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IN PARLIAMENT

Reorganisation
of the
nuclear industry

The Minister of Technology, the Ri.
Hon. Anthony Wedgwood Benn, M.P.,
made the following statement in the
House of Commons on Wednesday, 17th
July, 1968:

In the debate on 23rd May, I sum-
marised the Government’s objectives in
seeking a reorganisation of the nuclear
industry following the report of the Select
Committee on Science and Technology
on this subject.

I have now had the opportunity of
considering the matter further and have
had the advantage of hearing the results
of the informal consultations conducted
by the Industrial Reorganisation Cor-
poration.

I have today written to the LLR.C. to
invite it to help in the reorganisation of
the industry and I am circulating the text
of my letter in the OFFICIAL REPORT. The
LR.C. will, of course, be free to recom-
mend to the Government such other
measures as it considers advisable to
reinforce the new structure. Until the
new structure of the industry is fully
operative, the Atomic Energy Authority
will continue to meet all the obligations
it has undertaken or offers to undertake.
Arrangements will be made to ensure
that thereafter commitments previously
entered into will be fulfilled.

I am asking the 1.LR.C. to assist in the
creation of two design and construction
organisations to be established in place
of the three commercial firms and the
design teams working within the Atomic
Energy Authority., We have in mind a
close integration between these two
organisations and the manufacturers of
the main constituent elements of the
nuclear “islands”. The proposed two
new companies would need to work in
close conjunction with the Thighly
successful fuel organisation set up by the
A.E.A. which is already operating on a
commercial basis.

The Government have decided that to
make this co-operation more effective in
the exploitation of reactor systems it
would be advisable to establish the



Authority’s fuel business as a publicly
owned company under the Companies
Acts with the initial share capital wholly
subscribed by the Government. In order
to emphasise the interdependence of fuel
and reactor design and supply, the
Government intend that the fuel company
should take up and hold a minority share-
holding in each of the two design and
construction organisations. Since the
establishment of the fuel company will
require legislation, I am proposing that
initially the Government shareholding
should be taken by the AE.A.

The exploitation both at home and
overseas of new reactor systems, as well
as the A.G.R., would then primarily be
the responsibility of the new companies,
whose activities we would seek to con-
centrate geographically in such a way
as to make the fullest use of the existing
services and facilities built up by the
A.E.A. at Risley.

In addition, when the proposed new
industrial structure takes shape, the
Government have in mind the establish-
ment of an Atomic Energy Board on
which the A.E.A., the design and con-
struction companies, the fuel company
and the generating boards would be
represented. This Board would concern
itself with research and development pro-
gramming, export co-ordination and
major policy matters. The two new
design/construction organisations should
be well able to stand up to international
competition abroad and should be cap-
able of a powerful effort in overseas
markets.

As part of these arrangements, the
Government will have to consider the
necessity for some modification in the
organisation of the A.E.A. in the light
of the proposed legislation for the fuel
company and the rearrangement of
responsibilities for the exploitation of re-
actor systems.

The necessity for these new arrange-
ments arises from the great success that
the A.E.A. has achieved in developing
commercial reactors. The reorganisa-
tion will be designed to secure that the
most effective possible use should be
made of this great national asset not only
in support of the new organisation of
the nuclear industry, but also in conjunc-
tion with the Government's own research
establishments in the development of

industrial technology.

These, then, are the lines along which
we hope 1o see a reorganisation of the
nuclear complex achieved. The industrial
aspects of this are the most urgent, since
it is the new design and construction
organisations upon which the task of
selling our reactor systems abroad will
fall. They will need certainty for the
future and 1 hope that we shall soon
be able to reach an agreement, at least
in principle, which will allow us to
exploit our national research and
development in atomic energy to the
full.

Mr. David Price: Is the right hon.
Gentleman aware that his decision to
have two design and construction com-
panies rather than one is in line with
the minority Report of the Select Com-
mittee and will, therefore, be welcomed
on this side of the House? Is he also
aware that this is a very full statement,
that much of the detail has vet to be
filled in, and that it is very difficult at
this stage for us to examine it closely?
Will he undertake—as his implementa-
tion of the strategy in this statement
matures—to give the House more detail
and that we will have an opportunity
to discuss it in detail across the Floor
of the House?

Mr. Benn: The role of the fuel com-
pany in relation to the design and con-
struction organisations meets the need
which was dominant in the minds of the
Select Committee in its considerations
and its Report.

On the question of further reports to
the House, I shall be guided by the pro-
gress made by the LLR.C. in talking to the
industry, but there will be opportunities
for further discussions and, as the hon.
Member knows, there will be legislation
later.

Dr. Ernest A. Davies: 1 thank my
right hon. Friend for making this state-
ment and indicating that action is being
taken to deal with the nuclear power
industry. I welcome that part of his
statement dealing with the treatment of
nuclear fuel, but can he explain why he
has prevented the I.LR.C. from consider-
ing the need for a single design and con-
struction unit and has specifically asked
for it to deal with two, since this, in
effect, according to the argument of the
major part of the Select Committee on
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Science and Technology, means that we
shall have three such organisations and
not two?

Mr. Benn: My hon. Friend is wrong
on his last point. We shall have two,
because the A.E.A. will be working in
the two design and construction organisa-
tions. As for his first comment, he will
recognise that there was also an error in
that, because we asked LR.C. first to
go out and seek negotiations on the basis
of a single design organisation. This did
not prove to be a practicable way of
doing it, and the fuel company will meet
the need that the Select Committee
brought forward.

Mr. Lubbock: Will the Minister con-
firm that these arrangements will not
jeopardise in any way the negotiations
entered into by AP.C. and T.N.P.G.
and their European counterparts for the
formation of international consortia?
Can he say whether jt will now become
possible for licences to be granted for
S.G.H.W. technology? Will it be pos-
sible, at a later stage, to consider private
participation in the fuel company?

Mr. Benn: We have not yet estab-
lished a fuel company, but the objective
is a publicly-owned company in which
the initial shareholding will be by
A.E.A. and subsequently a Government
holding. Existing commitments will
continue on the basis on which they have
been entered into. 1 stress this in relation
to A.E.A., but it applies to everybody. It
follows from the reorganisation that the
two design construction teams will have
access to the technology developed by
A.E.A.

Mr. Brian Parkyn: Will the Minister
give LR.C. a time limit by which it will
have to have its plan completed? Has
he given instructions to LR.C. to sce
what can be done concerning the tremen-
dous future of H.T.R., and capitalising
on it?

Mr. Benn: I do not think that it would
be wise to give the ILR.C. a time limit
because we are asking it to negotiate
with the firms concerned, but since a
great deal of work has been done on this
matter I should expect that the basis of
an agreement probably could very
rapidly be found. A certain amount of
work is going on in connection with the
H.T.R. We attach a lot of importance

to the H.T.R., as is evidenced by our
support for the DRAGON project.

Mr. Michael Hamilton: In the time
remaining to him, will the right hon.
Gentleman seek to reduce rather than
multiply the number of organisations
which are known by their initials only?

MRgr. BENN: That is a question for
others than myself. But it is fairly well-
established that the Atomic Energy
Authority should be known as the A.E.A.
If we have an Atomic Energy Board, it
would be hard for me to lay down that
it was not to be known as the A.E.B.

Mr. MacLennan: Is my right hon.
Friend aware that the decision about the
fuel company is unlikely to be welcomed
by the Institution of Professional Civil
Servants, which has resisted this sugges-
tion all along? Is he further aware that,
as a result of his remarks about the
geographical grouping of the new work
at Risley, there is likely to be consider-
able concern at the A.E.A.’s establish-
ment at Dounreay, whose continued
existence is of such great importance to
the area?

Mr. Benn: I do not think that my hon.
Friend should anticipate difficulties. If
we are to make a change of this kind,
there are bound to be many people who
will find that the situation alters for
them. The object of this reduction is to
exploit the highly successful work being
done by the AE.A. in nuclear research
and development. 1 should hope that
these changes could be carried through
with the good will of all concerned.
Dounreay, which is a very advanced fast
reactor development, is likely to be the
beginning of the very successful exploita-
tion of that system in this country.

Mr. Neave: Is the Minister aware that
the reorganisation of the A.E.A. will
create considerable staffing problems? Is
he further aware of the need for maxi-
mum consultation with the staff side and,
in particular, for an early decision on the
question of transferring pensions?

Mr. Benn: I recognise that there is a
great deal more work to be done in this
field. There will be the fullest possible
consultation with the staff.

Mr. Dalyell: Is my right hon. Friend
aware that some of us who signed the
majority Report, after seven months’
work, will take a great deal of convinc-
ing about his rejection of the single
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nuclear boiler company? May I ask him
two specific questions?  First, precisely
what are the minority shareholdings?
Secondly, what does he mean by “ close
integration ™?

Mr. Benn: I recognised what my hon.
Friend says about the case for the single
design organisation. It was for that
reason that we asked the LLR.C. to go
for that first. But, in practice, if we are
to have international links between the
D.C. organisations and other companies
abroad as a result of which we hope to
sell our reactor systems, there is a case
for not trying to merge into a monolithic
organisation in this country. This was
one of the dominant considerations in
our minds. This is the answer to my
hon. Friend’s second question about the
role of the fuel company's holding in the
D.C. organisations. We recognised,
the longer we thought about this, that it
was the fuel which, in the long run.
played the dominant réle in shaping the
technical standardisation required.

Sir Knox Cunningham: Will this new
structure, particularly the formation of
the companies, in any way reduce the
opportunities of hon. Members to obtain
information about this subject in the
House?

Mr. Benn: That is a technical question
with which the House will be much con-
cerned later, but it is a bit too early to
say what the arrangements will be. They
will be contained in legislation which will
come forward later.

Mr. Atkinson: The answer which my
right hon. Friend has just given would
seem to mean that it is impossible for a
Socialist structure in this country to co-
operate with private interests in Europe.
That is a view which would be rejected
on this side of the House. Would mv
right. hon. Friend accept that there will
be great disappointment that, by choos-
ing this course, he has accepted the Con-
servative proposals for the future of the
industry and has rejected outright the
advice given to him in a Motion, signed
by 104 Members, to set up a single design
authority?

Mr. Benn: I think that my hon. Friend
is wrong in two respects. First, if we are
to sell our reactor systems abroad, some
industrial collaboration is absolutely
essential, and that js why we have main-

tained this option. Secondly, I am some-
what surprised that now that a new
publicly owned, science-based industry is
to be built up on the basis of public re-
search and development, which is what
the fuel company will be, he should find
this so unwelcome.

Mr. Evelyn King: Is it possible to
infer from the Minister's statement that
the possibility of a rundown in the level
of employment at Winfrith is more or
less likely?

Mr. Benn: I think that it would be
foolish of me to try to answer a question
of that kind without proper considera-
tion. The A.E.A's success in develop-
ing a number of reactor systems has now
opened up the possibility of a new organ-
isation geared to the idea of exploitation.
I think that everybody has always
recognised that as the success of the
A.E.A. became greater the emphasis
would tend to be on the exploitation side.
The object of the new organisation which
we hope to set up is to give this new
emphasis real form.

Mr. Hooley: Is my right hon. Friend
aware that the creation of a publicly
owned fuel company is entirely accept-
able to hon. Members on this side of the
House, but that the idea that private
enterprise should control the activity of
the other two companies is not so accept-
able? Is he arguing that in order to
collaborate with other countries, com-
plete public ownership is not possible?

Mr. Benn: It is not part of my object
to argue that at all, nor js the proposal
which I put to the I.LR.C. confined solely
to the creation of a new publicly owned
fuel company. The point is that we
should try to build mixed enterprise
arrangements inside the two D.C. organ-
isations. If my hon. Friend reads the
statement carefully, he will see that this
is a balanced proposal designed to get
the best out of the A[E.A. combined with
the greatest possible prospects of selling
reactors abroad, which is the only way
in which we shall get a return on the
many hundreds of millions of pounds
which we have spent on atomic energy
research in the last few years.

Sir Ian Orr-Ewing: Would the right
hon. Gentleman remind his hon. Friends
that this was not only the solution of
the Conservative Party? The creation
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of two design companies was also the
solution which was strongly recom-
mended by the biggest customer—the
Central Electricity Generating Board.
Therefore, this will be very acceptable
to the majority of people in this country.

Could the Minister be a little more
forthcoming about the question put by
the hon. Member for West Lothian (Mr.
Dalyell)—why it is necessary to inject
public money into the two design and
construction companies? They have
operated perfectly satisfactorily up to
now. It was not clear from the right
hon. Gentleman’s earlier reply why the
Atomic Energy Authority should lend
money to the new public fuel company
to take a minority shareholding in these
two private enterprise companies.

Mr. Benn: 1 would dispute what the
hon. Gentleman says about the arrange-
ments having worked very well up to
now. If they had worked very well up
to now, we should not have devoted
two years to considering how to improve
them. We have not sold a reactor abroad
for some years, as the House knows very
well.

On the second point, about why there
should be a link between the fuel com-
pany and the two D.C. organisations,
under the proposed reorganisation some
of the A.E.A.’s staff and assets will be
brought into the design and construction
organisation in order to achieve the
maximum concentration of effort and
exploitation of the system.

That is one reason. The other reason
is to meet the need which was very
strongly pressed by the Select Committee
that we want to get the maximum con-
centration of effort and the minimum of
wasteful competition or design competi-
tion in a field in which this could be
decisive in selling reactors abroad. This
matter has been settled not on an
ideological basis, but on the basis of find-
ing a consensus of agreement between the
public agencies involved and the com-
panies which have to exploit them.

Mr. Rankin: Will the reorganisation
of the industry and the creation of the
new board be followed by a bigger intake
of technologists, scientists and engineers
on the administrative side?

Mr Benn: The object of the exercise
is to change the emphasis from nuclear
research and development, in which we

have done very well, to the exploitation
of our reactor systems. [ should very
much hope that more scientists and tech-
nologists working in the field would find
themselves on the exploitation end, be-
cause it is here that we have so much
more to do.

Mr. Fortescue: In view of the Gov-
ernment’s recent decision, taken against
the advice of every nuclear physicist in
the country, to withdraw from the pro-
posed European 300 GeV nuclear
accelerator programme, how can the
Minister be so confident in our long-term
export potential for nuclear reactors?

Mr. Benn: I do not think that the
two issues are connected. At no stage
whatever was the 300 GeV accelerator
brought forward on the basis that it
contributed to the exploitation of the

atomic reactor systems developed by the
A E.A.

Mr. Dalyell: On a point of order. In
view of the long-term importance of the
Minister’s statement, may I ask the
Leader of the House whether, before the
Summer Recess, he can provide time for
a debate?

Mr. Speaker: There is a stage in the
House on Thursday afternoon when
business questions may be asked.

Following is the letter from the Minister
of Technology to Sir Frank Kearton,
Chairman of LLR.C.:

I am writing to you, as Chairman, to ask
whether the I.R.C. would be ready to help
to carry through a reorganisation of the
nuclear industry, which has now been under
discussion for well over eighteen months.

In our earlier talks about this, you were
kind enough to advise me personally from
vour own long experience of atomic energy
matters, as a part-time member of the A.E.A.
Board. Later you and your LR.C. staff also
took informal soundings from all the parties
involved both on the recommendations of
the Select Committee and on the develop-
ment of their thinking in the light of the
Committee’s report. All this has been most
helpful. -

V’;’e have, of course, discussed this very
fully with the A.E.A. throughout apd have
now had an opportunity of considering your
suggestions in the context of the Govern-
ment's objectives which I summarised in
the House.of Commons on May 23rd as
follows:

First, to make the best possible use of all
the existing resources in this field, cutting
out overlapping and duplication, of which
there manifestly is some;
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Second, to allow those who have worked
in the Atomic Energy Authority full scope
for carrying their work forward into the
exploitation and sale of the svstems which
they have developed;

Third, 10 get the maximum possible ad-
vantage of the technical standardisation.
coupled with the most effective design com-
petition in engineering detail and construc-
tion method;

Fourth, to try to link and co-ordinate the
efforts in such a way as to relate reactor
systems to the fuel elements and reprocess-
ing business at which the A.E.A. has ex-
celled, both technically and commercially.
through its fuel production group:

Fifth, to create an organisation which
permits the sort of international industrial
links which will be of critical importance in
all sections of advanced industry and not
Just in atomic energy;

Sixth, to do this with a special eve upon
the future of the European nuclear indus-
try in co-operation with our partners in
Europe;

Seventh, to change the emphasis of our
national effort in such a way as to increase
it on the exploitation side and see that
future nuclear research is guided and shaped
more directly by the needs of the market
at home and abroad:

Eighth, to establish a creative partnership
between the public and private sectors as far
as possible by reaching a consensus of
agreement so as to allow all the other objec-
tives 1 have described to be achieved.

With these in mind. I am writing to invite
the LR.C. to assist the industry in the crea-
tion of two design and construction organisa-
tons to be established in place of the three
commercial firms and the design teams
working  within  the  Atomic Energy
Authority. 1 have in mind a close integra-
tion between these two organisations and
the manufacturers of the main constituent
clements of nuclear “islands™. The LR.C.
will, of course, be free to recommend to the
Government such other measures as it con-
siders advisable to reinforce the new struc-
ture of the industry. Until the new structure
of the industry is fully operative, the
Atomic Energy Authority will continue to
meet all the obligations it has undertaken
or offers to undertake. Arrangements will
be made to ensure that thereafter commit-
ments previously entered into will be ful-
filled.

The proposed two new companies would
need to work in close conjunction with the
highly successful fuel organisation built up
by the Atomic Energy Authority, which is
already operating on a commercial basis.
The Government have decided that to make
this co-operation more effective in the
exploitation of reactor systems it would be
advisable to establish the Authority’s fuel
business as a publicly owned Company

under the Companies Acts, with the initial
share capital wholly subscribed by the
Government. In order to emphasise the
inter-dependence of fuel and reactor design
and supply, the Government intend that the
fuel company should take up and hold a
minority shareholding in each of the two
new design and construction organisations.

The establishment of the fuel company
will require legislation, and I would propose
therefore that initially the Government
shareholding should be taken by the A.E.A.

Exploitation both at home and overseas
of the new reactor systems, as well as the
A.G.R., would then primarily be the respon-
sibility of the new companies. The design
units of these two new firms, together with
the fuel activities, should be, so far as is
possible, concentrated geographically in
such a way as to make the fullest use of the
existing services and facilities built up by
the A.E.A. at Risley.

When the proposed new industrial struc-
ture takes shape, the Government have it in
mind to set up an Atomic Energy Board,
ncluding representatives of the A.E.A., the
fuel company, the two new design and con-
struction companies and the Generating
Boards. This Board would concern itself
with the composition and financing of R &
D programmes (to which the two new de-
sign/construction companies, and the fuel
company, would be expected to contribute),
the co-ordination of activities in the export
field and major matters of policy. These
proposals have already been the subject of
discussions between our respective officials.
The two new design/construction organisa-
tions should be well able to stand up to
international competition abroad and should
be capable of a powerful effort in overseas
markets.

The Government, as part of these arrange-
ments, will have to consider the necessity
for some modification in the organisation of
the Atomic Energy Authority in the light
of the proposed legislation for the fuel com-
pany and the re-arrangement of responsi-
bilities for the exploitation of reactor
svstems. This reorganisation would be de-
signed to secure that the most effective pos-
sible use should be made of this great
national asset, not only in support of the
new organisation of the nuclear industry,
but also in conjunction with the Govern-
ment’s own research establishments in the
development of industrial technology. The
necessity for these new arrangements arises
from the great success that A E.A. has
achieved in developing commercial reactor
systems,

These, then, are the lines along which we
hope to see a reorganisation of the nuclear
complex achieved. The industrial aspects
of this are the most urgent since it is the new
design and construction organisations upon
which the task of selling our reactor systems
abroad will fall. They need certainty for
the future and I hope that the L.R.C. will be
able to achieve an agreement, at least in
principle, as soon as possible.
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Tees-side air pollution
181/ June, 1968

MR. TED FLETCHER asked the Minister
of Technology what reports he has re-
ceived from the working party set up by
his Department to look into the question
of pollution on Tees-side; and what
action he proposes to take arising from
the recommendations of the working
party.

Dr. Bray : The Working Group was not
appointed by the Ministry of Techno-
logy. It was set up by the Interdepart-
mental Committee on Air Pollution
Research under the chairmanship of the
Director of the Warren Spring Labora-
tory. Work for the Group is being
undertaken by U.K.A.E.A., Harwell,
under the terms of a requirement my
right hon. Friend made in August, 1967,
under Section 4 of the Science and Tech-
nology Act. Sixty per cent. of Harwell's
effort on air pollution is devoted to Tees-
side mist, the total cost of air pollution
work from August, 1967, to 31st March,
1968, being £52,350. An increased effort
is being made in the current year. The
limited work so far carried out both at
Tees-side and at Harwell indicates that
concentration of ammonium sulphate
particles at Harwell has been found to
be as great as that normally occurring
on Tees-side, so the usual level of pollu-
tion seems not to be greater than that
in the Harwell area. However, ammo-
nium sulphate occasionally occurs on
Tees-side in much greater quantities than
normal. When this occurs in combina-
tion with atmospheric conditions produc-
ing a sea fret, the effect may be to make
mist more persistent. The problem is
confined to some 12 days in the year,
mainly in May or June but also in Sep-
tember to November. The incidence of
the mist is uneven, affecting some parts
of Tees-side more than others.

The work planned for this summer at
Tees-side and elsewhere may confirm and
extend these ideas. As soon as a report
is available, the Interdepartmental Com-
mittee will notify direct the Government
Departments concerned regarding what
action, if any, is required.

Medical technology at
Aldermaston
24th June, 1968

MR. BaGIEr asked the Minister of

Technology what work is being done on
medical technology at Aldermaston.
Mr. Fowler: Research work at Alder-
maston covers artificial limbs, dental
materials, metals and plastics used for
implants in the body. cardiac pacemakers,
methods for clearing obstructions in
arteries, and specialised diagnostic equip-
ment and instruments. Other work con-
cerns the scientific and technical assess-
ment of commercial equipment, such as
artificial kidneys, automated laboratory
equipment and echo-encephalographs.

Nuclear propulsion
24th June, 1968

MR. WaLL asked the Minister of
Technology if he will make a statement
on progress towards development of an
cconomic nuclear reactor for merchant
vessels.

The Joint Parliamentary Secretary to
the Ministry of Technology (Mr. Gerry
Fowler): No requirement has yet been
found for a ship calling for the large
power output necessary to make nuclear
marine propulsion competitive.

The Government are Kkeeping this
under review in collaboration with the
shipbuilding and shipping interests.

Mr. Wall: Does the hon. Gentleman
believe that further progress can be made
without trials and a prototype ship afloat?
Does he realise that we, a premier mari-
time nation, are rapidly falling behind in
this importani development?

Mr. Fowler: The crucial question here
is whether such a project would be com-
mercially viable. It would be madness
to indulge in quite heavy expenditure,
particularly if such expenditure were
borne by the Exchequer, without any
commercial prospect for the sale of such
a vessel.

Sir H. Legge-Bourke: Does not the
hon. Gentleman realise that, since the
Padmore Committee reported some years
ago, thinking on this matter has changed
considerably as a result of the concept
of the container ship with a nuclear-
powered hull for a quick turn-round?
Will he give a little more encouragement
to those who have really progressive ideas
in this field?

Mr. Fowler: We are encouraging the
shipbuilding and shipping interests to
discuss this matter in the hope that they
may be able to produce a commercially
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viable project. In recent years, the gov-
ernmental position in the matter has
taken a sharp turn for the better in that
both the atomic energy interests and ship-
building interests are now concentrated
in the same Department, the Ministry of
Technology.

Generation cost in Scotland
26th June, 1968

MR. EADIE asked the Secretary of State
for Scotland what was the cost per unit
of electricity sent out in 1967-68 from
South of Scotland Electricity Board power
stations using coal, oil and nuclear power,
respectively, giving the figures in each
case to include depreciation and interest
on capital invested in power stations
under construction.

Mr. Ross: I am advised by the Board
that the costs per unit were for coal-fired
stations 1.177d., for oil-fired stations
1.122d., for nuclear stations 1.011d., and
for gas turbine stations 2.715d. These
figures, unlike those given an page 20 of
the Board’s Annual Report for 1967-68,
include depreciation and also interest on
capital invested in power stations at
present under construction, but make no
allowance for subsidy paid towards the
cost of substituting coal for oil.

Hunterston ““B’’ nuclear power
station
26th June, 1968

MR. EADIE asked the Secretary of State
for Scotland what is now the expected
total capital cost of the Hunterston “B”
nuclear power station, including the initial
fuel charge; and how the cost per kilo-
watt will compare with the existing Kin-
cardine coal-fired station, and the station,
also coal-fired, now being built at
Longannet.

Mr. Ross: The estimated capital cost
of Hunterston “B” is £87.5 million, or
£70 per kilowatt sent out, and the initial
fuel charge is estimated to cost a further
£15.7 million, or £12.6 per kilowatt. Kin-
cardine generating station cost £50 per
kilowatt and Longannet is expected to
cost £45 per kilowatt.

CERN 300 GeV accelerator
27th June, 1968
MR. LusBock asked the Secretary of
State for Education and Science, what
decision he has made concerning British
participation in the CERN 300 GeV

accelerator; and if he will make a state-
ment.

Mr. Edward Short: A statement on
Her Majesty's Government’s policy in re-
gard to participation in the CERN 300
GeV accelerator project was made at
CERN Council meeting last week. I will
circulate a copy of this statement in the
OFFICIAL REPORT.

The gist of the statement was that the
Government regretfully concluded that
with their other commitments the ex-
penditure involved on this very large pro-
ject would not be justified. In reaching this
decision they gave full weight to the views
expressed by the Science Research Coun-
cil and the Council for Scientific Policy,
but they had also to take account of
wider considerations. United Kingdom
nuclear physicists will continue to enjoy
the basic CERN facilities and we are par-
ticipating in the large Intersecting Storage
Rings project now under construction. At
home the national and university facilities
for nuclear structure work as well as for
high energy physics will continue to be
developed as part of the programme of
the Science Research Council.

Statement at CERN Council meeting on
20th June, 1968 by the United Kingdom
delegate Professor Flowers

At the Council meeting in December 1
said that my Government were giving
very careful consideration to the question
of participation in the 300 GeV project.
They had obtained advice from various
scientific bodies. which has since been
published. My Government were particu-
larly concerned at the effect which partici-
pation in this project might have on the
balance of resources between high energy
physics and other scientific activities and
they also had to review the implications
of the devaluation of sterling. .

Mv Government have now decided in
the light of their other commitments that
expenditure involved on this very large
project would not be justified. Her
Majesty's Government regret this decision
because they fully appreciate that the
project is well conceived and that strong
scientific views have been expressed in its
favour, But they are satisfied, after an
exhaustive review of the arguments, that
they should not enter into this commit-
ment. ) )

In reaching this conclusion my
Government have had in mind that
through CERN, which they will continue
to support, the European high energy
nuclear physics community already has an
important project in hand in the Intersect-
ing Storage Rings. This will give European
physicists a uniaue instrument which will
enable some further advances to be made
in the physics of very high energies.
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Dounreay Fast Reactor
Ist July, 1968

MR. KELLEY asked the Minister of
Technology if he will state the cost of
bringing the fast reactor at Dounreay
back into commission after its breakdown
in July 1967; and at what date it began
to operate following the leak in the
coolant circuit.

Dr. Bray: The cost of bringing the
Dounreay Fast Reactor back into com-
mission was £105,000. This figure does
not include the wages and salaries of
the employees engaged on the remedial
work, who were diverted from other
duties.

The reactor began operating again on
19th June, and was bought to full power
on 22nd June.

Hunterston “A’" nuclear power
station
3rd July, 1968

MRr. EapIE asked the Secretary of
State for Scotland what is the total capi-
tal cost of the Hunterston ** A " nuclear
power station; and what this cost repre-
sents per kilowatt.

Dr. Dickson Mabon: The total capital
cost of Hunterston ** A ™" was £64 million,
representing £185.5 per kilowatt sent out.

Chapelcross breakdown
3rd July, 1968

MR. EADIE asked the Minister of Tech-
nology, what is the cost so far of the
breakdown of the Atomic Energy Autho-
rity’s reactor at Chapelcross; and what
is the total period for which the reactor
is estimated to be out of action; and
what is the expected final cost of the
breakdown?

Dr. Bray: The Atomic Energy Autho-
rity estimate the cost of repairs on No.
2 reactor has been £150,000 and the loss
in electricity sales at just over £1 million.
The reactor is likely to be out of action
for some months and the final cost of the
breakdown cannot be forecast. Further
repairs will cost about £10,000 per month
with a loss of electricity sales of £90,000
per month. The other three reactors con-
tinue to operate at their normal high load
factor of about 94 per cent. and the
station’s overall load factor, with one re-
actor out of commission, has been 70 per
cent.

Fish Preservation
8th July, 1968

Mgr. W. H. K. BAKER asked the Minis-
ter of Technology (1) what official
representation he plans to send to the
trials of the preservation of fish by ion-
izing radiation in Iceland;

(2) what plans he has for applying
irradiation for the preservation of fish.

Mr. Fowler: Considerable work on
this subject has been carried out jointly
by Torry Research Station and the Wan-
tage Laboratory of the United Kingdom
Atomic Energy Authority. The possibili-
ties of commercial application seem
limited and there is concern about a pos-
sible health hazard from the product. The
sale to the public of irradiated food is
generally prohibited in the United King-
dom, individual applications for exemp-
tion being considered on merit. There
will be no official representation at the
trials in Iceland.

Uranium Supplies
9th July, 1968

MR. EADIE asked the Minister of Tech-
nology if he is satisfied that supplies of
uranium will be adequate for the present
nuclear power station programme.

Dr. Bray. Yes. The uranium supplies on
hand or under contract will meet require-
ments in full until well into the 1970's
and part of requirements up to 1980. The
growth of exploration in many parts of
the world should result in sufficient
uranium being forthcoming at reasonable
prices to meet nuclear power programmes
and the Atomic Energy Authority assure
me that they foresee no difficulty in
making additional contracts when this
seems desirable.

New power stations
9th July, 1968

MRr. SHINWELL asked the Minister of
Power what decision has now been
reached about an electricity generating
station at Seaton Carew.

Mr. Lubbock asked the Minister of
Power when the C.E.G.B. will be allowed
to place orders for the Hartlepool and
Heysham stations.

Mr. Mason: No decision has yet been
reached. The timing of orders for any
new power stations will depend on the
outcome of the present capital investment
reviews.
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APACE Centre
courses

The staff of the Aldermaston Project
for the Application of Computers to En-
gineering (APACE) have now been run-
ning their specialist courses for eighteen
months. The training in the mechanical
engineering field has fallen into a regular
pattern in the light of demand. As from
September 1968 a new series of courses
in the electronic field is being introduced.

The following will be run in the
Autumn :

Computer Appreciation Course for En-
gineers—4 days, fee £48.

Ist-4th October

29th October-1st November.

19th-22nd November.

17th-20th December.

2 CL Users Course—44 days, fee £54.
16th-20th September.

A.P.T. Part I Course—4} days, fee £54.
14th-18th October.

FORTRAN Programming Course for En-
gineers—5 days, fee £60,
4th-8th November.

Electronic Computer Aided Design Intro-
ductory Course for Engineers—4} days,
fee £54.

23rd-27th September,

11th-15th November.
Circuit Analysis Users Course—3 days,
fee £36.

10th-12th December.

Further information about these
courses or other APACE services may be
obtained from The Secretary, APACE,
UKAEA, Blacknest, Brimpton, near
Reading, Berks. (Telephone Tadley 4111,
ext. 5951/5873). Overnight accommoda-
tion is arranged for course members on
request.

RIPPLE Colloquium

The full texts of the seven papers pre-
sented at the Colloquium on Isotopic
Thermoelectric Generators held in Lon-
don on 30th January, 1968, appeared in
the May issue of the Newsletter published
by the French CEA and the ENEA.
Copies are available from CEA-ENEA
Isotopic Generator Information Centre,
Boite Postale No. 2, 91-Gif-sur-Yvette,
France.

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

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

Science and Mathematics Teachers and
use of Radioisotopes in Schools

9th to 13th September, 1968

24th to 28th March, 1969

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

Lecturers in Engineering
16th to 20th September, 1968

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

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

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

continued on page 241
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U.K.A.E.A. PRESS RELEASES

Analytical Research and
Development Unit

An Analytical Research and Develop-
ment Unit is being formed at Harwell
on 20th June, 1968. To meet the exacting
needs of the nuclear programme, Harwell
has built up wide expertise and resources
for the measurement and control of im-
purities in industrial materials and pro-
cesses. The new Unit will provide industry
with direct access to the Harwell expertise
and resources.

Impurities, often at concentrations of
one part in a million or less, greatly
change the properties of many materials
(for example, steels, refractories, cata-
tysts or electronic materials) and discus-
sions with about 30 firms, research asso-
ciations and other bodies have shown that
trace impurity problems are now of grow-
ing importance to a wide range of indus-
try. The principal industrial needs are
first, better techniques for measurement
of impurities, particularly at very low
concentrations, or for example in thin
surface films or particular chemical
forms; and second, the development of
non-destructive, high-speed or on-line
analytical techniques suitable for subse-
quent process control.

The Analytical Research and Develop-
ment Unit will study analytical problems
encountered by specific firms or indus-
tries, will assess techniques before they
are installed in industry and will provide
a technical and advisory service on ana-
lytical techniques. Specialised analytical
methods appropriate to on-line methods
of process control, especially those of
common interest to a number of indus-
tries, will also be developed in such a way
as to anticipate future requirements
wherever this is practicable. The pro-
gramme will include both short-term de-
velopment work on specific problems and
research of a more general nature.
Courses will be arranged for industry on
those areas of analytical science for
which no provision is made by other
bodies. The Unit will work in close col-
laboration with industry, including instru-
ment manufacturers, and with govern-
ment laboratories and research associa-
tions. An Advisory Committee will be set
up, with representatives of industry, re-
search associations and the Ministry of

Technology, to advise the Director of
Harwell on the research programme and
to keep the progress made under review.

The Unit will form part of the Analy-
tical Sciences Division at Harwell and
will be under the general direction of Dr.
A. A. Smales, the Division Head. It will
be staffed by transferring scientists from
nuclear work as the demand for the new
services grows. About 14 scientists will
join the Unit when it is fully operational
when the annual operating cost is ex-
pected to reach about £205,000 p.a.

The programme will include sponsored
and consultancy work (carried out in con-
fidence at full cost for industrial firms),
joint research programmes with industry
(to which each partner contributes effort
and resources and shares proportionately
in the benefits) and work aimed at less
immediate objectives having wide poten-
tial industrial application. Advice and in-
formation will be available free of charge
in the first instance. Enquiries should be
directed to:—Dr. R. K. Webster, Analy-
tical Research and Development Unit,
A.E.R.E., Harwell, Didcot, Berks. (Abing-
don 4141, Ext. 2944).

The Analytical Research and Develop-
ment Unit is being set up following the
recent issue of a Reaquirement to the
Authority by the Ministry of Technology
under the Science & Technology Act
1965, and will form part of the Author-
ity’s programme of non-nuclear work,

Technical note

The following examples indicate the
range of applied research that can be
undertaken by the Unit. Assistance can
also be given with more immediate prob-
lems such as the determination of specific
trace elements in metals, refractories, slag,
paper, electronics materials, etc.

Trace analysis

Development and application of trace
element determination technigues to in-
dustrial materials.

This could include development of
reactor activation methods to achieve
higher sensitivity, speed and range of
elements; of methods, particularly for
light elements, using neutron beam tubes,
fast neutrons, charged particles and
gamma photons, and exploiting prompt
gamma rays where possible; of sensitive
mass spectrometric isotopic dilution tech-
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niques, and of spark source mass spectro-
graphy, for improved speed and accuracy.

Surface distribution and depth profile
measurements

Development of techniques for the
examination of thin films and surface
layers, for example for application to
corrosion studies, thin film electronic de-
vices, and possibly for element correla-
tion studies to establish chemical forms.

This could include activation/track
counting, X-ray milliprobe, and spectro-
scopic methods, and the development of
charged particle surface scanning and
scattering techniques.

Chemical forms and oxidation states
of elements

Non-destructive measurements for solid
materials by broad line nuclear magnetic
resonance, electron spin resonance, etc.;
mass spectrometry, for example for the
analysis of effluent gases.

Improvement of more conventional
techniques for wider industrial use
Namely, gas chromatography, electro-
chemistry, atomic absorption methods,
optical spectroscopy, and faster, or auto-
mated, chemical separations. This require-
ment may arise from an initial materials
study using more specialised methods.

Computer techniques

The development of techniques for
using computers for direct data acquisi-
tion from analytical instruments, control
of sample changers, etc. For example,
automatic reading of spectrographic
plates, automated activation analysis sys-
tem (using neutron generator, germanium
diode detector and data processor), a
time-sharing system for the analysis of
spectral data from several analytical in-
struments.

On-line analytical methods

Many of the above could be developed
as non-destructive or computer-coupled
methods and applied to flowing systems
of solids, solutions, fused salts or molten
metals as a means of continuous analysis
or monitoring.

Facilities available to the analytical
research and development unit
Equipment includes:
Standard and high speed rabbit systems
to the DIDO reactor.

Elliott K tube and P tube neutron
generators.

Mass spectrometers including spark
source, thermal emission and gas
instruments.

Varian D.P.60 nuclear magnetic reson-
ance spectrometer.

Varian X band electron spin resonance
spectrometer.

PDP-8 computers.

Quantimet image analysing microscope.

Optical emission spectrographs includ-
ing a range of grating and prism in-
struments, flame photometers, etc.

Laser micro-probe analyser.

Phillips fluorescence X-ray
meters.

Telsec Beta probe X-ray spectrometer.

Scanning X-ray milliprobe analyser.

Other analytical instruments i.e. gamma
spectrometers, polarographs, coulo-
meters, spectrophotometers, vacuum
fusion equipment, gas chromato-
graphs, etc.

Harwell equipment available for use
by the Unit includes the pipo and PLUTO
reactors, the 0.5 MV Cockcroft Walton
set, the 2 MV, 3 MV, 5§ MV and Tandem
Van de Graaff accelerators, the 180 MV
synchrocyclotron, the variable energy
cyclotron and the electron linear acceler-
ator.

spectro-

1th June, 1968

D.F.R. back on power

The Dounreay Fast Reactor resumed
power operation on 22nd June, 1968,
after being shut-down on 29th July, 1967,
following the discovery of a leak in the
primary coolant circuit. The location
and repair of the leak was carried out by
the D.F.R. operating and maintenance
staff assisted by other Dounreay staff
and with specialist advice from various
parts of the Authority.

For many years it had not been
thought possible that a repair of this
kind could be carried out and its success-
ful completion gives confidence in the
ability to repair radioactive sections of
future sodium-cooled fast reactors. The
experience gained has enabled modifica-
tions to be made in the design of future
fast reactors so as greatly to facilitate
and shorten the period required to carry
out repairs to the plant should these
become necessary.
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The reactor will now resume its role
as a test-bed for the fuels of future fast
reactors together with a programme of
experimental work being carried out for
overseas customers who have placed
contracts for work in the reactor worth
more than £1 million.

24th June, 1968

U.K./U.S.A. isotope
company formed
A similar release was issued in the U.S.A.

The Radiochemical Centre, Amersham,
which offers the widest range of radio-
isotopes in the world, has formed a join:
company with G. D. Searle & Co. (Inc.)
of the U.S.A. for marketing operations in
North, Central and South America.

Searle & Co. are one of the leading
manufacturers of pharmaceuticals in the
United States. Among their subsidiary
companies is the Nuclear-Chicago Cor-
poration, who manufacture nucleonic
instruments and have distributed many
of the Centre's products in the United
States since 1952.

The company, to be known as The
Amersham/Searle Corporation, will be
under 50/50 ownership and control as
between the United Kingdom Atomic
Energy Authority and G. D. Searle &
Co.

The Board has three British and three
American directors. Sir Charles Cun-
ningham, Deputy Chairman of the United
Kingdom Atomic Energy Authority, is
Chairman of the Board and the other
British representatives are Dr. W. P.
Grove, Director of the Radiochemical
Centre, and Mr. H. Lowis Barman, con-
sultant to the Authority and formerly a
director of Rolls-Royce and Associates,
Ltd. The American members are Mr.
D. C. Searle, President of G. D. Searle
& Co.; Mr. W. D. Owens, President of
the Nuclear-Chicago Corporation, and
Mr. J. L. Kuranz, Senior Vice-president,
Nuclear-Chicago.

Dr. C. C. Evans, Manager of the In-
organic Department at Amersham, will
be Technical Manager of the new com-
pany at its headquarters in Chicago. He
takes up his appointment later this
month.

The U.S.A. is already Amersham'’s
largest overseas market. Their sales
there have more than doubled in the past
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five years and are now approaching the
$1,000,000 a year mark. The total U.S.
demand for radioisotopes is currently
estimated at $20 million a year and is
increasing rapidly.

Amersham’s total sales of radioiso-
topes are now in the region of £3,000,000
a year and increasing by about 159
annually, over one half by value being
exported. For their achievements in this
new field of technology the Centre
received the Queen’s Award for Industry
last year.

Background notes
The Radiochemical Centre, Amersham

Radioactive work began at Amersham
in April, 1940, with the refining of
radium and manufacture of luminous
paints for the wartime aircraft industry.
It was a venture of private enterprise,
with a small laboratory working under
technically primitive conditions, equipped
with few instruments and staffed by no
more than a dozen people—but this was
the nucleus on which later developments
were built.

The Radiochemical Centre was estab-
lished under public ownership on the
same site in 1946. Its purposes were
quite definite: to provide radioactive
substances, however and wherever they
might be needed by doctors, engineers
and research workers, at home or abroad
—and to do so in a businesslike way as
a commercial enterprise.

Today the purposes of the Centre are
still the same, but its technical resources
have grown immensely. The basic raw
materials are derived from research re-
actors at Harwell and from several pro-
duction reactors elsewhere within the
UK.AE.A., so providing a highly de-
pendable service. There are extensive
laboratories at Amersham well equipped
for all kinds of radioactive work, and a
powerful cyclotron has recently been in-
stalled there. This is the first machine
of its kind to be designed and operated
solely for making radioisotopes.

The range of radioactive products has
grown to an extent which would have
been unbelievable 20 years ago in the age
of radium. The current catalogue offers
some 2,000 items. There are 150 radio-
isotopes available in more than 1,000
chemical compounds and in 600-700
kinds of radiation appliance. Standards



Members of the board of the new Amersham|Searle Corporation, formed to market British

radioisotopes in North, Central and South America. From left to right (back):

Mr. Kuranz;

Sir Charles Cunningham (Chairman): (front row) Mr. Owens; Dr. Grove: Mr. Searle; Mr.
Barman.

of quality and purity are extrcmely high,
to meet many specialised use: in medi-
cine, industry and research.

The Centre now employs 500-600
people. In 1966/67 nearly 75,000 con-
signments of radioactive products were
sent out, to almost every country in the
world.

Biographical notes
Sir Charles Cunningham, K.C.B., K.B.E .,

C.V.0.

Sir Charles Cunningham was born in
Dundee on 7th May, 1906. He was
educated at the Harris Academy, Dundee,
and the University of St. Andrews.

He entered the Scottish Office in 1929
and became Private Secretary to the
Secretary of State for Scotland, 1935-39:
Assistant Secretary, Scottish Home De-
partment, 1939; Principal  Assistant
Secreiary, 1941: Deputy Secretary, 1942:
Secretary, 1948. He was Permanent Under
Secretary of State at the Home Office
from 1957 to 1966. On his retirement
from the Civil Service, Sir Charles was
appointed to full-time Membership of the
U.K. Atomic Energy Authority and
became Deputy Chairman of the Autho-
rity on 31st October, 1966.

Dr. Walter Patrick
(London), F.R.1.C.
Dr. W. P. Grove was born in 1914, He

Grove, Ph.D.

was educated at Brighton Grammar
School, Birkbeck College and University
College, London.

His first practical acquaintance with
radioactivity was as an assistant in the
laboratory of the Radium Institute,
London, in 1931, under W. L. S. Alton.
Later he worked as a junior chemist in
the research laboratories of May & Baker
Limited under A. J. Ewins, F.R.S., and
of Johnson Matthey & Company with
A. R. Powell, F.R.S.

He was a research student of Professor
S. Sugden at Birkbeck College, and in
1937 moved with him to University Col-
lege, London, as an assistant lecturer in
the Department of Chemistry. His re-
search topic was the magnetic properties
of salts of the platinum metals group.

From the outbreak of war he spent a
short time at the Roval Naval Torpedo
Establishment at Greenock. In 1940 he
joined Thorium Limited with the assign-
ment of starting a laboratory at Amer-
sham for refining radium to meet wariime
needs. In 1944 he spent four months
with the British/Canadian “Tube Alloys™
(nuclear energy) project in Montreal.

The laboratory at Amersham became
The Radiochemical Centre in 1946, first
under the Ministry of Supply and later
as an establishment of the U.K. Atomic
Energy Authority. From 1959 the Centre

continued on page 231
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Press visit Harwell

On Tuesday, 2nd July, A.E.R.E., Harwell,
held a Press Visit at which Dr. Walter
Marshall, Director of the establishment,
welcomed the Press. His introductory
talk is printed below.

ON behalf of all the staff, may I first
welcome you here today. Since 1 took
over as Director, this is the first oppor-
tunity I've had to welcome the Press, but
I hope I'll have many more opportunities
in the future.

As you all know, in the last few vears
there has been some uncertainty about
Harwell's future and many of you have
drawn attention to this in the articles
you've written. The main point 1 want to
make today is that I believe these diffi-
culties are mostly resolved and that we
ourselves are now quite clear what we
should do in the next few years.

We are therefore specially pleased to
see you today. We plan to show you some
new work which we find exciting—and
which we hope you will find exciting
also. In total this new work represents
a major change in Harwell's programme
and in the objectives of the research we
do.

Work for industry

The big change we are making is to in-
crease rapidly the amount of work on
applied projects for industry, In one
sense this is not entirely new, because we
have always undertaken applied work of
this kind, but in past years these activities
have always been secondary to our main
role which has been to assist the nuclear
power programme. But by this time next
year applied research in close association
with British industry will be the largest
activity in Harwell's programme,

This applied work is divided into two
parts. I would like to tell you something
more about each of these parts in turn.

The first part is done under the 1954
Atomic Energy Act which gives us the
legal powers to pursue industrial objec-
tives provided that these used nuclear
techniques, isotopes and radiation, for
example, Therefore we have, for many
years, done work of this kind. But, in the

main, I would describe that work as
“missionary” in character: our objectives
were to demonstrate to industry at large
that nuclear ideas and techniques could
help them in their business. We no longer
regard this approach as justified and in
future our research programme will con-
centrate on those ideas where we (and
British firms) see prospects of an early
financial return. Furthermore, as early
as possible in the life of each project we
shall choose industrial firms as our part-
ners and work with them, in confidence, to
obtain the maximum commercial benefit.
In other words, we are changing our
approach to this work from being
" missionary " to * mission-oriented ™,
However, we shall continue to give advice
and answer queries about the use of iso-
topes and radiation.

Non-nuclear work

The second part of our applied work
is entirely new and is made possible by
the legislation of the 1965 Science and
Technology Act. Under that Act the
Minister of Technology has the power to
require the A.E.A to undertake research
outside the nuclear area. Here at Harwell
we have responded to the opportunity
offered by this Act and have initiated
several ideas which have led to require-
ments from the Minister. So far, we have
received about ten formal requirements
which authorise us to work outside the
relatively narrow field of atomic energy.
For each of these requirements we have
set up a new project with a nominated
project officer to pursue commercial ob-
jectives in the national interest. So far
the response we have had from British
industry has been substantial and we have
been very encouraged.

The first non-nuclear project to be
approved was on desalination. This is an
Authority project in which Harwell takes
part. We do work on three methods of
desalination: on flash distillation, on
freezing, and on reverse osmosis. In each
of these areas we collaborate with a single
firm and last year the Minister authorised
the second phase of the research pro-
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