compared with the
anticipated 0.70d/kWh sent out from
Wylfa. The later Magnox stations incor-
porate pre-stressed concrete pressure
vessels, a feature which reduces capital
costs and which permits large nuclear

of nuclear

power stations to be installed much
nearer to large urban centres than was
previously envisaged. This, in itself, is a
noteworthy feature increasing, as it does,
the flexibility of nuclear station siting and
permitting the reduction in capital outlay
on distribution networks which may be
necessary when the siting of other types
of power stations is dictated by the loca-
tion of natural resources.

As a successor to the Magnox series of
power stations, the U.K. is now introduc-
ing the Mk. II gas-cooled reactor system
(A.G.R.) and a 100 MW(th) prototype
has been successfully run at Windscale
since 1962. This reactor system takes ad-
vantage of all Magnox design and opera-
tional experience and also utilises those
materials, such as graphite and carbon
dioxide, which are already available and
whose properties are known and tried.
The fuel is uranium dioxide, slightly en-
riched in U-235, clad in stainless steel;
because of the high melting points of
these materials, coolant operating tem-
peratures some 200°C above those pre-
vailing in Magnox reactors are possible.
The fuel is sub-divided into clusters of
rods and high fuel ratings can be
achieved, of the order of four times that
of Magnox fuel. These factors lead to
high station efficiencies and about 41%
is anticipated for those Mk. II stations
being built. Because of the higher fuel
rating the Mk. II stations are much
smaller in size than a Magnox station with
the same electrical output and so station
capital costs are reduced. The higher
operating temperatures result in superior
steam conditions to those prevailing in
Magnox reactors, and steam turbines of
the type employed in most up-to-date
fossil-fuelled stations capable of operating
at advanced conditions can be used with
subsequent reduction in capital costs. The
high fuel burn-up which can be attained
with uranium dioxide, of the order of
18000 MWd/t, results in reduced fuel
costs and high station availability results
from the provision of on-load refuelling.
As part of the second UK. power pro-
gramme four Mk. II stations are under
construction, the latest of which is situ-
ated near a sizeable town and in the
vicinity of a large conurbation. Each
station will have an output of about 1250
MW(e) from two reactors and at this size
the generating costs anticipated, 0.56d-
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0.52d (5.6-5.2 mils)/{kWh sent out, on
UK. standard ground rules, are lower
than those from a contemporary coal-fired
station, 0.64d (6.4 mils)/kWh sent out,
with fuel at 39 cents per M Btu. For coun-
tries outside the UK., total station capital
costs (including utilities’ on-costs and in-
terest during construction) of single reac-
tor Mk. II A.G.R. stations are likely to
be in the region of $250/kW at the 400
MW(e) size and in the region of $200/kW
at the 600 MW(e) size, the actual figures
depending on the site conditions that ob-
tain, the engineering and amenity stan-
dards required, and the year of ordering
(since with more development some fur-
ther reduction in costs can be anticipated);
generating costs would be likely to lie in
the range 5-6 mils/kWh sent out and 44-5
mils /kWh respectively, depending on the
accounting and financial ground rules
adopted. Twin reactor stations could be
expected to achieve costs about 8% below
those indicated above.

The potential of the gas-cooled,
graphite moderated concept does not end
with the Mk. II system and reactor
characteristics superior to those achiev-
able in commercial gas-cooled reactors in
operation or under construction in the
U.K. are confidently expected from the
Mk. TII system, employing concepts based
on the DRAGON reactor, developed and
built in the U.K. as a joint international
venture and now being operated primarily
for the irradiation testing of fuel for the
system.

The main characteristics of the Mk, III
or H.T.R. are:

(i) use of coated particulate fuel, con-
tained in graphite pins;

(ii) helium gas-cooling;

(iii) high fuel burn-up;

(iv) operating temperatures well in excess
of AGR,;

(v) high power density;

(vi) the ability to use thorium in the fuel
cycle if desired.

The UK. Mk. IIT H.T.R. design will use

the U-235-Pu cycle so avoiding the new

and difficult fuel cycle processes which

would be necessary if the Th-U-233 fuel

cycle were to be used.

Great interest is being shown in the
H.T.R. not only in the U.K. where the
C.E.G.B. have indicated that they are
likely to adopt it in their system as the
successor to the Mark IT A.G.R. but also

by West Germany and the U.S.A. and
elsewhere. Considerable reductions below
Mk. II reactors in capital costs and initial
fuel costs are expected. In the sizes then
likely to be appropriate to the U.K., and
for U.K. conditions and ground rules,
stations employing Mk. III reactors
ordered in the early 19705 are expected
to give generating costs in the range 0.48d-
0.42d. (4.8-4.2 mils)/kWh. For countries
outside the U.K. the total station
capital costs of single reactor Mk. III
stations are likely to be in the region of
$235/kW at the 400 MW(e) size, decreas-
ing to about $185 at the 600 MW(e) size,
actual costs being governed by site con-
ditions, desired station standards and the
year of ordering: probable generating
costs are in the range of 4.5-5.5 mils/kWh
sent out and from say 4-4.75 mils/kWh
sent out, respectively. The Mk. IIT system
is capable of yet further development and
these costs will fall with time. One pro-
mising possibility for this system is the
use of a direct cycle with gas turbines;
this could reduce generating costs by
5-6% at least.

The U.K. interest in thermal reactor
systems is not confined to the gas-cooled,
graphite moderated concept. Considerable
effort has gone into the development, con-
struction and operation of the Steam
Generating Heavy Water Reactor,
S.GHWR,, and a 100 MW(e) prototype
reactor has been in operation at Winfrith
Heath since early 1968. Several charac-
teristics of this system are of interest to
those developing countries about to intro-
duce, or considering the introduction of,
nuclear power stations.

These are:

(i) a simple design, leading to a low cost
system;

(ii) simple construction which is within
the capabilities of conventional fabri-
cation methods;

(iii) good neutron economy;

(iv) low fuel inventory;

(v) good plutonium production;

(vi) a design which is attractive in small
unit sizes.

The S.G.H.W.R. is described in much
greater detail, and capital and generating
costs are given, in a paper presented at
this Symposium¥*. Although in very large
sizes this reactor is not seen as having any

* S.A. Ghalib, “The steam generating heavy
water reactor”

297

AtoM 157 November 1969



advantage over Mk. III, in the lower sizes
it is expected to give significantly lower
capital and generating costs than A.G.R.
and to have a somewhat smaller advan-
tage over the Mk. III H.T.R.

It is, however, the fast reactor system
which has been seen, in the U.K. especi-
ally, as the prime goal of nuclear power
development because it holds out the pro-
mise of the lowest generating costs of any
system and is capable of breeding more
fissile material than is burned. The study
of fast breeder reactors began in the UK.
in about 1950/51, construction of a
sodium-cooled reactor was commenced at
Dounreay in 1954 and in 1963 full power
of 60 MW(th) was reached, thus demon-
strating the practicability of the system.
Since then the Dounreay Fast Reactor has
been used as a test bed for irradiating ad-
vanced fuel concepts and for development
of sodium technology. This has facilitated
the next step to power from commercial
fast reactors, which is the design and con-
struction of a prototype fast reactor. Con-
struction of a 250 MW(e) prototype at
Dounreay was started in 1966 and is ex-
pected to be on power in 1972 with the
possibility of power from a commercial
reactor in the later 1970s. The prototype
will be sodium-cooled and will be fuelled
initially with plutonium-uranium oxide.
Commercial fast reactors are in general
likely to be rated at upwards of 600
MW(e). The fuel requirements of a fast
reactor may be taken typically to be as
follows*.

Fuel inventory (including hold-up) at

809% load factor:

tPu/1000 MW(e) yr 2.8
tU/1000 MW(e) yr 40.0

Plutonium production rate:
tPu/1000 MW(e) yr 0.26

Uranium usage:

tU-238/1000 MW(e) yr 30
Doubling time (i.e. time to generate
sufficient Pu to start up a further
identical fast reactor): years 14

The low cost potential of the fast reac-
tor system may not be fully realised with
the initial stations but subsequent econo-
mies of scale, resulting from expanding
production facilities, and increase in ex-
perience will undoubtedly enable the full
benefits of the system to be achieved and,
in large sizes, capital costs similar to those
of contemporary thermal reactor systems
should result. Developing countries should
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be able to enjoy the benefits of being part
of a larger programme and so get the ad-
vantage, almost immediately, of cheaper
power when they can take large size
stations.  Fast reactor generating costs
are therefore expected to be of the order
of 1 mil/kWh lower than those of the
best contemporary thermal reactors and
thus generating costs substantially below
4 mils can be envisaged. The fast reactor
is being developed primarily as a pluto-
nium burner and as such is complemen-
tary to the UK. thermal reactor pro-
grammes because it will enable the
plutonium which they produce to be util-
ised to the best economic advantage.
Countries which possess thermal reactor
installations will similarly be in a position
ultimately to install fast reactors. The
time interval before this can be achieved
depends, of course, on the size and nature
of the existing thermal reactors. For
example using the figures in the paper by
Stewart et al. referred to above, a country
with an installation of 1000 MW(e) of
S.G.H.W.R.s (using slightly enriched fuel)
would be producing some 400 kg of plu-
tonium every year (on full load) and
would thus be able to install a similar
amount of fast reactor capacity after those
S.G.H.W. reactors had been operating for
some 71 years. Countries who wished to
benefit from the progress with fast reac-
tors achieved elsewhere, and who had a
large enough electricity distribution sys-
tem to enjoy the full benefits of fast
reactors operating at a high load factor,
but who did not want to wait until they
had enough of their own plutonium sup-

plies from previously installed thermal - )

reactors, could start with a U-235 reac-
tor system and breed their plutonium in
these reactors. Alternatively, these coun-
tries could seek to obtain plutonium on a
commercial basis from countries, such as
the U.K., with a substantial thermal reac-
tor installation; these countries would by
then possess substantial stocks of pluto-
nium and might be prepared to make
some of this plutonium available for sale
rather than retain the whole of it for
their own fast reactor installation pro-
grammes.

Conclusion

The extensive knowledge and experi-
ence of the U.K. can be made available to
developing countries wherever nuclear
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power is likely to help meet their energy
requirements. The introduction of nuclear
power must, however, proceed step by
step as the electricity system, looked at in
its entirety, is developed. It is a question
of deciding what nuclear power can con-
tribute, and the circumstances will be
different for each developing country.
Some, such as Argentina, India, Pakistan,
and Spain, have already started to use
nuclear power; for others the step lies
in the future. Nuclear power is of no vir-
tue in itself (except perhaps as a source
of radioisotopes) but serves as a means
of meeting, as electricity, the increasing
demand for energy which occurs when a
country develops, and it is for each de-
veloping country to work out when this
role of nuclear power will most fittingly
provide the power to progress.
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A.E.A. Reports

available
THE titles below are a selection from the
October 1969, “UK.AE.A. list of

publications 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, translations 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 pro-
jects which receive copies of U.K.A.E.A.
unclassified reports.

AEEW-M 889

A Coarse Mesh Correction for Collision
Probabilities. By J. R. Askew. June, 1969.
10pp. HMSO 2s. 6d.

AEEW-M 896

A Description of the Equipment for Time-
of-Flight Spectrum Measurements on the
Fast Reactor Zebra. By 1. H. Gibson, D.
Jakeman and J. E. Sanders. May, 1969.
10pp. HMSO 3s.

AEEW-M 897
Wintof—A Program to Produce Neutron
Spectra from Zebra Time-of-Flight Experi-
ments. By J. Marshall. June, 1969. 16pp.
HMSO 2s. 6d.

AEEW-M 903

Toffee. A Fortran Programme for Calculated
Directed Flux Spectra. By J. D. Macdougall.
August, 1969. 7pp. HMSO 2s.

AEEW-M 921

An Evaluation of the Neutron Cross-section
Data Zirconium and its Stable Isotopes in
the Resolved Resonance Range. By J. S.
Story and A. L. Pope. July, 1969. 33pp.
HMSO 5s.

AEEW-R 560

Experimental Physics Studies of Steam-cooled
Fast Reactor Lattices. By M. J. Arnold,
A. C. Aldous, W. N. Fox, G. D. Burholt,
C. F. George, D. J. Skillings, R. Richmond
and R. C. Wheeler. April, 1969. 142pp.
HMSO 25s.

AEEW-R 631

Methuselah III. A Fortran Program and
Nuclear Data Library for the Physics Assess-
ment of Liquid-Moderated Reactors. By
M. 1. Brinkworth. January, 1969. 26pp.
HMSO 4s.

AEEW-R 639

Newlin: A Digital Computer Program for
the Linearisation of Sets of Algebraic and
First Order Differential Equations, By A.
Hopkinson. May, 1969. 30pp. HMSO 4s. 6d.

AERE-AM 110

Determination of Carbon in Stainless Steels.
By D. J. Wicks and 1. G. Jones. July, 1969.
12pp. HMSO 2s. 6d.

AERE-Bib 150/Rev

Bibliography of Reports on Two-Phase Heat
Transfer Issued by A.E.R.E., Harwell. By
L. B. Cousins. June, 1969. 34pp. HMSO 4s.

AERE-M 2230

The Structure of Data Files 78 and 79, for
Niobium, and File 81 for Molybdenum,
in the UK.A.E.A. Nuclear Data Library.
By S. Blow and B. A. Lipscombe. June,
1969. 12pp. HMSO 2s. 6d. '
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AERE-R 6098
Bonded Structure Testing 1968. By G. J.
Curtis. June, 1969. 44pp. HMSO 7s.

AERE-R 6117

The Influence of Heat Flux, Subcooling,
Wall Thickness and Type of Heating on
Film Flow in the Evaporation of Water in
a Vertical Tube. By G. F. Hewitt and D. J.
Pulling. June, 1969. 15pp. HMSO 3s.

AERE-R 6118

Determination of Rate of Deposition of
Droplets in a Heated Tube with Steam-
Water Flow at 1000 ps.i.a. By G. F. Hewitt,
H. A. Kearsey and R. K. F. Keeys. June,
1969. 9pp. HMSO 2s. 6d.

AERE-R 6027

Some Aspects of Heat Transfer in a Gas
Fluidised Bed By G. A. Henwood. July,
1969. 13pp. HMSO 4s.

AERE-R 6127

The Photochemistry of Sulphur Dioxide and
its Relation to Atmospheric Chemistry. By
R. A. Cox. June, 1969. 17pp. HMSO 2s. 6d.

AERE-R 6153

An  Improved  Phosphate-Ferrocyanide |
Vermiculite Treatment for Harwell Medium
Level Effluent. By J. H. Clarke, R. F. Cum-
berland and M. J. Smyth. August, 1969.
13pp. HMSO 2s. 6d.

AERE-R 6154

Yields from the Thermal Neutron Induced
Fission of **'Pu. By 1. F. Croall and H. H.
Willis. August, 1969. 6pp. HMSO ls. 9d.

AWRE/LIB/BIB/19

Shock and Vibration, A Selected Biblio-
graphy. By J. E. Goodall and L. Corbett.
August, 1969. 32pp. HMSO 4s. 6d.

AWRE 0-47/69
Measurement of (n2n) and (n3n) Cross
Sections at 14 MeV Incident Energy. By
D. S. Mather and L. F. Pain. August, 1969.
27pp. HMSO 4s.

AWRE 0-56/69

Surface Spray From Explosively Accelerated
Metal Plates as an Indicator of Melting. By
W. F. Bristow and E. F. Hyde. September,
1969. 31pp. HMSO 9s.

PG Report 916(W)

Index and Abstracts of Analytical Methods
Used at Windscale. By J. Barraclough. 1969.
37pp. HMSO 5s.

TRG Report 1850(C)

The Gas Chromatographic Analysis of Car-
bon Dioxide Based Gas Mixtures Using
Molecular Sieve 13X and Temperature Pro-
gramming. By H. L. Robinson and J. A. J.
Walker. 1969. 4pp. HMSO 1s. 2d.

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

THe following courses are due to be held
at the Post-Graduate Education Centre,
A.E.R.E., Harwell, Didcot, Berks. Further
information and enrolment forms can be
obtained on application. The fees shown
are exclusive of accommodation.

Radiological Protection

8th to 12th December, 1969
16th to 20th March, 1970
8th to 12th June, 1970

9th to 13th November, 1970

Lectures, demonstrations and practical
work designed to give some experience in
the safe handling of radioisotopes. While
it is assumed that students are normally
graduates in science or engineering, or hold
equivalent qualifications, such qualifica-
tions are not considered essential to
attendance. This course is intended to be
of use to ‘“‘competent persons” since it
contains information about safety pre-
cautions when using x-rays, industrial use
of radioisotopes, instrumentation and the
regulations applicable to the use of ionising
radiations.

The practical work is to familiarise
students with simple measurements and
calculations associated with radiological
protection. Fee: £40.

Two-Phase Heat Transfer

Sth to 9th January, 1970
Ist to 5th June, 1970

Should be of particular value to engineers
and scientists working in the field but may
also appeal to those requiring an introduc-
tion to two-phase heat transfer.

The subject is approached in a funda-
mental way and although its application to
nuclear reactors problems has some empha-
sis, the material presented is useful to
those requiring a knowledge of the pro-
blems inherent in two-phase heat transfer
and of current solutions, theories and
developments. The lectures are given by
experts in their subjects and ample time is
allowed for discussion.

The course in January is held at A.E.E.
Winfrith and in June at Harwell.

There are visits to laboratories at
Winfrith or Harwell. Fee: £40,
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Modern Physical Techniques in Materials
Technology

12th to 16th January, 1970
19th to 23rd October, 1970

Arranged in conjunction with the Institute
of Physics and the Physical Society and the
Metals and Metallurgy Trust.

Presents an opportunity to scientists
engaged in research and development to
familiarise themselves with seventeen differ-
ent modern physical techniques of vital
importance in materials technology. Lec-
tures are given by specialists actively
engaged in these fields.

The basic principles of each technique
are outlined, together with the scope and
limitations, and the course presents an
overall picture of the inter-relation of
the techniques and of their applications
in the physical sciences. Fee: £40.

Glassblowing

12th January to 6th February, 1970
9th February to 6th March, 1970
6th April to 1st May, 1970

27th April to 22nd May, 1970

Ist to 26th June, 1970

29th June to 24th July, 1970

27th July to 21st August, 1970

A practical course covering the rudiments
of scientific glassblowing and other tech-
niques used in working with glass.

There are at least two hours of instruc-
tion each day followed by practice, all
under the immediate supervision of an
experienced glassblower. The number on
each course is small so that individual
attention can be given and the level of
instruction varied to suit the aptitude of
the individual. Beginners are accepted but
those with some experience can start
immediately on more advanced work. A
certificate of attendance is given and a
confidential assessment of performance and
aptitude is made. Fee: £120.

Radioisotope Methods in Chemistry
26th January to 13th February, 1970

Intended for chemists employed in pure or
applied research who need a basic intro-
duction to radioisotope methods coupled
with specialised information in particular
chemical fields.

Students will be encouraged to suggest
experiments which they wish to carry out
in the third week. Fee: £120.

Advanced Radiological Protection
16th February to 13th March, 1970

For the experienced health physicist to
extend his understanding of the underlying
philosophy and scientific bases of his pro-
fession. Attention is also given to the
managerial and professional responsibilities
of the health physicist. The subjects covered
include many of those dealt with in the
Post-Graduate Radiological Protection
Course but emphasise more advanced
aspects and modern developments.

The topics include more advanced
lectures on radiation physics, dosimetry
and modern developments in radiation
detection. The practical work comprises
syndicate studies in place of laboratory
work, to provide participants with an
opportunity to conduct joint exercises
with their professional colleagues from
other establishments and countries and so
obtain a very wide perspective of their
profession. Fee: £160.

Seminar on Harwell’s Multi-access Com-
puting System

18th and 19th February, 1970

13th and 14th May, 1970

The objective is to describe and discuss the
multi-access computing facilities developed
at Harwell for use on the IBM system/360
computer. The system is designed to
operate efficiently with conventional batch-
processing. Participants are given the
opportunity to use it. Lectures describe
how it is implemented, giving particular
emphasis on what is required for similar
systems to be implemented on other com-
puters. Fee: £16.

Pressurised Equipment
9th to 13th March, 1970

For designers of graduate level who are
concerned with pressurised equipment in
a research and development environment.

Covers the following broad aspects of
the subject:

Design of vessels, seals, joints, flanges;
other practical aspects of design; materi-
als and the effects of special environ-
ments; recent work on fracture mech-
anics and high pressure engineering.

Lectures are given by specialists from
Harwell and Risley, from Government
and industrial research and design
establishments and from a University.
Fee: £40.
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I.R.P.A. international
congress

The International Radiation Protection
Assocjation was set up at the first
International Congress held in Rome
in 1966; the second International Con-
gress and trade exhibition is to be held
at Brighton, 3rd to 8th May, 1970, or-
ganised by the Congress Executive
Committee of the British Radiological
Protection Association.

The aims and function of L.R.P.A. are
to facilitate international contacts and
co-operation amongst those engaged in
radiation protection work, to provide for
discussion of the scientific and practical
aspects of the protection of man and his
environment from the hazards caused by
radiations, thereby facilitating the ex-
ploitation of radiation and atomic
energy for the benefit of mankind. By
mid-1968, LR.P.A. had 16 affiliated
health physics or radiation protection
societies with approximately 6,000 mem-
bers in 60 countries throughout the
world. The President of LLR.P.A. is Dr.
K. Z. Morgan, Oak Ridge National
Laboratory, U.S.A., and the secretary is
Dr. P. Bonet-Maury, Paris, France.

The Congress Executive Committee is
under the Chairmanship of Dr. W. G.
Marley of the UK. Atomic Energy
Authority; its Secretary-General is Mr.
C. A. Adams of the Central Electricity
Generating Board, (Laud House, New-
gate Street, London, E.C.1) to whom ap-
plications for registration form and bro-
chures should be made.

The theme for the Congress is “Radia-
tion and Man ”’; this will cover the whole
field of radiological protection, the range
of topics being:

Applied or operational health physics,
including monitoring of workers
and workplaces;

Public health problems, waste disposal,
environmental monitoring and pub-
lic relations;

Medical aspects;

Radiation biology;

Radiation physics and dosimetry;

Instrumentation;

Radiochemistry;

Emergency procedures and plans;

Training and education.

Final details of the programme have
not yet been fixed but it is hoped to have

sessions on the following subjects:

1. Radiation effects in man—to include
examples of radiation Injury in
man, reviews of epidemiological
data and risk estimates;

2. The behaviour of radioactive
materials in man—to include meta-
bolic studies in man and proposed
models of retention, translocation
and excretion;

3. Personal monitoring programmess
for external radiation and internal
contamination—to include state-
ments of policy on necessary scale
of programmes, new techniques and
new methods of interpretation, illus-
trated by operational experience;

4. New developments in instrumenta-
tion for personal monitoring.

It is intended to hold two symposia
during the Congress; these will consist
of invited papzrs followed by wide rang-
ing discussions, the proposed titles being
“ Biological Recovery ” and “ Plutonium
Problems ™.

The Secretary of the Scientitfic Pro-
gramme Committee, which has an inter-
national membership, is Mr. H. J. Dun-

ster, UK.A.E.A. (Authority Health &
Safety Branch, AZE.RE., Harwell,
Berks.)

There will be an exhibition associated
with the Congress, covering trade as well
as scientific and technical aspects of
radiation protection. Taking part will be
research and atomic energy organisations
and companies manufacturing products
relevant to radiological protection. The
exhibits will include new ideas and
equipment in the development stage as
well as established apparatus ‘and ser-
vices. Equipment for all branches of
radiological protection will be represen-
ted, including detectors, nucleonic instru-
ments, air samplers, filters and ventilation
equipment, shielding transport contain-
ers, glove boxes and fume cupboards,
surface and finishes for active areas, pro-
tective clothing and breathing apparatus,
reactor instrumentation and handling
equipment and minor items such as
labels and warning signs. There will be
a section devoted to books and journals.
The exhibition is being organised, on be-
half of the Exhibition Committee, by
M. J. Druce (Export Services) Ltd., 30/40
Ludgate Hill, London, E.C.4.
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U.K.A.E.A. display at NUCLEX '69

Mr. J. C. C. Stewart, Deputy Chairman of B.N.D.C. (formerly Member for Reactors,
U.K.A.E.A.) and Dr. Myron Tribus, Assistant Secretary for Science and Technology,
U.S.A. (left and second from left), at the U.K. stand at the International Nuclear
Industries Trade Fair (NUCLEX), held at Basel, Switzerland, from 6th-11th October.
The 1,000 square metre display, presented jointly by the U.K.A.E.A. and the British
Nuclear Forum, covered the whole range of British nuclear products and services.

World wide services

The unique facilities and unrivalled re-
sourczs of the UK.A.E.A—the world’s
leading nuclear research and develop-
ment organisation—which are available
on a commercial basis to industry both
within and outside the U.K. were a major
feature of the U.K.AE.A. stand.

The Authority’s irradiation facilities at
Harwell and Dounreay (which have al-
ready attracted £3M worth of business in
three years) had a prominent position on
the stand, together with a display on the
Winfrith  SGHWR, recently announced
as an addition to the range of reactors
in which test irradiations of reactor fuels

can be undertaken for customers.
Here, as at the other irradiation
sites, comprehensive facilities  exist

for the post-irradiation examination of
specimens, and these are available to
customers whether the irradiation has
taken place in U.K.A.E.A. reactors or
elsewhere. Already about £:M worth of

business has been received for this post-
irradiation examination service.

Other test equipment available includes
full scale rigs for fuel element assembly
testing under flow, temperature and pres-
sure conditions of both gas- and water-
cooled reactors. Additionally the gas-
cooled rig can simulate on-power loading
and unloading conditions.

Of more general application through-
out a wide range of industries are facili-
ties and experience acquired by
U.K.A.E.A. with application outside the
nuclear field in such areas as:

Heat transfer and fluid dynamics

Non-destructive testing

Specialised methods of joining, form-
ing and machining

Instrumentation

Materials technology

Tribology

Reliability engineering

Project engineering

Health and safety
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Technical services, including com-
puter facilities
Pressure vessel technology,

Production Group display

The plants of the U.K.A.E.A.’s Pro-
duction Group are now manufacturing
fuel for 33 power reactors and reproces-
sing fuel from 30 power reactors.

At Springfields and  Windscale,
the UK.A.E.A. have the world’s leading
fuel element manufacturing and repro-
cessing plants in commercial operation,
producing a quarter of a million fuel ele-
ments each year and having a reprocess-
ing capacity of 2,500 tonnes per annum.

The Group were, therefore, a major
participant in the Nuclex Exhibition.

A feature of the Group’s recent suc-
cesses has been its break-through into the
manufacture and reprocessing of light
water reactor fuel. This includes the fol-
lowing :

Dodewaard,

Holland —BWR fuel manufacture
Zorita, Spain —PWR fuel reprocessing
Beznau,

Switzerland —PWR fuel reprocessing
Garigliano,

Ttaly —BWR fuel reprocessing

The Group also manufactures and re-
processes fuel for the Latina reactor
(Italy) and the Tokai-mura reactor
(Japan), both of which are British designs.

Recently the Group added to their faci-
lities a new plant for the production of
uranium hexafluoride (or “hex ™) and is
now commissioning a large-scale pluto-
nium fuel manufacturing plant at Wind-
scale.

Sodium instrumentation

The 250 MW(e) Prototype Fast Reac-
tor at Dounreay uses 1000 tons of liquid
sodium as coolant, and instruments de-
signed to measure sodium flow, level,
pressure and purity in the PFR were
described on the UK.A.E.A. stand. The
instruments were:

Saddle coil flowmeter

This measures the electric potential
difference produced across liquid sodium
moving in a stationary magnetic field.
The magnetic field is produced by
passing a d.c. supply through two air-

cored coils formed in the shape of saddles.
The flowmeter can, therefore, be added to
existing pipework, external to any clad-
ding and is light enough to be supported
by the pipe. It can be used on pipes with
diameters greater than 0.15 metres and
does not require calibration.

Flux distortion flowmeters

These consist essentially of a central
primary winding, energised from an a.c.
source, together with two similar second-
ary windings positioned symmetrically
on each side of the primary. The second-
ary windings are connected differentially
so that the voltages induced in them by
the primary field are balanced and
opposed. The difference voltage is nomin-
ally zero when the sensor is fitted into
a metal pocket or immersed in static
sodium, but moving sodium distorts the
fields as if the primary field had been
displaced in the direction of the flow.
The differential voltage induced by this
displaced or distorted field is linearly pro-
portional to sodium velocity over a wide
range of flow. This type of flowmeter is
used in the PFR to measure sodium flow
through the reactor core and from each of
three primary pumps.

Sodium level measurement at
temperatures up to 700°C

Sodium level sensors of the mutual in-
ductance type depend on the “ short-cir-
cuited turn” effect of the enveloping
liquid metal. The short-circuited turn re-
duces the mutual inductance between the
sensor windings over the covered length
of the sensor. Because this is a bulk effect,
the sensor can operate through the walls
of a containing pocket with only moder-
ately reduced sensitivity. For the same
reason the operation of the sensor is
relatively unaffected by the degree of wet-
ting of the pocket outer surface and by
residual sodium or sodium compound
films thereon. These are considerable
practical advantages, and this type of sen-
sor, installed in pockets, will be used in
PFR for sodium level measurement, high
and low level trips and alarms, and a port-
able sodium dipstick.

Electromagnetic differential pressure
gauge

This consists basically of a copper
plated stainless steel pipe, placed between
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the poles of a magnet, and connected be-
tween high and low pressure taps. The
current induced when sodium flows
through the pipe is a direct measure of
the applied pressure. The current crosses
the liquid metal in the pipe and returns
via a shunt. The potential drop across the
shunt is used to measure the current.

Automatic plugging meters

To limit corrosion rates and minimise
the possibility of duct blockages in PFR,
the coolant impurity level will be main-
tained at below 10 ppm. Automatic plug-
ging meters are a convenient means of
monitoring the impurity levels in sodium,
They maintain a partial plug of impurity
in an orifice to give an accurate measure-
ment of saturation temperature; this tem-
perature is recorded and displayed con-
tinuously. The orifice is cooled and par-
tially blocked with impurities so as to
restrict its flow to a chosen reference
value. Departure of the measured orifice
is adjusted to cause either an increasing or
decreasing degree of blocking, whichever
is required to bring the orifice flow back
to the reference value. The liquid metal
temperature near the orifice is measured
and displayed; at equilibrium, this tem-
perature coincides with the saturation
temperature. “ Active ” and “inactive”
versions of an automatic plugging meter
have been developed to monitor the PFR
primary and secondary coolant circuits
respectively.

The Authority’s licensees for these in-
struments are the English Electric Co.
Ltd., Reactor Equipment Division, Whet-
stone, Leicester, England, and Fairey En-
gineering Ltd., Cranford Lane, Heston,
Hounslow, Middlesex, England.

(Leaflets describing the instruments are
available from the UKAEA’s Public Re-
lations Branch, 11, Charles II Street,
London, S.W.1. (Tel. No. Whitehall 6262,
Ext. 320).)

U.K. papers

Twelve papers, covering a wide variety
of topics, were presented by U.K. authors
at the Technical Meetings held concur-
rently with the Fair. The papers are
listed below.

UK. A.EA.:
A British View on Plutonium Ultilisation,
Dr. Hans Kronberger.
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The Construction, Commissioning and
Operation of the S.G.HW.R., H. Cart-
wright, R. McKeague, D. Smith.
Techniques of Reactor and Site Hazard
Assessment, J. R. Beattie,

Isotopic Power Batteries, E. Wiblin and
J. Gaunt.

Radiation—an Industrial Tool, S. Jeffer-
son.

U.K. industry:

The HTR—Choice and Style of Perform-
ance, G. M. Insch (BNDC), J. D. Thorn
(UKAEA), J. N. Hurst (Rolls-Royce
Ltd.).

PFR Design and Construction—a Pro-
gress Statement, R. H. Campbell
(TNPG).

Industrial Experience on 300 MW (e) PFR
Influences Future Designs, M. K. Shaw
(English Electric Co. I.td.), N. G. Worley
(Babcock & Wilcox Ltd.), J. D. Waters
(Fairey Engineering L.td.).

Experience of Concrete Pressure Vessels
in Relation to Reactor Safety, R. E. D.
Burrow (Taylor Woodrow Construction
Ltd), J. D. Hay (TNPG), J. R. M. South-
wood and A. J. Williams (BNDC).
Digital Computer Applications to Ad-
vanced Gas-cooled Reactor Systems, J.
E. Makin (TNPG) and J. M. Shirra
(English Electric-A.E.I. Projects Ltd.).
Advances in Current Gas-cooled Reactor
Designs in the U.K.,, C. S. Lowthian
(TNPG) and J. F. Tyrrell (BNDC).

C.E.G.B.:
The Performance of the CEGB Nuclear
Power Stations, R. J. Weeks and D. J.
Silverleaf.

Nuclex publications

A series of publications was available on
the A.E.A. exhibition stand at Nuclex, in-
cluding two brochures, Instruments for
Radiological Protection and Electronic
Radiation Instruments, which describe
two series of instruments designed at
Harwell and Aldermaston, respectively,
and developed in conjunction with British
industry. Full details of the instruments
were given, together with names and
addresses of manufacturers.

There were also 19 data sheets illustrat-
ing various aspects of AE.A. work.
Copies are available from Public Relations
Branch, Room 102, UK. AE.A, 11
Charles 11 Street, London, S.W.1.
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U.K.A.E.A. SCIENTIFIC AND
TECHNICAL NEWS SERVICE

The A.E.A.
at Melbourne

The U.K.A.E.A. had an 1,800 sq. ft.
stand at the Expo Electric exhibition in
Melbourne, Australia. from 5th-14th
October. The A.E.A.s stand outlined
Britain’s leading position in world nuclear
power generation—the U.K. having pro-
duced more electricity from nuclear reac-
tors than the rest of the world combined.

The main feature of the A.E.A’s ex-
hibit was a detailed account of Britain‘s
newest reactor system—the 100 megawatt
(electrical) S.G.H.W.R. power station at
Winfrith. Larger versions of the
S.G.HW.R. have been designed to give
outputs of up to 450 and 600 megawatts.

Recently a design team of engineers
from Australia was attached to the
U.K.A.E.A’s reactor design headquarters
at Risley to investigate the possible use
of S.G.H.W.R.s in Australia.

There were a selection of the AE.A.’s
fuel elements on display and models of
S.G.HW.R. and fast reactor power sys-
tems. Britain is one of the world’s largest
manufacturers of nuclear reactor fuel
which is exported to many countries all
over the world.

Dr. G. R. Bainbridge, Assessments
Manager in the Technical Operations
Directorate of the Authority’s Reactor
Group, was a specially invited speaker
at a conference held by the Electrical
Development Association of Victoria
concurrently with the exhibition. His sub-
ject was “Electrical Generation and
Associated Developments in the Use of
Atomic Energy.” Dr. Bainbridge was al-
so available for discussions on the
Authority stand.

Part of the stand consisted of a cinema
in which there was a continuous showing
of Authority colour films on reactors,
nuclear fuel, desalination and the indus-
trial applications of radioisotopes.

Compact high voltage

power unit
The U.K.A.E.A. have developed a com-
pact 600W-output high voltage power
supply which uses modular Cockcroft-
Walton multipliers, each providing 20 kV.
The power unit was developed at Har-

well and the Authority has licensed Miles
Hivolt Ltd. to manufacture the equip-
ment.

The Cockcroft-Walton multipliers are
powered from mains voltage via a 50
cycles/sec to 10,000 c¢/s thyristor con-
verter. Because the frequency is high, the
power transformer and capacitors in the
Cockcroft-Walton multipliers are small.
The output from the converter is inher-
ently current limited so that it can feed
into a short circuit without damage.
Within its current rating, the d.c. stability
of the output is a few parts in 10*.

A stabilised 60kV unit employing three
20kV modules would have a Cockcroft-
Walton system and a voltage divider each
17 in. X 17 in. X 17 in., and a converter
unit 104 in. X 17 in. X 17 in. The volt-
age divider provides the feedback to
stabilise the output of the multipliers
against mains variation and load current
variations.

A version of the power unit stabilised
against mains variation was developed
originally for the ion sources in the Tan-
dem Van de Graaff Generator at Har-
well. A fully stabilised version was then
developed for the Harwell Mk.4 Variable
Geometry Isotope Separator and another
is being commissioned for a similar
separator under construction for the Uni-
versity of Salford. A further unit will be
incorporated in a machine to be supplied
to the National Bureau of Standards in
the U.S.A.

The Harwell Mk. 4 Variable Geometry
Isotope Separator is manufactured by
Lintott Engineering Ltd., under an
Authority licence.

Further information is available from
Miles Hivolt Ltd., Old Shoreham Road,
Shoreham-by-Sea, Sussex, Telephone No.
Shoreham-by-Sea 4511.

Photographs of the power supply are
available from the Photographic Library,
UKAEA, 11, Charles II Street, London,
S.W.1. (Tel. Whitehall 6262, Ext. 368).

19th September, 1969

Symposium at Tribology
Centre

Since the National Centre of Tribology
was set up by the Ministry of Tech-
nology in 1968, over 60 contracts have
placed with the Centre by British indus-
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try and many hundreds of enquiries and
problems dealt with.

Over 100 engineers from all branches
of industry attended a two-day sym-
posium and demonstration at the Centre,
at Risley, Nr. Warrington, Lancashire,
on 30th September and 1st October.

The symposium was intended to explain
the principles and applications of tri-
bology to real industrial problems and to
show how large economies can be
achieved by improving lubrication prac-
tice and reducing wear. Conservative
estimates indicate that £500m could be
saved in the U.K. each year by the proper
analysis of wear and lubrication prob-
lems. It is for this purpose that the Tri-
bology Centre was established.

The Centre provides a comprehensive
information, consultancy and develop-
ment service to industry to assist in solv-
ing problems in this field.

The programme for the first day in-
cluded an introduction to the subject by
Dr. D. Tabor, F.R.S., Deputy Director
of Surface Physics Laboratory, Caven-
dish Laboratory, Cambridge, followed by
a broad review of fundamentals given by
Dr. J. F. Archard, Reader in Mechanical
Engineering at Leicester University. Pro-
fessor J. Halling, Department of Engin-
eering Tribology at Salford University,
bridged the gap between fundamentals
and design and Mr. M. Neale, an inde-
pendent consultant, consolidated design
aspects and extended the subject to prac-
tical levels involving materials and the
design aspects of industrial consultancy.

On the second day, conventional
lubrication was discussed by Mr. L
Palmer-Lewis of Shell Mex and B.P. Ltd.,
and the special expertise of the Centre on
problems where conventional lubricants
cannot be used was outlined by the Man-
ager, Dr. W. H. Roberts. Various ex-
amples of failures were dealt with by Dr.
R. Wilson of Shell Thornton Research
Centre, followed by case histories from
the work of the Centre.

Visits to the Risley Centre were organ-
ised for demonstrations of the work
carried out there. 29th September, 1969

New heavy ion

accelerator
A.W.R.E. Aldermaston, have over a
number of years built up considerable
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experience in the design and construction
of ion sources and specialised ion accel-
erators.

The U.K.A.E.A. have licensed Edwards
High Vacuum International Ltd. to use
design information and experience avail-
able at Aldermaston in the design and
development of accelerators with energies
up to 150 keV for the production of
heavy ions for ion implantation. The
Authority also had a display on its stand
at Nuclex ’69 (Basle, 6th-11th October)
describing a prototype heavy ion
machine.

Aldermaston’s experience has already
shown that a heavy ion accelerator system
should be as flexible in design as possible
for the variety of applications. The new
accelerator is, therefore, conceived with
interchangeable parts to give flexibility.
For instance, since there is no universal
ion source capable of producing the com-
plete range of ions, the accelerator
accepts different types of source.

The accelerator uses a three element
saddle field lens to focus the beam from
the source without altering the energy.
By using the same electrode system as an
asymmetrical lens, the beam is acceler-
ated as well as focused.

In addition to using ion implantation
for doping materials, low energy ion
beams can be used in the examination of
surfaces. Heavy ions striking a surface
produce X-rays characteristic of the ele-
ments present. Unlike those from electron
excitation the spectra have no continua
and with suitable filters and detectors, low
atomic number materials can be analysed.
Recent work at AWRE has shown that
heavy ion bombardment can produce
interesting effects on the growth and pro-
perties of thin films. Initial thin film
growth starts from the formation of criti-
cal nuclei. Bombarding glass surfaces
with suitable heavy ions can produce
nuclei which give rise to preferential
coating on the irradiated area when the
film is deposited either by vacuum evap-
oration or from electroless plating solu-
tions.

Implantation of oXygen into metal
films will transform it into oxide. The
electrical resistance of the thin film in-
creases slowly at first with ion dose and
then at an increasing rate until the oxida-
tion is complete. The method can be used
to produce resistive films and if the oxide



is transparent it can be used to discharge
static charges on windows.

Further information is available from
Edwards High Vacuum International
Ltd., Manor Royal, Crawley, Sussex,
England. 1st October, 1969

Fuel irradiation in
SGHWR

The UK.AE.A. is now able to offer to
overseas customers irradiation facilities
in its 100 MW(e) Steam Generating
Heavy Water Moderated Reactor at Win-
frith Heath in Dorset. This will provide
a unique opportunity for the customer
to gain operational experience on his fuel
designs on a scale and under conditions
typical of advanced pressure tube or pres-
sure vessel boiling water reactors.

The Authority’s extensive services
which can be offered in support of the
SGHWR irradiation facilities, include de-
sign and assessment of experiments and
post irradiation examination. The Win-
frith 9 MW full size heat transfer rig is
also available for hire.

The core of the Winfrith SGHWR
consists of 104 zirconium alloy pressure
tubes passing through an aluminium tank
(calandria) containing the heavy water
moderator at low temperature and pres-
sure. The pressure tubes, which are 5.14
in. (130.6 mm) internal diameter, contain
the zircaloy clad fuel assemblies having
a fuelled length of 144 in. (3.66 m). The
coolant is light water at 970 p.s.i.a. (67
bar) and 273°C. at channel inlet. The
average channel power is 2.9 MW, with
a maximum of about 4.0 MW for a stan-
dard SGHWR fuel assembly.

Fuel designs requiring higher flow rates
or pressure drops can be accommodated
in four channels of standard dimensions,
which are fed with coolant from an addi-
tional pump in series with the main
circulators.

2nd October, 1969

Thyopac-3

The thyroid gland plays an essential
role in regulating the body’s metabolism.
As several illnesses can be attributed to
over- or under-activity of the gland, it is
most important for doctors to have a
measure of thyroid function as an aid to
diagnosis.

Tests using radioisotopes of iodine

have been used for a number of years a¢
a method of assessing thyroid function.
In the T3 test, the capacity of a serum
sample to bind liothyronine is measured,
using liothyronine labelled with iodine-
125. From this, thyroid activity can be
assessed. Although the test is only an
indirect measure, it has gained import-
ance because it can be used in the out-
patient clinic, and being an in-vitro pro-
cedure, it involves no radiation dose to
the patient.

Several forms of T3 test are available,
but the new version developed by The
Radiochemical Centre and now intro-
duced as Thyopac-3, offers several prac-
tical advantages. Control of time and
temperature during the laboratory pro-
cedure is no longer critical. Washing
procedures are eliminated and whereas
previous tests have often entailed the use
of special counting equipment, with
Thyopac-3 equipment normally available
in the laboratory can be used. Clinical
trials in twelve major hospitals with
Thyopac-3 indicate that it provides re-
sults superior in consistency and re-
liability to those of other T3 tests.

Each Thyopac-3 kit contains 12 vials,
enough for 12 tests or 10 tests and 2 stan-
dards. Each vial contains (within narrow
limits) the same weight of absorbent
granules suspended in the same volume
of buffered liothyronine—I-125 (T3
I-125). A vial of standard reference serum
is also provided. The standard serum is
a desiccated animal serum which upon
reconstitution has a T3 value which has
been accurately determined. This value is
printed on each Kit.

Further information is available from
The Radiochemical Centre, Amersham,
Buckinghamshire, England. Telephone:
Little Chalfont 4444.

2nd October, 1969

Inventions and designs licensed
to industry

New editions of the booklet Inventions
and designs licensed to industry are now
available in English, French and German
from the Public Relations Branch, UK.
AE.A., 11 Charles II Street, London,
S.W.1. This booklet lists the many inven-
tions and designs made by the AE.A.
and the companies which have been
licensed to use them by the UK.A.E.A.
Patents Licensing Department.
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Introducing the €& mk Il multi-purpose

PERSONAL
AIR SAMPLER

or toxic, non-toxic and radio-active dusts, gases, fumes, mists, etc.

Main features:

* Variable aspiration rate
up to 3.0 litres/minute

* Up 1o 10 hours running
time on one charge with
visual display of running
time

*Powered by nickel
cadmium rechargeable
battery

* Charging time overnight
or weekend

it is compact, efficient, and very versatile

Originally developed by the U.K.A.E.A. the sampler is designed for use!by’ a wide range of
industries and laboratories where the need for continuous sampling of hazardous airborne
substances is important. It accompanies the worker wherever he goes without impeding his
work and thus samples the air which he breathes during his working day. Over 2,000 samplers
are now in daily use.

A gravimetric size selecting model developed by the British Cast Iron Research Association
permits the separation of the respirable from the non-respirable fraction of a dust cloud — an
essential feature for the study of air conditions in foundries and many workshops.

Send for leaflet 930/5/A1.

C. F. CASELLA & CO. LTD.
Regent House, Britannia Walk, London, N.1
Telephone 01-253 85681 Telex 26 16 41
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GRAVINER MANUFACTURING GO. LTD.

(GOSPORT_DIVISION) GOSPORT HAMPSHIRE ENGLAND
TELEPHONE FAREHAM 2511 /5 TELEX 86152
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Britain leads in the peaceful uses
-* Atomic Energy. Cameron heip to
ntain that lead thanks to the

zdvanced forging techniques they have
-zseloped, that enable them to extrude

amless, 203" diameter heavy wall, alloy

ae for the high temperature re-heat plant oi
2-tain's tirst AGR Nuclear Power Station being
built for the CEGB by Atomic Power Constructions
Limited. Extruded from Cameron’s hisge 30,000 ton
~ultiple ram forging press, this 13" wall pipe will with-
stand temperatures far in excess of that reached when the
~eactor is working at fult power.

The advanced forging techniques perfected at Livingston, make Cameron

heavy wall seamless pipe the obvious choice for this Nuclear Power

Plant and many others at present under construction in Europe, Asia oﬂ
and the USA. If you want heavy wall pipe of exceptional quality and M
metallurgical integrity, able to withstand exceptionally severe operating &’

conditions, contact CAMERON IRON WORKS LTD.,
53 GROSVENOR ST., LONDON, W.1. 01-493 7921 CAMERON IRON WORKS, LTD.




JOHN THOMPSON

a firm future in nuclear design and
development

With the extensive experience of seven
nuclear power stations behind them, John
Thompson are particularly well-equipped to
undertake design and development work for
future nuclear reactor systems, such as the
High Temperature Gas Reactor and the
Sodium Fast Reactor. The broad scope of
the company’s facilities for design, manu-
facture and site construction are second
to none.

John Thompson — suppliers of reactor
pressure vessels, boilers, water treatment
plant, ducting diagrids, pipework and other
associated equipment to the nuclearindustry.

JOHN
THOMPSON
GROUP

JOHNTHOMPSONLIMITED,WOLVERHAMPTON, ENGLAND

DESIGN & CONTRACTING DIVISION/THOMPSON HORSELEY DIVISION
PIPEWORK AND ORDNANCE DIVISION
A Member of The Nuclear Power Group

pc/Np2[i]
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more than meets the eye

EMI photomultiplier tubes are contributing in increasing measure
to medicine’s constant investigations into human life. Ophthalmologists,
Chemists, Biochemists, Technicians and Nuclear Health Scientists,
for example, are now conducting research and diagnosis using
these advanced electron tubes.
They maintain the highest EMI standards for excellent gain stability
and linearity and low dark current. EMI has immense capability
in this area. Photocathodes available include the Super S11, bialkali
and others for special application. Each EMI tube is individually
calibrated and relevant data is supplied with the tube.
Send for our latest Selection Chart “EMI Photomultiplier Tubes”
which gives technical infor-
mation on the full range. Wﬂfma”ﬂs :
- EMI ELECTRONICS LTD.,
EMI ELECTRON TUBE DIV,
HAYES, MIDDLESEX.

L TEL: 01-573 3888 EXT: 2076
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W Sl Voo

“Quick-Vac”’ Coupling System
VACUUM TIGHT better than 10-5 litre Torr/sec
PRESSURE TIGHT better than 100lb. sq.in.

NO
BRAZING

NO
SOLDERING

NO
SWAGING

NO
WELDING

* A completely rigid mechanical joint ... ..
accomplished in seconds ... WITHOUT TOOLS
Write now for

our Coralogue  SRDLA-VAG

MERCURY WORKS - 27 WINDSOR BRIDGE
SALFORD 5 - LANCS © Tel: 061-736 3820

HIGHLY
EFFEGTIVE
DEGONTAMINANT

SDG3 Detergent Powder for removal of
radio active contamination from metallic
and other hard surfaces and textile
materials.

Manufactured and sold under licence
from United Kingdom Atomic Energy
Authority.

Standard Chemical Company
prop. Horsfield Bros. Ltd.,
Mill Lane, Cheadle.

Write or phone 061-428 5225 for full
details and prices.

Services include:

Radiation DOSImetry Service for Research and Industry

1 Supply of pre-packed, standardised Red 4034 and Amber 3042

Perspex dosimeters, suitable for the measurement of gamma radiation
doses in the 0.1 to 5 megarad range. Fuli data supplied.

2 [rradiation of customers’ own dosimeters (any type) to accurately
known dose levels, for standardisation purposes. (Cobalt-60 radiation

only).

3 Read-out of customers’ irradiated dosimeters.

Further information from the Dosimetry Service, U.K.A.E.A., Wantage
Research Laboratory, Wantage, Berks. Tel: Wantage 2911, Ext. 311.
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Important scientific & technical
material appears in Soviet journals,
for example:

ATOMNAYA
ENERGIYA

(Atomic Energy)
Ref. 70026 12 p.a. £I1. 1, 8d.

Mainly in Russian but many with English
summaries

Send for 1970 catalogues:

a) Technical, Scientific, General.

b) Journals of Abstracts & Engin~
eering Digests.

Dept. SI/19

Denington Estate,
WELLINGBOROUGH,
Northants.

We are exclusive distributors of:
MICRO-PRECISION LATHES and DRILLING
MAGHINES

MICRO-PRECISION DRILLS, REAMERS, etc. in
H.5.5. & CARBIDE

MEASURING INSTRUMENTS (Mechanical and
Electronic)

PROTRACTORS, NIBBLING TOOLS AND CABLE
CUTTERS

PLIERS, CUTTERS AND TWEEZERS,

and MANY OTHER TOOLS

Please ask for comprehensive Price List
ERIC H. BERNFELD LIMITED

282 Kingsland Road, London, E.8.
Tel. 01-254 4837

XV

ADVERTISEMENT

DIAMOND WHEELS AID
RESEARCH

The nature of diamond makes it an ideal
medium for cutting, grinding and drilling
exotic and refractory materials that R.
and D. departments are producing. Diagrit
Diamond Tools Limited have been privil-
eged to assist the UK. AE.A. in the
development of special purpose Diamond
Wheels.

The manufacturing techniques available
using Metal, Resinoid or Electroplated
Bonds have been adapted according to
need.

“Research Depths” of impregnation
have cut costs by enabling the production
of standard and special forms at a price
that, for occasional or limited use in
“special projects” or  ‘“contaminated”
conditions, becomes economic.

Originally Electroplated Diamond Tools
were produced and developed jointly with
Harwell in connection with the Rotary
Head Ultrasonic machine. Special Metal
Bond probes allowed deep boring of a
horizontal version of this machine. For
example, a 6” long crystal was drilled from
either end leaving a 1 mm. wall thickness in
its centre.

A Research Depth Metal Bond Peri-
pheral Wheel was supplied for centreless
grinding ceramic at a cost some £200 less
than a conventional tool and it is still in
use some five years later.

Of recent date we have supplied a mul-
tiple set of form Metal Bond Wheels for
the production grinding of Uranium
Dioxide Pellets to very close tolerances.

Our experience in this field is at your
disposal.

Diagrit Diamond Tools Limited,

Staplehurst,

Kent.

Telephone: Staplehurst 561,

Telex: 95241.
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FINE TUBES for finest tubes...
fast for the nuclear industry

Fine Tubes supply the U.K.A.E.A. with fuel 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 AISI

316L. Double Vacuum meited AlS| 304, Nimonic

PE16 a}nd méany othe:janallys;s. Land |

Plain, finned, 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 . L.

highest specifications for fuel cans, BCD, instru- Fine Tubes Limited - Estover Works
Crownhill - Plymouth - Devon

ment tubing and heat-exchangers. Fine tests for
fine tubes! Tel: Plymouth 72361/3 - Telex: 45252
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