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Anglo-French agreement

on reprocessing

British Nuclear Fuels Limited (B.N.F.L.)
and Saint Gobain Techniques Nouvelles
(S.G.N.) announced on 6th December their
agreement to form an association to com-
bine their nuclear fuel reprocessing tech-
nology. The association will offer joint
services for the study, design and con-
struction of future large capacity repro-
cessing plants such as the one projected in
Japan. An extension of the association to
include German companies such as the
Uhde-Lurgi Group is at present under con-
sideration.

The formation of this association follows
the setting up of United Reprocessors
GmbH in 1971 to market nuclear fuel re-
processing services in Europe.

Background note

B.N.F.L.: British Nuclear Fuels Limited
was formed on Ist April, 1971
and has the nuclear fuel pro-
duction and reprocessing re-
sponsibilities previously con-
trolled by the U.K.AE.A.
Among its various establish-
ments is the nuclear fuel re-
processing plant at Windscale.
Saint Gobain Techniques Nou-
velles was incorporated as an
independent company in 1961.
In addition to its other engin-
eering activities S.G.N. has a
long record of close relations
with the French Commissariat a
I'Energie Atomique (C.E.A.)and
has been entrusted with engin-
ecring and construction of the
La Hague and Marcoule plants
in France. S.G.N. has also acted
as architect engineer for Euro-
chemic at Mol. S.G.N. is at
present engaged in the con-
struction of a reprocessing plant
at Tokai Mura in Japan.

S.G.N.:

Achema 1973

The U.K.A.E.A. will be taking part in the
Achema Exhibition, at Frankfurt, from
20th to 27th June 1973, with three exhibits
from Harwell, in Halls Ic, 4 and 6, which
will contain displays on Chemical Process
Equipment, Nuclear Science and Tech-
nology, and Measurement, Control and
Automation.
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OBITUARY
Sir Basil Schonland

We regret to report the death on 24th
November of Sir Basil Schonland, C.B.E.,
F.R.S., Director of A.E.R.E., Harwell,
from 1958 to 1960.

Sir Basil who was aged 76, was born in
South Africa and educated at St. Andrews
College and later at Rhodes University
College, Grahamstown.

In the 1914-18 war he joined the Signals
Corps of the Royal Engineers and served in
France between 1915 and 1918.

After the war he went to Gonville and
Caius College, Cambridge, where he was a
George Green Scholar and a College
Exhibitioner. He then joined Lord Ruther-
ford in the Cavendish Laboratory.

He returned to South Africa as a Lecturer
and later became Professor of Physics in
the University of Cape Town.

In 1936 he was appointed the first
Director of the Bernard Price Institute of
Geophysics in Witwatersrand University
and carried out his well-known work on
lightning. He was elected F.R.S. in 1938,

He joined the South African Corps of
Signals as a Brigadier in 1941 and when he
came to Britain in that year renewed his
friendship with Sir John Cockcroft, who at
that time was Chief Superintendent of the
Air Defence Research and Development
Establishment and was temporarily re-
sponsible for the Army Operational Re-
search Group located at Richmond, Surrey.
Sir John Cockcroft persuaded Sir Basil
Schonland to take over the post of Super-
intendent, and under his direction the
operational research group carried out
important work on the effectiveness of anti-
aircraft radar and measures required to
improve its performance. His interests
broadened during the war and he became
Scientific Adviser to General Montgomery
during his command of the 21st Armoured
Group, and later he became Scientific
Adviser on Operational Research to
General Eisenhower.

On his return to South Africa in 1945 he
was appointed Science Adviser to the
Prime Minister, General Smuts, and be-
came the first President of the South
African Council for Scientific and In-
dustrial Research.

In 1954 he returned to Britain as Deputy
Director of A.E.R.E. and he remained at
Harwell until his retirement. In 1958 he
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succeeded Sir John Cockcroft as Director
and in 1960 became Director of the
Research Group.

He was awarded the Hughes Medal of the
Royal Society in 1945 for his work on
atmospheric electricity and the Faraday
Medal of the Institution of Electrical
Engineers for his work in nuclear energy in
1962. He held a number of honorary
degrees. In 1968 he published The Atomists
1805-1933.

Centrifuge Study
Association

The increasing concern in many quarters
over future supplies of enriched uranium
has led to growing interest in the progress
of German-British-Netherlands co-oper-
ation on the use of the gas centrifuge
method for this purpose.

URENCO and CENTEC, the two companies
set up to further the industrial exploitation
of the centrifuge process, with the support
of the three Governments, propose to
establish a Study Association in collabor-
ation with interested agencies and in-
dustrial enterprises and to provide them
with specific information on the gas centri-
fuge method. In the next few weeks in-
terested agencies and enterprises will be
invited to participate in the Association.
Arrangements will be made to keep the
Commission of the E.E.C. fully informed of
developments.

The detailed arrangements for the
Association and the proposals for its
studies will be the concern of urRenco and
centec and of its future participants.
Major decisions will however be taken in
consultation with the three Governments,
who will need to ensure that proper
assurances can be obtained regarding the
protection of classified information and the
observance of international obligations.

ureNcO and CENTEC hope that the steps
they are taking will be a major contribution
to the creation of centrifuge enrichment
capacity to meet growing power demands,
and the need to exploit indigenous re-
sources.

Agencies and enterprises interested in
becoming participants in the Association
are invited, in the first instance, to make
their interest known by writing to the
General Manager, URENCO Limited, 40,
West Street, Marlow, Buckinghamshire.



IN PARLIAMENT

Atomic Energy Authority
(Weapons Group) Bill

The following extract is taken from the
debate preceding the second reading of the
Bill in the House of Lords on 16th Novem-
ber, 1972,

THE SECRETARY OF STATE FOR DEFENCE
(LorDp CARRINGTON), My Lords, I beg to
move that this Bill be now read a second
time. The purpose of this Bill is to transfer
the activities of the Atomic Energy
Authority’s Weapons Group, together with
its associated property, rights and so on—
in practice, the Atomic Weapons Research
Establishment at Aldermaston and its
outstations—from the Authority to the
Ministry of Defence.

I should like to say right at the outset
that the Bill does not involve any change in
responsibility for nuclear weapons policy,
but [ will return to that point later. Perhaps
I may begin by reminding your Lordships
of the arrangements for nuclear weapons
research and development in the United
Kingdom.

After the last war, this kind of work was
first undertaken in part of what is now the
Royal Armament Research and Develop-
ment Establishment. However, the work
demanded extensive and highly specialised
facilities, and so a separate research and
development establishment—the Atomic
Weapons Research Establishment—was
set up at Aldermaston. And in 1954 this
establishment was transferred to the newly
created Atomic Energy Authority, where it
formed the basis for the Weapons Group.
This now comprises not only Aldermaston
but also a sizeable outstation at Foulness,
and a few very small units mostly in the
Aldermaston area. The main task of the
Group, some four-fifths of its total effort,
is research, development and production
work on explosive nuclear devices for use
in nuclear weapons; but the Group also
undertakes some civil nuclear work as part
of the Authority’s programme, as well as
some non-nuclear work on behalf of
various Government Departments and
outside customers.

As your Lordships know well, the
problem of how best to organise Defence
procurement has been with us for a great
many years. When we came into office we
set up a Project Team under Mr. Derek

Rayner to study this problem, and its
recommendations were published in a
White Paper in April, 1971. The funda-
mental recommendation was that Defence
procurement activities should be brought
together into a single organisation within
the Ministry of Defence; and this has been
implemented by the setting up of the
Procurement Executive inside my Depart-
ment, embracing all aspects of Defence
procurement from research through to
production. An essential feature of the new
organisation, to which I attach great im-
portance, was the bringing together into
the same organisation of all the Research
and Development establishments con-
cerned with defence. Apart from simpli-
fying the policy control and direction, this
has enabled a start to be made on rationa-
lising the facilities and resources of the
various establishments, and we are at
present engaged in consultations with the
Staff Associations and Unions on our
proposals for the first stage of rationa-
lisation.

One of Mr. Rayner's recommendations
was that the Atomic Weapons Research
Establishment should be brought within
my Department. Following consultation
with the Atomic Energy Authority during
the summer of 1971, to sece how best the
functions of the A.W.R.E. could be
rationalised with those of the other
research and development establishments,
the Government decided that this could be
effected only if the Atomic Weapons
Research  Establishment were brought
under the same management as the other
establishments. I accordingly told your
Lordships, in my Statement on 5th August
last year, of our decision to transfer the
A.W.R.E. to the Ministry of Defence. This
Bill is to give the effect to that decision.
Perhaps I may very briefly explain to your
Lordships the principal provisions of the
Bill.

Clause 1 gives effect to the main purpose
of the Bill, and it provides that from the
appointed day those activities of the
Weapons Group which involve work on
explosive nuclear devices will be carried out
by the Ministiy of Defence and not by the
Authority, unless the Authority is specific-
ally authorised or a contract placed with it
to do such work. It also transfers the
property and so on—everything connected
with the property—of the Group to the
Secretary of State for Defence, with the
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exception of patents and other industrial
property to which [ will return later.

Clause 2 deals with the effects of the
transfer on the people at present employed
in the Weapons Group. We want all the
people engaged on work now performed by
the Weapons Group to continue their jobs
in the Ministry of Defence, and this clause
terminates their contracts of employment
with the Authority and enables them to be
taken into the Civil Service. There have
been consultations with the Civil Service
Commission and I can say that all the
Weapons Group employees will be offered
immediate and continuing employment in
the Civil Service.

My officials have been consulting with
the staff and trade union representatives
about the terms and conditions of service
for staff who will be transferred, and I
am bappy to say that good progiess has
been made towards reaching agreement.
Some adjustments to present terms and
conditions will be necessary, but the
gencral principle will be maintained that,
taken as a whole, terms and conditions
after the transfer shall be no less favourable
than those provided for in existing con-
tracts. -

The tetms and conditions of non-
industrial staff in the Authority and Civil
Service are already very similar in many
respects. There are, however, certain
differences, the most important of which
concern superannuation and retiring age.
The Authority’s main pension schemes,
unlike that of the Civil Service, are con-
tributory; non-industrial staff pay contri-
butions at the rate of 6 per cent of their
salary, and to allow for this their salaries
are in general 7 per cent higher than in the
Civil Service. This means that their net
pay is marginally higher—about one-half of
1 per cent—and also that their pensions,
being based on gross pay, are 7 per cent
higher. At the same time, the normal
minimum retiring age for men is 65 in-
stead of 60. We have therefore agreed that
non-industrial staff should be able to
remain in the Authority’s pension scheme,
with the associated pay and retiring age
provisions, if they so wish. Clause 2
provides the necessary powers; and I should
like to add the assurance that there is no
question of staff who opt to stay in the
Authority’s scheme being compelled at
some future date to change to the Civil
Service scheme.
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The case of industrial employees is
rather different. Their pay and grading
structure has evolved on different lines from
that of the industrial Civil Service, and we
are examining this to ensure that the
transfer from one structure to the other
goes smoothly. Where the rate for the job
in the industrial Civil Service is higher,
those concerned will get the benefit; in
other cases, existing pay rates will be
retained until they are overtaken. Under-
standings have been reached between my
Department and trade union representatives
on these and other conditions of servize.
Clause 2 also preserves the powers of
Authority constables who are transferred
with the Weapons Group and taken into
the Civil Service.

My Lords, Clause 5, together with the
Schedule, deals with the principles
governing the exchange of information
covered by patents and other technical
information between the Secretary of State
and the Authority. In general, the Bill
leaves the ownership of existing patents and
technical information with the Authority.
This is because it has been found im-
practicable to segregate those patents which
are relevant to the Weapons Group from
those relevant to the civil activities of the
Authority. There is, however, an important
exception made under paragraph 3 of the
Schedule, which is that information 1e-
lating to explosive nuclear devices will
become the property of the Ministry of
Defence. But the Authority will be re-
quired to make available to the Secretary of
State such facilities as he may need for the
use of the patents remaining the property
of the Authority. On the other side of the
coin, the Bill also provides for access by the
Authority to information of which custody
and control will pass to the Ministry of
Defence with the transfer of the Weapons
Group. 1 think this is an important point,
as the Government are anxious to ensure
that the transfer of the Weapons Group
does not impede the exploitation by the
Authority of peaceful applications of
nuclear energy.

Clause 6 is a logical consequence of the
decision to transfer A.W.R.E. and its
activities away from the Authority. The
Authority’s powers under the Atomic
Energy Authority Act 1954 to produce, use
and dispose of atomic energy and to carry
out research were subject to the restriction
that they were not permitted to develop or



to produce any weapon or part of a weapon
except in accordance with arrangements
made with the then Minister of Supply and
now with the Secretary of State for Defence.
However, Section 2(2) of the 1954 Act
empowered the Authority to conduct on
their own initiative experimental work
which might lead to improved types of
explosive nuclear assemblies for use in
weapons. Now that the responsibility for
carrying out all work on explosive nuclear
devices and the facilities for undertaking it
are to be put into my Department, this
power is now redundant and is repealed by
Clause 6. Additionally, Clause 6 widens
the prohibition placed on the Authority, in
that it provides that they are not to under-
take and work on explosive nuclear devices,
whether for warlike applications or other-
wise, except in accordance with arrange-
ments made with the Secretary of State.

My Lords, I will not dwell on the
financial arrangements which are the sub-
ject of Clause 8, except to say that the net
cost to public funds will be affected by the
Bill only to the extent that, as I explained
in dealing with Clause 2, there are some
differences in the terms and conditions of
service of employees of the Atomic Energy
Authority and those of the Civil Service.
Since negotiations are still in progress [
cannot put a figure to this, but it seems
unlikely that the cost will increase by more
than £200,000 a year.

My Lords, perhaps I may end by making
some rather more general comments.
First, I hope that the transfer can take
effect from 1st April, 1973, both for
organisational reasons and so that we can
end the uncertainties for the staffs con-
cerned. Following my Statement on 5th
August, 1971, it was suggested that to
place the production of warheads for
nuclear weapons directly under the control
of the Secretary of State for Defence, and
no longer under a separate Minister
responsible to the Cabinet for nuclear
matters generally, raises a point of con-
stitutional significance. I think that this
criticism overlooks the fact that in this very
important area the responsibility for policy
has been, and under the proposed new
arrangements will continue to be, a
collective responsibility of Her Majesty’s
Government. This applies as much to
decisions on the nuclear weapons pro-
gramme as to decisions on strategy, and
this responsibility would in no way be

lessened by the measures now proposed.

The Secretary of State for Defence is, and
will continue to be, the departmental
Minister responsible for giving effect to the
Government’s approved policy. At present,
the development and production by
A.W.R.E. of nuclear warheads required for
the weapons programme is carried out
under contracts placed by the Ministry of
Defence with the Authority. After the
transfer this will become a matter for direct
management within the Ministry of De-
fence. In other words, there will be a
change in the administrative methods, but
no change in the essential responsibility.
The work of the Weapons Group is
predominantly military, and I am quite
sure that it is right to bring it into the
Ministry of Defence along with the other
Defence research and development estab-
lishments, and under a single management
organisation. It is only in this way that we
can so use our resources as to meet the
needs of Defence programmes in the most
efficient and flexible way.

But in stressing the predominantly mili-
tary nature of A.W.R.E. I am by no means
overlooking the considerable contribution
which it has made to basic nuclear tech-
nology, nor the extent to which the skills
and special facilities at Aldermaston have
been used to great advantage in some as-
pects of the civil nuclear power programme.
Civil work at present carried out at
A.W.R.E. accounts for about a fifth of the
establishment’s effort. Part of this is
devoted to the Authority’s research and
development programme on the fast
breeder reactor, most of which, of course, is
carried out in the Authority’'s Reactor
Group.

I can assure your Lordships that this
work, together with the other civil work at
A.W.R.E., will continue uninterrupted: the
expertise and facilities at A.W.R.E. will be
made available to the Authority and the
Department of Trade and Industry under
contracts which they will place with the
Ministry of Defence. I am particularly
concerned that my Department should
maintain close relations with the Authority
and the Department of Trade and In-
dustry, just as it has in the past in con-
nection with its military programme. All
we are doing is simply reversing the present
contractor-customer roles. Your Lord-
ships may wonder about the effect that this
transfer will have on the remainder of the
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Authority, and I can say here that the
remaining part of the Authority—that is,
the Reactor and Research Groups and the
Safety and Reliability Directorate—will
retain a vital role in the further develop-
ment of nuclear reactors and other civil
applications of nuclear research.

In the Commons

Electricity generation
13th November, 1972
MR. HARDY asked the Secretary of State
for Trade and Industry what was the share
of the electricity generation requirement
occupied by coal, oil, gas, nuclear energy
and hydro-electric schemes in the United
Kingdom in 1971; and what is the ex-
pected share for each of the above in 1976.
Mr. Emery: The shares in 1971 were
approximately as follows:

Percenrage of roral
electricity

generated
Coal 25 v 4 65
il - e .. 23
Gas B i i |
Nuclear . . i o 10
Hydro .. .. .. 1
100

I will not speculate upon the shares to be
expected in 1976, as these will depend on so
many circumstances—including growth of
demand and such unpredictable factors as
the weather.

Transport security
23rd November, 1972

Dr. JouHnN A. CunNINGHAM asked the
Secretary of State for Trade and Industry if
he is satisfied with the security arrange-
ments for the shipment of plutonium and
other substances to and from Windscale:
and if he will make a statement.

Mr. Emery: Under the Atomic Energy
Acts, 1954 and 1971, the responsibility for
the security arrangements for the shipment
of plutonium and other substances to and
from Windscale rests with the United
Kingdom Atomic Energy Authority and
British Nuclear Fuels Limited. I am satis-
fied that the Authority and the company
ensure that there are very sirict arrange-
ments for the transport of nuclear materials
to and from Windscale, and that these
arrangements are kept under review.
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Atomic Energy Establishment
Dounreay
29th November, 1972

MR. RUSSELL JOHNSTON asked the Secre-
tary of State for Trade and Industry
whether he will make a statement about the
future of the Atomic Energy Establishment
at Dounreay.

Mr. Tom Boardman: The Atomic Energy
Establishment at Dounreay is engaged on a
continuing programme of work on the
sodium-cooled fast reactor and will be for
many years. As the House was informed on
8th August, the Government see this type
of reactor as the main element, in the long
term, of our generation of electricity by
nuclear power and intends to proceed as
rapidly as possible with its development. A
large part of the development work will be
carried out at Dounreay. The 250 mega-
watt (electricity) prototype fast reactor is
nearing completion there and will be com-
missioned next year.

Radioactive wastes disposal at sea
6th December, 1972

MR. WINGFIELD DiGBY asked the Secre-
tary of State for the Environment if he will
list the provisions in the new Convention
which prohibit dumping in the sea of
atomic waste, even in containers.

Mr. Eldon Giiffiths: Article IV and
Annex I prohibit the deliberate dumping of
high level radioactive wastes except in
serious emergencies. Article VI and Annex
II require special permits for other radioac-
tive wastes, taking full account of the recom-
mendations of the International Atomic
Energy Agency. In Article XII the parties
pledge themselves to promote measures to
protect the marine environment against
radioactive pollutants from all sources, in-
cluding vessels.

Select Committee on Science and
Technology
8th December, 1972

MR. Neave asked the Secretary of State
for Trade and Industry when he will
publish his reply to the Second and Third
Reports from the Select Committee on
Science and Technology 1971-72, on the
non-reactor research and development
activities of the Atomic Energy Authority
and the Department of Trade and Industry
Research Establishments.

Mr. Peter Walker: My observations on
both Reports are contained in a White
Paper published today as Cmnd. 5176.



Status of the Steam Generating Heavy Water

Reactor

The following paper by J. Moore, U.K. Atomic Energy Authority, D. Hicks, U.K.
Atomic Energy Authority, N. Bradley, The Nuclear Power Group Ltd., and I. T.
Rowlands, British Nuclear Design and Construction Ltd., was presented to the Third
International Technical Meeting of Nuclear Industries (Nuclex '72) in Basle,

Switzerland, 16th to 21st October 1972.

Summary
The S.G.H.W.R. is a direct cycle boiling
light water reactor with a heavy water
moderator. Distinguishing features are the
use of pressure tubes instead of a large
pressure vessel, provision of emergency
cooling water as a spray operating directly
on to fuel pins and the absence of moving
mechanical components in the core.
Operation of the 100 MW(e) Winfrith
reactor for almost five years has shown the
system to be reliable and accessible for in-
inspection and maintenance. Dynamic
characteristics and fuel and materials
performance relevant to current commercial
designs have been demonstrated.

Introduction

The Steam Generating Heavy Water
Reactor is a direct cycle boiling water
reactor using light water coolant and heavy
water as the principal moderator. The fuel
design and coolant technologies are similar
to those in conventional B,W.R.s, and the
basic reactor design has the following
distinctive characteristics.

1. The pressure vessel is replaced by
Zircaloy pressure tubes of simple
geometry and well understood metal-
lurgical properties.

2. Under pressure circuit failure con-
ditions the reactor has the good safety
characteristics inherent in pressure
tube reactors. Emergency cooling
water is supplied as a direct spray
along the whole length of each fuel
element.

3. The reactor has a zero void coeffi-
cient making it relatively insensitive to
changes in steam/water content in the
core.

4. There are no moving mechanical
components in the core, control is
achieved by adjusting moderator height
and chemical shim in the moderator.
This form of control in conjunction

with the fuel management scheme
causes only small local power steps in
fuel rating during fuel life, typically a
maximum of 6 per cent.

5. Easy access for refuelling permits rapid
replacement of faulty fuel and
adoption of a fuel cycle requiring
modest fuel burn up, average dis-
charge irradiation 20,000 MWDjte.

Low enrichment UQ, fuel, 2 per cent, is

employed. Enrichment leads to significant
reductions in heavy water inventory, about
a factor 3, and results in steam void co-
efficients that are small and negative.

Control and safety problems associated

with large reactivity or power distribution
changes due to steam voids are therefore
avoided.

The S.G.H.W.R. was developed by the
combined resources of the U.K.A.E.A.
and the British nuclear industry and estab-
lished as a proven reactor system by almost
five year’s operation of the 100 MW(e)
power plant at Winfrith Heath. The plant
has been supplying power to the British
grid system since December 1967.

The Winfrith reactor was designed as a
demonstration plant for large reactors of
500 MW(e) upwards. In particular the
pressure tube and fuel element design were
optimised for a large reactor and increases
in design power are achieved simply by
increasing the number of these proven
modules. The required increase in size of
other components such as the heavy water
tank or calandria and recirculating pumps
is well within the limits of normal engin-
eering practice.

S.G.H.W.R. design

The fuel element consists of 36 pins of
UO, fuel with Zircaloy cans and a central
hollow tube through which the emergency
cooling water is supplied to spray directly
on to the fuel pins. A neutron shield and a
sealing plug are located above and con-
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Fig. 1. S.G.H.W.R.
pressure tube
arrangement.

1 Top shield seal

2 Seal plug and
housing

3 Plug stringer tie rod

4 Standpipe

5 Channel support
flange

6 Plug stringer

7 Fuel stringer—plug
stringer coupling
spigot

8 Fuel stringer—plug
stringer coupling
socket

9 Fuel assembly

10 Fuel pins (36)

11 Zircaloy pressure
tube

12 Emergency cooling
water pipe

13 Channel inlet
tailpipe

14 Bottom shield seal
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Fig. 2. Reactor core arrangement. | Channel pitch plate 2 Channel outlet headers 3 Channel outlet

risers 4 Upper neutron shield 5 Auxiliary neutron shield 6 Radial shield 7 Calandria 8 Calandria tubes

9 Service connections to calandria 10 Lower neutron shield 11 Auxiliary radial shield 12 Pressure
tubes.

nected to the fuel element. Refuelling is off
load with direct access to each pressure
tube. The arrangement of fuel and pressure
tube is shown in Figure 1.

The Zircaloy pressure tube is connected
to steel pipework by rolled joints. The tube
assembly is supported from the top of the
upper neutron shield and guided by a seal
at the lower neutron shield. The assemblies
pass through an aluminium calandria tank
containing heavy water with a CO, filled
gap between pressure and calandria tubes.
The gap reduces heat transfer and permits

the heavy water temperature to be held
below about 80°C.

The calandria pressure tube assemblies
and the neutron shields form an integrated
structure, Figure 2. The neutron shields are
fabricated steel structures containing light
water and also steel shot in the cylindrical
shields. They completely surround the core
to prevent neutron activation of all com-
ponents outside the core and to allow access
to the primary containment for inspection
and maintenance with the reactor shut
down.
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Fig. 3. Primary circuit.

The arrangement of the primary coolant
circuit containing circulating pumps and
steam drums is shown in Figure 3. Water
chemistry is controlled to be neutral and
purity is maintained by a full flow ion ex-
change system in the return condensate line
from the turbine. Also a proportion of the
primary coolant flow, equivalent to 4 per
cent of the steam flow, is passed through ion
exchange beds. In the Winfrith reactor,
pipework is stainless steel and the steam
drum has a stainless steel lining whereas
commercial designs incorporate a mild steel
primary coolant circuit.

Ease of access for refuelling gives
flexibility in choice of refuelling intervals.
For the standard fuel management scheme
refuelling would be jth of the core every
six months with the reactor shut down over
a weekend. To refuel, the reactor is shut
down and depressurised and the refuelling
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machine is connected to a channel where
it unlatches the seal plug and then replaces
irradiated fuel with new fuel. The Winfrith
reactor refuelling machine operates on a
dry charge face whereas in the commercial
designs illustrated the charge face is located
in the bottom of a refuelling and fuel
storage pond. Figures 4 and 5 show the
general arrangement of the plant including
facilities for removing irradiated fuel.
Irradiated fuel would normally be stored in
the pond for 6 months and removed in a
transport flask via the containment building
air-lock during the next plant outage for
refuelling.

The main parameters for 2 typical com-
mercial designs of 509 MW(e) and 625
MW(e) are presented in Table 1.

Operational characteristics
Power output is controlled by raising and
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Fig. 4. Section through reactor building.

lowering moderator height in the calandria
tank. Commercial designs have interlattice
tubes containing krypton gas to adjust
macroscopic radial power distribution and
to correct xenon instability in high output
reactors. Long term changes in reactivity
that occur during fuel burn up are com-
pensated for by adjusting boric acid con-
tent in the heavy water. Boric acid is re-
moved by flowing moderator through anion

exchange beds and regenerating through
the BRANDY process (boron recovery and
electrodialysis).

The automatic control system provides
load following characteristics similar to
those of conventional stations. Changes in
electricity demand operate the turbine
control valve to change steam flow rate and
the resultant change in pressure in the
steam drums produces a signal that is used

11
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Table 1

Commercial S.G.H.W.R.

Electrical output nett

Electrical output gross

Reactor heat output

Average fuel rating

Coolant mass flow through core
Steam flow to turbine

Steam pressure at steam drums

Average coolant quality at inlet to steam drum

Final feed temperature

Sub-cooling at core inlet

Number of pumps per reactor (per circuit)
Power of pump motors

Number of channels

Lattice pitch

Pressure tube internal diameter
Calandria tube internal diameter
Overall diameter of calandria
Overall height of calandria

Number of shutdown tubes

Number of gas control rods

Weight of uranium in core

D,O inventory

Maximum channel power

UO, centre temperature

Channel outlet coolant quality

Fuel can diameter

Fuel can length

Number of pins/cluster

Average initial enrichment

Average enrichment replacement fuel
Average discharge irradiation of initial fuel

Average discharge irradiation of replacement fuel

to change reactor power and so restore
pressure. Stored energy in the steam drums
enables accommodation of a step change in
power demand up to 10 per cent and larger
changes in demand can be met at a rate of
10 per cent minute between 40 and 100 per
cent full power. Inherent plant stability
permits manual control during main-
tenance of the automatic control equip-
ment.

Reactor steam may be dumped to the
main turbine condenser via a bypass
capable of accepting 100 per cent flow for
a short period and 40 per cent flow for
an extended period. In the event of
sudden loss of electrical load, the dump
valves are opened, the reactor power is
automatically reduced and a reactor trip
avoided. The governor system and con-
denser dump system permit the turbine to
provide the station auxiliary load upon loss
of the grid network load, the excess steam
being bypassed to the condenser and the

typical design parameters

MW(e) 509 625
MW(e) 540 660
MWth 1580 1900
MW/teU 20.4 19.77
kg/s 6647 8177
kg/s 806 970
Bar abs 55 55
wt % 12.1 11.9
i & 194 194
Jig 60 60
420 603)
kW 1410 1172
416 516
mm 260 260
mm 130 130
mm 180 180
mm 6820 7505
mm 4160 4160
48 64
56 64
te 80.7 100.1
te 115.5 141.5
MW 5.3 53
°c 1910 1910
wt%, 22,6 22.6
mm 16 16
mm 3880 3880
36 36
% U-235 2.096 2.139
% U-235 2.096 2.105
MWD/teU 11816 12729
MWD/teU 20679 20730

reactor automatically reducing power to 40
per cent load.

Winfrith reactor experience has shown
the following timescales for start up from
the hot pressurised state and from the cold
unpressurised condition.

Hot Cold
Operation Start HrsStart Hrs
Approach to critical - 0.5
Raising pressure and
temperature - 3.0
Turbine warm through
and run-up 0.3 1.5
Power raising 0.7 2.0
Start-up checks —- 20
1.0 9.0

Ability to operate under power cycling
conditions and to respond to rapid load
changes has been demonstrated on the
Winfrith plant.

A programme of daily power cycling in

ATtom 195 January 1973



which power has been cycled between 70
and 100 per cent full power has been in
progress during the past year with 220
cycles at the time of writing. Dynamic
tests have confirmed the ability of the auto-
matic control system to meet required
performance and a series of kinetic
measurements have been made to establish
the accuracy of theoretical models.

Safety
Inherent safety features in the basic
reactor concept are

(1) the use of pressure tubes instead of a
pressure vessel
(2) zero void coefficient

The good safety characteristics of pres-
sure tube water reactors under severe fault
conditions have been described for a num-
ber of designs, for example the Russian
steam generating graphite reactors’.

In principle pipework can be arranged to
make all the reactor coolant inventory
available to feed a breach in the primary
coolant system. Component and pipe sizes
can be chosen to give 1equired slow rates of
depressurisation and adequate cooling of
fuel by reactor coolant during the critical
initial phases of circuit depressurisation
transients. In these circumstances emer-
gency cooling water would not be required
to limit initial fuel temperature excursions
but only to secure long term post accident
cooling.

In typical S.G.H.W.R. designs these
properties of pressure tube reactors are
utilised to the extent that severe fuel
temperature transients result only if a
steam drum is assumed to fail or if flow
‘stagnation’ or ‘steam blocking’ conditions
are postulated to occur in the fuel channels
during a loss of coolant accident. It can be
shown that such events are highly im-
probable, but even so they can be accom-
modated without having to place reliance
upon complex flow stability and heat
transfer calculations. This is achieved by
the spray cooling system, which cools the
fuel by spraying it along its entire length
and which has sufficient heat transfer
capability to deal with loss of all primary
coolant flow within the first seconds of a
loss of coolant accident.

With regard to the Zircaloy pressure tube
itself, it is a simple pressure container with
well understood stress distributions. Com-
prehensive development work has shown

14
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that the length of crack in a pressure tube
required to cause rapid crack propagation
is about 40 times the tube thickness—8 to
10 cm in a 5 mm thick tube. Outleakage of
coolant would be detected before a crack
could grow to its critical length and so
prevent gross failure of a pressure tube.

The zero void coefficient of reactivity
enables either rapid increases or decreases
in the circuit pressure to be accepted with-
out any consequent reactivity excursions
being induced in the core. Thus the reactor
can accept loss of the turbine without the
necessity to trip the reactor.

The main engineered safeguards in-
corporated in reactor design are

(1) ECW provision as spray cooling

(2) Use of borated liquids for emergency
shutdown

(3) Moderator dump for emergency shut-
down

(4) Double containment

The spray cooling system has been
described.

The liquid shutdown system is designed
to deal with rapid loss of coolant acci-
dents. It has a reactivity capacity of 4 per
cent and it shuts down the reactor in 2
seconds. Its reliability has been demon-
strated by about 2000 test firings on the
Winfrith reactor without a single failure.
The moderator dump system which shuts
down the reactor in 50 seconds is itself
capable of protecting the reactor against
the more frequent faults such as loss of
power supplies to primary coolant cir-
culators. These faults require high integrity
shutdown capability that is assured by the
diversity of shutdown systems.

The Winfrith reactor has a reinforced
concrete containment building that would
be vented during the early stages of a major
depressurisation accident followed by
sealing of the building and diversion of
further release from the primary coolant
circuit through a water lute and a chemical
clean up plant. Commercial designs em-
ploy full containment typical of light water
reactor practice with a prestressed con-
crete primary containment building de-
signed to accommodate the full pressure
developed by release of all light water
coolant. A light secondary containment
building is provided to divert any out-
leakage from the primary containment to a
chemical clean up plant.

Reactor design has been systematically



analysed to determine the probability of
fault sequences and protective systems have
been provided to give the required in-
tegrity of protection determined by the
probability criteria proposed by Farmer®
and by “maximum credible accident”
criteria.

All parts of the reactor coolant circuit are
well within the range of conventional
manufacturing experience, and the highest
standards of quality control can be specified
and achieved. All pressure parts are capable
of inspection and replacement during
service, including the pressure tubes them-
selves as is evidenced by the replacement of
six tubes in the Winfrith reactor after more
than two years’ service.

Operating experience

The Winfrith S.G.H.W.R. was con-
structed and commissioned on the planned
timescale of four and a half years to attain
full power operation in January 1968.
Operating experience since then has demon-
strated reliability and flexibility of the
reactor concept and the reactor has been
used to provide a wide range of technical
data to confirm commercial design. Oper-
ational history of the reactor has been re-
ported previously® and is summarised in
Figure 6. Comments in this paper are re-
stricted to highlighting the main points of
interest.

Plant availability was seriously affected
during the first year's operation by mech-
anical faults in the ion exchange plant
causing flow bypass resulting in high copper
and iron content in the feedwater. This
lead to deposition of copper and iron
oxides around the primary circuit and in
particular as ‘“crud” on fuel element
surfaces to cause fuel failures that neces-
sitated plant outage for refuelling. Since
remedying the defects in the ion exchange
plant, water chemistry has been excellent
and planned refuelling has been effected
twice per year as proposed for commercial
designs.

Early difficulties with water chemistry
control provided useful experience in two
technical areas. Firstly examination of
irradiated fuel provided a good under-
standing of processes that cause crud
formation and its effect on fuel perform-
ance, and secondly activity build up in the
primary circuit necessitated chemical
cleaning of the circuit. Both of the primary
circuits have been successfully cleaned

together with the fuel in the core by a
proprietary reagent of ammonium citrate/
oxalate. Activity levels in different parts of
the circuit were reduced by factors 5 to 20.

Ease of access to the primary circuit and
ability to make repairs has been demon-
strated by

(i) repairs to minor leaks primarily asso-
ciated with packing on valve glands

(ii) replacement of a pipe bend that
developed a leak due to fretting wear
caused by a file left in during con-
struction

(iii) removal and replacement of 6 experi-
mental pressure tubes

The four primary coolant circulators have
provided trouble free operation. One was
replaced in 1971 for detailed examination
and found to be in excellent condition.
Bearing failures on the heavy water
circulators necessitated power reduction to
80 per cent prior to making repairs at a
planned reactor shutdown. :

Activity build up in the turbine has not
interfered with access for maintenance or
required shielding to protect operating
personnel. Inspection of the rotor in 1970
identified some cracks later shown to be
due to use of material of more than
specified hardness and in April 1972 the
rotor had to be returned to the manu-
facturers for repairs following failure of one
of its blades.

Heavy water leakage is small, currently
0.3 per cent of the total inventory and
extrapolation to a commercial plant shows
negligible contribution to energy costs.

The average load factor for the plant is
50 per cent which includes outages asso-
ciated with experimental facilities and the
overall availability excluding experimental
requirements is about 75 per cent. Avail-
ability during the 1971/2 Winter, when
emphasis was placed on power production,
was 97 per cent.

Fuel and materials performance

Early research and development and
design work established reactor physics,
heat transfer and expected fuel perform-
ance data required for overall plant design
and identified novel engineering features
requiring development. The main con-
tent of the programme that has been in
progress since the early 1960s has con-
centrated on intensive study of the following
features

AtoM 195 January 1973



| TURBINE  MAI

1

DUMP POND COOLING
POWER CYCLING |
|

REFUEL 2 CHANNELS

9

NTENANC

| ]

| ]

| ]

CUMULATIVE MW h (e)
LG AR S-S SR
Le] 6\» oul qn 00 0.- 0(- 0- 0._ °|' ol-
11 | T 1
OSSES CONDENSATE POLISHING PLANT = I
I\— GOYERNOR PRESSURE CONTROLLER
XPERIMENTAL FLUX SCAN THIMBLES STEAM LEAKS
— T 111
—+ |- PLANT MODIFICATIONS 1
IV
& REPAIR RISER TUBE LEAK
—I/CHANGE CRUDDED FUEL—
- } - i -
l }
COGM:LETE INSTALLATION OF EXPERIMENTAL
_— —aae - =S NLCATION. OF EXPERVAENTAL] | | )
|t MODIFY couneusus| POLISHING PLANT_ | _ -
. . '
’ [ e 17
| CHANGE CRUDDED FUEL _ N B
i N T 1 T T 1
EXPERIMENTAL PRESSURE TUBES !
1 T  ILIMITATION, — 1 ‘I‘"I' TR Pl s
| I |
| 1 _ N - i ol 4]
3 _Lil 1] { | ‘
o [ a CHEMICAL CLEAN _SOUTH)
—t . CHANGE EXPERIMENTAL Zr Nb—1 | —
B . ] _||PRES SURE TUBES. _ A T N S T
REFUEL 44 CHANNELS.
—— COMPREHEN SIVE COMPONENT| | - 1]
| _ MONITORING | | | o
| |
SESGE: Sls I 1[ 1_ I . t
B
e — EXPERIMENTAL FUEL -
| SCATTER PLU 6 LIMITATION
L - 4 : Ty LN, N | _
N S N S S - - SRS [ S
CE { N __.l. = I MODIFY CLUSTER L00P |
PHYSICS L _ r I T T it
_| DYNAMIC & LOOP TESTS. . !
g'—hTEAH £ WATER LEAKS _gr —t Ao

POND

TURBINE STEAM LEAKS

SPILL VALYE

L}
CYCLING

I POWER | |
CHEMICAL CLEAN [NORTH) | |
——REFUEL 32 CHANMNELS —L—‘~ ] {
| __INSTALL GUARANTEED FEED SYSTEM |
i CHANGE CORROSION RIGS I .
o | i r | 1 | 1 . — T S S N _—
= | [ ] | ]
COUPLED CONTROL TESTS
j | REFUEL 32 CHANNELS |
1 T INSTAL MNEW R G|
 — S pE i i
; -
| POWER GYCLING
I ] I
[~ - - — - -
] T
. 1

Fig. 6. Winfrith S.G.H.W.R. generation.
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