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Taken before the Innovation, Universities, Science and Skills Committee

on Monday 7 July 2008

Members present

Mr Phil Willis, in the Chair

Dr Roberta Blackman-Woods

Dr Brian Iddon

Mr Gordon Marsden
Graham Stringer

Witnesses: Professor Sir Chris Llewellyn Smith, Director, United Kingdom Atomic Energy Authority
(Culham Division), Professor Jonathan Billowes Director of Education, Dalton Nuclear Institute, Dr
Stephen Garwood, Director, Engineering & Technology-Submarines, Rolls-Royce and Dr Graham Baldwin,
Pro Vice Chancellor (Nuclear Industries), University of Central Lancashire, gave evidence.

Q1 Chairman: May I welcome our first panel of
witnesses this afternoon. Thank you all very much
indeed for coming to this the first evidence session
for our nuclear engineering case study, as part of our
major inquiry into United Kingdom engineering.
We are particularly grateful that you have come
along, because obviously nuclear engineering and
the development of new nuclear power stations is
very much high on the Government’s agenda at the
moment and the one question that we are asking as
a Committee in engineering terms is, are we capable
of actually building a whole set of new nuclear power
stations? Do we have the capacity to do that and if
not, what do we need to put in place? I wonder if I
could introduce our witnesses this afternoon:
Professor Sir Chris Llewellyn Smith, the Director of
UKAEA at Culham; Professor Jonathan Billowes,
the Director of Education at the Dalton Nuclear
Institute; Dr Stephen Garwood, the Director of
Engineering & Technology-Submarines, at Rolls-
Royce; and Dr Graham Baldwin, the Pro Vice
Chancellor (Nuclear Industries) at the University of
Central Lancashire. I wonder if I could I start with
you, Professor Billowes. Could you give the
Committee a definition of what you see as nuclear
engineering; what is it? Your colleagues will then
check to see whether you get the right answer.
Professor Billowes: The narrow definition, if you
have an undergraduate programme called nuclear
engineering; it would have reactor physics and
criticality, nuclear fuel cycle, some hydraulics, basic
nuclear physics and radio protection. If you ask
what a nuclear power programme would require, it
is rather broader, so it would have chemistry, radio-
chemistry materials, socio-economics and social
sciences.

Q2 Chairman: Colleagues, would anybody like to
add to that?

Dr Garwood: 1 can give a slightly modified, industrial
view, Chairman. In the industrial arena, I think it
would be broader, in the sense that people with an
engineering background and a graduate degree who
are then trained in the nuclear arena in their
specialisations which could be done by the industry
would also be nuclear engineers in the broad.

Dr Baldwin: From our point of view, we took a fairly
broad definition and looked at engineering applied
to the nuclear sector, so that we did not just narrow
it down to those people who required specific nuclear
activities but the engineering that is required to
underpin the nuclear industry broadly.

Q3 Chairman: So, if you were building a nuclear
power station, a significant amount of it, taking
away the reactor, is standard engineering, but would
you include that because it was part of the nuclear
installation as nuclear engineering?

Dr Baldwin: Yes, we see a need for specific
programmes as well as more generic programmes
and within those generic programmes we would
have a stream of core engineering elements but then
some nuclear modules attached to that. But then
when a graduate goes into the industry they would
then be able to apply that in the various different
contexts and they would get training on the ground.

Q4 Chairman: Sir Chris, is it important for us as a
Committee to make it absolutely clear what we
understand by nuclear engineering?

Professor Llewellyn Smith: Yes, 1 should think so.
Fusion is in the research phase at the moment and is
mainly dominated by plasma physics, but in the
future it is going to become increasingly dominated
by engineering and development and the United
Kingdom programme must move in that direction
because that is where the intellectual value will be
and that is where the centre of gravity will be. We
have lots of engineering skills in what we are doing
in particular to operate the Joint European Torus at
Culham at the moment in cryogenics, controls, high
vacuum, super conductivity and radio frequency
systems but in the future we are going to need just
these skills, fuel cycle and others, fluid transfer, high
heat flux, which are broader than nuclear. In
building a fusion power station, there will be a core
of some nuclear skills but a very broad range of
engineering will be needed. At the moment we only
have a limited range of specifically nuclear activities
to do with the activation of materials and the tritium
handling cycle, which we will probably have unique
expertise in the world—I am talking about half a
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dozen people, at the moment. But if we are not
moving there in 15 years, the United Kingdom will
not be there as a major player.

QS5 Graham Stringer: That leads neatly on to a
question of what are the nuclear engineering
strengths and weaknesses. What are the strengths in
this country of nuclear engineering and what are the
weaknesses?

Dr Garwood: There is a very strong strength on
design still in this country. My company has been
designing pressurised water reactors for 50 years. We
have 850 nuclear engineers in the broader sense
working today on that activity and that is a
continuing skill. There is also a skill out in the supply
chain, which has come from the legacy issues in
nuclear engineering and I think it is that supply
chain that we need to advance with the new civil
build. We still have a very strong capability outin the
supply chain and in certain industries in the
nuclear area.

Q6 Graham Stringer: Anybody else on weaknesses?
Professor Llewellyn Smith: Yes, if I look at the skills
we need, it is much broader than just nuclear, so the
physicists we want we can get; the mechanical
engineers we want, with some difficulty; high voltage
electrical engineers, not for love or money;
mechanical engineers with design and project
leadership skills, very difficult to get; in the future
when we need nuclear engineers, I expect they will be
difficult to get too.

Q7 Graham Stringer: What do you think the
Government should do about those weaknesses,
those areas where we do not have the skills?
Professor Llewellyn Smith: It needs things to
encourage young people at all levels. Starting off, we
are doing things in primary schools, for example. By
the way, I would like to invite the Committee to
come and visit us, in particular, to see what we are
doing with primary schools, which is very
interesting. We get the kids in and I can give you a
quote from an independent reviewer, “I used to think
that science was boring but now I see it can actually
be interesting”, etc. All the way up, we are doing
what we can at schools for the very long term; at
university we have summer placements, and so on,
and we are trying to get engineering graduates in, but
there is competition out there, but we are growing
our own. We have also restarted our own
apprenticeship scheme, which was dead for many
years, and it is going well. The first entry is just
coming through; two of them are now doing part-
time degrees. We are doing what we can, but it is a
drop in the ocean, so it needs something to really
stimulate engineering generally in schools. I have got
some ideas on that.

Q8 Chairman: Is there anything you want to add?

Professor Billowes: Yes, on the weakness side, which
apart from the fusion programme, in the fission area,
our engagement with Europe and America is weak in
basic R&D and if we could get that done at

universities and with the National Nuclear
Laboratory, it would encourage young people, it
opens up a pipeline to general engineers to get into
that area, so GEN 4 type systems, GNEP.

Dr Baldwin: 1 think we need clarity of message. I
would agree that we have got a long history and
experience of delivering high-quality engineering
education and that capability still exists, but there is
a challenge in the throughput of new people into the
industry, or into the subject area, so we have to be
innovative in terms of our delivery. We have to have
clarity of message because we have not recruited
significantly as there has been hesitancy and
uncertainty around nuclear and its future. So, we
welcome the fact that there is that clear message but
we need that clarity and we need to translate that
into innovative programme design and to encourage
young people to come through and take on science,
technology and engineering subjects, as we have
heard, at school and right the way through into
university. We have got to have that clarity and
joined-up approach.

Q9 Graham Stringer: So, we have got an immediate
skill shortage in certain areas. What are the other big
challenges over the next 50 years?

Professor Billowes: 1 think there are three areas that
we need to work in. One is that we are going to need
operators to operate plant from 2018, and they
should be in the educational system now and they
need a career path; they have got to be suitably
qualified and experienced, and getting experience
takes years. In the short term, the expertise is in the
country, it will probably be in the National Nuclear
Laboratory, the Nexia Solutions people, provide
enough expertise in the licensing process to start off
with, but that expertise needs to be carried over to
the next generation as well because those people are
older than average and will be retiring soon.

Q10 Chairman: All this is pie in the sky. We were
talking about major civil build for four and up to 10
nuclear power stations, starting within the next six to
eight years—if we are going to meet the 2018 target
that the Government has set, some of them are going
to have to be coming out of the ground within five to
eight years. If that is the case, we have missed the
boat, have we not? We are not going to be able to
grow the new group of engineers in that space of
time, so where are we going to get them from?
Professor Billowes: 1 do not think we have missed the
boat. I think the bigger problem may be the
bottlenecks in the supply chain.

Dr Garwood: 1 agree with what Jon says. I do not
think we have missed the boat. We have a new
generation design going on in the military field and
obviously there is somewhat of a threat in the civil
programme of drawing people from the military
programme which will only just resource it. But I
believe the United Kingdom can support those
programmes. Timing and resources are everything
though, because the next generation of civil build
will not be designed in the United Kingdom, the
design will come from abroad, whereas the military
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designs are UK-based. So you can see that the
designers currently learning their skills in the
military field will then move on to the civil field when
we go on to the GEN IV programmes. Equally, the
resource basis can be partly filled by the people from
Europe in the interim, but we need to build a United
Kingdom resource for the longer term when we are
operating these plants. So, timing and resource
planning is the key to this.

Q11 Graham Stringer: May I take you back to the
answer about one of the weaknesses being our
relationship with Europe and the United States. I
would be grateful if you could expand on that and
explain why that is a weakness, and also explain
what the United Kingdom’s nuclear engineers’ role
will be internationally over the next 20 years or so.
Professor Billowes: At the moment, I think the
United Kingdom has a lot of expertise in different
reactor systems; some of the technology is in the
GEN IV system. The DTI pulled out of GEN IV
three or four years ago and since then we, for
example, are trying to do basic science and we
cannot get research money from EPSRC for that
because there is the perception that the United
Kingdom is not longer supporting advanced reactor
R&D. So, it is GEN IV we have pulled out of; we are
in GNEP.

Q12 Graham Stringer: Can you quantify that a bit in
terms of the damage in terms of fund allocations?
Just ballpark figures.

Professor Billowes: 1 am not sure I can give a
ballpark figure but it might have been £4 million
spread around several universities and companies
like AMEC, Nexia and Serco. It allows research to
be done and it brings in young people; new blood.

Q13 Graham Stringer: So you would like that
decision reversed, essentially?

Professor Billowes: Yes, and also investment in R&D
in the long term, you recover that money by factors
or two or three further down the road.

Dr Garwood: 1t is important to note that we have not
missed the boat because on the military programmes
the R&D has started. The Government, through the
Ministry of Defence, have already put in £25 million
of R&D money into those programmes. So, that
activity is going on and that is giving an unpinning
to the skill base. But I agree with Jon, for the future
programmes, we need a future into the R&D.

Dr Baldwin: We have also got to take into account
that we are looking at new blood into the industry
but also looking at the reskilling and the upskilling
agenda and as we go through the phase of nuclear
decommissioning and we see that there are people
who are no longer required within that activity, then
there is an opportunity for reskilling and upskilling
work to increase the pool of people who could work
in the new build.

Q14 Chairman: In terms, Sir Chris, of the learned
societies and the professional bodies, how significant
does nuclear engineering feature?

Professor Llewellyn Smith: 1 am probably not the
right person to ask that because the professional
bodies that I belong to have no interest in it
whatsoever, as far as I know. I am not an engineer.

Q15 Chairman: Are you all members of
professional bodies?
Dr Garwood: Yes. The Royal Academy of

Engineering is now a large focus and the Academy is
looking at this very seriously. I do not know whether
you are taking evidence from Academy members. It
is back on the engineering agenda and I would just
like to say that we have recruited 230 engineers in the
past two years in Rolls-Royce to do nuclear
engineering in the broader sense. They are engineers
who would either be trained to do engineering or are
from a nuclear background. These guys are coming
into the programme because there is a future in the
programme now. They can see 40 years of design and
operation of these new plants and that is what
stimulates engineers to come into a future.

Q16 Chairman: I can see that. You have all displayed
a real enthusiasm for nuclear engineering this
afternoon. I was with a group of people this morning
who were telling me there was a huge disconnect
between the vision of the learned societies and the
institutions, and what was actually happening on the
ground. I wonder whether you share that view?

Dr Garwood: Not really, no.

Q17 Mr Marsden: I wonder if we could just drill
down a little further on some of the issues of skill
shortages in nuclear engineering. Perhaps 1 could
start off by asking you, Professor Llewellyn Smith:
the statistics that are knocking around, or the
reported statistics that we have received, are pretty
worrying. Professor Faulkner said, in his written
evidence to us, that the nuclear engineering skill base
reduced approximately 10% per annum for the past
15 years. We have got other reports from British
Energy and elsewhere that suggest that the United
Kingdom needs to double the number of STEM
graduates it produces in general from 45,000 to
97,000 by 2014. Has the melt-down, if one can put it
that way, in terms of skill shortage been so much
worse in nuclear than other branches of engineering,
and if so, why?

Professor Llewellyn Smith: For us, in fusion, we do
not really need nuclear skills today; we foresee the
need in the future. We are not feeling a melt down,
we are feeling a problem in the many areas of
engineering. As a citizen, I am concerned about the
figures that you quoted and we can see a problem in
the future, but it is not actually affecting what we are
doing today.

Q18 Mr Marsden: Do any other members of the
panel want to comment on the broader aspects
affecting the industry?

Dr Baldwin: 1 think you are right, we do need a
significant increase in the number of engineers over
the next few years. With regard to nuclear, there are
a number of factors that have influenced its
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attractiveness. The uncertainty that I alluded to
earlier, people not sure about what the future will be
for nuclear, the advent of nuclear decommissioning
was not necessarily very well understood. The fact
that nuclear decommissioning has quite a significant
lifespan but the term decommissioning suggests an
end game and therefore does not necessarily attract
new people into it. With the increasing interest in
energy generally, and with a greater understanding
of the future of nuclear, there is now an opportunity
to attract more people into education and into the
STEM subjects. There is an awful lot of work being
done now that will pay dividends over the next few
years, so there is a reason for confidence that we can
meet the demands as we move forward, but it will
take significant action.

Q19 Mr Marsden: Just on that specific point, the
issue as always with these things—to quote Keynes’
famous dictum “in the long term we are all dead”—
is whether in fact the degradation in terms of skills,
the statistics that I have quoted, can be sufficiently
reversed in the medium term to preserve the position
for the summing up plans that the broader picture
suggests. I wonder whether you think that we have
got the time to do that.

Dr Baldwin: 1 think we are doing the right things in
terms of making sure that we do have the skills in the
timeframe that we are discussing.

Professor Billowes: There are two points. One is that
until Lancaster University started their nuclear
engineering undergraduate degree two years ago,
there was not a single nuclear engineering
undergraduate degree in the country. So, that is one
reason why you do not have people coming through
that route. There have been a few masters
programmes in the nuclear engineering area—
Birmingham’s physics and technology of nuclear
reactors has been running for over 50 years; HMS
Sultan have been doing courses for graduates within
the nuclear department, and we have now a national
Nuclear Technology Education Consortium
involving 11 universities. These are producing
masters-level people doing nuclear engineering who
come from a general background, so it nuclearises
them.

Q20 Mr Marsden: I will not go down that route at
the moment, because I think we have some very
specific questions about that later on. What I would
like to pick up from there is what you were saying
about the difference between pure skills and generic
skills, if T can put it that way, are there any sectors
in the United Kingdom nuclear industry which are
particularly badly affected in terms of these
shortages?

Dr Garwood: 1 can tell you from our recruitment
campaign, electrical engineering is one area in which
we have had particular difficulty in getting high-
quality people through. And, of course, they
underpin the nuclear programmes. Systems
engineering is another area we have had difficulty
with.

Q21 Mr Marsden: Back to the issue that my
colleague, Graham Stringer raised, which is the
whole issue of international co-operation and
collaboration, particularly with the United States.
You could say, if you wanted to be mischievous or
the devil’s advocate, does it matter if the United
Kingdom is potentially reliant on overseas
capability? What is the push-pull factor between the
United Kingdom capability being sought overseas?
After all, we live in a globalised world where some of
the people we are talking about are highly skilled,
does it matter that we develop our own home
grown ability?

Dr Garwood: May 1 answer first, because for the
defence programmes, they have to be United
Kingdom nationals, so it is essential that we have
this resource keeping on coming through from our
universities to fulfil those programmes. Also, I
believe in the longer term, particularly when there
are civil build programmes worldwide, we will be
competing in the worldwide market place for
resources, so that if we have not got our own
indigenous enthusiastic population, we will be
struggling.

Q22 Mr Marsden: Dr Baldwin, UCLan has a strong
reputation not just for attracting overseas students
but also for doing some fairly enterprising
pioneering things overseas. So, from your
perspective at UCLan you must see both sides of the
coin. What is your perspective on it?

Dr Baldwin: We would want to support overseas
students and welcome the opportunity to prepare
people who would be valuable overseas and could
support the industry globally. There is an
opportunity to work in partnership and we would
want to see people going in both directions. I would,
however, agree that we need a home grown supply of
people who can work in the industry. As it becomes
a global phenomenon and more new build occurs,
then there will be more demand and although we
want to ensure that we have people properly skilled
that we can have going both ways, I still think that
it is important to ensure that if new build occurs in
one particular location and that attracts a lot of
people, we have still got enough people who want to
remain here in this country to support the activities
that we have got. In summary, yes, it is very
important that we have partnership. some of the
people who are training overseas can come and work
with us in the short term and provide a short-term
opportunity for us. Likewise, we want to prepare
people to go the other way but I think we need a
long-term partnership but for that to be a balanced
partnership we have to produce home grown, quality
science and engineering graduates.

Q23 Mr Marsden: While I have got you on the
balance, as it were, I cannot resist asking you this
question—obviously, as a Blackpool MP—you have
got Springfields just around the corner from you,
there was a reference earlier to decommissioning and
ancillary aspects, have we got the balance right, in
terms of bringing people with skills into
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reprocessing, for example, as opposed to new build?
Is there an understanding out there that those sorts
of offshoots of the nuclear industry are going to
continue to be profitable and useful?

Dr Baldwin: We have to be careful with the message
that we give and that has been part of the problem in
recent years. There has been a little bit of uncertainty
about what we mean by certain terms and what
activities are involved in which part of the industry
or sector. There is a lot of work being done at the
moment to ensure that career pathways are properly
mapped out so that young people, or anybody
coming into the industry, has a full understanding of
what sits where within the industry and that will
allow a much better and much more informed
decisions to be made. We are addressing that and
ensuring that people understand all the implications
of the various sections of the nuclear industry and to
make sure that we have a balanced approach to skill
development.

Professor Llewellyn Smith: 1 wanted to say that just
on the matter of rebuild, of course, you need a
certain skill level just to act as intelligent customer
and my colleagues would know more about this than
me but I would be worried that we were even there,
not necessarily got enough. It was the remark about
fusion being a bit different for international
collaboration—an earlier question—if I could just
quickly go back to that. Fusion is strongly co-
ordinated across Europe; very international. I
happen to chair the body that advises EURATOM
which plays a co-ordinating role. There, we have
recognised Europe-wide the skills shortage and have
introduced a training scheme which is taking on
about 40 people a year, some of them in physics but
also in engineering, but a multinational training
scheme where they move around. So, we are looking
after our own very specific needs in fusion. We are
also moving to a level of world collaboration. The
next big project is ITER, the International Tokamak
Experimental Reactor, in which over half the
population of the world is involved, all the major
countries. I chair the council of that body. That has
had a major stimulating effect on young people
getting involved in fusion. They have suddenly seen
that there is this huge project, the major
governments of the world—the United States,
China, Japan and the European Union—are taking
this very seriously as an option. It looks interesting,
it is a good thing to get into and because of this
project, which will be there for 30 years probably,
there is a future and it has had a tremendous effect
on recruitment.

Q24 Mr Marsden: Dr Garwood, can I turn to you
and ask you about the role both of industry but also
of the United Kingdom Government in maintaining
and revitalising nuclear engineering skills, which
again it seems to me is not without controversy,
certainly as far as the Government’s side is
concerned, because after all the commitments that
have been made to producing a new generation of
nuclear power stations have been based on the
assumption that there is going to be no sustained

level of Government spending on that, it has all got
to come from the private sector, we had the
previously inquiry which Malcolm Wicks, the
Energy Minister was adamant on that point. So,
industry is going to have to pick up most of the
stretch for this is it not?

Dr Garwood: 1t is important that future programmes
are defined to give the pull to industry to know that
its investment is going to create wealth for the
country and for the industry. So, some level of
security going forward is very important, of course,
for industrial backing. I can see that this is a very
holistic problem between Government, academia
and industry in our skills generation. We already
have the commitment for the design of the new
generation of military reactors, which has started
that enthusiasm off for recruitment, so with the civil
build programme, as long as industry is willing to
come to the table and say, we are going to build these
reactors, that would cause the necessary enthusiasm
in the resource pool to start the training schemes up.
You have already heard from my academic
colleagues that the universities are responding to
that, but it has to be the three getting together—
Government, academia and industry.

Q25 Mr Marsden: Professor Billowes, from the
academic perspective, you know what the
Government’s position is—it has been restated—
does it concern you therefore that you cannot
guarantee that there is going to be a major
Government initiative, certainly a major
Government funding initiative, to include skills in
nuclear engineering?

Professor Billowes: 1 was about to talk about the
masters-level programmes. Undergraduate
programmes will spring up; Imperial are starting
nuclear engineering strands to three undergraduate
programmes and 1 think others will follow.
Undergraduate programmes attract money for
students arriving on the programme. At masters-
level, it is much more vulnerable. The Birmingham
programme, running for 50 years, almost
disappeared about four years ago when EPSRC
stopped the Collaborative Training Account award
to them. That programme and the national NTEC
programme lose the funding next September and it
is not clear what is going to happen beyond that.
EPSRC are stopping the CTA scheme; they are
moving to a KTA scheme, which will have a
different focus.

Q26 Mr Marsden: You are losing us with acronymes.
Professor  Billowes: The CTA—Collaborative
Training Account—which has been supporting
masters programmes, fees and stipends for full-time
students; the KTA, I do not know what the rules are
yet because they are not released, but I think it will
be looking for knowledge transfer from universities
to industry and not specifically supporting fees and
stipends on masters programmes. The two university
programmes in nuclear engineering are very
vulnerable from next year.



Innovation, Universities, Science and Skills Committee: Evidence Ev 373

7 July 2008 Professor Sir Chris Llewellyn Smith, Professor Jonathan Billowes, Dr Stephen Garwood
and Dr Graham Baldwin

Q27 Mr Marsden: You are going to have to go along
to DIAS to start this, are you?

Professor Billowes: At the moment it is EPSRC that
have taken on the responsibility. On the NTEC
programme, we were hoping that we would be self-
sustaining with industry uptake of the courses.

Q28 Mr Marsden: I am sorry to interrupt you, but
we are getting a bit technical here. The thrust of my
question is this—and you are producing some very
interesting examples which I think might be useful to
have a written note of to the Committee—what you
are producing already, to me at least, gives the game
away on some of the tensions. You are saying, these
are things were you are going to want a Government
steer on funding, yet we know what the overall
Government position on this is, the Government
overall position is that industry must take up the
slack.

Professor Billowes: 1 think there might be a
responsibility of to the Government to provide a
workforce—if companies want to come and build a
reactor, they want to know that the workforce is
there which they can get in to help.

Q29 Mr Marsden: That would lead to some
interesting conversations between Ministers in that
case. Can I just finally come back to you, Dr
Garwood, just picking up on something that you
said earlier, which was in response to a question
about United Kingdom nationals in the military
industry, and that raises the question in my mind as
to what the actual transfer is likely to be between the
skills that are demonstrated in the military nuclear
engineering sector and the provisions of skills for
civil new build. We have seen in the past—I am going
back to the 1970s and 1980s, when there were great
debates about knowledge transfer between military
and civil purposes—that there were all sorts of
imaginative schemes coming forward but the actual
amount of transfer is relatively negligible. You are
fairly bullish about this are you?

Dr Garwood: 1 am, yes. The reason being that we are
now in a situation where the design of the military
reactor plant is the same, in principle, as the design
of the likely civil build programmes and this gives a
great opportunity for more transfer than was
historically the case. Also, as I said before, the
dovetailing of design which we are currently doing in
the military programmes whereas the new design
was not required immediately on the civil
programme, it will be later. So, you can balance the
two programmes quite nicely together, if that is
done skilfully.

Chairman: I want to return later, Professor Billowes,
to this issue of demarcation between what the State
should be doing in terms of investing in its skills,
probably at undergraduate level, and what should be
happening post-graduate level at masters and
doctorate level. It is a crucial issue and that is
pertinent in terms of what is happening in terms of
Central Lancashire as well.

Q30 Dr Iddon: The British Government were active
participants in the Generation 4 international
forum, GIF, I will call it. Nine countries, six reactor
types being examined, why on earth did we pull out
of what appears to me to be an important project like
that, as an active participant? Does anybody know?
That looks like a question for the Minister then. Can
anybody tell us what were the advantages and
disadvantages of being an active participant in the
GIF programme?

Professor Billowes: First of all, the United Kingdom
has a lot to offer in their experience in some of the
technology, as I said before. Working
internationally, we are doing research that attracts
young people, we are getting leverage from the
knowledge of other countries in the advanced
reactor area. In 30 years’ time we will probably want
to build advanced reactors ourselves in this country
and it is a way of understanding them early on. Also,
the research you can do in that area carries over into
the reactors that are already operating in this
country which also need R&D support to keep them
running. So, there are people being trained as experts
in the area that the country then has for its own civil
programme.

Q31 Dr Iddon: Anyone else?

Dr Garwood: Yes, 1 agree totally with Jon’s
comments. What is good about looking to the future
in new reactor systems is that we are looking beyond
the next generation of reactors for the future and it
is very good investment because relatively small
amounts of money in the concept stage can buy you
a lot of knowledge. Much of our R&D currently is
being spent on development of existing products,
which is quite expensive compared to the concept. It
is very important, if our future generation is to be
good nuclear engineers that we get involved in this
type of programme.

Q32 Dr Iddon: I am getting the message, Dr
Garwood, that you feel that we ought to re-engage
actively in this programme.

Dr Garwood: That is not quite what I said. It is
actually a Government policy decision whether we
should engage or not. I was saying that it is
important that we look at future programmes and
use the resource appropriately for concept type
designs.

Q33 Dr Iddon: If you were the Government, would
you do it?

Dr Garwood: If 1 was in the Government, would I
do it?

Q34 Dr Iddon: Yes. You are the Prime Minister now,
you can make the decision this afternoon.

Dr Garwood: 1 would have to pass on that one
because he has a lot of difficult balances to make.

Q35 Dr Iddon: Anybody else feel that we should
really be in on this programme, as we were at the
beginning in 2000?
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Professor Billowes: Can 1 add that it is not just the
GEN-IV programme. There are other things in
Europe, but I think that the United Kingdom is the
only country missing from the table, like the
accelerator-driven systems and energy amplifier
systems. We do not seem to be engaging even with
Europe in nuclear engineering areas.

Q36 Dr Iddon: Do you think the Government feels
that we might have access to these programmes
through the back door, for example, through the
Framework 7 programmes, and so on, or
EURATOM which was mentioned earlier, which is
part of that general parcel? Are we getting
information out of these programmes indirectly,
rather than being actively involved in them, or are
we just missing out completely?

Professor Billowes: There is very little university
involvement.

Professor Llewellyn Smith: 1 think we can get the
information out of them which is often published,
but that is not the useful information, the tacit
information, the hands-on knowledge, and we are
not getting the advantage of being in exciting
schemes and that is what stimulates young people to
come in.

Q37 Dr Iddon: I got the feeling from you, Jonathan,
that you want more involvement in international
programmes and that we are just not there at the
moment. Is that a general feeling across the panel?
Professor Billowes: It is important in universities
that we can do basic science and get research money
for it, because otherwise faculty members are not
reappointed, you lose that research area from
university, you lose that education on undergraduate
programmes, it is the reason why nuclear
engineering disappeared from the United Kingdom
in the 1980s and 1990s, the funding of R&D dropped
almost to zero.

Q38 Dr Iddon: Is that because we do not have
enough universities actively interested enough in this
area of research?

Professor Billowes: No, 1 think it is having new
faculty members appointed to replace old faculty
members and unless they are doing internationally
competitive research, they will not reappoint in
that area.

Q39 Dr Iddon: Do you think they will reappoint,
now that the atmosphere is changing?

Professor Billowes: In the last couple of years, there
have been four or five new chairs in
decommissioning, fuel  technology, nuclear
engineering, that have been filled, so it is going in the
right direction.

Dr Baldwin: Also, recently, one of the calls for
funding suggested that universities that did not
necessarily have a track record in a particular area
but had some capability or emerging capability
should also be included in the research proposals.
That is something that should be further incentivised
because there are a number of universities out there,

some of them with developing capability, and it is
important that we look right across the piece and try
to bring some of those institutions on, where they
have not previously been active in those areas.
Clearly, international projects and opportunities to
collaborate would be attractive and are likely to
bring more people in.

Professor Llewellyn Smith: 1 would think the
universities will get into these areas if they see there
is a demand from young people who see a future in
them. I can give fusion as an example: 10 years ago,
there was very little in British universities; Culham
was more or less isolated. Today we have 40 PhD
students who we co-supervise, we have links with 20
universities and a number of those universities—
Imperial was always in there—but Warwick, York
and others, are setting up courses in these areas
because young people suddenly see this as a very
exciting area to be in and the universities respond to
that and then will create posts.

Q40 Dr Iddon: You talked about the progression
from plasma physics to a requirement for engineers.
Personally, as a member of the former Science and
Technology Select Committee, I have been to Japan
to see their fusion experiment and I have also visited
you at Culham in the past. What kind of roles will
the engineers be playing? Are they going to be
building the plant? There was a big problem, of
course, with the ceramic linings at one time, is that
still a major problem?

Professor Llewellyn Smith: No, that is not a
problem. Developing the nuclear components in the
walls which will turn the neutrons that come out of
fusion, capture them and create the heat; these are
very challenging areas of extremely exciting
engineering. There are huge materials issues, we
have links with a very large number of universities in
the relevant materials research where there is a big
overlap with Generation IV needs, finding suitable
materials, which will stand up to high neutrons and
also to high temperature where there is a big overlap
also with any thermal power plant, you want to get
the highest possible temperature that gives you the
highest efficiency. The area we want to get into is
designing the trickiest part, which is where the
intellectual value will lie. Whatever industry takes
the lead in those will get the profit eventually,
assuming we succeed.

Q41 Chairman: In how many years’ time?
Professor Llewellyn Smith: Let me tell you why it is
always 50 years ahead before I give an answer to
that.

Q42 Dr Iddon: Well, it was 30 once was it not?

Professor Llewellyn Smith: 1t is less than that. My
colleagues in America, in the mid-1970s, gave a
prediction at the time and they gave it as a function
of the money. They said that if we get this amount of
money, we will have a prototype reactor in about 35
years. They said, if you give us 20% less, it will be 40
years; 30% less, and at a certain level they said we
will never get there with budgets at less than that
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level. So the predictions were correct. As a function
of money, the money was not there as a function of
time, it was not taken sufficiently seriously. The fact
is that we are now building ITER, the International
Tokamak Experimental Reactor which will take
about 10 years. We will then want to run it for about
10 years to have competence before building a real
power station, then we will be ready to build a real
power station. So that is another 10 years, it is 30 I
am afraid.

Q43 Dr Iddon: That is assuming you get over the
planning problems?

Professor Llewellyn Smith: No, that is solved. It is
going ahead in the South of France. I will be there on
Wednesday.

Q44 Dr Iddon: That is good. This is a difficult
question for you. Do you think there is a future for
Culham’s research once ITER is up and running?
Professor Llewellyn Smith: Absolutely, because
ITER, like CERN, is going to be a user organisation.
It is not going to have an in-house team of people
operating it. The users will come from outside so
there will be a need outside to be designing
experiments and then commuting to and from the
site to carry out the experiments. There will be a need
in parallel, ITER alone is not sufficient, there is a
huge need to develop the technology. That is why I
and my successor who will be taking over in a few
months want to move the British programme slowly
over the next decade into the engineering phase,
which is where the future will lie.

Q45 Dr Iddon: I am aware of your research, the
Japanese research and the Russian research in this
area. Is that the triangle, or are more people
interested in it?

Professor Llewellyn Smith: 1 would say that the
leaders in the world are Europe, followed by the
United States and Japan.

Q46 Dr Blackman-Woods: We know that some
universities have departments of nuclear physics,
but they also have the capability in nuclear
engineering that might sit somewhere else in the
university, are we confident that they are doing
different things? Should there really be stronger links
between them?

Dr Baldwin: 1 wanted to ask whether that was in an
institution or across institutions?

Q47 Dr Blackman-Woods: I guess it can be both, but
I suppose links within an institution to start with.

Dr Baldwin: 1 think that it is very important that
there are clear links within an institution and
certainly the institutions that I am familiar with are
looking to engage by having some sort of umbrella
oversight of all the activity that is taking place in a
relevant discipline. We are all very aware of the
challenges of duplication and we want to make sure
that the work we do is complementary. In terms of
internally, we would definitely be looking to take a
co-ordinated approach and to ensure that the

relevant activity, wherever it lies within the
university is co-ordinated and joined up. We are
certainly doing that with our university-wide
strategy for nuclear activity. Then if you go across
the institutions, it is also very important that we are
talking to maximise the opportunities in terms of
research and also in terms of delivering learning and
teaching programmes. The industry is not that big
when you compare it with other industries, so it
would be silly for us all to compete within the same
programme areas. Consequently, it is important that
we work together. In the North West, we are just
pulling a group together which consists of ourselves
and Manchester and Lancaster, to name some of
them, and what we are doing within that group is
trying to adopt a co-ordinated approach to our
activity in the region.

Professor  Billowes: Nuclear physics is the
fundamental science which underpins all nuclear
applications in energy, health, decommissioning.
The nuclear physics groups in United Kingdom
universities exist because they can do international
leading research, which is not in areas that will affect
the energy programme directly. We would not get
money to do any work in, for example, nuclear data
because it would not be regarded as internationally
leading. The advantage of having nuclear physics
expertise in universities, is that they do an awful lot
of the undergraduate teaching at nuclear level to a
lot of physicists. When we started running this
national masters programme, most of the full-time
students joining that programme came in from
physics and not engineering schools. Many of the
nuclear physicists are also involved with health
physics teaching and radiometrics and they go on to
transfer and like the Head of the Nuclear
Department at HMS Sultan who is an ex-nuclear
physicist, and Malcolm Joyce is a Lancaster nuclear
engineer and an ex-nuclear physicist. So nuclear
physics produces people who are showing leadership
in nuclear engineering areas and they provide the
early nuclear education for undergraduates on
physics  programmes, not on engineering
programmes, so I think it is very important.

Q48 Dr Blackman-Woods: So, your argument is that
we need both, but also that we need links between
them?

Professor Billowes: Absolutely, yes.

Q49 Dr Blackman-Woods: I came in just as you were
discussing the skills gap and I was wondering
whether we could just look in a bit more detail at
whether we have enough capability in nuclear
engineering at the academic level to support the
skills gap so that we get nuclear engineers for the
future?

Dr Garwood: 1 think it is important to recognise that
there is a skills gap, not only in nuclear engineering
which it clearly is, but in engineering in general and
so unfortunately we need both those things to be
supported, both the specialised nuclear courses and
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good quality engineers giving us the background, the
feedstock, for the nuclear engineers in the broader
sense for the future.

Q50 Dr Blackman-Woods: Do you think the issue is
being sufficiently addressed at the moment, so that
we ensure that we have enough trained graduates for
the future?

Dr Baldwin: The question we have is that the
capability still exists within the universities to
provide the required education. The key for us all is
increasing the numbers of people coming into those
subjects. I agree with my colleague that it is really
general engineering that we need to promote and
then there will be elements of nuclear activity that
goes around that. I was alluding earlier to the fact
that I think we have a number of initiatives that are
now in place or are being put in place that will
address that issue and we are looking at it from all
levels from foundation degree through to
undergraduate levels to post-graduate programmes.
The fact that we have already been able to identify
that we are coming together across universities,
between universities and with increasing amounts of
employer engagement so that we are directly
responding to what the employers want, we have got
a number of initiatives coming through that will
address the issues that we have got. We have got a lot
to do to reach the numbers that we require, but I
think we are moving in the right direction.

Q51 Dr Blackman-Woods: How far advanced are
plans for the National Nuclear Laboratory and can
you tell us what you think it is going to do and what
you would like to see it do?

Professor Billowes: What I think it will do is: it will
be the people in Nexia Solutions who are the rump
of the experts from the nuclear industry, and they
will get no new money and they will be earning
money from their customers and providing them
with the expertise in plutonium chemistry or
whatever the need is at the time. What I think they
should be allowed to do is get engaged also in
international research and development work,
which would have to be funded by the Government.

Q52 Dr Blackman-Woods: Are there any other
comments?

Dr Garwood: 1 would just say that it is good that the
National Nuclear Laboratory is forming. It is
necessary, but not sufficient. We also need industry
to develop its skill base to support the whole
industry.

Q53 Dr Blackman-Woods: So, if there were two
things that you would like it to do that it is not doing,
what are they, in summary: two things that you think
it is not going to do that it should do.

Professor Billowes: 1t will not be doing basic R&D,
because it will not be able to afford it. It has to earn
money from its customer base and that is keeping
existing plant running.

Q54 Dr Blackman-Woods: How advanced are plans
for C-NET, the Centre for Nuclear Energy
Technology?

Professor Billowes: We are raising money for Phase
1. It is the Centre for Nuclear Energy Technology at
Manchester University. The Director has not been
appointed yet, but he will be a professor in reactor
technology and safety assessment. There are four
main areas which we want to cover and they are
areas where we perceive there to be critical skills
shortages in the fission industry. So the areas that we
will have are reactor systems and engineering,
materials performance, mechanical engineering, and
society and sustainability. Phase 1 funding, we hope,
will come partly from the Northwest Regional
Development Agency, self-funding by the University
of Manchester; we have got private funding for a
new chair in nuclear fuel technology, with candidates
being interviewed this month. We have recently had
the University of Manchester receive its largest
single endowment in its history specifically to
support this nuclear area.

Q55 Dr Blackman-Woods: How can it relate to the
National Nuclear Laboratory?

Professor Billowes: Again, because it is university
based, it will be basic research, it will be people,
increasing the skills that we have within the
university so that we can provide independent advice
where necessary, and it will produce people. We see
the National Laboratory as transferring application
of that research into the industry so, obviously, we
would want to work closely with the National
Laboratory in that basic research area.

Q56 Dr Blackman-Woods: Is the level of industry
and Government support to both these projects
sufficient?

Professor Billowes: 1 cannot say yet, we are still
trying to raise money. But it is going ok.

Q57 Chairman: Professor Billowes, can I very briefly
take you back to a conversation we had earlier:
whether our universities through HEFCE should be
creating—this is something you have alluded to
before—the basic engineering qualifications, which
should be bringing students through at
undergraduate level that have got a good broad base
in engineering, and therefore it is the industry which
after that should be picking them up and at masters-
level, sponsoring them and supporting them under
the Government’s co-funding model, in order to do
that. Is that a model you would favour?

Professor Billowes: That is the model that we have
tried. Undergraduate level is going to work as long
as you can get school leavers to go on those
programmes. There is no problem there, other than
people doing maths, physics and chemistry in
schools, there might be a problem there. At masters-
level, if we rely simply on industry uptake of those
courses, they are not viable at the moment.

Q58 Chairman: Right, so it will not happen at the
moment?
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Professor Billowes: To be viable, if we do not get
funding next year from the Research Council, we
will probably have to change our business model and
knock out a large part of the portfolio. In the
portfolio, we try to cover all the areas that we
identify as being necessary—materials aspect,
regulation, licensing, and safety assessments. We
would have to start knocking this down to a basic
core, and one of the courses that would have to go at
the moment is the NTEC programme, which is the
only programme that offers students experience on a
working reactor: they can operate a working reactor,
they can measure properties of a working reactor
and to do that, we fly our students to Vienna on the
TRIGA reactor at the Atom Institute. That is
expensive to do and we do not get funding to do that.
Imperial have lost their reactor at Ascot, which used
to do this for the United Kingdom.

Q59 Chairman: Yours is a university that is very
entrepreneurial in the way in which you approach
higher education at the moment. That is not a
criticism, that is a compliment.

Professor Billowes: 1 took it as a compliment.

Q60 Chairman: Good, just for the record. In terms
of our European counterparts, do you feel that they
are supporting much more strongly the programmes
for nuclear engineering, particularly the masters and
doctoral programmes?

Dr Baldwin: We are just looking at our relationships
and partnerships in Europe, so it is perhaps a bit
early to say whether they are being better supported.
I would feel happier commenting on the system that
we are using in this country. I think we have probably
got a model that is developing that is potentially is
fit for purpose. The key is that it is going to require
quite a shift. It requires a shift in the employers’ and
industrial organisations’ understanding of the needs
of education. Then there is a two-way process
because it is then incumbent upon us within
education to identify what are the key issues and
how we can work together to address those. We need
to incentivise employers, in terms of the engagement,
and the co-funding approach is an incentive. I also
think that the Higher Level Skills Pathfinder, which
has funded considerable development of
programmes, has been an incentive and once you
have the opportunity to collaborate on development
in the initial phases with resource support, you then
get the buy-in from the employers and the
recognition, by working together, that you can meet
the training requirements and you can significantly
reduce costs. There has to be greater partnership
activity and greater levels of employer engagement
between universities and education providers and
the industry to ensure that the systems work. The
framework is there and in place but we have just got
to begin to exploit it better.

Q61 Chairman: Let me just come back to you,
Professor Billowes. In terms of the Research
Councils themselves, I presume that you bid for
funding from both STFC and EPSRC?

Professor Billowes: 1 do, and STFC support the
nuclear physics side and EPSRC support the nuclear
engineering side and perhaps applied nuclear
physics.

Q62 Chairman: Does that cause a problem? Do you
feel that the pathway is there for some joined-up
thinking?

Professor Billowes: Some things can fall between the
gaps and STFC are also beginning to see this. They
are beginning to get concerned about knowledge
transfer from nuclear physics into the industry,
particularly in the applied nuclear physics area
which also covers reactor physics and nuclear data.
I have had personal experience of trying to see how
to get funding for people to specialise in physics of
reactors and nuclear data because it is not classed as
world-leading research, so EPSRC and STFC would
not normally fund it as a standard grant.

Q63 Chairman: So there is some work to do in that
direction?
Professor Billowes: Yes.

Q64 Chairman: Can I finish with you, Dr Garwood.
In terms of Rolls-Royce, how much work do you do
with universities in terms of propulsion?

Dr Garwood: An enormous amount.!

Q65 Chairman: Do you fund that or do you expect
the State to fund that?

Dr Garwood: We fund it but, of course, it is the
Ministry of Defence’s money. However, as you
probably know we are forming a small group
looking at where Rolls-Royce could operate within
the energy business, in civil nuclear in particular, in
the future and we are looking at a UTC in this area,
too. Rolls-Royce itself puts £4 million of funding
into our nuclear research and development. It is
swamped by the Ministry of Defence money, which
is about £100 million, but it is still a significant
contribution, which goes directly to the universities,
and is the seed corn money which concepts develop
from.

Chairman: On that note, I am going to finish this first
session. May I thank Professor Sir Chris Llewellyn
Smith, Professor Jonathan Billowes, Dr Stephen
Garwood and Dr Graham Baldwin. Thank you all
very much indeed.

I Note from the witness: “In the specific area of Nuclear
Propulsion research funded by the MoD via contracts with
Rolls-Royce, £1.5m of funding is currently in place with UK
universities. This is planned to increase with the
development of studies on the next generation of submarine
reactor plant.”
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Q66 Chairman: May I welcome our second panel
this afternoon, Clive Smith OBE, the Skills
Development Director Nuclear of Cogent, also
representing the National Skills Academy for
Nuclear, Robert Skelton, the Vice President of the
Institution of Nuclear Engineers, and Michael
Grave, the Vice President of the British Nuclear
Energy Society. Welcome to you all and thank you
very much for coming into the earlier session. May I
start with you, Clive, please. There are reported
United Kingdom skill shortages in nuclear
engineering. Are they simply a reflection of this
general shortage of engineering skills, or are they
very much specifically to nuclear because we just
have not done nuclear for a long time with serious
intent?

Clive Smith: There are some very specific hot spots:
reactor physicists, for example, have risen on the
Immigration Border Agency shortage category to
allow immigration in that area; there are reported
shortages in the Health and Safety Executive with
nuclear inspectors—perhaps not surprisingly, as you
need very experienced chaps, so they would be very
much at the latter end of the age spectrum—and
some other very particular areas. It is a general
shortage and I think it goes back to what you were
discussing in the last session, that there is a general
shortage of engineers and scientists. Indeed, what
employers generally tell us is that what they want is
good engineers and scientists, which we can then
“nuclearise” so that they can work in the context of
nuclear. Many of the skills across nuclear, or oil and
gas, or any other industry, are transferable
engineering and science skills.

Q67 Chairman: Do you share that, Michael?
Michael Grave: 1 certainly do. Not with a BNES hat
on, my company works in all the major industries
such as oil and gas, conventional power, nuclear, and
we are basically looking for graduate chemical
engineers, mechanical engineers and project
managers, which is another area that is particularly
difficult to get hold of. These graduate trainees,
when they come into the company, could end up in
any industry at the end of the day and I strongly
support what Clive said that it is important to get
people with the right sort of engineering good
general background qualifications at the beginning
and then we can give them career development
training into other areas.

Q68 Chairman: Robert, do you share that view?

Robert Skelton: Yes, I think that is correct. One of
the problems that the nuclear industry has got is that
it was the industry to go into in the 1950s and 1960;
it was the growth industry, so of course the age
profile is significantly higher than perhaps most
others. I know from the Institution of Nuclear
Engineers, our age profile is significantly weighted
towards the older age group, although in fact it quite
surprised me to see that applies to professional
engineers in general, it is not just nuclear engineers.

Q069 Chairman: Can I raise this issue with you, when
I was a young chap and the first wave of nuclear
power stations were being built and nuclear
engineering was very lively in our universities and in
colleges at technician level, it was all basically owned
by the Government. It was under one roof and since
then it has been fragmented significantly to a point
at which it is very much now all within the private
sector, within different small pieces. If you take, for
instance, the decision about Westinghouse being
sold off, is not the fragmentation of the industry
causing the skills problems as well?

Robert Skelton: 1t makes the industry less attractive.
We are beginning to see the corner turned on this
one, we are seeing organisations like the NDA
setting up graduate training programmes. Certainly
a lot of graduates, I am also from the University of
Cambridge and the chemical engineering
departments, and the graduates like to go into
companies where they can see good training and a
good future. To train people in general engineering
with perhaps specialities in nuclear engineering is
really the way to go, because I think it is more
attractive to both the companies and the students. I,
personally, think fragmentation is a very big
problem. When I joined the industry, it was either the
Atomic Energy Authority, BNFL or CEGB and that
was basically it.

Q70 Graham Stringer: Has not the fragmentation
and privatisation meant that there are higher salaries
at the top end for engineers?

Robert Skelton: At the top end, yes, but I am not
certain just how far down that applies. I do not
honestly know. People like to see a training
programme, someone who can give them an
integrated training programme and that is why our
students in chemical engineering would far rather go
into companies like the oil companies, Proctor &
Gamble, the big companies like that are much more
attractive to them generally than the smaller
companies.

Q71 Chairman: But, Clive, not so long ago, the
BNFL would have offered exactly the sorts of career
path and opportunities that Robert is talking about
and as far as training, it had a reputation that was
very high indeed in terms of training and
progression. Do you think that the National Nuclear
Laboratory is going to fill that gap?

Clive Smith: 1t might, in part. We were talking about
the fragmentation being part of the picture. The
other part of the picture was the image of the
industry; it was very much a nuclear industry in
decline. Everything was working towards shut-
down, towards decommissioning and, whilst there
are some pretty exciting challenges in
decommissioning, the overall perception is knocking
things down. For a young graduate, newly-qualified
technician or craftsman, knocking something down
does not seem quite as bright and exciting as
building something new and operating a new plant
and getting to grips with running a new plant. The
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image of the industry as well was something that was
not attractive for this limited field of engineers and
scientists to come in. The formation of the National
Nuclear Laboratory, the potential for new build and
all of these initiatives—I think you heard at the last
session, that student numbers are increasing, it is
pretty crude and rough data, but the number of
students on the Birmingham MSc is the most this
year that they have ever had; there are universities
opening up nuclear undergraduate courses. So it is
becoming more exciting and more people are now
starting to come in, and starting up the NNL will
assist in that perception.

Q72 Chairman: Michael, just briefly, is the NNL a
good idea?

Michael Grave: Yes, it is a good idea. I am doing
some work with the National Nuclear Laboratory?
at the moment, in terms of the European
Framework programmes that you mentioned, in the
field of decommissioning. I rather agree with one of
the previous speakers at the previous session who
was concerned about whether they will get involved
in fundamental forward thinking research or not.
The bit I deal with at the moment is very much
associated with decommissioning.

Q73 Dr Blackman-Woods: Given that the shortage
in nuclear engineering skills is an international
problem, do you think the United Kingdom will be
able to attract people with the necessary skills, even
if we load points into our points system to attract
nuclear engineers here? Is that really going to
happen?

Robert Skelton: So much depends on career
prospects and the end of the stop-go policy, which is
another thing that has put people off. We have had
this stop-go policy for so long. The last major project
I was involved in was Sizewell B. It was going to be
one of six reactors and everybody was extremely
enthusiastic; we were going to have a new design and
were going to build six of them for once. We were
then going to build four of them but only one was
actually built. We have got to show some continuity
to attract anybody, both from overseas or from the
United Kingdom.

Clive Smith: 1 want to back up what Robert just said.
All the messages coming out are for a bright,
attractive and vibrant industry, and that should
assist in that attraction.

Michael Grave: You must not forget about the
excitement of the part of the industry; the thing that
excites companies; the level that my company works
from is the possibility of making a profit. You put
your business plan together and then you can recruit
the people. The energy industry in general at the
moment is so buoyant, it is quite easy to recruit new
people into the industry because there is a big future
seen there. You have got two sorts of problems: not
only is there a world situation about the nuclear
industry, but there is a big world resurgence in energy
in general at the moment and there are other energy
industries competing with the nuclear industry for

2 Note from the witness: “1 am doing some work with Nexia
Solutions Ltd, which will become the NNL”

resources as well. I have just been to the German
Nuclear Society annual conference in Hamburg a
few weeks ago, and almost the identical stories were
being told over there that we have got here. It is a
pretty worldwide problem, as you say.

Q74 Dr Blackman-Woods: Ideally, putting the
current shortages aside and looking at what we
would really like, what would the skills landscape
look like in order to ensure that we can move
forward in the United Kingdom to new build
intelligently? What would we need that we have not
got, or what would you like to see?

Clive Smith: A much larger pool of engineers and
scientists in the United Kingdom from which all our
industries can fish from. That is a big joining-up
problem across Government, not just for the
support to make different energy solutions, but
across the universities and the school sectors,
making sure that were getting a constant message to
have that pull-through of people.

Michael Grave: 1t is not only getting the engineers,
it is getting the school children motivated right and
getting a joined-up path from school children
through to university through post-graduates and
PhDs and continuous development right to the end
of their careers. And not only at the engineering
professional levels, it is important to have the
technicians and supporting people with the skills
and the trades. Underpinning all that, it is important
that we need scientists as well, because engineers
basically start off studying science in most cases.

Q75 Dr Blackman-Woods: Is the capability of the
supply chain necessary to deliver new nuclear power
stations important as well?

Michael Grave: The supply chain capability will
appear, in our experience, if there is the market to do
it; engineering companies will come along and do it.
Robert Skelton: A guaranteed market for more than
one reactor, that is the problem. If we can see, as they
have in France, a guarantee that Britain is going to
implement a nuclear power programme then, not
just the education establishment, but everybody will
see that it is worthwhile tooling up to do it.
Michael Grave: There is global risk, for example the
company that owns the company that I work for is
building five nuclear power stations at the moment
in Korea and we are invited “if you fancy a career in
Korea, to go and work in Korea”, so there is a draw
all over the world for engineers. We have a lot of
Koreans over here as well.

Clive Smith: That would be very much a global
supply chain.

Michael Grave: 1t is a global issue.

Q76 Mr Marsden: I would like to go down a bit on
this skills shortages issue, but if I can take you back
to something that was just said in response to the
Chairman to Roberta: you talked about the industry
having a bright, attractive, vibrant future, and the
Chairman referred to his salad days when it was the
done thing to go into this area. That was the time
when we were all moonstruck too and we know what
happened to some elements of that. The serious
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point I want to make is, you are talking about having
this grand design connecting between schools,
colleges and universities, do you not still have a
major image and cultural obstacle to overcome? The
written evidence that we had from the Department
about the actual diversity in the nuclear industry at
the moment says, “The nuclear industry is §2% male,
and overwhelmingly white, with females mostly in
stereotypical roles”. First of all, is that a fair
description at the moment, and if it is a fair
description and you think it is something you need
to overcome, how are you going to overcome it?
Clive Smith: 1 thought the percentage of white males
was higher than that in the nuclear industry, so you
have been quite generous. We have discussed the
history of the industry and the fact that it went into
decline. There was not a large recruitment; many of
the people who were recruited into the industry in
the 1960s and 1970s into engineering jobs,
particularly the nuclear industry, were white and
male. There is also a geographical factor; the
diversity around the remote sites where many of the
nuclear power station staff come from is a generally
white population; it is not reflective of the
multicultural city mix and so we will not ever get it
towards that much greater mix, but there is the
ability to increase the gender and ethnic mix.
Robert Skelton: There is an historic factor here.
When I joined the industry most of us who did joined
the Atomic Energy Authority or BENL. No matter
at what sort of level you were working, you needed
a fairly high level of security clearance. Even
contractors, way into the 1980s, had to be United
Kingdom citizens. It was not just for the Ministry of
Defence projects or BFNL projects in those days.
This automatically of course tends to bias you
certainly towards the white, if not necessarily male.

Q77 Mr Marsden: 1 hope you are not going to
suggest that women would be less secure than men.
Robert Skelton: No, but it must be the age profile of
the industry. In my undergraduate days, there
probably was not a single woman in engineering.
Even now, at Cambridge, we have only got about
20%.

Q78 Mr Marsden: Is this a problem?

Michael Grave: 1 see it as something else. We have an
organisation in the British Nuclear Energy Society
which we call the Young Generation Network? and,
interestingly, against all the trends, since the
enthusiasm for decommissioning and nuclear and
even keeping the existing stations operational, our
membership has changed from about 1,000 people
with 10% of people who we call young—and I will
not tell you why it is under the age of 37, but there is
a reason for that—now 40% of our membership is of
the YGN age and we have about 1500 or 1,600, and
50% of the chairmen of the YGN in the last six years
have been women and very good at that, in fact.

3 Note from the witness: “Associated with the European
Nuclear Society also”

Q79 Mr Marsden: Can we move to the issue of
competition. We have heard from UCLAN that they
believe there is going to be competition between
decommissioning and new build for talent in this
sector. Is that inevitable; is it a good thing or a bad
thing?

Clive Smith: 1t is inevitable, and if you take the
military programmes also, there will be competition
with those programmes, it is an inevitable fact that
the industry has got to get over and ensure that
salaries are attractive enough to retain people within
the legacy part of the programmes, as well as the
new build.

Q80 Mr Marsden: Is it showing new build to do that?
Clive Smith: We have not actually started much on
the new build yet, so there is little evidence.

Q81 Mr Marsden: So, it is too early to tell. Can I
move on to the issue of the qualification levels at
which there is a shortage of engineers and perhaps
again to take the view from Clive, although I
welcome the comments from Michael and others as
well. According to the graph that was submitted to
us by Cogent and NSAN, there appears to be an
oversupply of engineers at NVQ levels 1, 4 and 5,
and a shortage at levels 2 and 3. Why, therefore, has
the discussion around the solutions to skill shortages
been so focused on universities. Again, picking up
your previous point about the seamless track, do we
need to do more in FE colleges and industry in
providing nuclear engineers?

Clive Smith: From the last session, where it was
mainly the HE sector, certainly the discussion there
would have been focused on 4 and 5. The NVQ level
1, T think we can discount; there are very few
elementary trades, much less than 5% of the industry
are at that level, and that is part of making sure that
people leave school with the right levels of
qualification. Generally, for the people entering the
industry, the bottom qualification is NVQ level 2. We
are starting to get solutions and see a seamless track
through there; the implementation of the diplomas
in engineering and in 2011, the diploma in science
will give qualification routes through from the
traditional GCSEs but now in the diplomas, entry
into foundation degrees, foundation degrees up into
honours degrees, to give learning and career
pathways for people to progress, and also the right
qualifications for people to operate a skilled trade or
technicians.

Q82 Mr Marsden: Michael, Robert, do you see that
in your areas?

Michael Grave: 1 generally agree with that. In the
industry I work in, we are largely concerned with
keeping existing nuclear power stations going and
our work requires largely number of trades people,
some who progress to become site engineers and site
managers. [ was reading an article in the paper the
other day by Sir John Rose from Rolls-Royce, who
was making a comment that a large number of their
apprentices go on through career development to
getting a degree at some stage. There is going to be
an interchange between people who perhaps start off
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at what I call a skilled trade level who, through
career progression, also eventually get degrees. It is
quite a complex matter.

Q83 Mr Marsden: There are lots of ins and outs.
Michael Grave: Yes, lots of ins and outs.

Robert Skelton: There is a problem, not just faced by
the nuclear industry. Bodies like the Health Service
face this sort of problem as well. There is a significant
shortage at technician level, which is basically where
that gap appears. I wonder if it is partly because of
the way our education system has gone. Many
people in the past may have been interested in a
career, becoming an apprentice, or joining
organisations, say, post-O-level as technical trainees
at various levels, experimental officers, to use the old
Civil Service term. These people now go on to
something totally different. It is a national problem
which we really have to address. Countries like
Germany perhaps address this a lot better. Coming
from Cambridge, I am a little bit biased, but [ am not
100% certain that sending so many people on
degrees in various non-technical subjects is really the
right thing for the nation. It is a reflection of our
education policy that this gap has opened up and
people who in the past would have become
technicians, experimental officers, now go off
elsewhere.

Q84 Graham Stringer: I want to go back to
something we have touched on before. The
Government are changing the image of the nuclear
industry from being a sunset industry to having more
of a future. Is there anything the industry itself can
do to change that image as well? The Government
has given it a big boost, is there anything else that
can be done? What else would you do to change
the image?

Clive Smith: 1t has been in the background that the
media reported the contamination, the dirty image
of the industry, that is very much cleaned up. I do not
think there is an awful lot more the industry can do
to present itself now as the clean industry for the
future. It has put a lot of effort into making sure its
image is much better than it certainly has been in
the past.

Michael Grave: One of the things that concerns us in
the British Nuclear Energy Society—we do not
represent the industry, we represent professional
people who work in it—was that one of the
fragmentation issues, which somebody raised
earlier, has led to a lot of the visitor centres at nuclear
power stations, which have always been a major
source of keeping the public informed, are not there.
There is one very good example still left at Sellafield,
which does excellent work, but in the British Nuclear
Energy Society, when we were looking at our
education and training initiatives that we might do
in the future, I remember pointing out to our trustees
two or three years ago that the British public at some
stage are probably going to have to be in a position
to make a political decision, if you like, on new build
and therefore the public needed to be made aware of
the issues of nuclear power. So, we are funding this
year, for example, out of our education and training

committee budget, a small study by somebody at
City University, to look to see how we could possibly
make up this deficiency which has started to develop.
We would not be able to do it on our own, but we are
looking at the issues that might improve knowledge
exchange amongst the public at large, not just the
engineering people who we normally work with.

Q85 Graham Stringer: That is a very interesting
point. Why is Sellafield so different from other
nuclear installations? Why are they not all doing it?
Robert Skelton: What happened, as I understand it,
the old CEGB used to have excellent visitor centres
at all of their power stations; they used to lay on all
sorts of things for schools and did a marvellous
public relations job. When British Energy got into
their serious financial difficulties—what must be
four or five years ago—they basically closed all of
their visitor centres as an economy measure. We used
to take people to Sizewell and that closed; as far as I
know they have all closed. It was a commercial
decision taken at the time when they were in a very
serious financial position. Most of the buildings are
still there and it is time they thought very seriously
about reopening them.

Q86 Graham Stringer: That is very interesting. We
talked a lot about skills gaps and shortages, are the
solutions in training and skills gap, are they
primarily resource-based financial, or are there
structural changes that can be made?

Clive Smith: There was a general lack of
apprenticeships at one stage. The new National
Apprenticeship Service is coming on; the National
Skills Academy for Nuclear is invigorating
apprenticeships for nuclear, which will assist in
filling what could be classified as a structural gap, in
that we were not putting apprentices through the
system. There is a lot of work going on in filling that
gap and putting in place apprenticeships and
through the network of regional training providers
that NSAN is establishing, making sure that there is
sufficient joined up thinking between the colleges
and industry to provide those apprenticeships in the
areas where they are required and to an acceptable
quality assured standard.

Q87 Graham Stringer: Can you tell us how the
nuclear skills passport will help in this process and is
that passport tailored to apprenticeship level or to
the authoritative intelligent customer capability?
Clive Smith: 1t is focused across the skills pyramid.
The work being done at the moment takes it up to
about the NVQ level 3 and 4, but the ambition is to
make it go through the whole of the skills pyramid
and it will include within it the apprenticeships.
Initially, the backbone of the passport, the Nuclear
Industry Training Framework, will be to lodge four
qualifications but with a view to, by 2010, putting on
bite-sized qualifications so that people can see what
qualifications they have got, what they need to
achieve to continue to move up through the learning
pathway and the career progression pathway, all the
way from entry NVQ level 2 up through level NVQ
level 4.
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Q88 Dr Iddon: We are also looking at the Leitch
Report with respect to skills across the engineering
sector. One of the things that comes out is that there
are just too many organisations trying to do
essentially the same thing. Does that apply to your
industry also?

Robert Skelton: Basically, we knew this question was
coming, or at least we thought there was a good
chance that it would. The first thing we can say is
that Michael and 1 at the moment represent two
different organisations and we have come today
from a meeting where we are discussing merging, and
it is almost certain that the two bodies in the nuclear
industry will be merged by the end of the year. There
are a lot of engineering institutions; we are looking
at ways of working more closely. We have had
discussions with the Institution of Chemical
Engineers to see how we can work more closely with
them. We are doing our best to ensure that in terms
of our learned society activities, organising
meetings, etc., all the major engineering institutions
work together. Historically, it is just the way things
have developed and I am sure you will know that
many people—going back to Sir Monty Finniston
and quite a few other people—have tried to knock
the heads together of the various engineering
institutions with very little success. It is a system
which, in the United Kingdom, does actually seem
to work.

Michael Grave: 1 would just like to add a comment
to that. The BNES was actually founded in 1962 by
all the major professional institutions, recognising
that there needed to be a co-ordinated nuclear
approach. It is nothing new and continues today and
will form part of the new Nuclear Institute also and
we continue to work closely with all the other
professional institutions. It is very important. Not
only that, putting an industrial side on it, one of the
big problems that we found in our company is the
different training qualifications that are required if
you want to work with this nuclear site here and that
nuclear site there. Our big hope and aspiration, and
we support it 100%, lots of industries are joining and
working on NSAN which is driven by industry need
and the big hope is that NSAN will succeed in
getting certain skills development level all working
together and singing off the same hymn sheet. I sit on
one of the NSAN steering committees as a BNES
representative and I am quite heartened about what
I am seeing in terms of doing this. Somebody said
earlier that we have some concerns as a citizen about
skills but looking at what is going on in NSAN and
their plans, I have also got a lot of confidence for the
future that we will sort these problems out.

Clive Smith: The funding routes are quite tortuous
and diverse and it is being able to understand where
they come from to assist industry. Much of industry
is confused about where it can draw the funding
down from LSCs, from RDAs and other sources;
through the assistance of NSAN that should help in
co-ordinating those funding routes.

Q89 Dr Iddon: I know of Cogent because I am a
chemist and it represents pretty well all the chemical
industry, but it represents quite a varied sector of
industry, including your own. How successful has
Cogent been for the nuclear industry?

Clive Smith: Very successful. It has managed to pull
the employers together to try and undo some of that
fragmentation and through establishing and now
launching the National Skills Academy for Nuclear
within the Cogent footprint, providing a real
deliverables vehicle for training and education for
the nuclear industry. Whilst you have said it is
diverse, it is the same engineering science skills
required by the chemical industry, as required by
nuclear, as required by oil and gas—Piper Alpha has
been in the news again this week—a big safety
regulated industry through the HSE, the same as
nuclear. Much of the same basic skills and safety
regulatory requirements come to the fore in all those
industries.

Q90 Dr Iddon: You mentioned Germany, Robert, as
being a country which may get skills training better
than ourselves. Do you admire any other countries?
The French have got the biggest nuclear fleet per
capita, is their system of training skills for their
industry better than ours and better than
Germany’s? Who is ahead? Who should we be
looking at as a model?

Robert Skelton: 1 must admit, I find it hard to
comment too much beyond the graduate level. I used
to work in industry and I know that a shortage of
technicians has always been a problem.

Q91 Chairman: The question was, who else is there
as a model?

Robert Skelton: Yes, 1 wonder if Clive has a better
view on this.

Clive Smith: 1 do not think I am qualified to
answer that.

Michael Grave: 1 cannot answer that except to repeat
to you a statement by a German human resources
person to me in Hamburg the other week, who
envied the system we had in the United Kingdom.
Chairman: Well, I think on that note of self-
congratulation, we will end this session. Clive Smith
OBE, Robert Skelton and Michael Grave, thank
you very much indeed for joining us this afternoon.
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Q92 Chairman: Could I welcome our first group of
witnesses to this evidence session on nuclear
engineering inquiry as part of our major inquiry into
engineering. Dr Ian Hudson, Engineering,
Technology &  Skills  Director,  Nuclear
Decommissioning Authority; Fiona Ware, Vice
President Operational Excellence and
Transformation at AMEC’s Nuclear Business; Alex
Walsh, the Head of Civil Nuclear Programmes at
BAE Systems, and, last but by no means least, Bill
Bryce, the Chair of the New Build Working Group
at the Nuclear Industry Association. Dr Hudson,
perhaps I could start with you. When we heard from
the Institution of Mechanical Engineers they said
that “the UK’s capacity to build a new generation of
nuclear power stations is uncertain.” The Royal
Academy of Engineering said that “the UK could by
no means be self-sufficient in the building of a new
generation of nuclear power stations in the
timescales required.” Last week, however, when we
met Professor Billowes from the Dalton Nuclear
Institute, he said to us that the UK had not “missed
the boat”. They cannot all be right or they cannot all
be wrong. Who is right?

Dr Hudson: For clarity, the principle interest of the
Nuclear Decommissioning Authority is in
decommissioning and clean-up. Within the Energy
Act we do not have any formal role in terms of new
build. If you take the decommissioning mission and
the clean-up mission, we can see some shortages in
certain areas, and those areas tend to be areas where
we are competing with other industries. In terms of
attracting other engineers into the industry and
having enough people to do the job, from a
decommissioning perspective we do not see any real
major shortages right now. We have, however,
introduced skills, plans and programmes for the sites
that we look after, so we understand the medium to
longer term, so that from our perspective we
understand the problem well enough that we can
take action now.

Q93 Chairman: Are you not hugely complacent? We
are talking about a level of decommissioning which
this country has never seen before, with virtually all
our nuclear power stations over the next 10 years
being part of that process. At the same time,
government is looking at encouraging new build,

and perhaps four or even 10 nuclear power stations.
Are you confident that all those engineers are out
there?

Dr Hudson: 1 do not think we are complacent: I think
that would be unreasonable. Three years ago, when
we first started with the estate, we asked all our site
licence companies to put in place a proper skills
strategy which understood the need. For the first
time, across all those sites, that strategy is in place.
NDA itself is investing over a period of five years
around £40 million. Through leveraging and
partnering we have doubled that amount. There is
an ongoing investment through the site licence
companies of around £13.5 million per year, which
equates to about £800 per person, and that is
probably double the UK average in terms of
investment in skills. I do not think we are
complacent at all. I think it is important to us. We are
starting from a base where we are starting to
understand the problem, we are taking action, and
we are focusing on working with the rest of the
industry to meet those needs as well.

Q94 Chairman: From the rest of the panel, could I
have a quick comment on my initial question.

My Walsh: 1 think there is a job of work to be done
in developing the bid but it does not mean that it is
not addressable. I think that actions are already in
place. We are heavily recruiting at the moment and
we are heavily training. There are certain
contractions happening in other areas of the
aerospace industry, for instance, where there are very
good structural welding engineers, aeronautical
engineers, who have skills which are transferable
with a degree of cross-skilling. It is addressable.

Q95 Chairman: It is doable.
Myr Walsh: Yes.

Q96 Chairman: Fiona, is it doable?

Ms Ware: Yes, 1 think so. We now have long-term
visibility for the plans for a number of the
programmes: the decommissioning programmes, the
new build programme. Having that long-term
visibility enables AMEC and other parts of the
supply chain to plan to respond to that. We are doing
an awful lot of recruitment. We are working with
universities and working with schools, trying to
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encourage people into science and engineering, to
make sure that we have the right resources available
when we need them.

Mr Boswell: It is obvious there is a big lump of work
to do, both in terms of decommissioning and
commissioning new build. These are not identical
skills but they are related. Two constraints occur to
me. One is the time scale. Alex, you said, you have
been at this for three years. These things do not
happen immediately. Can we be sure that the
training, even if it is now being embarked on, will be
delivered in time for this additional work? Second, it
is not only the training but also the capacity to train.
Is that too being addressed?

Q97 Chairman: Bill, could I bring you in on that,
please?

Mr Bryce: If 1 could take you back to your initial
question: Is the UK self-sufficient? It obviously is
not, because we do not in the UK own a nuclear
design, so we therefore have to be dependent on the
international nuclear system vendors. That is a good
thing because we then join a worldwide club,
operating the same type of reactors as many other
countries throughout the world. This gives us the
benefit of learning (a) from the building of these
reactors and (b) from the operation of them.

Q98 Mr Boswell: And pinching their skilled people
if required.

My Bryce: 1If we possibly can, yes—or maybe not
pinching but interchanging, because there is the
opportunity to put people from the UK into some of
these other countries with the nuclear vendors or
with the utilities. My own company, Doosan
Babcock, is owned by Doosan Heavy Industries &
Construction of Korea. We are building five nuclear
stations in Korea at the moment and we are also
supplying the steam generators and pressure vessels
to Westinghouse for their China orders and
supplying replacement bits into the USA. There is a
lot that we can learn by interaction with the
international nuclear club. In terms of the resources
within the UK, there is a squeeze of resources. No
company is sitting with spare people hanging around
in the prospect of a project coming in five years time
or whatever. However, the industry is gradually
building up its confidence, through government
initiatives, in the setting of frameworks, et cetera,
and this confidence is enabling industry to put more
investment into training and into recruitment. Itis a
hard job—it ain’t easy at all—but it is manageable.
Provided there is the concerted effort, I think it is
going to be capable of being done. We do need
continuity. I go back to Ian Hudson, the NDA, and
this supply work at the moment. It must continue to
supply work in a continuous way.

Q99 Chairman: When we were down at a nuclear
power station yesterday, we were being told very,
very strongly that what were required were
engineers—electrical/mechanical/civil engineers—in
order to do the major construction, fitting out and
running of these major plants. But this comes at a
time when there is huge pressure form other sectors

of the engineering community. I do not have a clear
picture yet as to where all these people are going to
come from. We are being told as a committee that
there is a huge shortage of engineers now.

My Bryce: Maybe not huge, but there is a shortage.
There are more severe shortages in some areas than
in others. When you talk of engineering, I would like
to be clear that we need to talk about the wide
spectrum, from the trade skills through to the PhD
levels. We require all of these people. We require
them in different numbers and we require them at
different times. For new build, we do not require a
large number of nuclear design engineers because the
new power stations are going to be internationally
designed—for example, one of the nuclear vendors
says that by the time we get around to building the
first one in the UK, it will be the ninth or tenth that
they will have built worldwide—but we do need
large numbers of general mechanical and electrical
and project management people. These are the
people who are going to build the things and
commission the things. Where are they going to
come from? They have all drifted into other
industries over the years, and when they see a
forward market and career opportunities, they can
be attracted back.

Q100 Mr Boswell: Their skills are transferable
probably.
My Bryce: Many of them are transferable, yes.

Q101 Chairman: You think these people already
exist.
My Bryce: Some of them do. We need more.

Q102 Chairman: With the greatest of respect,
though, that is not the information that seems to be
coming in terms of the workforce survey studies.
Certainly nuclear engineering, to start with, has an
age profile which suggests that a significant number
of people are going to retire in the next 10 years, and
that profile seems to be in every branch of
engineering. Are these people going to take pills and
become younger?

My Bryce: You are correct, and that is why I say that
in some areas there are shortages. We need to be
taking steps to change that.

Q103 Chairman: Okay. Perhaps I could turn to you,
Fiona. In terms of coming back to the nuclear
industry, obviously it is an exciting time, if we are to
believe that all is going to come to pass, both in terms
of civil and in terms of military capacity. What do
you think are the largest challenges for the UK
nuclear industry over the next 20-30 years?

Ms Ware: 1t will be dealing with the growth and
regenerating an interest in the industry, because it
has been a static industry or an industry in decline.
I think the industry is now responding. Visibility,
again, and commitment to the Government for the
sustainability of some of these longer-term
programmes makes it a more exciting industry, and
I think that makes it more attractive to bring more
people into the industry. I do not think that
decommissioning is seen as particularly exciting to a
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large number of the population; whereas new build
is more exciting, is more attractive to bring people
into the industry. One of our challenges will be to
attract people into the industry.

Q104 Chairman: Dr Hudson, there seems to be a
view that, because of a lack of commitment to new
nuclear build over the last 15 or 20 years, we have
lost that attractiveness, that capacity. What are the
strengths and weaknesses of the nuclear industry as
you see them at the moment?

Dr Hudson: There are a couple of strengths. To build
on something Fiona said: if you look at the
decommissioning industry, I would say that about
five years ago the interest was not particularly great.
When the NDA came on the scene you could see
some things change. For instance, for the Masters
degree in Decommissioning Engineering at
Lancaster the intake has been trebled over the last
few years, just because of the interest alone. If you
look at the attractions for the industry, the first thing
is that the industry offers long-term career
opportunities, not just in decommissioning but
across a range of operations—so that is quite
important; it is an international business; and, also,
it sits between government and commercial. It is
quite interesting: you can experience commercial
opportunities, commercial innovation, you can
work with government, and you can work with the
regulators, so the diversity of challenge is quite
significant. With all the positive press that is
associated with nuclear at the present moment in
time, we are seeing a renewed interest. To some
extent, from a decommissioning perspective, there is
this sort of magnifying effect which we can see in
some of our graduate programmes. For our nuclear
graduate programme we had over 1500 people apply,
and we had about 10 or 12 places; in the second
tranche we are up to past 700, again for about 10 or
12 places. Just for that particular scheme alone you
can see that interest ratcheting up.

Q105 Chairman: Is it the same for BAE Systems?
Would you echo that?

My Walsh: 1t is not necessarily the new build which
has made the industry unattractive. I went to
university in 1979. That was just after Three Mile
Island had happened. I decided to do a nuclear
engineering degree because I considered it to be the
“green” thing to do at the time. After Three Mile
Island there was a big swing in public opinion.

Q106 Chairman: Slightly, yes.

My Walsh: 1 remember the nuclear engineers were
the pariahs of the college. The number of youngsters
who wanted to go into nuclear engineering fell off.
The nuclear engineering degrees shut down before
the end of the new build with Sizewell B. There was
a real public swing which said that this was not an
industry that you would want to get into if you were
a youngster, so I do not blame the stopping of new
build for the youngsters not coming in. I think we
have to show that it is an attractive industry. It is a

very green industry. That is the type of thing which
will appeal to the youngsters and start to attract
them into the industry.

Q107 Dr Gibson: I do not have a picture of how
many people you think you might need to do the
work that the Government are giving you. Are we
talking about thousands of people? Hundreds?
Somebody must have done the sums, surely. There
must be some strategy, at least, somewhere.

My Walsh: In Sizewell B during the construction, at
the peak there were about 3,000, but most of those
were general engineers, civil contractors and the like,
but then you would have the supply chain as well
that supports that, which would probably multiply it
out—I do not know, but I would guess—to 20,000.

Q108 Dr Gibson: Come on, you guys should know.
You are in charge of the whole business, are you not?
Who knows?

Dr Hudson: 1 can offer
decommissioning perspective.

a view from a

Q109 Dr Gibson: A view? I want the facts.

Dr Hudson: 1 can give you some information. On the
back of the skill strategy that we have, we have about
20,000 people across all our site licence companies.
Around 25% of those are engineering graduates and
then 48% of those would be technical. If you map
that out over the next 15-20 years, you can see a
steady decline to about 2015 from our mission, then
you see quite a marked reduction from 2015, and
then you see another marked reduction from 2020.
From an NDA perspective across those site licence
companies, we can map those figures out, and we can
map the technical competencies across that. Those
are facts and those are based on the lifetime plans.
Invisible within those plans are the various scenarios
that may come out of government policy, and the
decommissioning of subsequent British Energy
reactors and MoD decommissioning as well. Those
are not in our plans.

Q110 Dr Gibson: Are you recruiting? Are nuclear
engineers being recruited?
Dr Hudson: We are recruiting.

Q111 Dr Gibson: Where are the adverts? In The Sun,
in the Mirror?

Dr Hudson: We are recruiting. We take about 170
graduates a year. The strategy we have taken with
the nuclear graduate scheme is not to be advertising
in places like the Times or the Telegraph but to work
with the career services in universities and to get the
message out through that. We had an event about
two weeks ago, where there were 170 people from the
range of universities across the UK, and something
like 25 or 30 industries from the nuclear footprint as
part of the event. It was starting to build that
relationship. For instance, on the nuclear graduate
scheme, the numbers I told you about were without
the advertising in the Telegraph; they were all about
building the relationship with the academics and the
students. It is a different approach.
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Q112 Dr Gibson: Are you confident that you are
going to get home-grown students? Are you going to
get your workforce from people from the universities
and other places, or are you having to do like the
football teams do and go abroad to get three-
quarters of the team?

Dr Hudson: From the clean-up perspective, we have
attracted enough people from the home-grown
talent. You can see that in the graduate schemes. We
do get enough people like that. We also get the
attraction of international people as well. If you take
the recent contract award at Sellafield, it is only a
small number—you are talking about a number of
20 or so in terms of the senior management team—
but through that contract they bring people who are
called enhancers, who come in for periods of up to
two years to work with the local population, transfer
some of those skills, and then go off, leaving the
skills behind!. It is always an issue in terms of getting
local home-grown talent. In decommissioning it is
different: we do not have the same constraints as the
military perspective. I do not know if any of my
colleagues can offer a view about that, but from a
decommissioning perspective we do okay.

Mpr Bryce: 1 can quantify it a bit. Excluding the
military side, which Alex may be able to enlarge on,
there are currently about 40,000 people in the UK
employed in the nuclear industry directly, and then
there are another 80,000 to 100,000 covering the
support to the generating stations, clean-up. There is
really not a lot going on in new build at the moment.
As time progresses, the number involved in clean up
is going to reduce, as Ian has indicated, but then the
new build programme is going to start kicking in, we
hope. For a new build programme, excluding those
things that the UK cannot supply—for example, the
reactor pressure vessels and the turbo generators will
need to be imported—typically we are talking of
probably about 1,000 to 2,000 jobs in the
manufacturing industry, we are talking of about
3,000 jobs on the site construction—these are direct
jobs—and, along with that, probably about 50%
more in supporting them. When we come to the
operation, we are talking of probably 300 people
full-time, operating a new nuclear station, with
about 100 to 200 in support—that is coming from
the contractor support—and then another 1,000
people in the community getting indirect jobs.

Q113 Dr Gibson: Would you put your salary on the
fact that you are going to get these? Do you think the
educational systems and so on are up for it?

Mr Bryce: No, we are going to have to compete for
many of these jobs.

Q114 Mr Boswell: Internationally?

Mpr Bryce: Internationally, yes, for a lot of the
manufacturing work. For the site installation work,
we would expect UK industry ought to be in a
preferred position, because we do not see the nuclear
vendors at Westinghouse or Areva importing large
quantities of blue-collared workers. Once again, we
are going to have to compete for the work, and we

I Note from the witness: “The contract I referred to was not
‘awarded’- we announced the preferred bidder”.

are going to have to have these people, and,
generally, the industry is addressing the recruitment.
If T could mention my own company again, we have
a very intensive recruitment and training campaign
that is including people from overseas; targeting the
Armed Forces looking for Army, Air Force and
Navy veterans; and targeting schools, getting in at
the secondary school level, and all the other
members of the Nuclear Industry Association are
doing similar things. With that sort of effort—and,
as I said earlier, it is not easy, we have to keep
pushing it—we should be able to take a fair share of
this work.

Q115 Dr Gibson: Do you think people from abroad
are just more skilled than our people at the minute?
My Bryce: No, I do not think so. We have been
importing quite a number of people from Poland
and from Portugal. Their qualifications are not
totally interchangeable, particularly for putting
them on to nuclear plant, and we have had to do
additional training and additional certification to
use them on nuclear plants.

Q116 Chairman: In terms of the very top skills, the
sort of PhD-level nuclear scientists and nuclear
engineers that we are going to need on a whole range
of different projects, niche people, where are we
going to get those from? They are not coming from
our universities at the moment?

My Bryce: Not at the moment, but I think in a few
years time they are going to come.

Q117 Chairman: Dr Gibson’s question is really quite
specific. You seem to be saying that there is a market
out there. Like Manchester United or Chelsea or
Dundee United will simply go and get the best
players—it is just an in joke—

My Bryce: 1 hope we are going to be more successful
than Dundee United!

Q118 Chairman: What is industry doing to make
sure that UK plc has these people? Or is it just down
to the university system?

Mr Bryce: No, I think the industry is importing
some of these people. They are working overseas,
because this is an international market.

Chairman: I have got that point, but what are we
doing to get indigenous, UK people?

Q119 Dr Gibson: Are you paying their PhD
studentships for them? Are you paying off their
student debts?

My Bryce: Are we, as my company?

Q120 Dr Gibson: Yes.

My Bryce: 1 do not think we are.

My Walsh: We are not paying off their student debt;
we are paying good wages to graduates coming in.
During the last year we have recruited five graduates
specifically into the nuclear area and we have put in
for a nuclear engineering training.

Q121 Chairman: I am talking now not about
graduates. I am talking about post-docs.
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My Walsh: We have taken one in.

Q122 Chairman: One.

My Walsh: Our first PhD student this year into the
nuclear area. We have taken in three people with a
Masters degree. They are coming through things like
Birmingham’s Physics, Technology and Nuclear
Reactors course. That is a very good course.

Q123 Dr Gibson: Are you excited by having four
new people?

My Walsh: Yes, 1 am. In total, the number of
graduates that we have taken on this year is 85. We
have taken on 165 apprentices. We have just been out
and started recruiting A-level students, to bring
them in. If we get our apprentices, we run a high
potential apprentice scheme for those top level
apprentices we take on and we push through as fast
as possible.

Q124 Dr Gibson: There are too many ifs in your
answer. You are not sure.

My Walsh: 1T am sure. We do put people through
university degrees.

Q125 Dr Gibson: Fiona, you are champing at the bit
there. Tell me about Gen-IV. What is happening?
Ms Ware: 1 will, but perhaps I could go back to what
you asked before. AMEC has a long heritage of
looking after some of these skills and capabilities
from when we built the last fleet of stations. We have
put money into the PNTR MSc at Birmingham, we
provide lecturers at Surrey, and we provide industrial
sponsorships to sponsor PhD students. We have
recently started participating in the Eng D
programme. We only took one as a trial, because it
was a new programme, but we are planning to take
more. We are taking 70 graduate trainees on this
year. The majority of those will have a Masters
degree. We generally take three or four people a year
from the Birmingham Masters degree. Moving on to
Generation-1V: participation in the international
research programmes is a way that we have managed
to maintain and transfer skills. Whilst there has been
no new build in the UK, through participation and
work on the Gen-IV research programmes, through
ITER and JET, the fusion programmes, and also
through the European frameworks, those are really
good packages of work where we can get our more
experienced engineers to transfer their skills to the
junior engineers. It is very difficult to do that on
commercial contracts because the client will not pay.
They will pay for one person to do the work. We
have relied heavily on those research programmes, to
develop, to maintain and to transfer skills.

Q126 Dr Gibson: What has happened with
Generation IV? How much does this industry put in,
how much do the Government put in? Do you have
to buy your way to the table?

Ms Ware: The Government were due to put in £5
million, but that funding was cancelled last year,
which was a disappointment.

Q127 Dr Gibson: That is bad news. How are you
going to substitute for that? Are you going to put the
money in yourselves? You are going to be a rich
industry—or you are a rich industry.

Ms Ware: The difficulty is the long-term nature of it.
We ourselves are part of the supply chain but we are
not a utility. We do not have the benefit of saying,
“We’ll invest in future generation reactors because
we will get the benefit because it will be our design
later.” We have taken rather an altruistic view,
perhaps, to say that we will do what we can to
participate in the programmes because we know that
is how we would keep those high level skills alive. It
has been very difficult.

Q128 Dr Gibson: But you are not going to get a
Christmas card or an invite to the table to talk about
these things unless you are paying your whack,
basically.

Ms Ware: Yes, and I think we are disadvantaged
when you look at other European countries. If you
look at France, in particular, they have
complementary parallel programmes, so that allows
industry access to the extra funding so that they can
participate in the programmes. Within the United
Kingdom we have an uncoordinated approach and
we do not have any parallel programmes, so that
makes it more difficult to compete.

Q129 Dr Gibson: What other international
programmes are we participating in or should we
participate in if we want to get to the top table and
get new schemes going and education, your PhD
students, and double your numbers from four to
eight, for example? You are going to have to get into
these international programmes.

Ms Ware: The Government, I believe, are signed up
to GNEP. There are no programmes of work yet that
have come out of that. We would ask for continued
support to that. The Government signed up to Gen-
IV and then the funding was not forthcoming, so if
we know that—

Q130 Dr Gibson: Who should foot that bill? Should
the Government restore it or should you have some
kind of collaboration?

Ms Ware: 1 would like to see the Government restore
that funding.

Q131 Dr Gibson: Of course you would. At the same
time, the Government are not going to by the sound
of it, are they?

Ms Ware: 1 do not know. We would like to think so.

Q132 Dr Gibson: Does anybody know? You must
know, Bill. You are the boss.

My Bryce: Before I answer your question, the thing
that is going to set the industry in the UK up for the
future is a healthy clean-up programme, successful
clean-up and a healthy new build programme. That
will start attracting people. There is no point in
doing research if we do not have the application of
it. Once we have both of those things—and we
cannot go into new build sacrificing clean-up. This is
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very important to all of industry as we go forward,
to make sure that we do not pinch the guys from the
clean-up side and switch them into new build.

Q133 Chairman: Can you concentrate on the
question that was asked.

My Bryce: Coming back to the question: with that
basis, if we can get ourselves into a sound clean-up
and new build programme, people will be attracted
into the industry and you will see the numbers
increasing quite dramatically.

Q134 Dr Gibson: That is what you are saying.

My Bryce: But I think Government are going to have
to prime the pumps on these more advanced research
programmes. Industry is not going to put its money
in at this stage in substantial amounts because it is a
long time before payback will be achieved. There are
several projects. ITER is one. Gen-IV is another.
Industry is somewhat reticent to get involved there
because the payback is looking very, very doubtful.

Q135 Dr Gibson: In the long term you are going to
need that research, because nuclear plants and styles
and so on and the operation change.

My Bryce: That is right. That is why I say: get
ourselves established with new build of Generation-
I1T and the rest will spin out of that.

Dr Gibson: Good luck.

Q136 Dr Iddon: Is everybody on the panel agreed
that the skills required for decommissioning are
roughly the same as those required for new build? In
other words, if we train people for decommissioning,
can we roll them over into new build?

My Bryce: There is a lot of new build going on to
enable decommissioning to happen. There are
several new facilities being built in Sellafield—and
Ian can say more about these—and, therefore, these
skills can roll over. In fact, they are a bit more critical
because the work that is going on in
decommissioning is an active plant, a radiologically
active plant. There the nuclear disciplines have to be
so much more severe because you are dealing with
the radioactive conditions. Therefore, all the very
stringent nuclear procedures are being learned and
practised today in the clean-up process and these will
spin over.

Q137 Dr Iddon: Perhaps I ought to turn to Ian. Do
you see the NDA’s role as partly to enable this roll
over from decommissioning to new build? Do you
think you have a role to train people through your
decommissioning work, so that when new build
ramps up we have sufficient skills available?

Dr Hudson: 1 think that is an interesting question.
From an NDA perspective, let me try to answer that
in two parts. The first thing is that NDA can only
invest to support the clean-up mission in the way set
out in the Energy Act, so our investment is around
supporting the clean-up mission. We are investing
quite heavily, and we can talk about that in a minute.
There is a recognition, though, that some of those
skills are transferable, and it has happened in the
industry. Historically, if you look at the NDA, for

instance, we have people who built reactors who are
now pulling reactors down. We are focusing on
transferable skills which are with the nuclear
industry, so when we move people from operations
into decommissioning we can get that flexibility of
workers, so we are building that into our strategy.
But it has to be dead clear, from our perspective, that
we do not have a role in respect of new build. We are
not allowed to do that.

Q138 Dr Iddon: In their submission BAE has
suggested that the UK should ramp up
decommissioning work to increase skills in readiness
for new build. What sort of assurances would
industry need to make significant investments in core
staff and facilities?

Ms Ware: In terms of decommissioning, as I said
before, we now have visibility of the lifetime plans.
Seeing that there are long-term programmes and
that there is funding available is enough to
encourage the supply chain to respond and to grow
the capability. For new build, I think it is
government support. The industry suffered during
the last period of new build, because we built
Sizewell, and there was an expectation that that
would be a programme of reactors, and it was only
one. A lot of companies prepared themselves and
geared up to do that and then the opportunity
disappeared. What is required really is a
commitment to a programme and the supply chain
will respond accordingly.

Q139 Dr Iddon: AMEC have suggested that there
should be a stronger interface between the civil and
military activities in this area. Security is the obvious
barrier, but what other barriers are there? I's the main
one security or are there other barriers preventing an
interface between civil and military activities?

Ms Ware: Probably there will be commercial
reasons. As AMEC, we are part of the supply chain,
so we provide resources into all of the sectors, into
reactor operations, into clean-up, and into Rolls
Royce and AWE. We see there is transferability of
skills and we can help in terms of transferring best
practice from one section of the industry to the other.
From an AMEC perspective, I can comment that
skills are transferable. How the sectors work
together is probably more a matter for people in
the team.

Q140 Dr Iddon: What do the rest of the panel think
about this interface. Is it easy to transfer from one
sector to another?

My Walsh: BAE Systems is heavily involved in the
construction of nuclear submarines. That is what we
do. There are limitations as to how we can employ
foreign nationals on those projects because of the
security implications. I personally have worked in
the defence industry and in the civil nuclear
construction industry and at Sizewell B. Half of the
Sizewell B nuclear commissioning team came from
America or Czechoslovakia or Spain—from all over
the world. The reason for that was that when you are
at the commissioning stage and you are on the
critical path with one of these projects and the
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majority of the capital expenditure has gone, you
need the best, most experienced engineers with you
to mitigate the risk of something going wrong, that
programme being held for a day and £1 million of
electricity not being generated. You are very keen to
have not just qualified engineers but people who
have done it before in other power stations. That is
why we went around the world. I do not doubt that
when we come to do the first power station in this
country, at that end of the programme we will have
foreign engineers to help us, or we will have needed
to take UK engineers, like the CEGB in the 1980s,
place those engineers out into foreign construction
projects so that they can pick up their experience and
bring it back to this country. The other thing that
happened at Sizewell was that in 1991, as the Cold
War came to an end, the Government made the
decision that we did not need as many nuclear
submarines. As a result, it retired a bunch of those
and an awful lot of nuclear-trained people came out
of the Navy. A lot of those nuclear-trained people
ended up at Sizewell B, working for me in my nuclear
commissioning team. They were excellent. First
class. Those skills were perfectly transferable in there
and they were some of the core of the nuclear team.
Having done one nuclear commissioning, they
would have been ideal to have led the next nuclear
commissioning in this country. The problem now is
that we have a smaller nuclear Navy which is not
giving the same amount of retirees coming out to
help in that area, and when we go outside and go
international, this time to look for those skilled
engineers who have done decommissioning before,
unfortunately they are going to be employed on the
American programmes, because the Americans are
looking for 30 power stations, and the Chinese are
going to be building. There is a massive demand, so
getting those people is going to be an issue. That is
why, in my submission, I made the point that we
really do need to help industry now get people out on
foreign placement into these construction and
commissioning projects, so they can bring back
experience and be ready for our projects to take off.
Dr Hudson: When you think about skills, once you
can get over the security implications from a military
perspective, the people are transferable very
applicably, as well explained by Alex. Skills are also
developed through the use of certain facilities. There
are some more subtle issues, in terms of carrying out
military programmes and civil programmes in the
same building. Whilst it would be nice to get
complementary facilities where you can build up
some of those skills, you have to think a bit more
carefully about how you make those facilities
available and use them across the different parts of
the industry. It is just that point I was interested in
making.

Q141 Dr Iddon: Nobody has mentioned France.
They have one of the biggest nuclear fleets. Are they
an international outfit working in France? Are they
mainly French engineers? Is there any transferability
there between our near neighbour and ourselves?

Dr Hudson: 1 have just a bit of anecdotal
information. The French have some good
programmes in terms of skills. France is
comparable, from a UK perspective, with what we
do. I was in the States a couple of months ago and
the same issues were being discussed over there,
because you have the same issue of the indigenous
population, you still need those. Whilst Areva and
people like that are active in the States and keen to
be part of the nuclear build over in the States, they
themselves recognise the fact that they are going to
have to work with the local population to build up
the skills. You still need to do that from a UK
perspective.

Q142 Mr Boswell: I am interested in the relationship
between government on the one hand, academia and
industry, and whether these are all tuning in together.
In AMEC’s evidence you refer to “the complexity
and number of the public sector ... training
initiatives where there is increasing overlap between
the remits of the various bodies, and between
academia and industry.” Could you say rather more
precisely what those problems are, and perhaps you
could give us some examples?

Ms Ware: When 1 first got involved with some of
these bodies I found it extremely confusing in terms
of the remit of the sector skills councils and the
overlap between the sector skills councils.

Q143 Mr Boswell: Are there about six in this area, if
you tot them all up?

Ms Ware: There is Cogent and the ECITB and the
CITB. There is a number and it is quite confusing.
We get approached as part of the supply chain by a
number of these because AMEC works across a
number of sectors. One of the issues is that a lot of
the skills are not sector specific, so it is quite
confusing. Also, the way that they work is different.
Some operate under levies and others are under
voluntary contributions.

Q144 Mr Boswell: Do you have the impression that
in terms of their influence as sector skills councils
they get their act together and unify their offer, or are
you always having to negotiate between them in
order to fit into their programmes?

Ms Ware: 1 sit on the Cogent Nuclear Employers
Steering Group and that was a way of trying to say
that we want the sector skills councils to be more
joined up, because they are not, and they do offer
different types of training. In the nuclear industry, we
have the creation of the Nuclear Skills Academy,
which is great. When you look at the agenda that was
set out for that, it was set out by industry. When you
look at the funding, the funding has been provided
by industry, because it is industry-led. If you look at
the flipside, with the ECITB, where we are levied—
and I can only speak for AMEC personally and, in
particular, the nuclear sector—we do not get an
awful lot back from that. We do not get involved in
setting the agenda. Where industry is driving what is
required, the funding will follow, because industry
knows what it needs.
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Q145 Mr Boswell: To pursue that—and it may be
more relevant to another inquiry we are carrying
out—at least the rubric is that sector skills councils
are industry-led.

Ms Ware: Yes.

Q146 Mr Boswell: Does anyone else want to
comment on that sort of perception of SSCs?

Dr Hudson: When I came to the NDA about three
years ago, there seemed to be quite a confusing
picture around Cogent and the footprint that
Cogent had. There was a change in CEO and the
regime in Cogent. We sat down and spent quite a bit
of time working with them to try to understand what
our needs were and what they were trying to achieve.
I would say we have worked pretty well with them in
respect of helping create the National Skills
Academy for Nuclear and built up some of the
occupational standards and things like that. I would
agree with Fiona, the mixture of different sector
skills councils is difficult. If you look at the ECITB
situation and NSAN, it seems to me there is a
potential policy difference. On the one hand you
have NSAN, which is run by the employers or
employer-led. They do not deliver skills; they set
standards and franchise people to meet those
standards. On the other hand, you have ECITB, and
they levy. The only way you can get your levy back
is by using their products, and they may not
necessarily be products that, as employers, we would
want. That policy difference is still there.

My Bryce: Yes, there should be much more
integration. There is a little bit of competition for
funds but the different boards, the ECITB, the
NSAN, et cetera, are willing to talk with one
another. In fact, the NIA is trying to progress that so
that we get everybody singing from the same hymn
sheet, because they are complementary.

Myr Walsh: The ECITB we use a lot, because of the
apprentice training schemes that we run, so they are
very important to us. We engaged with Cogent a few
years ago and very much the focus of Cogent has
been driven by the focus of the industry over the last
few years on nuclear decommissioning. That now
needs to start swinging a bit more to what is going
to be the nuclear new build as well, but that is only
natural at this stage of the game, when there are no
further orders and we have only just started to see
the commitments going forward.

Q147 Mr Boswell: Who is the appropriate body then
to rationalise these initiatives? We have identified
that there is a bit of confusion. Who is going to blow
the whistle on this?

My Bryce: That is a difficult question. Cogent isin a
position to do this. The NIA has been asked if it
could do this but it is quite a big task. The NIA is
limited by its funds which come from a subscription
from the members. If the members wanted to do this,
we would be willing to do it but there would need to
be a bit more money put in.

Q148 Mr Boswell: Is that a general view?

Ms Ware: 1 think it is wider than that because it
covers a number of sectors. I think there was a
recommendation in the Leitch report that the
number of bodies needs to be rationalised. I do not
have a short answer as to how we might do that
because it goes across a number of industries in a
number of sectors, so it is difficult to say one
organisation would take that responsibility.

Q149 Mr Boswell: Perhaps I could stay with you and
ask, concerning the proposed UK National Nuclear
Lab, why you think there will be unfair competition
between the academic world and industry.

Ms Ware: The point we are trying to make is that we
need to make sure there is not unfair competition.

Q150 Mr Boswell: There does not have to be but
there might be.

Ms Ware: Yes. The remit of the National Lab needs
to be clear. I think the lab will have a remit to protect
and nurture skills, and I think it needs to be very
clear that industry also has a role to play and a lot of
those skills belong within the supply chain and
within industry where they are deployed on real jobs.
Whilst we support the need for a national nuclear
laboratory and some co-ordination in terms of some
of the research in the programmes because the UK is
fragmented, it needs to be clear that this is not just
about creating programmes that would sit within
academia or within the National Lab but it is about
involving and engaging industry to make sure that
the skills are transferred into industry.

Q151 Mr Boswell: I notice you nodding, Ian. Is that
the view across the panel, that that is the right kind
of way to approach this issue?

Dr Hudson: 1 think so, because you can maintain
skills through initiatives such as the National
Nuclear Lab but it is quite important that you
maintain skills throughout the supply chain as well.
You get different approaches. You get a slightly more
commercial, innovative approach linked into the
supply chain; you are able to take a slightly longer-
term view through things like the National Nuclear
Lab. I think the National Nuclear Lab needs to have
its role linked across the supply chain as well as the
academic establishment and operate around that
agenda. A lot of the key skills in the National
Nuclear Lab were mostly focused around the access
to facilities, which are large capital facilities that
carry out active work that industry does not tend to
have access to because of the huge capital outlay.
Making those facilities available into the broader
supply chain helps build those skills.

Q152 Mr Boswell: That will be available to anybody,
even if they are a comparatively minor
subcontractor who could use the large facilities.
Dr Hudson: The aspiration from NDA’s perspective
is that you give access to the broader supply chain
and into the universities. That is the aspiration.
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Q153 Mr Boswel: AMEC has called for a
demarcation between the application of technology
in industry on the one hand and pure research taking
place in universities and the National Nuclear Lab
on the other. I take it that is, as it were, a
management view which is not necessarily
uncongenial to the other members of the panel. If we
are going to do that, how are you going to bridge the
gap? If you are making a conscious separation of
mission in that area, how do you integrate the
missions as part of the national effort to get nuclear
decommissioning and new fleet build at the same
time? How do you tune that?

Ms Ware: 1 think it comes back to being clear about
the remit of the National Lab, if some of the
programmes are going to be going through there. It
is making sure that that industry is involved and it
is not in competition with academia. Ultimately the
skills need to come through from academia and they
need to reside inside the National Nuclear Lab,
where their needs will be nurtured if there is not a
commercially acceptable way of doing that. If it is
commercially viable to do it, then the supply chain is
well able to do that itself. I think the role of the lab
is to protect some of the skills which are critical.
Currently a lot of the commercial programmes do
have short term requirements as well as long term,
and some of the short-term programmes perhaps do
not need those skills. There is a requirement to
maintain those, therefore, but I think it is just
making sure that with some of the research
programmes industry gets access to participate, that
the skills transfer comes from academia out into
industry and that they do not retain them in
academia because there is a need to transfer to
industry.

Q154 Mr Boswell: The point at which, as it were, the
flag drops is with the National Nuclear Lab. Or,
rather, it requires the active involvement of the
industry as well as the academic world.

Ms Ware: Yes. Absolutely. There needs to be a
partnership.

Q155 Mr Boswell: You are nodding, Ian.

Dr Hudson: Absolutely. We have been involved with
BERR to support the creation of the National Lab.
We see it as very strategically important to us to
deliver our mission. Making those facilities available
on a national and international perspective is very
important.

Chairman: On that positive note, I turn on to Ian
Cawsey.

Q156 Mr Cawsey: Thank you, Chairman. Earlier in
the session there was a little bit of discussion about
the role of the Nuclear Decommissioning Authority.
Asyousaid, it does what it says on the tin, and that is
what the Energy Act allows you to do. But of course
these things can change, and in a period of new
commissioning it might be an appropriate time to
change. Would you like to see the scope of the
authority broadened? What would be the rationale
behind such a move?

Dr Hudson: 1t is an interesting question and I do not
feel particularly qualified to offer a view. I think it is
a government decision, so from an NDA position it
is not something I would like to speculate on.

Q157 Mr Cawsey: You do not have a personal view
on whether it would be helpful?

Dr Hudson: 1 do not believe I can offer a personal
view, sat here on behalf of NDA.

Q158 Mr Cawsey: Does anybody else want to say
whether he should be expanded?

Ms Ware: 1 think that some co-ordination is
required. With the fragmentation of BNFL—and
the NDA came in to oversee that—the industry itself
has fragmented, so in terms of new build there needs
to be some kind of co-ordination, whether that
would go to the NDA or an alternative body.

Dr Hudson: 1 could offer a view into it. Our skill
strategy is to partner with people. For instance, in
creating the National Skills Academy for Nuclear,
the fact that it covers a nuclear footprint and we are
able to participate in that we see as very positive. I
think getting more consistent approaches to the
skills agenda, getting a consistent approach in terms
of understanding needs is important but you do not
necessarily have to do that with respect to NDA.
Chairman: You did have a view after all.

Q159 Mr Cawsey: It took Fiona to wheedle the
answer out of him.
Dr Hudson: That was not a view.

Q160 How does the authority encourage companies
to ramp up the skills base?

Dr Hudson: We have taken a number of things. Skills
are important to us, as set out in the Energy Act. It
is also important in terms of offering value for
money to the taxpayer because it improves the
performance. The first thing we have done is to take
a strong leadership role. We have set requirements on
the site licence companies to develop these skill
strategies. They are incentivised to do an effective
job on skills, so they gain profit if they do a good job
and they lose profit if they do a poor job. We have
done that over the last three years to drive that.
When we invest in infrastructure—and we have
done, for instance, at the high end of skills, such as
the PhDs and Masters area—we have tried to do that
in partnership with other people. For instance, in
partnership with Manchester University, we put in
£10 million and they put in £10 million to create an
institute in areas of interest to us. We have invested
in infrastructure to create a company called Energis.
We put £5 million in, but by working with both
government and the supply chain we have generated
around £20 million to improve the infrastructure.
We have taken a mixture of stances. We have taken
a very strong leadership stance; we have incentivised
it, so it looks important to us; and we have
partnered, which is really very important because it
improves what we are doing as well.
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Q161 Mr Cawsey: You are funding research and new
facilities, and the example has been given to us of the
Dalton Cumbria Facility. What involvement is there
between the authority and industry?

Dr Hudson: Through the site licence companies we
invest around £100 million a year. Of the order of £50
million of that goes to the Nexia, which is the
precursor to the National Lab, and the balance of
that goes into the supply chain, so the supply chain
benefits quite significantly from that investment. In
terms of things like the Nuclear Institute, we are
working with the University of Manchester. The
model that we apply is that we invest as a catalyst to
create the capability. We focus it on world-class skills
and that capability is then able to draw down the
money from the industry, from the research councils,
and become self-sustaining. It is quite a fine balance
and an interesting model, because you invest maybe
over five or seven years to create the capability but it
becomes self-sustaining by operating in world-class
fashion. It is a good model. It was used by BNFL to
create some centres at universities. We see that as
really good because it allows you to create
commercial innovative work as well a long-term
commitment to R&D.

Q162 Chairman: Fiona, when you were responding
to Tim Boswell you talked about long-term skills
that were not funded by industry but which were of
national importance. What were you specifically
referring to?

Ms Ware: This is probably going back to when [ was
in Nexia—I worked in Nexia before I came to work
for AMEC—some of the programmes such as the
molten salts programme would be a long-term
research programme but there was no short-term
benefit there. Those projects were not funded
through the site licence companies. There are
programmes that the NDA will fund now through
their research programme, but I think it is making
sure that those programmes are available to develop
some of the skills which we will require and we will
need to maintain but which are not currently
required on a commercial basis at the present.

Q163 Chairman: Perhaps you could have a little
think about that and then drop us a very brief note
about some of those specific skills.

Ms Ware: Yes.

Q164 Chairman: The same with you, Ian, in terms of
the decommissioning. Perhaps I could finish this
session with you, Ian. We are a little confused about
the decommissioning time framework. That was
brought home to us at Sizewell B yesterday. Within
the next six years there are six nuclear power stations
that are going to start their decommissioning
programme, that are going to stop producing
electricity. What is the length of the
decommissioning programme? Perhaps you could
putin a note to us on that. What factors are involved
in dictating how long and, also, how much it will
cost? There seem to be endless time scales for some
of these decommissioning programmes and we
would like to get a clear handle on that in terms of
matching the skills needs to the decommissioning
programme.

Dr Hudson: 1 can write a note to that effect.
Generically, what affects time scales is a balance
between removing the high hazard part of the plant,
which is the fuel, and then making a decision about
what the care and maintenance regime might be,
what time scales that might be.

Chairman: You indicated earlier, and Fiona picked it
up, that you now have clear programmes for
decommissioning with proper time lines. It would be
really quite useful to the Committee to have those.

Q165 Dr Iddon: I think we should point out,
Chairman, that yesterday at Sizewell somebody
indicated that the graphite core reactors could be
decommissioned in less than 10 years. Nine years
was quoted.

Dr Hudson: One of the roles that we fulfil on behalf
of government is that the lifetime planner approach
that we use for our science we apply to British
Energy to get a sense of what the liabilities might be
in the future. If you would allow me, I can certainly
put a note together to that effect.

Chairman: We would be very grateful for that. On
that note, could we thank you very much indeed, Dr
Tan Hudson, Fiona Ware, Alex Walsh and Bill Bryce.

Witnesses: Adrian Bull, UK Stakeholder Relations Manager, Westinghouse, Dr Mike Weightman, HM
Chief Inspector, Nuclear Installations Inspectorate, David Barber, Head of Technical Training, British
Energy, and Robert Davies, Marketing Director, Areva, gave evidence.

Chairman: Let me welcome our second panel of
expert witnesses this morning: Adrian Bull, the UK
Stakeholder Relations Manager for Westinghouse;
Dr Mike Weightman, HM Chief Inspector for
Nuclear Installations Inspectorate; David Barber,
the Head of Technical Training for British Energy,
and Robert Davies, the Marketing Director of
Areva. Thank you all very much indeed for coming
this morning.

Q166 Dr Turner: Part of the torturous timeline for
what kilowatt hour is generated in the UK is the

Generic Design Assessment of the new nuclear fleet.
We have received very little evidence relating to that.
Is this because it is a perfect process or are the
companies going through the process not wanting to
rock the boat?

Dr Weightman: 1 would never claim any of our
processes are perfect. We always seek to improve on
them. This is a new process for us that was developed
about three years ago. We put it to government after
talking to stakeholders and finding out what the
issues were. We also took some advantage of an
International Atomic Energy Agency peer review of
our approach to nuclear regulation in the UK,
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especially in relation to new build. We were fortunate
to have the chief regulator from Finland, for
instance, provide us with some advice on that. We
then put that documentation forward to the Energy
Minister and I can provide Committee members
with copies of that documentation. We put forward
more detailed descriptions of it for possible vendors
and again I can provide the Committee with copies
of that as well. I could even give a note summarising
it all, if that helps.

Q167 Dr Turner: Why are we doing this specifically
as a UK exercise? After all, reactor design and
deployment is a fairly international business. Given
our strange history of previous nuclear development
whereby we managed to produce something
exclusively British and, frankly, worse than anybody
else’s, are we going to be repeating this? Why are we
doing it differently to everybody else?

Dr Weightman: 1 would not say British reactors are
worse than anybody else’s.

Q168 Dr Turner: They have not lasted as long for
starters!

Dr Weightman: My duty is to protect the people and
society of the UK and that means making sure that
the laws and the safety standards in the UK that are
relevant are applied so they can be protected and feel
protected as well. That does not mean to say we try
and reinvent the wheel. We looked at our safety
standards in the UK, which are called our Safety
Assessment Principles, and we compared them with
the latest international safety standards, both the
International Atomic Energy Agency and the
Western European Nuclear Regulatory Association
reference levels as well, and we revised them and
published them as a basis for us to regulate the
industry in all sectors. We have tried to make sure we
are up-to-date with the latest safety standards
internationally, but there are particular aspects to
the UK law and goal setting regime that we have to
apply. That is not to say we are not very closely
linked with our colleagues who regulate it in other
nuclear industries internationally. We have
agreements with the NRC, the Nuclear Regulatory
Commission in the States. We have been talking to
them about seconding people in, getting access to all
their information and similarly with the French. In
particular, I was talking to André Lacoste the other
week about how we could liaise better and how we
could get access to their information and we are
getting free access.

Q169 Mr Boswell: Given that both in terms of build
and to some extent also in operation this is not a
national industry, it is an international one, can you
give us the assurance that by and large, allowing for
differences in, for example, legal structures, the
intentions of the major regulators in most of the
major countries where there are nuclear installations
amount to the same thing, even if the expression of
those in terms of GDA or whatever is slightly
different?

Dr Weightman: Yes, that is our intention. The goal
is the same.

Q170 Mr Boswell: I am not asking you to single out
any defaults from that, but broadly that is
happening?

Dr Weightman: Yes. Some of the variations will
come from what operators want. If you look at the
EPR design, some of the requirements that the
operators in Finland wanted have made some
changes to the cases and bases for the design of the
EPR. There are some things coming from operators.

Q171 Mr Boswell: Could there also be some
technical constraints, for example, on geological
conditions, the likelihood of earthquakes and so
forth?

Dr Weightman: The earthquake issue is unlikely to
be alarge issue in the UK, but there will be variations
around there. I am thinking of the AP1000, for
instance. When they had to look at that for the US
market rather than an overseas market there were
some variations they had to do and they put
revisions in around that. There is a group called the
Multinational Design Evaluation Programme that is
put together by all the chief regulators of those
countries that do have new nuclear in front of them.
What we are seeking to do there is actually work very
closely together, not to make use of each other’s
assessments and some of the assessments are not
complete, but also get to a position where I do not
have to send my inspectors half-way round the
world, for instance, to check out procurement issues
on reactor vessels that may be produced in Japan, I
can have confidence that the Japanese regulator is
looking at that. We are also looking at some of the
codes that are used in different countries for pressure
vessels and other systems and comparing the use of
one in one country with its equivalent in another
country. There is quite a bit of work being done
around that internationally.

Q172 Dr Turner: Just how much variation is there
internationally in standards? The implication is that
we are having bespoke systems, if you like, which are
likely to add to the cost. Are there any serious
questions about international safety standards that
mean that we have to do it differently?

Dr Weightman: No. The issue is not that the design
may be different, it is a question of how you justify
that design. In America they have a very prescriptive
nuclear regulatory regime which will mean that the
regulator produces detailed prescriptive regulations.
We have a very goal setting regime which fits in with
our law in the UK. So we ask the question “Why is
it safe?” and we expect the vendor to come back to
us and say, “It’s safe because of these reasons,” and
give us the rationale for that and then say where the
law requires them to reduce risks so far as is
reasonably practicable. So we ask the question,
“Can you reduce the risks further?” and they will
demonstrate to us that they have done the design
optimisation, but this is about putting the onus on
the operators and on the designers, not on the
regulator, to demonstrate safety through a
prescriptive regime. It is a different regime. It may be
that the design will still meet both requirements.
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Q173 Dr Turner: Is there any problem as far as the
Nuclear Inspectorate is concerned in getting access
to sufficient technical expertise to carry out this
process? Can you recruit enough engineers to run
this process?

Dr Weightman: 1 think it is fairly well known that we
have struggled with our recruitment campaign and
our numbers. We have put out a pretty aggressive
recruitment campaign. HSE, my parent body, is
looking at that now to try and make sure we can go
harder into the market and that is also being
supported by government in terms of reviews that
they are doing. You may be aware of the Tim
Stone Review.

Q174 Dr Turner: How many engineers have you got
and how many do you need?

Dr  Weightman: 1 have got 153.25 full-time
equivalent inspectors at the moment and in addition
to that I have got eight that are being brought up to
understand the nuclear industry and nuclear
regulation from the rest of HSE where they were
specialists. From our first recruitment earlier this
year we expect to get another nine in and from just a
recent recruitment we expect to get probably around
seven in. That will only bring me up into the 170s.
For existing predictive business excluding new build
I need 192. That is looking at the MoD programme
and the decommissioning programme as you go into
the future because we regulate MoD facilities as well.
Our planning for three designs coming forward
eventually -because we have got step-wise in our
Generic Design Assessment process—would mean
an extra 40 inspectors around that. That is not the
whole picture because we have a demographic
problem as well. I really look forward to the pills that
the Chairman talked about at the start! We have over
10% at the moment that are over 60 and that will
grow in another year or so to about 20% and two
years after it will grow to 30-40%.

Chairman: You are depressing us now!

Q175 Dr Turner: What effect is this going to have on
the timescale for deploying new reactors? Is it going
to slow the process down because you simply have
not got enough people power to throw at the
problem?

Dr Weightman: What we did in the GDA process
was we stepped it to resource build up to reduce
regulator uncertainty as we went forwards and we
also manage the project risk associated with it as
well. That means that we did complete step two
within the proposed timescale with a lot of work and
we put 50 reports out into the public domain about
that, so about four designs. We have started step
three. Those reports were basically saying, in terms
of security and nuclear safety, because I also regulate
nuclear security, these designs should be licensable in
the UK if they meet their claims. We took their
claims on face value. Now we are starting to explore
the rationale for those claims and the details behind
those claims. So we are starting this step three now.
We have said that we are going to have a slow start
on that because we do not have the resources in place
for that, but some other mitigating factors may be

that if we get aggressively into the market now we
could then attract some more who are step four of
the process to see whether we can recapture the lost
time that will come from the step three slow start.

Q176 Dr Turner: So there are delays?

Dr Weightman: At the present time. We might
manage to actually increase resourcing over our
planned resourcing so that we can recapture some of
the delays and perhaps we will get more benefits
from our interactions with our overseas regulatory
colleagues than perhaps we planned for, and there
may be other aspects we can do around that.

Q177 Dr Turner: What about the costs of the
process? Presumably your costs are borne by the
public purse?

Dr Weightman: No, not at all.

Q178 Dr Turner: Could you tell us about the cost
structure?

Dr Weightman: There are two aspects to that. Under
the Nuclear Installation Act our normal cost for our
work on licensed facilities is all recovered from
industry plus all the overheads. Around 95 to 97% of
our costs are recovered from industry through the
Treasury, et cetera. In terms of new build and
Generic Design Assessment they are not licensees so
we cannot recover them under the Nuclear
Installation Act, but what we did do is we got the
Fees Regulations changed to make sure that we can
recover our costs on a similar basis from the vendors
and that is what is happening now. Our costs are not
recovered from the public purse.

Q179 Dr Turner: We still do not know exactly what
the size of those costs are and what percentage of the
final cost of a new nuclear station they are going to
be.

Dr Weightman: 1 could write to you with some of
the figures.

Q180 Dr Turner: Could you give us a rough
indication?

Dr Weightman: 1 think it is around about £5-10
million or so per design.

Q181 Chairman: Could I just have a view from other
members of the panel as to the issues that Dr Turner
has raised? How do you view the NII, Robert?

My Davies: 1t is under way. We are very pleased that
the NII and the EA joined together; it is very joined
up. We are concerned about resource. Tim Stone’s
eight-point proposals seem to be good. We are going
to have to resource up and use more of the
information from the other international regulators.
My Bull: 1 would agree with a lot of what Robert has
said. We recognise that there is nothing more
important than making sure that the process is done
thoroughly and robustly and openly and
transparently, in the way that Dr Weightman and his
team are doing it at the moment. The process is
absolutely the right process. We are all keen to make
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sure that we get to the end of that process as quickly
as possible but without any kind of cutting of
corners.

Q182 Dr Turner: How soon do you anticipate
licensing the designs that are going to be used?

Dr Weightman: The programme is that we should
get within three years to near the end of the Generic
Design Assessment process. This process is
predicated on building a fleet of identical reactors.
We hope British engineers do not do their normal
thing and try and change things, but we cannot
control that, the operators and vendors will do that.
Then we would look at site specific aspects before
granting a licence and at the operational
organisational aspects as well. There are three
aspects we look at before we grant a licence to install
a facility: the operating organisation, the siting
aspects and the design of the facility itself.

Q183 Dr Turner: Can you give a tentative date?

Dr Weightman: After three years it would be six to
12 months to grant a licence. Whether they can apply
in between times for a licence to start working in
parallel is for others to decide.

Q184 Dr Turner: So we are looking at 2011-12
before anyone can break ground?

Dr Weightman: The date of 2011 is the comparable
date that the NRC have got for their final rule
making for AP1000. Some of this work is predicated
on having some frozen designs rather than changing
designs so that you get clarity on all sides. There is
not going to be any change to construction and that
facilitates and minimises, as far as I understand it,
project risk both in terms of costs and timescales.

Q185 Chairman: Rob, I think you sat in on the first
session when I made the point that INucE and the
Royal Academy of Engineering did not feel there
was a sufficient supply of engineers to meet the
requirements of new nuclear build as well as
decommissioning. Areva has also indicated that
there is a shortage of skills. As a company you are
reprioritising your efforts by building another EPR
plant in France. How on earth are we going to
provide the skills base to meet your requirements as
a company? Do you worry about it?

My Davies: 1 am not sure worry is the correct word.
We look very carefully at each market. This is a very
important market for us. It is a European
springboard. That is why we are here. We divide this
new build programme into three simple phases. The
first is where we are today, which is doing the
licensing and regulatory stage, getting the design
ready and for us then to build up a supply chain and
partners to then build, which will then start in
2012-13, and that is over a four or five-year period
for what is going to be the first plant and then there
is the operation of that. So our interest as a vendor
on this is in the first two phases and then supporting
the third phase, which is the 60 years of operation.
Let us say there are about 100 people being
employed full-time on the regulatory and licensing
side in the UK, Germany, the United States and

France for the UK EPR, it is about that. However
many reactors are built in the UK, they are not going
to be built at once by whichever vendor, they will be
built in a series of waves. There might be two or three
reactors being built at any one time, but I cannot
really see more than that being built in the UK. It
will come in a series of waves. If you are building two
reactors on one site then the second reactor might
start some 12 months after the first one starts, so
trades will then flop across from the first onto the
second. From our perspective, looking at the main
bulk, which is the focus of today, which is the five-
year build period, for example, we have identified
partners and the supply chain in this country that are
able to provide the people and skills to build that. We
do not bring armies of “Jean-Claudes” across the
Channel or Germans across to do this. If you take
Finland, it is less than 200 or 300 who are our own
employees and who are there on the site, who are
managing it and the rest are local personnel who are
undertaking the work.

Q186 Chairman: Adrian, would you say that is the
same for Westinghouse?

My Bull: 1 would say that model is very similar. We
have the approach of buying where we build. We
would look to use the local supply chain. This is one
occasion where the timescales that the nuclear
industry works to, which are quite long, actually
help us out rather than the other way round. We
have already discussed the licensing issue, the GDA
process and the resources around that. Those are the
resources that we need urgently today. It is probably
going to be of the order of five years before
somebody puts a spade in the ground to start
construction work on the first UK plant, whatever
design that might be. Even if somebody were to sign
a contract today, they would have to get through all
of the licensing and site specific approval processes
before they could start construction. There will be a
significant lead time when supply chain companies
know that there is a project there that they have to
resource up to deal with. Like Areva, we are talking
to a number of the supply chain companies and we
have got a number of arrangements in place at one
level or another. People will have that foresight.
When we start to look to operation, it is another five
years beyond that. When somebody puts the first
spade in the ground then the operators of that plant
will know that the clock starts ticking and in five
years’ time they need to have the appropriate
number of trained and skilled operators.

Q187 Chairman: So you are confident you can
deliver?
My Bull: Yes.

Q188 Chairman: We represent the scrutiny of
government policy here. The UK is now going to be
highly reliant on large global vendors like
Westinghouse or Areva to actually supply. If there is
suddenly elsewhere in Europe or anywhere else in the
world a more lucrative contract to deliver, how does
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the UK guarantee that it will get prioritised in terms
of the delivery of these systems when we are so
reliant on global vendors?

Mpr Bull: We are seeing the UK market as being a
very important one. It is certainly one where there is
a lot of talk about new build going on, far more so
than perhaps some of the other European markets at
the moment. It is possible to project forward what
the likely timing might be for some of those other
European markets. We are starting to look at new
build and replacement build because our existing
stations are already in a programme of closure. We
are a little bit late in terms of taking steps now to
replace that fleet, but we are looking, first of all, at
getting a replacement series of stations in to replace
the ones that will have closed over the next 10 to 15
years. If you look elsewhere in Europe, a lot of those
countries have got fleets that were built more
recently and so their closure dates are slightly further
into the future, if you are looking at it from a
replacement point of view. We as Westinghouse are
not going to make contracts with anybody that we
cannot honour? Once we sign up and get customers
lined up we will start to focus on ring-fencing our
resources, both in terms of human resource and in
terms of our ability to source the heavy components
and so on to make sure that we deliver. You are
absolutely right, if there are delays, if the UK
planning and the UK processes drag on and on and
on, then it may well be that a lot of global resources
will have been diverted on to other markets.

Q189 Chairman: Robert, I presume you would agree
with those comments from Adrian?

Mpr Davies: Yes, I would. I hope the UK realises that
it is perceived as being a very attractive market by all
the major European utilities, that is why they are
here and it is why they are viewing and eyeing this
market. It is the springboard to what would be a
European nuclear renaissance and it is the first
market.

Q190 Chairman: Is it a reliable customer?

My Davies: 1t has been very reliable to date. There
has been a very fast process in the last four years to
actually change from a position where nuclear was
keeping the nuclear option open into a position now
where it is at the heart of the energy policy.

Q191 Chairman: So we are a good customer. This is
going to be a very attractive marketplace. What are
you doing to invest in the skills base development?
What are your links with academia? How are you
going to incentivise students to follow careers to give
you your supply chain?

My Davies: In the past we have sponsored
mechanical engineering students through university.
We are in the early stages as far as the UK is

2 Note from the witness: “On more than one occasion
Westinghouse has turned down proposals from potential
customers (or decided not to bid on a tender when invited)
because we could not deliver to the timeframe requested
without going back on commitments already made. In
addition we have turned down several discussions with
countries that we did not feel were yet ready to take forward
their first nuclear power plant.”

concerned even though there is potentially a big
market. We have no contracts yet at all. We have
joined the Nuclear Skills Academy and we intend
now to understand how better we can train and
upskill the UK to be able to construct and then
operate the new plants afterwards.

Q192 Chairman: The same question to you, Adrian.
Myr Bull: Globally we are recruiting about 1,000
people a year at the moment and we are planning to
do the same over the next few years and that is
mostly on our new build side. In the UK we have
recruited staff for our facility at Springfields where
we run the nuclear fuel factory. I think it is 230
people over the last two years and again the numbers
there are growing.

Q193 Chairman: What are you doing to incentivise
the training market so that this becomes a really
attractive prospect within our universities, schools
and colleges?

My Bull: We are actively involved in things like the
National Skills Academy for Nuclear that reaches
out into schools and universities and is providing
training across the piece. We have got some good
relationships with a number of the key universities in
the sector, eg the Dalton Nuclear Institute who gave
evidence to you last week, the University of Central
Lancashire and so on. We are putting a lot of effort
into those activities. I personally chair the north-
west and north-east employers steering group for the
National Skills Academy for Nuclear, so we are very
actively involved in that and our site head at
Springfields has a position on the Board. We are at
the heart of all those initiatives that are going on and
making sure that we are able to take benefits from
that as those skilled resources become available.

Q194 Chairman: Do you regard the development of
the new military requirements for nuclear build and
nuclear engineering as a threat or is it an
opportunity?

My Bull: Tt is probably a mixture of both, but on
balance I would say it is more of an opportunity. You
heard from BAE Systems earlier about the capability
they have to provide services and components to
support the nuclear submarine fleet, for instance.
Our reactor design is designed in a way that it is
modular. The kind of modules that companies like
BAE Systems produce to assemble into nuclear
submarines are exactly the same kind of technology
and the same kind of approach that we use to build
a nuclear power station. So there is plenty of scope
for cross-fertilisation and synergy between the two
sides there. There is the potential that people who
enter one side of the sector might divert in their
careers to the other, but I think having that diversity
is an added attraction to bring people into nuclear
per se and a lot of those skills do have an element
whereby they are transferable.

Q195 Chairman: David, British Energy is clearly a
major player within the nuclear industry at the
moment and yet it is being sold or the British



Innovation, Universities, Science and Skills Committee: Evidence Ev 397

16 July 2008 Adrian Bull, Dr Mike Weightman, David Barber and Robert Davies

Government stake is being sold. Why is that at a
time when we are sort of in this new, wonderful phase
of all things nuclear?

Mpr Barber: There are a number of options that the
company is involved in looking at, but it is probably
not appropriate for me to comment given the legal
position that we are in.

Q196 Chairman: Nobody is listening. You can be as
frank as you like!

Mr  Barber: In terms of the skills and the
transferability of skills, which was a point just
raised, the nuclear engineer is probably a bit of a
myth. When you look at the skills that we require to
operate our plants, it is 80/90% general engineering.
We need good mechanical, electrical, control or
instrumentation civil engineer skills. We can do the
conversion. The proliferation of bespoke
qualifications is probably not helpful to the industry
as a whole, it is just the general engineering and then
the conversion. As a company we have recognised
both in our physical assets but also in our human
assets that we needed to increase and improve our
investment so over the last three years we have
opened new training facilities. We have invested over
£20 million in developing new training programmes.
We have got international accreditation boards to
look at those programmes. We have just let a
contract for £10 million for an apprentice
programme over seven years and it is utilising the
redundant capacity down in Portsmouth, the Royal
Navy training capacity. Part of that is to try and get
all our apprentices who we will recruit locally but
then train in one area as a residential base to be what
we call a “nuclear professional”. It is about having
the personal responsibility. It is about giving people
that pride in the quality of what they do so they come
out with all the right employability.

Q197 Chairman: Why are those softer skills
important to the nuclear engineering industry?

Mpr Barber: When you look at the performance of
the business there are two components: it is the
availability and reliability of the plant and it is the
capability and reliability of the people. When you
look at the history of events, whether they have been
significant events or less significant in the industry,
the human being has been the factor in that. There is
a lot of emphasis placed on the quality of the person.
We have adopted the same approach that they have
in the US, but it is a key component of what we
believe. It is not just the person, it is the management
framework and the culture of the organisation.

Q198 Chairman: Do you think the universities
should be doing more to provide you with people
who have got those soft skills or our colleges or our
schools system?

My Barber: What we find is that people that come
out of university have got a level of personal
responsibility and are professional learners and they
come with a lot of the right attributes. The people
that come from school on apprenticeships do not
have the right attributes. The first programme starts
in September this year and it is a life skills team,

working skills, personal responsibility. They are able
to take part professionally in the environment that
we have in the nuclear industry. The technical side of
it is the same that you would get anywhere, it is
transferable and 1 would suggest that the
behavioural side of it is equally applicable to any
major industry.

Q199 Chairman: David will not give us a comment
about the British Energy sale and the Committee is
equally confused about why Westinghouse was sold
in 2006, at the very point at which there were likely
to be very significant contracts coming their way and
in which Government could be a beneficiary.

My Bull: 1 think I can probably give a better answer
given that the Westinghouse sale by BNFL, which is
UK Government owned, has now gone through.
Government had made it very clear sometime before
that that if there was to be any new nuclear
programme in the UK then it was going to be down
to the market to deliver, the private sector and that
there was not going to be any taxpayers’ money
going into a new build programme. On that basis it
was absolutely right that the companies that might
participate within that market should be companies
which are not owned by or largely controlled by UK
Government. It is a slightly strange situation in the
first place perhaps for UK Government to own
Westinghouse, which is a company headquartered
overseas and with most of its activities overseas,
albeit at a time when our aspirations were slightly
different, but we would find it much more difficult to
participate in this market at the moment, given the
framework that the Government has set, if we were
still under Government ownership. In the case of
Westinghouse it was absolutely the right thing to do.
The value of Westinghouse grew very significantly
under BNFL stewardship and so the taxpayer made
a significant profit on its ownership of the company
over seven or eight years, and now we are much
better positioned to do business not just in the UK
but also hopefully in international markets. It would
have been a very difficult situation for us globally if
we had found, because of those constraints, we were
not able to sell our plant in the UK whilst owned by
UK Government. That would have created perhaps
an unhelpful perception further afield.

Q200 Dr Iddon: The supply chain has been
mentioned more than once by this panel. Where are
the significant bottlenecks in the supply chain, if
there are any that you perceive?

My Bull: The most obvious is in the provision of the
very heavy forging components. At the moment
there is really only one company in the world, Japan
Steel Works, that makes those ultra heavy forgings.
They are investing in increasing their capacity. There
are other companies around the world, including in
the UK, that are also looking at whether they might
invest significant amounts of money to develop a
comparable capacity, but at the moment that is
where the major pinch point is. Companies like
Westinghouse and other vendors have slots in that
order book for many, many years ahead so that we
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can assure ourselves that we can provide and source
those components to meet the orders that we sign
up to.

Q201 Dr Iddon: We cannot gear up in this country
for heavy forging, is that it?

My Bull: 1t is possible. It was in the press recently
that Sheffield Forgemasters have a capability to
produce forgings not quite at that level and they are
looking at investing many millions of pounds into
whether they want to invest and build the ultra
heavy forging capability not just for the UK market
but for the global market. I think that is driven by a
point that cuts across lots of the discussion we had
earlier on about the supply chain of human resources
as well as components, which is we are just at the
point in that hockey stick curve where the nuclear
renaissance that people have talked about for many,
many years is starting to take off. We have heard
about this renaissance for the best part of a decade,
but in terms of hard orders being signed, it has only
been in the last two or three years that we have
started to see our AP1000 orders. A previous piece
of evidence was about the eight that we have sold
already and that has been in the last 18 months. We
are seriously starting to ramp up that order book. It
is only when people see real orders rather than just a
lot of talk and speculation that they are going to be
much more confident investing in many cases many
millions of pounds in supply chain fabrication
equipment.

Q202 Dr Iddon: So what will be the key to
encouraging companies to invest in manufacture in
this sector?

My Bull: 1 think it will be when they see those orders
becoming real for the various reactor vendors. We
are in discussions with a number of supply chain
companies and I am sure Rob and other vendors are
in the same position in terms of making agreements
with them to source capacity and source what they
can produce from that capacity if they were to invest
in it. We have the confidence in turn to do that as we
see our order book developing. It is as the customers
are starting to put pen to paper—

Q203 Dr Iddon: So it is beyond licensing and
planning?

My Bull: Absolutely. The licensing activity is
ongoing. Utilities can put planning applications in,
they can get to the end of that process and then they
are perfectly at liberty to just stop. It is when
somebody actually signs the order, the procurement
construction contract, that they have committed to
build the thing. With all of the work we are doing
now in the UK we have to remember there is not an
order yet. We are doing an awful lot of preparatory
work and companies like ourselves and others are
investing in the GDA process, but we need a
customer at some point to translate that into real
plant orders. When that starts to happen or when
that starts to become much more likely is when I
think you will really see those supply chain

companies’ investment stepping up a gear. I should
not imply they are not investing at the moment, but
I think their interest will step up a gear.

Q204 Dr Iddon: Robert, does Areva see it that way
or do you perceive some other bottlenecks?

My Davies: 1 do not like the word bottlenecks as it
gives an impression that if something is not available
today then you cannot have the ultimate product
tomorrow. Right now that is not the case. I do not
know yet of any vendor who is unable to sign the
contract to provide a reactor by date X realistically
within the licensing regime because there is a
bottleneck of component X, Y, Z, whatever it is. We
know all of the shortfalls within the global supply
chain to feed our reactors. People mentioned forging
because it slips off the tongue, but there are a whole
range of things which vary from tubing, some of the
I and C equipment. Some we might take five years in
advance and some two years in advance. If you came
to me today and said, “I want a reactor, please, and
I'would like you to turn the first earth in 2013 to turn
on in 2018,” then I or any other vendor would then
have a list for you and say, “You might now start to
buy these items and leave them in the back yard and
then we will start building it in 2013.” As far as the
supply is concerned, I am sure our approach is really
very similar to the other vendors and that is a global
one. It is not in the interests of a company to invest
in this nuclear renaissance just for a local market.
That is very dangerous. What happens if the local
market goes right? What happens if it goes sour?
Then that investment just goes down the pan.
Therefore, from our point of view, we see companies
who are able to support us in a global view and
support local. That is where the opportunity is for
the UK, it is an opportunity now to join globally and
to support locally.

Dr Iddon: As you know, gentlemen, the Planning Bill
is going through the House at the moment. Its plan
is to set up a Commission and to speed up planning
processes for large capital investment, especially
nuclear power stations. It has undergone
amendment in the House of Commons because our
Members were unhappy about the lack of
involvement of local authorities and so on. In
general does the new Planning Bill meet with your
agreement? Would you be seeking amendments to it
yourselves if you were in Parliament?

Q205 Chairman: Could you say whether you think
from the regulator’s point of view the new planning
arrangements will assist you in being able to make
decisions within more clear timeframes?

Dr Weightman: 1 do not think it is in a sense relevant
to our decision making. We will do our job on behalf
of the people come what may.

Q206 Chairman: Does it help?
Dr Weightman: 1 do not know whether it helps or
not.

Q207 Dr Iddon: Sizewell B had a very long public
inquiry.
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Dr Weightman: That took our resources in terms of
having to contribute, quite rightly, in that planning
system at that point in time. We are putting a lot of
effort in now to being a lot more open with how we
regulate new build at the moment. We got the
vendors to put their safety cases into the public
domain subject to commercial and security
considerations and invited comments from the
public. We have put all our reports at the end of step
two into the public domain, with some 50-odd
reports around that. We have been very clear about
our safety assessments, our standards and that is
very clear in the public domain. We are comfortable
with whatever public scrutiny there is of our
approach and our standards and our work because
we are public servants. At the end of the day our duty
is to the public and the UK Government.

Q208 Chairman: Does anybody else want to
comment on the planning issue?

My Bull: The principles of it we would welcome, that
more timely and streamlined confidence in the
timescale for decision making in the planning
process is something that the industry needs given
that we are looking at private sector investors and
the comments that you made about their ability to
go elsewhere in the world. They need to know what
the process is in the UK. So we welcome that. If it
does what it says on the tin it will have been very
helpful not just to the nuclear industry but to other
parts of the energy sector. I think the GDA process
and the new planning reforms really go hand in hand
because the only way you can get that predictable
and more streamline planning process is to take out
the safety and technical scrutiny of the reactor
designs that, quite rightly, does need to be done and
do that upfront in a one-off exercise, which is what
the GDA process represents.

Q209 Dr Iddon: This time round we are likely to
build a number of these nuclear reactors on existing
sites where the local community relies upon this big
investment for jobs, especially in the Lake District.
We were at Sizewell B yesterday out in Suffolk and a
considerable number of local jobs are involved on
the Sizewell B site.

My Bull: Tt will be up to the utilities to decide where
they put them, but a lot of the sensible comment
seems to be that the existing nuclear sites look like a
good bet for certainly the first wave of new nuclear
stations.

Q210 Mr Marsden: I would like to ask some
questions about the recruitment and skills issues. We
have had some discussion on this in previous
sessions. You were talking about some of your
specific shortages in the inspectorate earlier on. Is
this a reflection of shortages in engineering generally
or is it that much worse in nuclear?

Dr Weightman: 1 am sure the NITA has got figures on
that. I think it is a reflection of the general shortage
of engineering skills around. I have heard from
David Barber that in terms of general engineering
then the skills are transferable. It is a global market
as well and that can operate both ways. I was up at

Heysham One the other week looking at some items
there, the boiler closure unit aspects and it was very
interesting to see they had got quite a lot of
American engineers over to assist them in that and
they were assisting them in quite a lot of work there
because there is a large programme of work in
looking at some of the ageing phenomena in the
existing reactors.

Q211 Mr Marsden: Given the security sensitivities of
much of what is going to be done we are going to
need to have a home grown workforce, are we not?
Dr Weightman: 1 do not dispute that. It is still a
global work market that will operate both ways.
Clearly in one of my other areas of responsibility,
nuclear security, we have to look at the vetting of
whoever is involved in operating new nuclear power
stations and there are issues around that as well.

Q212 Mr Marsden: Adrian, you mentioned the
young people you have recruited at Springfields over
the last two years. I was at Springfields earlier in the
summer and I think what is going on there is very
interesting and positive. The reality of it is, with
demography as it is going to be over the next 10 to
15 years, you are going to need to re-skill quite a lot
of the existing people as well as hoping to bring in
people from schools and universities. What
strategies have you got for that?

My Bull: You are right, there is that issue about the
retention and re-skilling of the existing workforce.
Our workforce has gone from around about 4,200 at
its absolute peak in the mid-Eighties down to about
1,300 and it is up to about 1,400 or 1,500 now and
rising at the moment. We are looking at how we
attract new people in. We do a lot of work with the
schools and the universities in the region around
Preston and more widely across Lancashire and the
vast majority of our recruits do come to us from local
surrounding areas. We are seeing the benefit of that
engagement that we do on our doorstep. We offer
some particular advantages for young people who
come in and want to join the BNES Young
Generation Network.

Q213 Mr Marsden: You are talking about young
people. I am being ageist on this occasion. I want to
hear about older people. What are you doing for
older women, for example?

My Bull: T am not aware that we have any specifics—

Q214 Mr Marsden: What about adult
apprenticeships generally?

My Bull: 1 would have to write to you with the figures
on that. I do not have the break down by age profile
of our apprentices. I know we have about 70 in the

system at the moment.

Q215 Mr Marsden: Does anyone else want to
comment on this demographic issue? The point that
I have just made to Mr Bull is that even if you get all
of the red hot school-leavers and graduates you are
still going to have a shortage because you are going
to have far fewer graduates and school-leavers in the
next 10 to 15 years.
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Mpr Barber: One of the issues as well generally in
the UK is everybody has been competing in the
transfer market. Going back to the football
analogy earlier and buying players from other
teams. What is the balance between growing your
own talent and the people you take in the transfer
market? We took on 420 people last year and 50 of
those were apprentices and 20 graduates. So we are
heavily biased to buying people in the transfer
market and we feel that we need to move more to
the other side to grow our own talent to be more
secure going forwards.

Q216 Mr Marsden: Let me ask you about the sector
skills council, Cogent, as you are a Board member
of that. We heard in the previous session that there
were possibly four or five sector skills councils that
potentially affect the nuclear industry. Cogent, of
course, has “pot pourri” membership of quite a lot
of other non-nuclear interests. Does that hamper or
assist trying to get skills going in to the nuclear
sector?

My Barber: Tt comes back to the earlier point of
having general engineering skills. Really what you
want is the Cogents, Semta, EU skills to be
collaborating together on growing the whole
engineering skills population. There are a lot of
similarities, even if you just take the Cogent
footprint, in the foundation degree apprenticeships
on the approach that we take to skills. The efforts
that are going in to promoting science and
engineering in schools are all common.

Q217 Mr Marsden: So the fact that Cogent is quite
a broad umbrella sector skills organisation does not
worry you?

Mpr Barber: No. To some extent it is helpful. The
co-ordination needs to take place within other
sector skills councils. I do not think the
Government needs to do anything else in terms of
the skills structure. What it needs to do is focus on
making sure it delivers what it has set out to deliver.

Q218 Mr Marsden: Are you happy you are going
to be relicensed by the new UK Commission on
Employment and Skills?

My Barber: 1t is a difficult one for me to comment
on, but I would hope we are because we have got
very good support from industry on that body and
it has got clear targets and plans to move forwards.
There is quite a large number of organisations
trying to do the same things, but where we bump
up against them we are very clear on who is doing
what.  You develop a memorandum of
understanding so they are not overlapping. The
CEO of the National Skills Academy for Nuclear
is also coordinating activities across the whole of
the National Skills Academy again for the same
reason.

Q219 Mr Marsden: I met her and, if I may say so,
she is a very impressive figure.

My Barber: That was our concern from an industry
point of view, a lot of people tripping over the same
things. I think those are positive approaches to try
and improve that.

Q220 Dr Blackman-Woods: We have already heard
a little bit about what you are doing to attract
people into the sector. Is there any evidence that it
is becoming easier to attract young people into the
nuclear industry now that it appears to have a
future or are the environmental obstacles still too
big to really get the numbers of young people into
the sector that you need?

My Barber: At the moment from an operational
point of view we are not having problems attracting
people. We probably get about 50 applicants per
position. We are not having difficulty now. The
issue is will we have difficulty in 10 years’ time. You
can have the most robust training structure in the
world but unless you can get people to come in to
put through that process it is not going to be
helpful in 10 years’ time. What we can do is support
the efforts that are going in with the STEM agenda,
working with Energy Foresight, working with the
teachers to try and promote that. It is difficult to
speculate how that is going to pan out going
forwards, but when you think that in 2018 the first
new generation power station is operational in the
UK then those people, if you are at apprentice level
going through to a degree level, will be somewhere
between 12 and 15 now. They are already in the
school system and already thinking about their
options. Now is the time to start making that work.

Q221 Dr Blackman-Woods: Is industry doing
anything to target young women in particular so
that they see a future career in the nuclear industry
because the numbers are rather low at present, are
they not?

My Barber: 1 think one of the things that is helpful
is having some role models. At some of the careers
fairs we take along some of our recent female
graduates and we use those to help talk and act as
science and engineering ambassadors supporting
the schools. If you have the role models I think that
helps to attract more people into the industry. We
have just appointed our first female station director
and again it becomes a focus point and people can
see it can be done.

Q222 Chairman: Any other comments on the
gender issue?

My Bull: The gender balance in the organisations
that we represent, the industry as a whole, probably
represents what has been in the science and
technology and engineering courses in universities
at the time when we have been doing recruitment.
I think with that in mind, when you are looking to
the universities now and see the far greater
proportion of women who are doing science,
technology, engineering qualifications, we are
seeing that balance reflected through into the
nuclear industry. I think the industry’s broader level
of public perception has changed in the last 10
years or so and has been reflected in people’s
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willingness and keenness to come and join the
industry, whatever gender they may be and that has
to be a good thing.

My Davies: We recruit about 2,500 people a year
from Europe and from the United States. For them
actually joining nuclear is seen as being a green
option. Many of our graduates come from

Germany. The paradigm has moved very quickly.
The paradigm has changed. I think we are now in
2008 and not 1998. As far as females are concerned,
we have a female chief executive which does our
business the world of good!

Chairman: We always like to finish every session on
a very positive note. Thank you very much indeed.
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Q223 Chairman: Could I welcome our witnesses to
this, the final session, in one of our case studies
which have been looking at nuclear engineering as
part of a broader inquiry looking at the future of
engineering in the UK. We welcome in particular Mr
Mike O’Brien, the Minister of State, and we
welcome you to your new post.

My O’Brien: Thank you.

Q224 Chairman: It is good to see you, supported by
Mr Michael Sugden, the project manager for waste
and decommissioning. Welcome to you and Dr
Nicola Baggley, the director of nuclear strategy at
the Department for Energy and Climate Change.
Could we also extend a very warm welcome to the
Royal Society Fellows who are part of the pairing
scheme this week. We are delighted to have you
within our Committee this afternoon and we fully
expect to see you here on Wednesday morning as
well, otherwise we will regard it as a dereliction of
your duty. Minister, nuclear engineering is clearly
now very firmly on the Government’s agenda with a
challenge of building up to eight nuclear power
stations by 2023, some as early as 2017-18. What we
would like to know from you first of all is where does
nuclear engineering fit into the Government’s
thinking? Is it just your department? How is it
approached across Government?

My O’Brien: The whole way in which we develop
nuclear power is going to be crucial to the country.
It deals with some of the issues around climate
change, the security of energy supply and the issue of
affordability. What we are conscious of is that in
terms of building up the capacity to develop nuclear
power what we need to have are the skills and the
workforce to do it.

Q225 Chairman: But we do not have them.

My O’Brien: We have 50,000 of them, so we do have
some. At the moment one of the difficulties of course
is that the modal age of some of them is now getting
on. We also have a significant agenda in terms of
decommissioning, clean up, new build, defence and
itis a broad agenda. Not only that; we are operating
in a global employment economy where we have
other countries who will be competing for much of
this skilled labour here. The UAE and Jordan
recently made some announcements.

Q226 Chairman: We will come on to the issue of
where we are going to get the skills from but what I
am interested in as a starting point is who discusses
this whole issue of nuclear engineering across
Government, or is it just purely your department?
My O’Brien: It would be ourselves and BERR, Lord
Mandelson’s department, who would discuss it with
us and it is all part of the skills agenda that they are
running. We would be involved in that and, of
course, the DWP in the sense of work; but also of
course the universities and schools are absolutely
crucial in this. In terms of where it sits with
Government, we would be the lead department to
ensure that we get delivery of the nuclear agenda. In
terms of who would also be involved, a whole series
of other Government departments, particularly
education and universities would have a crucial part
to play and BERR in terms of developing the
broader skills agenda.

Q227 Chairman: Is there a structure within
Government that you lead where all the different
departments have representatives, where you have a
common structure, a common goal, or is nothing
formalised?

My O’Brien: There is a clear Government strategy in
relation to both skills and nuclear. Developing that
is part of the Government’s objective. Ministers
constantly meet to talk through some of these issues
both on an ad hoc basis and more generally when we
are discussing issues around the skills agenda.
Within Government there is the capacity for
ministers to regularly discuss this.

Q228 Chairman: We would agree with you there is
clearly the capacity. The question is does it happen?
My O’Brien: 1t does happen. Indeed, it has happened
very recently when ministers have had discussions on
this and particularly on the nuclear agenda. Because
we have quite a significant policy development that
has taken place now over the last few years, certainly
with BERR, it has been one of the key priorities that
they have had in the last couple of years. There has
been a widespread discussion, as you know, across
Government on the whole issue. In terms of where
would engineering fit and where would the issues
around the skills in engineering fit into the wider
setup of Government, Cogent and the skills council
there has been tasked with drawing up a skills
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assessment, a sort of stock and flow assessment, of
what there is now, not only in terms of the capacity
for new build, the current need, decommissioning
and also MoD needs, but also where we are now and
how we go forward. That will then become the
responsibility of ourselves and other Government
departments to implement.

Q229 Chairman: I appreciate that you are very new
in this post and perhaps your colleagues will help
you out. It is a huge agenda to produce at least one
nuclear power station on the ground by 2017. To
produce eight of them by 2023 requires more than
these loose connections between different
departments. It is the engineers who are going to
deliver this. It is not going to be politicians. Where is
the structure? If it does not exist, then just say it does
not exist.

My O’Brien: There are a number of structures. One
is in terms of policy development. Another is in
terms of delivery, so the Office for Nuclear
Development has been set up in terms of delivering
the whole nuclear agenda. That operates across
Government departments. I am not sure I quite
understand whether you are asking me if there is a
Government policy capability. There clearly is.

Q230 Chairman: We know you have a policy; it is
how you deliver it.

Mpr O’Brien: In terms of delivery, it sits within the
Office for Nuclear Development as a delivery
mechanism which is responsible to DECC and
answers to me through the department and then to
other ministers.

Q231 Mr Boswell: That is very helpful. You will
forgive us because we are not familiar with the
details of this either. Essentially, from the centre—
that can be from Number 10 down, including all
ministers—if there is concern about the timing of
this or any worry about slippage, it will be the OND
who reports on it and does any progress chasing of
any of the delinquent departments or other policy
areas that may be required.

My O’Brien: The straight answer to that is yes.

Q232 Mr Boswell: Somebody is going to crash this
through if that is what you need to do.

Mr O’Brien: Yes. The OND has a cross-
departmental responsibility for ensuring delivery of
the agenda, but in a sense it is not the policy forum.
It is the delivery forum.

Q233 Chairman: Nicola, you were nodding your
head so vehemently there that I think we will give
you the option to say something briefly.

Dr Baggley: The OND was launched formally in the
middle of September. It very much sits within
DECC. We report up to Mike and it is very much
envisaged as the one stop shop for nuclear. One of
our key aims is to facilitate new build. We very much
see it as a step change from the old nuclear unit
which sat within BERR’s energy directorate on a
number of fronts. One of those which I think is most
pertinent to this Committee is a renewed focus on the

supply chain and skills agenda. Back when the White
Paper first looked at the barriers to bringing on new
build in the UK, the skills and supply chains were
identified as an issue but were very much felt to be
something the market would address. In the last few
months I think we have had a step change. Ministers
have asked us to focus on what more we should do
to make sure it is not an issue. We were only formally
launched in September. It is very much a new focus
for us alongside the other facilitative actions that
were set out in the White Paper. At the same time
that the Office was launched the Nuclear
Development Forum was also launched and that is
a Secretary of State chaired forum of people from
industry, but also cross-departmental, so
representatives attend from the MoD. There is a
number of departments which are interested in the
nuclear agenda. The Forum is very much for us to
hear directly from senior members of industry what
the challenges are to delivering our programme but
also for them to hold us to account to ministers for
delivery. It is not a formal Forum; it is non-advisory,
but it is just useful. We have only had one meeting so
far but the skills agenda was very much raised as an
issue. We plan to discuss that at the next meeting
which we are hoping to schedule in the New Year.

Q234 Mr Boswell: Can you say a bit more about the
project management skills of this? It had a
background in my own constituency and I am
conscious that we took radar from an invention in
1935 to a completely fully fledged home defence
system in four years, which required a really
prodigious effort to get it done. In this case you are
not the contractor, you are not building in-house
and you need to see contractors. Can you just say a
bit more about what we might almost call business
skills that will identify bottlenecks and so forth that
we need to address?

Dr Baggley: Certainly. Do you mean within the
wider new build programme or the skills?

Q235 Mr Boswell: I meant within the wider
programme.

Dr Baggley: The OND is partially modelled on the
shareholder executive to the extent that we have
brought in secondees from the private sector to
complement the existing Civil Service skills. My
unit, the strategy unit, is a new unit that did not exist
within the old nuclear unit. One of my main areas,
aside from sitting over the supply chain and skills
arena, is what we call programme integration.
Although we have existing project plans and a
timetable, we feel now is the time to revisit that and
make sure that we know where we are trying to get
to, what we are trying to achieve, what we need to do
to get there and revisit all our facilitative actions but
also look more widely. Is there something else we
should be focusing on—for example, the National
Grid? We also need to know more clearly what
decisions industry needs to take, by when and what
we need to have delivered for, for example, the next
stage of investment.



Ev 404

Innovation, Universities, Science and Skills Committee: Evidence

3 November 2008 Mr Mike O’Brien, Mr Michael Sugden and Dr Nicola Baggley

Q236 Mr Boswell: It is the critical path?

Dr Baggley: 1t is the critical path. In doing that, one
of the secondees we have brought from the private
sector is supporting us in that work. He has had 40!
years’ experience building, operating and
decommissioning power stations in the US. We have
also the support of our professional, in-house
project centre which is an internal project
management centre of expertise.

Q237 Dr Gibson: Why eight nuclear power stations?
Where does that figure of eight come from? Is it hard
and fast?

Myr O’Brien: No. What we are looking at is how we
can get a number of nuclear power stations going.
Whether we get to the target we are aiming for will
depend on a number of factors. You have already
seen the significant announcement of EDF and
British Energy which suggests we will get some
development fairly quickly. By “fairly quickly” we
are talking about 2017-18.

Q238 Dr Gibson: It is not in tablets of stone?
My O’Brien: 1t is an objective that the Government
has.

Q239 Dr Gibson: Do you think the UK nuclear
industry will be able to build these nuclear power
stations given that it has its military presence and job
and it has a bit of decommissioning to do on the side
which is more than five or 10 minutes? How are these
wonderful people going to do all that?

My O’Brien: We have to make sure we have the skills
capacity in order to deliver that. That is why we have
set up Cogent. We have the National Skills Academy
for Nuclear and that is helping to develop not only
the capacity in universities with degrees—Masters
degrees in particular—developing some funding for
that and bringing in the private sector as well to
ensure that is there. I know you have already heard
from some academics about it. I have read the
evidence. You will know too they took the view that
there was the ability to get the levels of skills required
but it will not be easy. There is a lot of effort going
to be required. That is not just going to be done by
Government. It has to be done by the private sector
and by universities and schools as well.

Q240 Dr Gibson: The generic design assessment
process complicates it further. Will you be on time
with that as well?

My O’Brien: We believe we can be. There are some
issues around skills capacity there. In order to carry
out the assessment we need some highly skilled
people. We have a number of the people from the
Nuclear Inspectorate who have been seconded to
that, eight, and we probably need about 20 in all. We
have to develop that skills group.

Q241 Dr Gibson: Are you going to hire them in like
when you were in immigration? Are we going to have
to bring people in from France and Germany? Will
you be allowed to?

' Note from the witness: “Actually 30”

My O’Brien: There are some areas where obviously
it would be inadvisable, particularly in terms of
defence, to bring in people from abroad, but there
are other areas where, if we are looking at new build
in particular, we have EDF involved which
obviously is not a UK base. We would have to look
at who was coming in and what they were able to
provide that we needed. We would look carefully at
who was involved in what area but the straight
answer to the question is yes, there would be
circumstances in which we would be prepared to
bring in skills.

Q242 Dr Gibson: You will have to scout for them.
You will have to find the Chelsea stars.

My O’Brien: We would rather build up our domestic
capacity. In terms of the skills situation, we currently
have 50,000 people who have some skills in the
industry as a whole. Because we have the substantial
expansion of nuclear, not just civil but also military,
we need to ensure that we have the capacity to deal
with both of those areas in the future. That does
require quite a significant future development and
that is why we are putting some Government
funding in. We are also looking to the private sector,
Cogent and the National Skills Academy for
Nuclear to develop that.

Q243 Mr Cawsey: We know there is going to have to
be home grown talent and we will need more to meet
these targets that are being set. Do you have any feel
for what the balance is going to be between what we
have in the home grown UK sector at the moment
and what we will need to bring in to achieve the
Government’s aspirations?

My O’Brien: There is no reason to believe that we
need to bring in any significant levels from abroad. I
hesitate very slightly on that because my concern is
not so much that we could not produce the levels of
skill in this country that we will need going on for the
next couple of decades. I think we are quite capable
of doing that but there will be other demands from
other countries who will be paying quite substantial
sums to get exactly those skills. T have already
mentioned to the Chairman about the Middle East
and other areas of the world and indeed the United
States now who are developing their own nuclear
programmes. We are likely to see some competition
there for skills. My only hesitation there is we may
develop the skills here but we will need to make sure
that we have the interest and the funding, the salaries
and the good conditions, that will keep them here.

Q244 Mr Cawsey: Do you think we have perhaps
shot ourselves in the foot slightly in that regard?
There has been some criticism of the way that BNFL
has been broken up over the years. I think it was the
Institute of Physics who said that BNFL provided a
strategic view on UK skills and expertise and that
the UK has now lost its strategic thought and
leadership as well as the source of funding for
industrial research. Are you concerned that we have
the capability now of ensuring we develop the skills
in this sector?
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My O’Brien: We were aware of the need to ensure we
kept some of those skills, which is why we are setting
up the National Nuclear Laboratory and bringing
together some of those old skills from BNFL, but
also adding to them with new skills that we hope will
help not just that particular group of people but the
wider nuclear industry.

The Committee suspended from 4.33pm to 4.43pm
for a division in the House

Q245 Mr Cawsey: We were talking about the need to
ensure that we have the right skills to meet the
Government’s aspirations. There is an acceptance
that obviously the UK is not the only country going
through this process. There is a limited number of
people in the international market place. Other
countries will be trying to get some of the same
people that we would like to get to come to the UK.
What are you going to do to ensure we can
successfully compete to get those people into the UK
so that we can meet our targets?

Myr O’Brien: The first thing is the matter of keeping
people who are highly skilled here. In the end, it is
going to be to a significant extent up to the private
sector to pay the sorts of salaries that will keep those
highly skilled people in the country. We can train
them. We can create the university courses and the
skills training in colleges and so on that will bring
these people out in a condition where we have the
skills we need, but then we have to keep them in this
country. We have to pay them. Therefore there is
going to be a demand. There are going to be other
countries competing for these skills and they are, to
a significant extent, transferable. I think the private
sector recognises the need to fund that. We have a
particular issue within Government that in a sense
illustrates your point, which is that there is a transfer
to some extent from the MoD to the private sector
at the moment because of salaries. The MoD are
looking at that and looking to address it. We are
aware that in probably five years to a decade there is
going to be quite a push to get this skills cohort. We
need to make sure that we are able to fund keeping
those people who we train in this country.
Chairman: With respect, you have not said a single
thing about what you are actually going to do, other
than that you are going to do it.

Mr Cawsey: The market will do it.

Q246 Chairman: Is that it?

Myr O’Brien: The question from Ian was are we going
to be able to keep those people essentially in this
country. The answer to that is yes, we are, providing
we pay them the amount that keeps them in this
country.

Q247 Chairman: That is it? We are going to have to
pay them more?

My O’Brien: Yes. We are going to have to pay those
who are of sufficient quality to stay in this country.
There is no other way of keeping them. They have
transferable skills and there is a free market out
there. If you are asking me how do we make sure we
have them in this country in the first place, I can set

out very clearly for you how we are going to do that,
but once they are qualified to some extent, unless
they have some sort of honorarium from a particular
company that requires them to stay in the UK, they
will be able to transfer elsewhere.

Chairman: This is a key issue.

Q248 Mr Marsden: To bring us back to where we are
now, we know from the evidence that we have
received from Cogent and the Nuclear Skills
Academy that we have substantial deficits and skills
shortages at NVQ levels two and three now. We also
know that over the next 10 to 15 years the
demographic changes in this country are going to
give you a smaller and smaller cohort of younger
people potentially to fill some of those areas. Given
that is the case, what are you going to do to address
the skills shortages at levels two and three?

My O’Brien: The key thing that we need to do is to
make sure that we are encouraging people to have
interest in science, technology, mathematics and
some of the key areas that we need to train them in.
That is why the skills sector has already mounted a
quite significant project to extend these stem skills in
schools. Secondly, we have to make sure that we
have the capacity in the colleges and in employment
to teach. Thirdly, we have to make sure we have the
apprenticeship schemes. As you know, we have set
out the community apprenticeship schemes and also
the expansion of apprenticeships across the nuclear
industry which is being very much co-ordinated by
the National Skills Academy for Nuclear. They are
trying to develop that whole strategy. They have a
clear programme of developing that. In the end, it is
going to be about making sure that we have the
universities as well that will in due course be able to
provide the higher level skills that people will aspire
to achieve.

Q249 Mr Marsden: That seems to me to be all very
well and good and encouraging as far as it goes, but
you have not said a single thing in there about how
you might reskill or upskill some of the people in the
industry at the moment. I repeat the point that I
made earlier: given that you are going to have a
much smaller cohort of younger people, should you
not be thinking about doing more in that area now?
My O’Brien: We are thinking about that through
Cogent. Cogent is already examining how we upskill
some of those who are already in the industry to
make sure that within employers some of the
training that they provide and the access they give
for further training outside the workplace is given a
higher level of priority by the nuclear industry itself.
I accept your point that there will be a narrower
cohort of young people coming through. All we are
doing is giving higher priority to that cohort and
ensuring that the STEM issues are given a much
greater priority in terms of the delivery, not only in
schools but in colleges, and that in due course
employers are creating the ability to encourage their
employees to go and do the upskilling that we need
for the future.
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Q250 Mr Marsden: There is also an issue, is there
not, Minister, about the diversity within the
workforce? I am very encouraged that you have
Nicola with you as a concrete demonstration of that
diversity within your own department but the fact of
the matter remains that out there not only is the
workforce, as you said, very old; it is very male
dominated and it is not very ethnically diverse.

Myr O’Brien: You are quite right that because of the
nature of that employment going back 20 years it
recruited people who were predominantly male and
are now in their forties and fifties very often. What
we are trying to do is encourage employers to recruit
more broadly. We need to make sure that not only in
terms of recruiting more women but also ethnic
minorities it is more diverse. Employers have
certainly got the message—that is what they tell us—
that developing a wider skill base is important to
them because, if they do not, they end up focusing on
the group of people that they have recruited up to
now and they will not be in a position to get the
breadth of skills that they need.

Q251 Mr Marsden: Mr Sugden, could I ask you a
quick couple of questions about your particular area
which covers decommissioning? That is of particular
interest to me because I have just down the road
from my  constituency the  Springfield
decommissioning plant. Interestingly, we had a
slight conflict of view from two of our witnesses
previously. The University of Central Lancashire
said they thought there would be competition for
talent within the sector between decommissioning
and new build. The Royal Academy of Engineering
however tended to downplay the problems or issues
regarding getting people in to do decommissioning
and said, “ ... there is no urgency requiring the
diversion of nuclear engineering expertise to the task
of decommissioning.” Which of them is right?

My Sugden: Both of them in a way.

My O’Brien: You are virtually asking a political
question. I think it is better directed towards me
rather than to an official. In terms of
decommissioning, we will be seeing the NDA
publishing tomorrow how it is going to develop its
skills base, what it says it needs, and we are hoping
that that will set out in some detail the answer to
your question.

Q252 Mr Marsden: Whatever balance is struck, will
that again take on board the issue of reskilling within
the industry as well as recruiting from outside it in
terms of decommissioning?

My O’Brien: It will. The whole industry is conscious
that it has a major task in that upskilling of its
current workforce as well as reskilling, so developing
a whole new skill capacity amongst some of the
current workforce and bringing in new people will be
essential if we are to deal with the gap that we can all
see coming. To be fair, of all the areas of energy that
I deal with at the moment, the nuclear area is the one
area where I think there is a clear understanding of
the nature of the problem and an agenda that has
been set out to deal with it. If we were talking about
some of the other areas, I would have some more

concerns but this is an area where the nuclear
industry and the academic side of nuclear interest are
very conscious of this problem and are ensuring that
we put together a clear strategy for dealing with it.
We have not really gone into some of the things that
are happening, the way Cogent is developing its
analysis of what is needed across the whole piece, the
way the National Skills Academy for Nuclear is
working with employers and Government and
others to set out a clear strategy for dealing with this
and for delivering it. Broadly, I am content that, yes,
there is a problem—no one is complacent about it—
but there is a grip on this problem from both the
Government and indeed from the wider industry.

Q253 Mr Boswell: My question is about the co-
ordination of the different players in pursuing this
skills initiative which we are now focusing on. You
have the National Nuclear Laboratory whose job as
T'understand it is to preserve the critical skills needed
looking forward, new programmes; yet, its funding
is only going to come from the existing customers.
Does that create a contradiction?

My O’Brien: 1t is about making sure that we do not
lose some of the BNFL skills. That was the initial
thing. We have some skills here; and let us not lose
them, and then there was the thought: now we have
that, can we do more with it? Can we create a
National Nuclear Laboratory that everyone can
utilise with these skills? We have brought in
Government funding and funding from other
sources in order to try to create a laboratory with
capacity for research and information that can have
more general application. It would be wrong to see
this as the only source of that sort of knowledge. It
is not, and there are other private sector
organisations and organisations in the public sector
that also have a lot of that knowledge and employ
people, including in universities. Am I concerned
that those are the only sources of funding? We would
like to broaden the funding but at the moment what
we also have is a certain number of people that we
can bring into this organisation and I think in the
future we would be looking for more funding from
outside but not at the moment.

Q254 Mr Boswell: To put it more crudely than if I
had time to make it diplomatic, is there any question
of an entry fee for outside interests that might want
to come in to build power stations?
My O’Brien: There are always going to be entry fees
but not particularly in terms of this.

Q255 Mr Boswell: Just to pursue the various players
in this orchestra: the National Skills Academy for
Nuclear, the National Nuclear Laboratory, the
Nuclear Decommissioning Authority, Cogent, the
Royal Academy of Engineering as the professional
guardian of standards and of focus, the universities
you mentioned and then the new Nuclear Institute
which is going to be formed out of the Institution of
Nuclear Engineers and the British Nuclear Energy
Society. You have added in two new bodies as well
which I have not put down this purpose: the Office
for Nuclear Development and the Nuclear
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Development Forum. How on earth is the
Government going to conduct this particular
orchestra, make sure it is all playing in tune and gets
to the end of the piece at the right time?

My O’Brien: Because we have set up the OND, the
Office for Nuclear Development, it is their job in a
sense to ensure that the conducting of the orchestra
is done in a way that produces the tune that we want.

Q256 Mr Boswell: They are in the driving seat?

My O’Brien: They are essentially there to make sure
everything works effectively. I demur slightly from
being in the driving seat, they do not directly control
companies or anything like that. It is their job to say,
“This is where we are. That is where we want to be.
This is how we get there.” If somebody is going off
at the wrong angle, then we tell ministers and
ministers will have the job of pulling them back.

Q257 Mr Boswell: A light touch, I hope.
Myr O’Brien: Yes.

Q258 Mr Boswell: You will know the Committee has
just been in China and Japan very interestingly and
of course those countries have very different
histories and social structures, but they do seem to
have the common theme of being relatively more
straightforward and simple in all this. Is there
anything we can learn from that? Do we have the
ideal structure given our personal history or is there
a degree of rationalisation which somebody—the
OND or ministers—might actually seek to promote
to make it easier?

My O’Brien: We have looked at this relatively
recently and hence we have set up the Nuclear
Development Forum to bring together everyone
into one body which can hold Ministers and the
Office for Nuclear Development to account for the
development of the nuclear agenda. In a sense, we
have looked at this but if you are asking, “Is there
never a capacity for greater rationalisation?” I am
sure there is. I think the way to do this would be
through discussion with people on the Forum rather
than trying to suggest that we need to stop some of
the initiatives that are going on at the moment
because there is some quite good work going on in
terms of developing the skills agenda at the moment
in particular and developing academic work in
universities. I think we could do more in universities
at the moment.

Q259 Mr Boswell: Part of this of course is about the
public credibility of these programmes as to whether
they are going to happen or not. Are you also giving
thought to using the Forum as the vehicle for
producing a situation report for lay people and
indeed commentators outside Government to have
some sense that there is an onward progress, even if
perhaps there is not too much to see for it on the
ground on day one?

Mpr O’Brien: 1 am not sure the Forum is the right
place or organisation to do that report. I think
probably the OND is because they have the
responsibility of doing that and keeping Parliament
updated. The Forum is really an opportunity for the

various Government departments and the main
outside stakeholders involved to come together and
hold to account ministers and the OND for what has
happened or what has not happened. It is not really
a reporting organisation in that sense. I think
probably, in terms of reporting, it would be (a) the
OND and (b) ministers.

Q260 Dr Iddon: The Government’s hope is for
Britain to become again the leading nation in
nuclear engineering. Bearing in mind that we are
going to be importing French and American
designed reactors with the possibility that they will
bring in their own engineers who know that plant
better than ours, do you think that Government
hope will be realised?

My O’Brien: Yes, I do. Although it is certainly true
that the French will bring in knowledge that they
have and no doubt the Americans will in due course
and others, we know that they will want to have the
ability to use the people and the knowledge that we
have as well. We also hope that there will be other
players in the market who will be producing nuclear
power and therefore I think there will be plenty of
demand. There will not be a shortage of demand for
the skills in nuclear. Will we be importing some of the
knowledge from France and America? Yes, we will
import their knowledge and we will use that
knowledge to generate power in this country for
people here. That is all to the good. I do think that
companies like EDF and others will want to have
people who are able to run their power stations who
have been trained here as well. They are not just
going to want to import all the knowledge from
abroad.

Q261 Dr Iddon: The Government last week nailed
itself to the 80% reduction in CO2 mast under
extreme lobbying of course from Friends of the
Earth and others.

My O’Brien: The new department took a decision
and convinced them to support us.

Q262 Dr Iddon: That is the Government answer.
My O’Brien: 1 congratulate those who also lobbied
for it.

Q263 Dr Iddon: That is by 2050 of course. Bearing
in mind that we are going to be closing a substantial
number of our existing reactors down during the
next two decades, do you think that nuclear power
is going to play a significant role in getting that 80%
target met?

My O’Brien: Yes. It must. We have 15% electricity
generated from nuclear, a drop from 19% four years
ago. We are going to see a number of nuclear power
stations coming off production over the next few
years. We have to replace those. We have a big
renewables programme. That is not capable of itself
of replacing the capacity from nuclear. We need to
ensure, for environmental reasons, for security of
supply reasons as well as affordability reasons, that
we have a range of provision of power. That means
we have to have it from renewables. We have to have
it from oil, gas and other sources. We also have to
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ensure that we have nuclear generation of electricity
too. That is going to be a key component of ensuring
that we get to the very tough targets that we have set
ourselves for 80% reduction of emissions by 2050.
We were conscious when we agreed that that we were
challenging the country. We were also aware that we
were giving a clear message to those who say “No
nuclear” that they would have to explain how on
earth we were going to be able to hit these
challenging environmental targets without nuclear.
We will not. It is as simple as that. We have to
develop nuclear as a serious technology if we are
going to hit these targets.

Q264 Dr Iddon: Is eight new reactors an initial
target?

My O’Brien: That is initially where we are. We do not
have a statistical “we want this percentage
generation” but we have dropped over the last few
years from about 19% to about 15%. We certainly
would want to replace that sort of area with nuclear
generation of electricity.

Q265 Dr Iddon: Let me turn now to another pressure
which Japan is meeting. Japan is going for
overcapacity in nuclear energy, not only to provide
electricity for its citizens but also to generate the
hydrogen economy. As you know, there are various
processes—electrolysis of water being just one,
reforming of methane as steam being another, and
there are other processes—whereby we can generate
hydrogen using nuclear power as well. Has the
Government considered that option of overcapacity
to enjoin the hydrogen economy?

My O’Brien: 1t is not our view at this time that we
want to go to overcapacity. We are interested in the
development of the hydrogen economy. Indeed,
when I was previously in this post, I had some
involvement in trying to promote the development
of the hydrogen economy in the UK. We need to see
how this technology will develop in the future. I
hesitate to say it is experimental but it is also quite
well-developed and we know a lot about it. At this
stage, we will be looking to see how that develops
and it is not our aim to create overcapacity by reason
of nuclear generation.

Q266 Mr Marsden: Minister, you have talked
already about what we are going to have to import
in terms of skills and expertise as only part of the
process that we are now going down, but there is also
surely a requirement on us to have an input into new
developments. I am referring specifically to the
Generation IV International Forum and to the
nuclear systems from which we have, I understand,
as a country directly withdrawn ourselves as from
2006. Professor Billowes from the Dalton Institute
said to us that our engagement with Europe and
America is weak in basic R&D. How are you going
to reverse the actuality of that weakness in R&D?
Are you going to be prepared to provide the £5
million which would enable us to re-engage with the
Generation IV programme or, if not, what else have
you got on the agenda?

My O’Brien: We have a large agenda in terms of
investment into development of knowledge but in
terms of the Generation IV it was the case that we
had to look at what our priorities would be. There
are always going to be competing priorities. We took
a view that there were other areas that we wanted to
prioritise. As you know, this technology and
experimental work is unlikely to produce significant,
commercial development until after about 2030. The
aim is to ensure that we focus on other areas of
research. We are involved in Taurus and we are
encouraging university research. Ten years ago there
was very little development of nuclear research or
courses in British universities. Now we are seeing an
increasing involvement in research and building up
courses. I think you heard from the academics who
were before you that a few years ago they would have
had very few PhD students but now they have a
significant number, so there are at Imperial, at
Warwick, at York, at Lancaster now universities that
are doing quite a lot of research. In terms of high
level, long-term research we did not feel that our
involvement in that particular project was where we
wanted to focus our resources. There are always
going to be priority choices.

Q267 Mr Marsden: You talked earlier, quite rightly,
about how you have to engage more people at
graduate level. You are not worried that this sends
out a signal to them that there will not be any
meaningful international collaboration in this
particular area and that will then restrict their own
research interests subsequently?

Mpr O’Brien: The Nuclear Education Consortium
has just put together a project involving £2.6 million
from EPSRC and others to generate more academic
research and MAs, PhDs. I think most people know
now that there is a very clear agenda, shared broadly
by the two main parties, with deference to the
Chairman on this.

Q268 Chairman: I am totally neutral on these
matters.

My O’Brien: They have made a very clear, long-term
commitment to nuclear. It is very clear to anyone
considering whether or not they want to develop a
career in research in this area that there is going to be
a long-term need for those skills and for that
knowledge. I do not believe that our decision in
relation to GIF in particular or the Gen IV project is
something which is going to cause any serious
academics to have any doubt that we are fully
committed to nuclear research. It is very clear from
what else we have done. John Denham last week
pledged £98 million for skills including nuclear.
There is plenty of funding behind the development
of these skills and this area of education and, for this
particular project, whatever signal it might have
sent, the signals have been overwhelmed by the other
signals that we have sent about development.

Q269 Chairman: Minister, we are very grateful to
you for your presence this afternoon. Although the
Committee has different views in terms of the
nuclear issue, that is not our issue as far as this
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inquiry is concerned. It is really how we produce the
engineering capacity to be able to deliver what the
Government has as its programme. It is our job to
scrutinise that. It would be very useful if we could
have a note from you about specifically those issues
to deal with skills because Cogent have clearly set
massive targets for the expansion of skills over the
next 10 years. We do not have a clear picture from
you as to what the Government’s involvement in
that is going to be and that is at every level from the
nuclear scientist right through to the level two and
three skills that Gordon Marsden was talking about.
In order to present that in our report, it would be
useful to have the Government’s plans to help
deliver those skills so it is not simply a matter of
saying, “Pay people more within the private sector.”
My O’Brien: 1 think I was making it clear that there
was a bit more than that in terms of the
Government’s commitment, both financially and
otherwise, to the development of this agenda. I

would hope to publish very shortly the Sector Skills
Council report into the need for skills in the energy
sector as a whole. When I say “shortly”, I mean
within a week or so. That will give you not only a
view about what the Government is doing and what
the wider industry is doing in terms of nuclear but
across the whole of the energy sector. If I may say so,
this report that you will be doing will be timely and
will be able, I hope, to take account of the response
from the Sector Skills Council to the Government’s
Energy White Paper, but I would not want you to go
away thinking that my only view about keeping
people in this country was that we pay them enough.
I think that is a crucial factor but there is also the fact
that we provide the interest and the long-term career
prospects which they see as being crucial to their
future. That is what is going to keep them here too.
Chairman: I think we would agree on that. Minister,
Mr Sugden and Dr Baggley, thank you very much
indeed.




Ev 410 Innovation, Universities, Science and Skills Committee: Evidence

Written evidence

Memorandum 81

Submission from the Department for Business, Enterprise and Regulatory Reform (BERR) and the
Department for Innovation, Universities and Skills (DIUS)

1. This memorandum has been prepared by the BERR Energy Group incorporating contributions from
the Department for Innovation, Universities and Skills (DIUS). It sets out our view of engineering skills in
the nuclear sector and is submitted as evidence to the Select Committee Enquiry. This paper covers
decommissioning, on-going nuclear operations, and new build of civil fission power plant. It does not cover
the skills needs of the fusion R&D programme.

SUMMARY OF OUR VIEW

2. The programmes to develop skills within the nuclear industry compare very favourably with what
other parts of the energy sector have done so far. That is not to say that all is well. In fact there is a great
deal to be done and there will be resource pressure to support new build alongside decommissioning and the
MoD programmes. But, overall, the nuclear industry is well advanced in developing its plans and is
comparatively well-placed to meet the challenges to come.

BACKGROUND

3. The 2007 Energy White Paper, the Nuclear Consultation and the 2008 Nuclear White Paper all set out
the Government’s view on skills in the energy sector. This paper gives the BERR view on skills in the nuclear
sector, based on the analyses undertaken for the Nuclear White Paper.

4. The 2007 Energy White Paper asked the Sector Skills Network to report on energy sector skills. BERR
is assisting the lead organisations, Cogent, Energy and Utility Skills, the Engineering Construction Industry
Training Board plus the National Skills Academy for Nuclear to deliver this report in the second quarter
of 2008.

KEY POINTS

The UK'’s Engineering Capacity

5. The supply of engineering skills from craft worker to chartered engineer is tight across the energy
sector. Building nuclear power stations is a challenge but the UK has to make radical changes to
de-carbonise its energy infrastructure and the alternatives to nuclear are also challenging. The universities
have already responded by creating new capacity to develop a skilled nuclear workforce.

6. The Generic Design Assessment and licensing of the nuclear technologies creates the most immediate
demand for engineers and scientists. The Nuclear Directorate of the HSE is the lead organisation for this
activity.

7. The UK is pre-eminent at executing major projects for the energy sector worldwide, especially for oil
and gas projects in the Middle and Far East. Subject to the global supply and demand situation, some of
this capability is transferable to nuclear build.

8. The construction workforce is under most pressure, due to ageing of the workforce plus a big up-turn
in demand. The lead time for new nuclear build gives time to plan and to develop the specialist skills required,
although the availability of non-specialist skills will be more affected by market conditions.

Training vs Immigration

9. In BERR, we expect the worldwide market for energy sector skills to be difficult for the foreseeable
future, with supply running behind demand. While it may be necessary to rely on internationally-mobile
skills for short-term specialist activities, or to deal with big peaks in activity, wholesale reliance on the
international labour market will expose us to competition from the rest of the world, with the risk of cost
escalation and non-availability of resource when needed. Where immigration has been necessary to deal with
acute skills shortages in other parts of the energy sector, such as high-voltage transmission line workers, the
Borders & Immigration Agency, supported by BERR, has required evidence of a strategy to return the UK
towards self-sufficiency.
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Role of Engineers

10. Unlike the Magnox and AGR programmes, the UK will not be developing its own design of reactors.
A new nuclear programme will require both engineers and scientists to ensure the safety and operability of
the designs, translate the design data into a construction programme, design the plant infrastructure,
procure equipment & services, manage the project, commission the power station, operate the station,
maintain and modify the station throughout its working life and, finally, de-fuel and decommission the
station.

Economic Viability of Nuclear Power

11. A cost benefit analysis was given in the 2007 Energy White Paper and the economics of nuclear were
discussed at length in the recent Nuclear White Paper. The costs of nuclear electricity are heavily weighted
to capex. Fuel is only responsible for 1-2% of the cost of generation from nuclear, compared to around 60%
for a CCGT (gas) power station. Thus nuclear has only a small exposure to the cost of uranium, whereas
fossil fuel plants have much more exposure to the costs of their fuels. On our analysis, the cost of nuclear
generation is favourable on the basis of our current projections for fossil fuel prices. While other
technologies (especially renewables and fusion) are being developed, we do not see a new, lower-cost,
low-carbon, baseload generating technology achieving global deployment for many decades.

MoD Programmes

12. There will be some overlap of demand between new civil build and, in particular, the submarine
propulsion programme. The MoD is best placed to comment.

SUPPORTING INFORMATION FROM THE WHITE PAPER ANALYSIS

An ageing skills base

13. Itis 15 years since the mechanical completion of Sizewell B. Workers with past experience of new build
are nearer to retirement. BERR recognises that a programme of new nuclear power stations would have to
progress without undue delay, if we are to utilise and transfer existing skills before they are lost. The exact
timing is a judgement for the project developers but Government will reduce the uncertainties in the pre-
construction period through improvements to the regulatory and planning processes. This includes a process
of “Justification”; a Generic Design Assessment by the nuclear regulators and improving the process for
granting planning consent for electricity developments, as set out in the 2007 Planning White Paper.
Government is also working with the industry to identify suitable sites. These measures should increase
investor confidence and encourage the market to invest in training and manufacturing.

14. Across the energy sector in the UK, large numbers of workers will leave for retirement in the next
decade. Ensuring a continuity of skills and experience will be a challenge for human resource management.
On average, nuclear is slightly better placed than energy as a whole, although there are ageing hot spots.
New nuclear build is challenging but, if nuclear power stations are not built, the UK will have to build
something else and this will face similar skills issues. For example, clean coal with carbon capture and
storage faces competition for process specialists from the oil and gas, refining and petrochemical industries,
where the global market, especially the Middle East, is creating high demand for UK expertise.

15. For nuclear overall, we believe that there is time to ensure a skills succession but this must start soon.

The skills deficit

16. We also see growing skills gaps, as workers are faced with technologies and processes with which they
are unfamiliar. The overall skills deficit is therefore made up from skills shortages, themselves a combination
of natural wastage and increasing demand, skills gaps and the need for a larger workforce to service
programmes such as new build.

17. The nuclear sector employs a wide range of skills that can be classified as engineering, from craftsmen
and technicians, who trained largely as apprentices, to professionals educated at university. In reviewing
skills, it is important not to draw too many distinctions between the various levels of the workforce—they
all have the same basic issues.

Open Opportunity

18. Across the energy sector, employers are keen to see a skills and training framework that allows people
to reach their potential, something BERR supports fully. However, employer-supported training to degree
level is not common and the step up to chartered engineer is not always easy for those with a BEng degree.
It was possible for a shipyard apprentice to rise to chartered engineer and managing director in the past and
the nuclear sector is keen to offer similar opportunities today.
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Construction and competition from other projects

19. Engineering construction activity in the UK and worldwide is growing and new nuclear build will
have to compete with other projects. These all need project management expertise and civil engineering,
especially for concrete laying and steel erection, while power stations need mechanical and electrical
engineering plus construction services for the balance of plant, offsites and utilities. Energy, petrochemical
and pharmaceutical sector projects compete directly for these skills, as do Ministry of Defence (MoD)
projects, such as the aircraft carriers. At all levels, demand for skills is likely to exceed supply at times and
the resulting competition for skilled workers will have to be managed to ensure the best utilisation of the
resource. If the energy companies decide on a structured fleet build of identical power stations, whether
nuclear of not, that could be easier to manage than one-off projects on an uneven schedule.

The global resource

20. Worldwide, in the developed world, nuclear investment has been subdued for the last 15 years or so.
Worldwide demand is now rising, from a low point of starting four reactors per year around 2000 to starting
perhaps 15-20 reactors per year by 2020. This is a return to the peak of construction seen around 1980. The
world does not currently have the human resources to deliver this programme and strong efforts are being
made to re-grow the skills base.

21. Many of the skills and resources needed to build new nuclear power stations are generic to large
engineering construction projects. There is an international workforce to service these projects. At present,
this is in high demand due to the level of oil and gas activity in the Middle East. In BERR, we expect this
to subside in the 2010s and power station construction to increase. We expect the international workforce
to be used in the developed world where local labour is unavailable.

22. Given the global demand for more, lower-carbon generation, we expect, therefore, the market to
respond by delivering new capacity to build generating plant of all types from clean coal, to nuclear to
renewables. We expect UK projects to create opportunities for UK workers but If UK labour cannot be
found, overseas labour could be used, subject to safeguards. Overseas workers are already employed, for
example, on the LNG terminal projects.

Will nuclear build compete with renewables?

23. Renewables and nuclear power are key components, along with other low-carbon generating
technologies, energy efficiency and demand reduction, in the Government’s strategy for meeting the 2050
target for carbon emissions. Nuclear power requires specialised skills, both for construction and operation,
but in modest numbers compared to the overall energy workforce. For new build, there is some skills overlap
with large-scale renewables, such as wind or tidal barrage, especially for large-scale civils and electrical
installation. Small-scale renewables are largely dependent on general building trades, where there is little
skills overlap with nuclear power. There is no evidence to suggest that building new nuclear power stations
would significantly reduce the supply of skills to the renewables sector. In fact, it may well encourage a
renaissance in science and engineering, benefiting the entire energy sector.

What is being done about skills in the nuclear industry?

24. The Energy White paper published in May 2007asked the Sector Skills Councils (SSCs) to report on
the energy sector, including details of skills shortages, skills gaps and the impact of demographic factors.
This will include a forward look that takes account of factors such as retirement and new investment. It will
set out the strategies the SSCs and employers are implementing to ensure that the UK can meet future skills
needs. It will also consider the actions that can be taken to coordinate recruitment and training across
sectors. Government is working with the SSCs to deliver this report in the first half of 2008.

25. Early in this decade, the nuclear industry undertook a strategic review of its skills base, its future needs
for skills and the impact of the workforce demographics. The Sector Skills Council, Cogent, was able to
build on this in developing its Sector Skills Agreement. This sets out the strategy for future skills
development, taking account of both the age profile and the skills gaps that are increasing, as workers are
re-deployed from operations to decommissioning. The Sector Skills Agreement sets out a detailed analysis
and an action plan to ensure that the industry’s skills needs are met.

26. Cogent, with support from the Nuclear Decommissioning Authority and employers from the
industry, recognised that a National Skills Academy for Nuclear (NSAN) could play a significant part in
recruiting and developing the right skills. Therefore, they submitted a bid in Round 2 of the NSA selection
process and were invited in October 2006 to move into the business planning stage. A team seconded from
the North West Development Agency, together with a shadow board from employers has subsequently
developed a detailed business plan. After appraisal by the Learning and Skills Council, the approval of
NSAN as a National Skills Academy was announced by David Lammy, Skills Minister, in September 2007.
The Academy was formally launched on 31 January by David Lammy and Malcolm Wicks.
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27. NSAN will build on and coordinate existing training provision on a national and regional basis and,
with its training partners, aims to deliver 1,200 apprenticeships, 150 foundation degrees and to re-train 4,000
existing workers in its first three years of operation. This will address the decommissioning of existing
facilities, the on-going needs of the power generation industry, the Royal Navy propulsion programme and
new civil build. NSAN will also develop stronger links with higher education to better integrate technician
and graduate training, to improve the supply of graduates into the sector and help to align university
teaching with sector need.

28. In parallel, the Nuclear Employer Skills Group (NESG), formed of employers, Government
Departments and Cogent, has been taking forward important work on career pathways, up-skilling,
competence assurance, passports, qualifications credit frameworks, project management, safety case
preparation and foundation degrees.

Graduates and professionals

29. The professional skills set in the nuclear industry includes, for example, physicists, chemists, materials
scientists, mathematicians, radiation specialists and health physicists. All of these combine with specialist
nuclear and traditional engineering disciplines to design, build, operate and decommission a nuclear
power station.

30. The professional workforce is under pressure, with some specialist skills, such as safety case writers,
reported to be hard to find. Demand is rising initially for the decommissioning and MoD programmes. New
build initially requires skills for the design assessment and licensing of the new reactors, people to support
the design and build of the chosen system will be needed later.

31. Retirement will take a toll over the next 1015 years and it will be necessary to train new professionals
to support the forward nuclear programme. Higher education has already responded and 11 institutions now
offer masters courses. One university offers a first degree with nuclear engineering specialisms, another will
do so soon and two are developing foundation degrees in collaboration with the Academy.

32. Where there is immediate need, such as for professionals to undertake the pre-licensing assessments
in the Nuclear Directorate of the HSE, the team can be expanded by competing in the labour market for
experienced personnel, by re-training engineers and scientists from other sectors and by training graduate
recruits.

33. The Engineering and Physical Sciences Research Council (EPSRC) is contributing £1 million and
industry partners £1.6 million towards a “Nuclear Technology Education Consortium” to support masters-
level and continuing professional development training for the nuclear industries. Since 2003, EPSRC has
contributed £6 million, with contributions from the private sector, towards a research programme to keep
the nuclear option open. This brings together seven universities, various Government bodies and the private
sector. In 2006 EPSR C also provided support, again in partnership with the industry, for the establishment
of an Engineering Doctorate Centre (£4 million) in nuclear engineering, a four year industrially relevant
doctoral training programme.

34. EPSRC in partnership with the industry has also provided other support for capacity building
initiatives, which include new research Chairs at the University of Manchester in decommissioning
engineering and radiation chemistry.

35. EPSRC currently has funding (£4 million) earmarked to support underpinning science and
engineering to tackle the challenges associated with decommissioning and waste management in the nuclear
industry. Consortia proposals tackling these challenges are currently under review. Research Councils UK
(EPSRC) will be submitting a detailed memorandum to the Committee.

36. Outside of the immediate nuclear industry, BERR is assisting Energy and Ultility Skills, the sector
skills council for electricity, gas, water and waste management, together with its client employers, to develop
a skills strategy for the electricity sector. This will ensure the supply of skilled people to operate and maintain
the conventional equipment in the nuclear stations and to install the new transmission infrastructure.

37. Fornew build, engineering construction faces a double challenge of an ageing workforce coupled with
a major up-turn in new construction. The Engineering Construction Industry Training Board is working
with its employer partners to increase recruitment and training to improve the supply of skills for energy
sector and other capital projects.

38. The Secretary of State for BERR announced in October 2006 that, subject to the agreement of
contractual terms, a National Nuclear Laboratory (NNL) would be established based around research
facilities owned by the NDA, including the Sellafield Technology Centre (BTC), together with Nexia
Solutions. This approach is intended to minimise the risk to existing skills within Nexia Solutions and will
also help to maintain the research skills base in the UK. A business model for the new organisation is in
preparation.
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Diversity

39. The nuclear sector is 82% male, overwhelmingly white, with females mostly in stereotypical roles. To
a large extent, this is a legacy from past recruitment practice. Employers today are actively seeking to widen
their diversity of both gender and ethnicity.
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Submission from Professor Bernard Kelly, University of Manchester

NUCLEAR ENGINEERING CASE STUDY

1. My name is Professor Bernard Kelly and I have held the Chair in Nuclear Decommissioning
Engineering at the University of Manchester since 1 May 2007. Prior to that I was employed for 26 years
asasenior engineer at BNFL’s former site at Sellafield. I am a Chartered Engineer, a Fellow of the Institution
of Chemical Engineers and a Fellow of the Royal Academy of Engineering. The views expressed below are
mine alone and I speak as a concerned taxpayer and citizen rather than as a representative of any of these
institutions. My background is entirely in decommissioning and nuclear waste management and so I am not
commenting on any aspect of the new build component of the Committee’s remit though Members will of
course draw their own analogies as appropriate. I have worked at Aldermaston and Devonport Dockyard
on several projects but I do not feel qualified to comment on the overlap between nuclear engineers in the
power and military sectors.

2. In stark contrast to the French Government, successive UK administrations have done little to
encourage nuclear education in this country. One by one all the nuclear engineering undergraduate courses
closed down at our Universities and, as of the end of 2007, not one was left. Now the impact of this myopia
is for all to see. Dti estimated that up to 1,000 scientists and engineers will be required at peak to cope with
the likely UK nuclear build and cleanup programme. This can be delivered by UK academe given sufficient
foresight, planning and Government commitment. In fact Lancaster University has recently announced its
intention to launch a brand new Chair in Nuclear Decommissioning Engineering and this will be the first
and only undergraduate course available in Britain for many years. My own School is currently offering
PhD only education in Nuclear Decommissioning Engineering. Other UK Universities are likely to follow
Lancaster’s path if a nuclear renaissance begins to materialise in the UK.

3. For many years British Governments (all parties) have encouraged academia and industry to “upskill”
in anticipation of a challenge to our traditional strengths in the engineering, chemicals etc sectors from the
fast-growing Asian Tiger Economies. Commodity products, chemicals and services will no longer be
produced in the UK according to this view. The conclusion is sound and therefore these Governments urged
us to move into the higher skill areas based on mastering more advanced science and technology and
preferably with high export earnings potential and the promise of self sufficiency in these skills. This
exhortation took the view that if progress in industrial success was likely to demand new closer
collaborations between our companies and centres of academic excellence, then so much the better. Nuclear
engineering fits this description exactly. Worldwide there are over 400 power reactors and over 700 research
reactors in operation today. More than half the research reactors are more than 25 years old. The global bill
for this cleanup has been estimated at £400 billion. New revolutionary and evolutionary technologies are
going to be needed if value-for-money to the taxpayer is to be delivered.

4. T have noticed a real resurgence in interest in nuclear engineering amongst our talented students (and
not just the undergraduates in this University). Very promising A level students are keen to learn about a
career in nuclear engineering to an extent unprecedented in my professional lifetime. This augurs well for
their future and for our economy.

5. Given the content of paragraphs 3. and 4. above, I want to turn now to a specific item within the
Committee’s Terms of Reference ie . . .. “The value in training a new generation of nuclear engineers versus
bringing in expertise from elsewhere”. The fact that this question is even raised in Great Britain reveals so
much about the attitude towards science and engineering in this country. Many eminent nuclear engineers
and scientists have worked in the University of Manchester over the last 100 years—some of them Nobel
Laureates. They must be turning in their graves at a question like this. Other submitters of evidence will put
forward to you the value to our economy of our nuclear industry—particularly in the North West of England
where it all began. In the 1950’s, Britain once led the world in nuclear science and engineering—is there no
desire within Government for our country to lead once more? I cannot conceive of any circumstance leading
to a French Parliamentary Committee being asked this question.

6. Regarding the UK’s engineering capacity to carry out the planned decommissioning of existing nuclear
power stations, it must be recalled that Britain has already successfully decommissioned many reactors. In
addition at Sellafield the Decommissioning Group have already delivered many successful projects. For sure
we have to resurrect our nuclear engineering courses and the supplyside in the UK just now is in a distressed
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condition but there can be no doubt that sufficient expertise remains to pass on the critical skills to the next
generation of nuclear technocrats. Technologies are available to us to achieve this but the key question is
“can we develop new technologies to do it faster, safer and more affordably?”. That is the challenge.

7. A final word on the interaction between funding and the supply of well-qualified nuclear engineers and
scientists in Britain. Paragraphs 2 and 5 above point out the dangers of regarding this as a pipeline of talent
that Government can switch on or off at will. For young students to make their commitment, for
Universities to invest in new educational facilities, for companies to sponsor graduates etc, there must a
steady funding stream to tackle our nuclear legacy.
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Submission from the Dalton Nuclear Institute

1. Background to Dalton Nuclear Institute

1.1 The University of Manchester is the UK’s largest academic institution with ambitious plans to be
ranked in the top 25 universities worldwide by 2015. Nuclear research has been identified as one of the
disciplines targeted for significant investment to help the University achieve its aim. The University already
has the UK’s largest concentration of nuclear research, training and educational activities, and in 2005
formed the Dalton Nuclear Institute to drive forward its ambitions. The University has recently signed a
£20 million joint agreement with the Nuclear Decommissioning Authority (NDA) to establish the Dalton
Cumbria Facility (DCF), a new research facility and world-leading academic.

1.2 In relation to the nuclear industry, the University has strengths in areas such as:
— Materials performance: Structural Steels, Fuel and graphite.
— Radiochemistry.

— Radiation Sciences.

— Decommissioning Engineering.

— Geology and Geotechnics.

— Thermal Hydraulics and Fluid Simulation.
— Radio-Biological research.

— Dosimetry & Epidemiology.

— Policy and Regulation.

— Stakeholder Issues and Decision Analysis.
— Nuclear Physics.

— Societal Issues / Socio-economics.

1.3 The Dalton Nuclear Institute has facilitated the launch of a new MSc training programme in nuclear
and chairs the Nuclear Technology Education Consortium (NTEC) of 11 education and research institutes.
Manchester University leads the Nuclear Engineering Doctorate Centre in partnership with Imperial
College, has recently been awarded the Nuclear Sustainability Project, and is one of the largest academic
institutions that has contributed to the Nirex R&D programme. Manchester has also entered into a £20
million strategic research agreement with the NDA to establish the Dalton Cumbria Facility, which will host
radiation sciences and decommissioning engineering capabilities, and to secure 10% access to the state-of-
the-art Technology Centre at Sellafield. In addition, Manchester University, through the Dalton Nuclear
Institute, has announced plans for the Centre in Nuclear Energy Technology which is a proposed £25 million
investment in reactor engineering related capability.

2. Executive Summary Points

2.1 There is a recognised skills shortage in nuclear engineering both in the UK and overseas. Such a skill
base is essential for continued safe operation of all activities associated with the UK nuclear industry.

2.2 This skills shortage can be overcome with a vibrant and active academic sector that provides (a) a
skills pipeline of young individuals, (b) research to support the industrial needs and (c) training and
education.

2.3 It is not credible to rely on other countries to fill the skills gap given the need for “an intelligent
capability” from a safety regulatory perspective, and the risk that such a capability is mobile and transitory
given it is under demand from other countries.
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2.4 Investment in research is key to ensure the UK can generate independent and authoritative experts
capable of assessing the safety and operational performance of the diverse aspects of the UK interests in
nuclear energy.

2.5 A vibrant academic sector and the strong identity of a National Nuclear Laboratory will provide the
mechanisms to ensure a coordinated and coherent approach to underpinning the nuclear engineering skill
base from basic science to applied technology.

2.6 Despite having a skills gap, the UK still has a significant opportunity to play a leading role
internationally in energy, sustainability, non-proliferation, counter-terrorism, etc based on an active nuclear
engineering capability.

2.7 The Dalton Nuclear Institute/Manchester University is already making a significant contribution to
solving the nuclear skills gap.

3. Background

3.1 The UK has historically had a significant capability in nuclear engineering. It is one of the few
countries to have fully developed its nuclear fuel cycle capability including reprocessing and re-fabrication
of fuel for use in fast reactors. It also has a long track record of pioneering work on different reactor
technologies as well as naval propulsion and strategic deterrent capabilities.

3.2 Nuclear Engineering as a discipline in its own right is difficult to define as it tends to be a combination
of different capabilities such as civil, mechanical, structural, electrical and chemical engineering in a nuclear
environment but there also some specific scientific capabilities such as reactor physics, materials
performance, radiochemistry, nuclear data, criticality, thermal hydraulics etc. For the purposes of this
assessment we assume nuclear engineering encompasses the capabilities as listed above as well as others that
might be specifically applied to support nuclear operations.

3.3 Following the extensive nuclear investment programme from the 1950s onward nuclear engineering
was a well established capability in the UK and this was supported by a strong R&D programme and
academic partnerships. However during the late 1970s and 1980s with the “dash for gas” nuclear energy
received less investment. The UK moved away from fast reactor technology, R&D programmes were cut
and consequently academic involvement declined. The teaching of nuclear engineering and related courses
in universities subsequently declined—combined with factors such as fewer young people interested in
science and engineering degrees, and greater job opportunities in new industries such as service sector, IT,
computing, consultancy, accounting etc—and led to a skewed age profile and concern that insufficient
trained graduates were entering the industry. This fact has been recognised by many stakeholders associated
with nuclear skills such as Cogent and the National Skill Academy for Nuclear.

3.4 Nuclear R&D within academia plays a key role in attracting young people into the industry. Recently
there been a number of new initiatives such as EPSRC’s investment in “Keeping the Nuclear Option Open”,
NTEC MSc course, the Engineering Doctorate programme, the “Nuclear Power Sustainability”
programme and other initiatives that have helped to plug the gaps. As noted below these R&D activities
help to generate scientific capability in nuclear engineering disciplines that is able to make informed and
authoritative judgements on the safety, performance and functionality of various nuclear operations (civil
nuclear energy to decommissioning to naval propulsion to weapons). Not everyone involved in the nuclear
industry needs to follow this path. The industry rightly states it doesn’t want undergraduate nuclear
engineering degree courses, but instead good quality maths, physics and science courses, and then nuclear
expertise added through (i) in-house training, (ii) on-the-job experience and (iii) additional academic
qualification (MSc and PhD).

3.5 Thus nuclear engineering covers not only a wide range of disciplines but also different categories of
practitioners: those that are engineers-by-training but working in the nuclear industry and those that are
authoritative experts having spent their career researching and understanding the fundamental scientific
aspects. The industry needs both kinds.The latter are essential for their work on safety cases, for example
to ensure a proper understanding on the scientific processes exists. There is however concern that we do not
have sufficient capability being generated that can provide a authoritative perspective.

4. The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

4.1 The engineering capability to build new nuclear power plants can be divided into different groups that
are very much dependent on the phase of the new build project.

4.2 At the start of the project an intelligent buyer and regulatory capability is needed. These are
individuals from a nuclear engineering perspective, who have a deep understanding of how a particular
reactor system will work. This capability is only gained through researching and understanding how a
system works. It is necessary to make informed decisions about the licensability of a system. The UK only
just has the capacity to meet this phase and we are reliant on the historic capability mentioned above being
available prior to retirement. We are vulnerable in key areas such as reactor physics, thermal hydraulics,
safety assessment, criticality etc.
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4.3 Following this phase, the construction phase is very much akin to normal civil construction associated
with any major infrastructure projects. Based on a new nuclear build programme being a £2bn per annum
commitment, this represents a small fraction of the existing construction industry. Approximately 80% of
the list items for a nuclear plant could be sourced in the UK, and the value of these components is
approximately 50% as expensive items sourced from overseas.

4.4 Operation is approximately 10 years away although we need to ensure that the future operators of
those plants are following the appropriate career path, starting with engineering degree courses, post-
graduate training in reactor systems and then into industry. A means of increasing the skills pipeline here is
through universities having R&D projects that “hook™ young peoples’ interest and imagination.

4.5 At the Dalton Nuclear Institute we have been working closely with public and private sector
organisations on the need to underpin academic capability to support new build. We have plans for a £25
million investment in a new Centre for Nuclear Energy Technology that will provide academic research,
maintain skills, and provide a pipeline of young people to join the industry as well as the independent
authoritative perspective that is required. However the UK also needs a strong entity such as the National
Nuclear Laboratory to help the transition from basic science through to industrially applied technology.

4.6 With regards to decommissioning plant, the end process may simply be bulldozing an historic
building. As for nuclear power plant construction, this doesn’t need any significant nuclear expertise. Where
the nuclear engineering expertise is required is in understanding how facilities can be decommissioned. Here,
given the complexity of the programme, engineers are needed to help characterise, assay, retrieve, separate,
segregate and encapsulate waste forms, as well as understand the structural integrity, radionuclide inventory,
safety, and functionality of old facilities. This is a significant and complex programme with a great deal of
intellectual input before any facility can be demolished, or waste form encapsulated.

4.7 Given the extent of the UK’s decommissioning programme at present there is sufficient practising
engineering capability, but more needs to be done to support the key expert / authoritative capability that
is required. For example the capability that can pass judgement on how and when a building can be
demolished or a waste form can be encapsulated. The latter capability is again, obtained through a lifetime
of researching specific nuclear aspects. We can’t rely on foreign companies providing this expertise
indefinitely. Soon, the US decommissioning programme will take off and US companies currently focused
on UK opportunities will find work at home.

4.8 The Dalton Nuclear Institute is working closely with the NDA to solve this problem, and we have a
joint £20 million to establish new capabilities in Nuclear Decommissioning Engineering and Radiation
Sciences, both of which are essential for the legacy waste management programme.

4.9 The UK National Nuclear Laboratory has a key role to play. For both power generation and
decommissioning a strong National Nuclear Lab identity will attract people to the industry and also provide
a bridge between basic science and industrialisation.

5. The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

5.1 Theextent of the UK nuclear programme means it is vital that the UK develops its own skills pipeline.
The alternative approach of bringing in capability from overseas has the following disadvantages:

1. All countries are suffering from a shortage of nuclear engineering capability, therefore a readily
available mobile workforce is in very short supply (virtually non-existent) and is being sought after
from other countries.

2. Thereisno guarantee such individuals will head to the UK compared to other countries. We would
be fighting for the same resource which would prove expensive and risky (should mobile
individuals leave to the next highest bidder).

3. Overseas capability is unfamiliar with the licensing and safety approach in the UK, which is
significantly different to other countries such as France, US etc. Individuals from overseas would
have to spend a significant amount of time getting up to speed with the safety case approach in
the UK.

4. Regulators would express concern if the intelligent capability that understands how to run and
operate reactors systems or UK nuclear plant is vested in a transitory mobile workforce.

5. The UK might not be comfortable in a public inquiry for instance concerning the safety of new
reactor systems having to call on learned expertise from overseas to present a justification because
the UK does not have any indigenous capability?

5.2 Insummary itis vital the UK develops its own skills pool to avoid dependency on depleted skills pools
from overseas, and also to ensure the appropriate management of safety.
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6. The role that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to be
economically viable

6.1 Nuclear engineering is a critical capability that will be required on an ongoing basis to support the
UK’s diverse nuclear interests. Such capability is required in the future in private sector commercial
companies, and public sector organisations such as regulators and academia. The UK’s diverse nuclear
interests that require access to nuclear engineering capability include the following:

— Safe operation of the UK existing civil nuclear reactors for electricity generation.
— Assessment and delivery of new nuclear civil build in the UK.

— Support to the legacy waste management and clean-up operations.

— Geological Disposal programme.

— Naval nuclear Propulsion.

— Nuclear Fusion.

— Strategic deterrent capability.

— Homeland security.

— UK involvement in international safeguards and non-proliferation.

— Nuclear medical applications.

— UK involvement in international energy policy and advanced fuel cycle reactors initiatives.

6.2 Nuclear engineering capability to support the interests listed above divides into general engineering
capability working in nuclear and specific nuclear expertise. The latter requires dedicated programmes to
ensure the UK has access to appropriate expertise that can make authoritative judgements. This ability does
not come from reading text books, but from actually hands-on experience. It is supported by an active
research programme in the UK, which helps to generate such an informed capability, but it also helps to
attract young people into the industry.

6.3 Given the extent of the UK’s interests listed above, and also that:
1. The UK has a significant historic track record in nuclear expertise.
2. The UK is no longer a vendor of any system and therefore can act impartially and independently.

there is a significant opportunity for the UK to take a central role on the world stage in important
international policy matters relating to energy, sustainability, safeguards, non-proliferation and counter-
terrorism.

6.4 With regards to the economics of nuclear energy, engineering is a key aspect to this. Engineering will
play a role as follows:

— Capital Cost—Nuclear generation is capital intense and the capital cost drives the economics.
Engineering input is essential to reduce cost yet retain high levels of safety and performance.
Moreover, development of advanced reactor systems such as High Temperature gas-cooled
reactors etc. will require a strong engineering input to achieve capital cost targets.

— Operations—Engineering is required to ensure the plant is operating correctly and safely. Without
an engineering capability, plant lifetime load factor and safety would be jeopardised.

—  Fuel Cycle—future fuel cycle will be dependent on technology demonstration which will require
significant nuclear engineering input.

— Decommissioning—this does not significantly impact the cost of generation, but is heavily
dependent on nuclear engineering.

— Geological disposal—as for decommissioning, this will not be a major cost element but it is
essential the UK moves forward with implementation of a repository. Again engineering will play
a crucial role in this programme.

7. The overlap between nuclear engineers in the power sector and the military

7.1 There are a significant number of overlaps in the capabilities listed above between the civil and
military sectors. Common aspects include areas such as:

Civil Nuclear Programme Military Nuclear Programme

Reactor technology for electricity Reactor technology for naval propulsion

generation

Fuel recycle technology Separation technology for plutonium and
uranium

Legacy waste management and Legacy waste management and

decommissioning decommissioning

Enrichment technology for civil fuel Enrichment technology for weapons
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7.2 The applications of the technology are different and it doesn’t necessarily mean that having a civil
nuclear capability means one, by default, has military capability. However there are common capabilities
such as:

— Nuclear Materials performance.

— Nuclear Physics and Nuclear Data.
— Thermal hydraulics.

— Control and Instrumentation systems.
— Computational Fluid Dynamics.

— Nuclear Chemical Engineering.

— Safety Assessment.

— Robotics.

—  etc.

7.3 In the past, the military programme has been developed very much in isolation from the civil
programme. This was due to concerns over classified information. However there is an opportunity for civil
and military programmes to work together in developing a skills pool and supporting research, with only
the truly classified aspects of the military programme kept separate. The UK is not now in the position of
having financial or personnel resources to develop both programmes in isolation. For example, reactor
physicists on the military programme can develop their skills and knowledge by researching civil systems,
and then only when necessary divert to classified work to follow a specialist career path. This link does
however need to be carefully managed to avoid the perception that civil and military nuclear programmes
are one and the same.

7.4 Asnoted earlier, a vibrant academic sector and the strong identity of a National Nuclear Laboratory
will provide the mechanisms to ensure a coordinated and coherent approach to underpinning nuclear
engineering skill base from basic science to applied technology.
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Submission from the Institution of Mechanical Engineers (IMechE)

The Institution of Mechanical Engineers (IMechE) is a professional body representing 78,000
professional engineers, working in all sectors of industry, including over 3,900 in nuclear engineering. The
following evidence is in submission to the Innovation, Universities and Skills Select Committee nuclear
engineering case study. The evidence is structured in response to the case study’s terms of reference.

1. The UK’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

1.1 The UK’s capacity to build a new generation of nuclear power stations is uncertain. Over the past
two decades the capacity to fabricate the major components for a nuclear power station (over 1,000MW)
has decreased to the extent that they are likely to have to be imported from overseas. Further there are
relatively few engineers with experience of pressurised water reactors; at present the only pressurised water
reactor in operation in the UK is Sizewell B. In contrast the UK has significant experience in
decommissioning existing nuclear facilities, particularly those used in early atomic energy development.
British Nuclear Group has also successfully undertaken the decommissioning of early Magnox graphite
reactors.

1.2 In general, much of the engineering associated with a nuclear power plant is not nuclear engineering
in isolation; broader engineering skills issues have a significant impact on the sector (including mechanical,
civil, chemical etc.). Any nuclear new build will require additional engineers, the scale of which depends on
the scale of the programme itself.! More generally, recent reports? indicate that the UK needs to double
the number of science, technology, engineering and mathematics graduates it produces if we want to remain
competitive, attract high technology inward investment and match the growing countries of the world.

I Estimates indicate that the nuclear industry will need to attract between 5,000-9,000 new graduates over the next decade just

to meet the existing demands of operation, maintenance and decommissioning.
2 Shaping up for the future: The business vision for education and skills (CBI, April 2007)
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2. The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

2.1 Trained engineers (from a range of disciplines) will be needed to ensure that decommissioning and new
build programmes can take place. Historically the UK’s approach has been to produce nuclear competent
engineers rather than specifically nuclear engineers; graduates and technicians from other engineering
disciplines have been trained in the nuclear sector. Although some universities and employers are now
investing in courses to provide education and training in areas essential to new build and decommissioning,
the demise of development opportunities with BNFL, the Royal Navy and UKAEA is a cause for major
concern.

2.2 New build projects will compete globally for available engineering resources. With 300 to 500
engineers needed per operational nuclear site, plus the many more needed during construction and in the
supply chain (eg heavy manufacturing, control and instrumentation engineering), it is unlikely that new
build projects can be supported by imported expertise alone. In short, it is likely that the scale of the nuclear
new-build programme and, in consequence, decommissioning programmes, will be shaped by the
availability, or otherwise, of suitably skilled engineers and tradesmen—the exacting standards of the nuclear
sector cannot be compromised.

3. The role that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to be
economical viable

3.1 Engineers will play an absolutely critical role shaping the UK’s energy future, of which nuclear is
unlikely to provide more than 10% of total energy needs. In terms of the UK’s nuclear future—assuming it
proves economically viable—engineers will be employed by plant owners to design, specify and manage the
construction phase, to operate the plant and ultimately to decommission it, throughout the supply chain
and within the various regulatory and licensing authorities.

3.2 No one knows with absolute certainty whether a UK new build programme will be economically
viable. Representatives of industry suggest nuclear power will be competitive alongside gas and coal but no
plants have yet been built without subsidy in a truly competitive market. Further the cost of building,
operating, maintaining and decommissioning nuclear power is subject to significant uncertainty. Engineers
have a central role to play in assessing and mitigating this uncertainty and will find innovative and more cost
effective solutions, but the fundamentals are unlikely to change in the near to medium term.

4. The overlap between nuclear engineers in the power sector and the military

4.1 Civil nuclear engineering is principally focused on power production whereas military covers both
nuclear weapons and the nuclear propulsion plants in the UK submarine fleet. In general military engineers
working with nuclear weapons stay within that area whereas engineers involved in nuclear power production
on submarines do often move to civil power production at some time in their careers.

4.2 There are many parallels between civil and military nuclear decommissioning and there is a strong
argument for combining both of these under the Nuclear Decommissioning Agency (NDA).
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Submission from the British Energy Group plc

1. INTRODUCTION

1.1 The purpose of this paper is to respond to the invitation extended by the Innovation, Universities,
Science and Skills Committee to address the terms of reference associated with the nuclear engineering case
study. It is submitted on behalf of British Energy Group plc.

1.2 British Energy is the largest generator of electricity in the UK. We own and operate eight nuclear
power stations and one coal-fired power station, and we are a major supplier of electricity to industrial and
commercial customers.

2. EXECUTIVE SUMMARY

2.1 The main areas of focus from British Energy’s perspective when considering the terms of reference of
this inquiry are the demographic profile of the existing workforce and the issues associated with the ability to
resource continued operation, decommissioning and new build. This paper provides information on British
Energy’s current engineering capacity and our position within the industry as a whole. It highlights areas of
activity in the promotion of Science, Technology, Engineering and Mathematics (STEM) subjects as a means
of creating engineers for the future. It also outlines specific activity being undertaken by British Energy in
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support of this objective. The implications of new build are considered in terms of the UK’s ability to meet
demand for the necessary skills. Finally, British Energy’s view on the economic viability of nuclear power
is provided.

3. CURRENT ENGINEERING CAPACITY

3.1 There are currently 10 nuclear power plants operating in the UK—eight of which are owned by British
Energy. Closure dates are provided in the table below:

British Energy Power Stations

Station Commissioned  Current Closure Date
Hinkley Point B 1976 2016
Hunterston B 1977 2016
Hartlepool 1984 2014
Heysham 1 1984 2014
Dungeness B 1985 2018
Heysham 2 1988 2023
Torness 1989 2023
Sizewell B 1995 2035

3.2 30% of our engineering staff are currently over the age of 50. We need to ensure a supply of suitably
qualified and experienced people who can meet the needs of continued operation, decommissioning and
potentially the building of new nuclear power stations. British Energy is focused on recruitment of the next
generation of engineers and is addressing this through the continued graduate programme and
apprenticeships which sees the recruitment of approximately 20 graduates and 50 apprentices each year. The
company has also recruited an additional 100 staff during 2007-08 into business critical areas such as
Operations, System Health and Design Engineering as a direct means of strengthening internal capability.
Whilst the age profile presents British Energy with a challenge, the company is taking proactive measures
to ensure the workforce profile continues to meet the needs of the organisation going forward.

3.3 31% of the workforce is directly employed in engineering roles, although the majority of British
Energy’s needs are not for specialist nuclear engineering. Recruitment, therefore, focuses generally on
general engineering/STEM skills with nuclear specific top ups provided internally.

3.4 British Energy’s Graduate Programme is a two year scheme aimed at providing graduates with an
opportunity to learn about the business through attachments to various functions at different locations
within the business. The objective is to give them an overview of the corporate and operational side of the
business in advance of final placement in their specialist areas.

3.5 We are reviewing apprentice training with a view to offering a centralised programme of excellence.
This national scheme will continue to recruit locally with periods of training undertaken at a residential
training centre over a 3 to 4 year period. This revised approach will ensure consistency in the quality and
standards, providing the organisation with greater influence on the curriculum. In addition, it provides the
opportunity to select high performing apprentices to continue onto higher education and graduate
programmes.

3.6 Whilst there is no current shortage in terms of engineering capacity within the organisation at present,
there are risks associated with potential skills gaps, for example, control and instrumentation engineers.
There is high demand within the industry as a whole in the areas of control and instrumentation, system
engineering specialists, project managers, health physics & radiation protection and computational
specialists. Specialists in writing safety case documentation are also in short supply and Cogent is
considering how to address this issue recognising there is a lack of industry accredited specific qualifications.

3.7 New build presents an additional challenge. According to the CBI, the number of STEM subject
graduates leaving university needs to double from 45,000 to 97,000 by 2014 to satisfy existing industry needs
irrespective of any demand that will come from building new nuclear power stations. The infrastructure to
support the provision of relevant courses requires to be strengthened to meet demand for skills and
government support is required in this area. Work is underway and the partnership approach between
Cogent and industry is progressing well. The establishment of the National Skills Academy for Nuclear also
supports the objective of promoting STEM subjects and interest in the industry. There is evidence that
education establishments have recognised the need to encourage uptake of STEM disciplines and are
offering relevant courses. For example, Lancaster University is running a Nuclear Engineering BEng/MEng
degree course. In addition, Manchester University is providing courses on Radiological Sciences,
Decommissioning Engineering, Reactor Technology, Geological Disposal and a Nuclear Technology
Computing & Simulation.
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3.8 Research Alliances have also been established and British Energy is involved in this process having
established partnerships with Strathclyde University Advanced Engineering Centre, Manchester University
Materials Performance Engineering Centre, Bristol University Systems Performance Centre and Imperial
College where the company will join the non-destructive evaluation centre and jointly fund a chair in high
temperature materials with the Royal Academy of Engineering.

4. TRAIN NEw ENGINEERS OR RECRUIT FROM ELSEWHERE

4.1 The education infrastructure needs to promote STEM subjects to provide the engineers of the future.
The UK is responsible for only 1%-2% of global output which means, in terms of attractiveness to potential
employees, it will be a large but competitive labour market. There are 438 reactors operating around the
world, 15 of which are owned by British Energy. As at May 2007, 31 new reactors were under construction
around the world, 74 were being planned and 182 proposed. This provides opportunity for engineers to work
outside of the UK. It also means there is potential to recruit from abroad although it should be noted the
ability to import skills is not straight forward because of the security vetting requirements associated with
foreign nationals. The immigration rules and associated point system may be an additional barrier further
limiting the potential recruitment pool. Government support in placing a number of electricity generation
engineering occupations on the shortage occupation lists is required to ensure the UK can benefit from the
international market.

4.2 More needs to be done earlier in the education process to spark pupils’ interest in STEM subjects so
that the graduate population of science, engineering and technology based disciplines increases sufficiently
to meet demand. British Energy has recognised the need to encourage young people to pursue STEM careers
and works with organisations such as STEMNET and Energy Foresight to help achieve this goal.
STEMNET is the Science, Technology, Engineering and Mathematics Network. It is a regional based
organisation that supports employers and students by promoting STEM subjects. It encourages students
towards STEM by undertaking classroom activity relating to science, technology, engineering and
mathematic subjects and linking companies to schools to give young people a clear idea of potential career
opportunities. It has a number of partner organisations such as the Engineering Development Trust.
STEMNET supports SETPOINT by distributing core funding allocated by government. They work with
partners to arrange industrial visits and work experience opportunities and encourage pupils to do well in
STEM subjects and fulfil their aspirations.

4.3 SETPOINT run different projects including Year in Industry, Headstart, Engineering Education
Scheme and Go4Set. It also manages a Science and Engineering Ambassadors programme co-ordinated by
STEMNET which was set up to help businesses get involved with their local education community.
STEMNET and SETPOINT work to create effective links to facilitate this involvement which can include
such things as industry visits for students and teachers, industry related projects, workshops and talks.
British Energy currently works with SETPOINT and has a number of Engineering Ambassadors at present
who act as mentors for the Go4Set scheme. The principal aim of the Science and Engineering Ambassadors
programme (SEAs) is to support teaching in delivering the STEM curriculum and to inspire and enthuse
young people about STEM. In addition to Go4Set activity, British Energy also has an established Talk
Service programme that actively engages with the local community by having trained representatives visit
schools and businesses. All new graduates to the business have been trained to provide this service which
aims to give people the facts about the industry and potential opportunities. The company has seen a positive
response to this initiative so far.

4.4 As well as encouraging interest amongst students, there is also the need to ensure teachers are
adequately trained such that they can support their students in making informed career decisions at the
appropriate time in their school careers. This is one of the roles of Energy Foresight and British Energy has
been engaging with this organisation to ensure support is provided to local schools. We believe that more
government support is needed to raise the standard of STEM teaching in schools. The company is also
working closely with local communities to promote British Energy in terms of employment options and
through the local recruitment of skilled workers.

4.5 To further support the training and development of potential engineers, British Energy is also
developing partnerships with universities with links focused on Science and Engineering faculties. The aim
of fostering such links is not only to promote British Energy as an employer of choice, but also to provide
support in the form of mentors, sponsorship, industrial placements and industry advisors as a means of
raising awareness regarding opportunities and potential career paths. This will be achieved by creating
partnerships with universities and established nuclear professionals. In addition, work is underway to
inform undergraduates about the current Graduate Training and Development Scheme, supported by
existing and previous British Energy graduates who visit targeted universities to communicate the benefits
not only of British Energy’s scheme, but of a career in the nuclear industry in general.

4.6 Apprenticeships are another means by which engineers can be developed. Cogent is currently
reviewing apprenticeships for England and Wales and these will cover process working, decommissioning
and health physics. The Modern Apprenticeship Scotland covers similar subjects. Cogent is being
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particularly proactive in providing information regarding apprenticeships and training in general and is
targeting training providers to keep them informed on Apprenticeships, Qualification Credit Frameworks
and Diplomas.

4.7 Whilst there is general concern about the number of STEM graduates coming through schools and
universities, there has been some encouraging data published, specifically by Doosan Babcock who
undertook a study in May 2007 which surveyed over 250 engineering students from Imperial College. The
study canvassed opinion on, amongst other things, attractive career options. 37% of students said they
thought the energy sector which offered the most exciting career opportunities for new engineers was nuclear.
Bioenergy was the most attractive option followed by Clean Coal and COz capture and storage. Less
attractive options were Wind, Marine, Solar and Oil and Gas. However, it should also be noted the same
survey identified that 34% of students said they would be unwilling to be associated with nuclear power with
primary concerns relating to environmental factors and perceived limited career opportunities. This
highlights a clear need for the nuclear industry to undertake further work to promote the environmental
benefits of nuclear power as well as highlighting potential career paths. This is especially important with the
prospect of new nuclear power station build.

4.8 Ifthe UK is to capitalise on potential resource for future engineers, the number of females progressing
from GCSE to A levels needs to be addressed. More than 50% of those students taking GCSE Double Award
Science in 2005 were female. However, this is not reflected in the number of women in the Science,
Engineering and Technical workforce. 18% of the total SET workforce and 12% of the nuclear industry
workforce is female. The proportion of females in SET job roles within the Nuclear industry is the lowest
across the whole Cogent sector.

5. THE ROLE OF ENGINEERS IN SHAPING THE UK’S NUCLEAR FUTURE

5.1 The prospect of building new nuclear power stations in the UK creates a great opportunity to attract
new talent into the nuclear industry and engineers will have a pivotal role in shaping the UK’s nuclear future.
Existing facilities need to be sustained and eventually decommissioned and new build supported.
Engineering resource is required throughout each stage of the process, although specialities will vary during
each phase. Recognising the UK is likely to adopt standardised international designs, this will increase
flexibility as a result of transferable skills from overseas.

5.2 Competition from other engineering sectors, and the adverse perception of nuclear power among
some graduates (see 4.7 above) shows that there is clearly work to be done in terms of presenting the industry
as an attractive option for developing an engineering career. The recent Government announcement should
help create certainty and enthusiasm for the industry as a career choice which will be underpinned by British
Energy’s own new build plans being announced.

6. Is NUCLEAR POWER ECONOMICALLY VIABLE?

6.1 The economic viability of nuclear is important as is the need to address the pending energy gap that
will result from diminishing output as older coal-fired power stations close and the nuclear fleet ages and is
decommissioned. By 2010 there will be only eight nuclear power stations in the UK. On current lifetimes,
by 2023 only Sizewell B will be operating. In terms of energy supply, we could see an 8% shortfall by 2020,
rising to a 15% shortfall by 2030. The energy review acknowledged this gap must be filled by a mixture of
renewables, clean coal and nuclear.

6.2 The capital costs associated with new build are a key factor in determining the economic viability.
This relies, to a certain extent, on the availability of engineers to support the design and manage the
construction of new plants. The UK needs suitably qualified engineers who can provide the right designs
and build stations to the highest standards which is why government support in promoting take up of STEM
subjects is so important.

6.3 In its White Paper on the Future of Nuclear Power, the government has concluded that uranium
supply should not be a constraint on new nuclear build in the UK. The economics of nuclear power are not
susceptible to volatile fossil fuel prices, making nuclear an attractive option for the UK as part of a diverse
fuel mix including renewables, gas and clean coal.

6.4 Security of supply is another major consideration as the UK’s indigenous supplies of oil and gas
decline.

6.5 Environmental aspects should also be taken into consideration. Nuclear power is virtually carbon free
which will help the government reach its target to cut carbon emissions by 60% by 2050.
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7. OVERLAP BETWEEN NUCLEAR ENGINEERS IN THE POWER SECTOR AND THE MILITARY

7.1 There is overlap between nuclear engineers in the power sector and the military. According to an
investigation carried out by Cogent in May 2006, there are 2500 Ministry of Defence roles associated with
nuclear deterrent and 240 of those roles are specialist in operations and maintenance. It should be recognised
the military is experienced in PWR technology which is used in submarine propulsion. This is the same
technology used at Sizewell B, and is one of the options for new nuclear build.

8. CONCLUSION

Training the next generation of engineers is vital for the UK economy to grow and action is needed to
meet demand for this skill set. At the moment there are insufficient numbers of STEM students progressing
to university and into industry. There are many good initiatives and activities underway to encourage young
people to take these subjects and a coordinated approach between government, industry and sector skills
councils is essential. There is also a need for action to avoid overlap and improve coordination so that the
industry can take advantage of these initiatives to best effect. Many of the sector skills councils are working
on similar initiatives and there must be opportunities to work together to achieve greater results. With a more
coordinated approach from Sector Skills Councils, Learning Skills Councils and Training Boards, better use
could be made of available funding, resources and industry support. Greater government support in the
coordination of activities would be of benefit.

March 2008

Memorandum 86

Submission from AMEC Nuclear UK Limited

INTRODUCTION & EXECUTIVE SUMMARY

1. This evidence is being presented by AMEC Nuclear UK Limited to the Innovation, Universities,
Science and Skills Committee for their Engineering Case Study in Nuclear Engineering. The evidence covers
the four main issues identified in the Terms of Reference, see press notice no 27 (07-08).

2. AMEC is the largest UK-based private sector supplier of programme and asset management and
engineering services to the nuclear sector. The business builds on AMEC’s 50 years experience in the nuclear
market and UK clients include HSE, Sellafield Sites, Magnox, British Energy, UKAEA, AWE Aldermaston,
BAe and Rolls Royce. Half of our nuclear business is now international with a wide client base covering
nuclear utilities, vendors and regulators in Canada, Europe and the former Soviet Union, South Africa,
Japan and Korea. AMEC is committed to maintaining its position as the leading UK engineering company
servicing the growing UK and global nuclear market.

3. Nine recommendations arising from this submission are detailed in the final section covering:

— commitment and approaches to inclusion of nuclear technology training in schools and
universities;

— promotion of knowledge transfer between academia and industry;
— the importance of facilitating training within industry and not just academia;
— recognition of the value of UK Nuclear Engineering in the growing global market; and

— co-ordination and support to industry involvement in international nuclear programmes and
TAEA activities.

UK ENGINEERING CAPACITY—NEW BUILD AND DECOMMISSIONING

4. New Build Experience—AMEC Nuclear’s experience covers most of the large scale power generating
reactor designs including Magnox, AGRs, PWR and Candu reactors, as well as Generation IV reactor
designs including fast breeder reactors, high temperature reactors (such as the Pebble Bed Modular Reactor
being developed in South Africa) and fusion reactors. Consequently AMEC is playing a significant role in
the implementation of new build in the UK.

5. International collaboration—As the nuclear industry becomes increasingly global, AMEC’s
involvement in several international nuclear collaborations indicates a strong willingness for the
international nuclear community to engage and value UK nuclear expertise, albeit with little government
driven development over the last decade. However it is important for UK companies to continue to play an
important part in international activities to maintain and build this position. In this respect, adoption of a
more pro-active position by the UK Government to support the benefits derived from these collaborations
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would be highly beneficial. The recent addition of the UK to the Global Nuclear Energy Partnership
(GNEP) is a welcome step and greater UK industrial participation must be sponsored and promoted by the
UK Government to derive future value for the UK economy.

6. Short-term new build technical position and requirements—Western new build applications are likely
to be based on existing international reactor designs such as the EPR, AP1000, ESBWR and USAPWR with
CANDUG6 and ACR in a small number of regions including Canada. Compared with the previous designs,
the new designs will make greater use of modular construction techniques with items fabricated in different
countries and with new designs aimed at increased safety and lower waste streams. Technical challenges to
design and build new reactors with better safety, compliance with new security and safety measures, better
cooling capability, lower failure frequencies and better containment integrity are going to be met through
international collaboration and sharing of best practice. Companies like Areva and Westinghouse who own
new nuclear reactor designs are planning to introduce these to the UK supported by sponsoring licensee
utilities. Their requirement is for UK experts with regulatory experience and teams of programme managers
with civil, mechanical, electrical and process engineering and construction expertise to help build new
stations in the UK to time and budget.

7. New Build engineering capacity—Much work has been undertaken by the Nuclear Industry
Association (NIA) to assess the UK capability to support new build as reported in the NIA report “The UK
capability to deliver a new nuclear build programme [2006]”. AMEC supports the conclusions of this report.

8. Decommissioning engineering challenges—The technology exists to progress the UK’s legacy
decommissioning programme, but there are some challenges to be faced where benefit would be gained by
introducing more innovation in application to secure economic advantages. These include, waste retrieval,
characterisation, handling, passivation and storage. This could include short and medium term storage
above ground and long term storage in deep repositories. These challenges will only be overcome through
the engagement of experienced engineers and scientists in the design of bespoke facilities and innovative
technologies and by gaining benefit from overseas advances in related technologies. There is a need to build
and develop engineering technology in the following areas:

— Materials characterisation: Techniques to characterise contamination of structures, site,
contaminated land and waste properties.

— Waste processing: Sludge handling techniques, remote handling techniques, methodology and
techniques for waste, segregation and graphite management.

— Management of strategic nuclear materials.

— Plant termination: Improved decontamination technology and effluent management. Technology
to carry out size reduction of large items and remote dismantling technologies.

— Site restoration: Ground remediation technology.
— Waste packaging and storage options.
— Long term waste behaviour in a storage repository.

— Safety and environmental consultancy support to the above.

Research programmes should focus efforts in these areas for legacy wastes under NDA governance
through encouraging collaboration between industry and academia to help train and develop the UK
engineering pool.

The current BERR consultation on Funded Decommissioning Programme Guidance for New Nuclear
Power Stations is welcomed by AMEC as an essential step in framing the financial considerations of
decommissioning in support of new build.

9. Future nuclear engineering resource requirements—It is anticipated that both nuclear new build and
the decommissioning of existing nuclear facilities will create an increasing demand for qualified engineers
and scientists with nuclear experience over at least the next few decades. While at present the available
resource within the nuclear industry is just about keeping pace with requirements, there are clear skills gaps
in some areas, some of which are unique to nuclear engineering and vital to future nuclear engineering
projects. To support the health of this growing sector of the economy, a strong commitment will be required
from DIUS to the development of engineers and scientists from early education through to degree and post
graduate qualification, with recognition of the opportunities available in the nuclear industry and the
benefits that training and working in the nuclear industry bring in terms of standards of excellence and
transferable skills. This should include teacher training/careers support into schools and encouragement to
and co-ordination of graduate and post-graduate university education courses being offered. Ways of
providing financial encouragement to industrial organisations to develop and provide training to help
rebuild the skills base should be explored. This could include examining the role of Nuclear training within
the ECITB and levy arrangements, tax breaks etc.
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10. Age profiles—Although cross-industry comparisons such as the COGENT Sector Skills Council
analysis show an even age distribution of Science and Technology skills in the UK, of concern is the age
and experience profile to support specific aspects of UK New Build. The last new UK nuclear station was
constructed 15 years ago and it will probably be another four to five years before on-site construction of a
new UK Station commences. Many of the Senior Nuclear Engineering and Project Managers with relevant
construction and commissioning expertise will have retired. International demand is growing for the
remaining experience in the industry and skills transfers need to be facilitated, not just between nuclear and
non-nuclear projects within the UK, but combined with overseas experience on nuclear new build projects
to ensure the demand can be met.

TRAINING VERSUS IMPORTED EXPERTISE

11. The success of the future UK nuclear industry almost certainly depends upon a balance of imported
expertise and UK based capability. While the next generation of reactor designs employed for new build are
likely to be based on existing international designs, the UK has a long history and extensive experience of
reactor design, operation and maintenance including Periodic Safety Reviews, obsolescence management
and life extension.

12. Tt is essential to ensure that this experience and capability is retained and developed within the UK
for both the civil and military nuclear sector, not only for security of generation and national security, but
also to ensure that the UK remains in a position to innovate and influence world wide nuclear development
and to be able to continue to export nuclear skills and experience and set nuclear standards.

13. While the current overall nuclear industry age demographic is looking reasonably healthy, it is
important to recognise that some key knowledge and experience is still vested in an older generation of staff
involved in previous generations of nuclear new build and operation. Large scale project opportunities have
not existed in the UK nuclear industry to transfer this experience to younger engineers. For this reason
effective knowledge capture and transfer via training within industry, not just academia, is essential to ensure
that this knowledge is not lost.

14. AMEC’s objective is to develop sustainable commercial business driven by innovation. UK Science
and Engineering will increasingly be undercut by lower priced economies as trading becomes more globally
based. UK companies need to invest to secure higher added value services supplied from the UK, supported
by lower-cost economy implementation routes. Thus innovation and technical development is key to the
long-term future of the UK’s Technology platform, not just that of the nuclear industry. Promotion of this
through Government commitment to enhancing the attractiveness of the UK as a leading technology
innovator is essential. This encompasses promotion of Science and Technology career paths from Primary
schooling through to post University industrial placements. This will drive the most able people into the
business to encourage innovation as part of a long-term programme. Shorter term developments should be
pursued as part of this programme to support academic and industrial collaboration, such as promotion
and financial support to technology partnerships in key sectors.

15. AMEC has recognised the need to build UK’s engineering and science capacity and proactively
participates in several nuclear training initiatives, such as COGENT, National Skills Academy for Nuclear,
North West Science Council, Professional Engineering Institute accredited training programmes, Gen2
training initiative, NTEC support, University liaisons etc. Of some concern is the complexity and number
of the public sector supported or sponsored training initiatives where there is increasing overlap between the
remits of the various bodies, and between academia and industry. We also have concerns relating to potential
unfair competition between the academic and industrial sectors over the provision of nuclear development
and research services. To maintain nuclear as a non-subsidised sector, we believe that application of nuclear
technology should lie within the industrial sector and the remit of academic bodies such as C-NET and the
proposed National Nuclear Lab should be confined to academic nuclear training or fundamental research.

16. Asamajor employer in the Nuclear sector in the UK, AMEC has actively supported the development
of the National Skills Academy—Nuclear, which has been created with a vision “To create, develop and
promote world class skills and career pathways to support a sustainable future for the UK Nuclear
Industry”. This is an employer led, and part funded, initiative covering all aspects of the Nuclear Industry
from Decommissioning, through Waste management to New Build. It also encompasses propulsion; its
tactical position is to assure consistent and accredited high quality training across the industry. AMEC has
supported the Academy with a financial contribution, is represented on the Board of the Academy, and is
at the forefront of the Academy development in Scotland by providing the Chair of the Scottish Regional
Training Cluster.

17. Participation in international collaborative R&D projects has proven to be a valuable training ground
in maintaining and developing UK nuclear skills. For example, AMEC has been able to maintain a
competent reactor physics capability to assess new reactor designs, rather than just provide ongoing support
to existing designs. This has been achieved through participation in Generation IV programmes. The UK
Government’s withdrawal of support to these programmes is viewed negatively by industry and by our
international partners as reducing the UK’s standing in the international nuclear community and removing
a vital industrial training route. AMEC strongly urges the Government to reconsider its support to these
activities.
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18. AMEC recognises that due to the shortage of suitably qualified and experienced personnel (SQEP),
there may be requirement to bring in expertise from elsewhere or to offshore some of the technical work.
There will also be a commercial need to place work overseas where engineering resources are available at
lower cost. It will be beneficial if the Home Office’s HMSP VISA includes nuclear engineers and those
engineers who have suitable qualifications and experience particularly in mechanical, civil and electrical
engineering for building nuclear power stations. However it is essential that UK companies maintain high
added value skills and the ability to act as an intelligent nuclear client for such support.

19. UK participation in IAEA activities also provides a route for UK industrial companies to maintain
an influential position on international standards harmonisation and as an indirect route to promoting UK
nuclear capabilities in support of export markets. Many other countries provide funding support towards
these activities but none is provided by the UK. AMEC is increasingly participating in TAEA activities as
part of its development in training and as a consequence, improving the profile of the UK nuclear industry.
It would be beneficial for the Government to support and promote participation and feedback to UK
industrials in a more structured way.

ROLE OF ENGINEERS

20. The previous paragraphs have highlighted the important role UK nuclear engineers will play, both in
supporting nuclear development and clean-up within the UK, but also as a leading international centre of
nuclear expertise providing long-term value to the UK economy.

21. New nuclear power stations will bring with them the requirement to work with and support the UK
nuclear regulators and reactor vendors in substantiating reactor designs and anglicising international
standards and safety cases against UK requirements.

22. Operational nuclear reactors will continue to require ongoing maintenance, repair, refurbishment and
possible life extension, all of which will require experienced engineering input and possible nuclear safety
case consideration/justification.

23. The decommissioning of nuclear facilities will require the development of novel, innovative
technologies to maximise, efficiency, minimise waste and risk and to ensure that long term arrangements are
safe, secure and socially acceptable.

24. Experienced engineers and scientists will continue to play an essential role in bridging the knowledge
gap with non-nuclear contractors and suppliers in ensuring that equipment and services are provided to the
standards associated with nuclear plant. Engineers and scientists will also continue to perform an essential
role in developing and maintaining the UK’s strategic nuclear capability and supporting infrastructure.

NUCLEAR ENGINEERS IN POWER SECTOR AND MILITARY

25. AMEC Nuclear has played a role of technical partner and programme manager to MoD in a number
of nuclear projects such as the Faslane Shiplift, new facilities at AWE and the next generation of Astute
nuclear submarines. We believe that there is a strong technical overlap of engineering skills and technologies
between the power sector and military.

26. In the UK, the Defence Logistics and Operations is being gradually replaced by the Defence
Equipment and Supportability. MoD is moving to “cradle to grave” approach and as a result there is
increasing demand for the following:

— Through Life Capability Management (TLCM) involving the CADMID (concept, assess,
develop, manufacture, in-service operation and disposal) approach.

— Safety.

— Handling.

— Modelling and Simulation.

— Human factors, training needs analysis and delivery.

27. The requirements by the military/MoD for the above mentioned engineering skills overlap with those
needed in the civil nuclear engineering field and AMEC supports cross-sector working which brings
engineering and technical benefits in identifying best practice approaches.

28. In addition to the overlap of engineering skills, there is also some commonality in R & D activities
which if shared can be of mutual benefit to both civil and defence industry. In this respect, AMEC would
encourage the Government to support stronger interfacing between civil Generation IV research
programmes and the defence research programmes, again through co-ordinated participation of industry.
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RECOMMENDATIONS

AMEC recommends the following:

UK Government’s sponsorship and pro-active direction to UK industrial participation in GNEP
activities is defined and facilitated.

A strong commitment from DIUS to the inclusion of nuclear education as part of an enhanced
engineering promotion programme from early education through to post-graduate qualifications.

Promotion of appropriate knowledge transfer mechanisms within industry and supporting
collaborative approaches between academia and industry. The Technology Strategy Board could
facilitate this.

Ensuring training and skills transfer support is provided to industry and not just academia as this
is where the main benefits will be realised in the economy.

Clearer definition of the roles of academia, including the proposed National Nuclear Laboratory,
and industrial sector interfaces is required to ensure that Nuclear is not seen as an unfairly
subsidised industry.

UK Government revises its decision not to support Generation IV activities in light of the benefits
to be derived by the UK nuclear sector in terms of training and international business
development.

UK Government to support and promote UK industrial participation and feedback on IAEA
activities in a more structured way.

UK Government to support stronger interfacing between civil nuclear and defence research
programmes by promoting industrial collaboration.

Changes in the Home Office HMSP VISA scheme to facilitate the nuclear industry to bring in
expertise from elsewhere.

UK Government’s commitment to promoting UK Nuclear Engineering as a priority high added-
value service to the international market through a more active UKTI programme.
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Submission from the Nuclear Physics Forum, submitted by Professor R D Herzberger

ENGINEERING CASE STUDY—NUCLEAR ENGINEERING

I write in response to your request for input to the Engineering Case Study: Nuclear Engineering.

On behalf of the Nuclear Physics Forum, which represents Nuclear Physics Groups at universities in the
UK I would like you to consider the following points:

The UK is facing a critical skills shortage in the nuclear technology sector. Topics such as the
energy portfolio, nuclear decommissioning, radioactive waste management and new power station
build are very much in the public eye and the nation’s strategic interest. This is a crucial time to
ensure that the vital nuclear skills base is not eroded but built up to meet the long term challenges
a continued long-term nuclear power programme holds.

The UK currently has nine University based nuclear physics research groups in Birmingham,
Brighton, Edinburgh, Glasgow, Liverpool, Manchester, Paisley (now University of Western
Scotland, Paisley Campus), Surrey and York. These groups provide a large part of the nuclear
training and education on undergraduate programmes in general physics, specialist MSc
programmes and doctoral-level nuclear research. Indeed, even in the engineering areas, key
academic staff have their roots in nuclear physics, eg Professor Malcolm Joyce at Lancaster, Dr
John Roberts at Sheffield in waste immobilization, Professor Phil Beeley at HMS Sultan, Dr Paul
Norman at Birmingham. They bring to the table the unique versatility of the physicist and are best
suited to respond to emerging problems outside their immediate area of specialization. Even on
the NTEC Nuclear Technology and Nuclear Engineering Doctorate programmes we find amongst
the enrolled students a large proportion of physicists rather than engineers.

The importance of a healthy nuclear physics research community cannot be overstated. It is
therefore doubly unfortunate that the funding of these university groups is thrown into doubt by
the general funding crisis in the Science and Technology Funding Council, under whose remit the
groups operate and draw the majority of their funding from. Without adequate support for
university based nuclear physics research these groups will decline and eventually disappear once
critical mass is lost, leading to a serious reduction in the output of graduates and PhDs. The
consequences of such developments can be seen from the experience with the collapse in fission
R&D in the 1980s and 1990s. By 2000 there was no nuclear engineering undergraduate programme
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in the UK and only a single undergraduate programme with “nuclear in its title (Physics with
Nuclear Astrophysics at Surrey). This trend was only reversed in 2008 when Lancaster University
opened its Nuclear Engineering course.

Nuclear Physics groups make a very obvious and necessary contribution to UK quality of life and
in the nuclear education area and it is important not to neglect this aspect in any discussion of the
UK nuclear strategy.

March 2008
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Submission from the Institute of Materials, Minerals & Mining (I0M3)

1. Executive Summary

1.1 In the short term, in order to build and commission new nuclear power stations, it will be necessary
for the UK to import technology and engineering skills from those countries which have continued to invest
in nuclear power. To be an intelligent customer for these Generation III nuclear power stations, the UK will
need to urgently undertake the training of a new generation of nuclear engineers and scientists AND initiate
a knowledge capture exercise which would draw on the UK’s wealth of expertise in this sector which was
world leading for 40 years. This expertise is retained in archives and, more importantly, by those nuclear
scientists and engineers who worked in the industry but have now retired.

1.2 In addition, it is vital, if the economic viability of nuclear power generation is to be increased and the
costs of de-commissioning and waste disposal reduced, that forensic examinations are conducted on
materials recovered from nuclear power stations being de-commissioned.

1.3 It is also necessary to maintain and enhance the engineering skill base in the following topics:
improved materials for hostile environments, non- destructive techniques for inspection and monitoring,
better understanding of the long term integrity of large plants, especially large welded structures, improved
accuracy of plant lifetime prediction and better understanding of the mechanisms of degradation of the
materials deployed in the construction of nuclear power plant and waste storage facilities.

2. The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
de-commissioning of existing nuclear power stations

2.1 Capacity to build a new generation of nuclear power stations.

The new generation of nuclear power stations will be based on proven technology deployed on existing
Generation III designs such as the WestinghouseAP1000 Pressurised Water Reactor (PWR) with its
improved passive safety features. In the short term it will be necessary to import this technology in order to
design, build and commission new nuclear stations which will replace those scheduled for decommissioning.
There is an urgent need to train a new generation of engineers and scientists during the time it will take to
build and commission the new nuclear stations.

2.2 Decommissioning of existing nuclear power stations.

The UK has the engineering skills and experience to continue decommissioning existing nuclear power
stations. However, current activities could, at a modest extra cost, provide vital information for the design
and operation of future nuclear power plants by forensic examination of the materials of the structures being
decommissioned. There is no substitute for information obtained on the degradation mechanisms to which
materials are subject in nuclear plants than to study materials that have been harvested from real life
installations. Ideally this forensic examination would be carried out in a national nuclear laboratory located
close to one of the universities that is conducting research on Generation IV Nuclear Power Systems, eg The
Dalton Nuclear Institute at The University of Manchester, or the Universities of Oxford and Birmingham.

3. The value in training a new generation of nuclear engineers versus bringing in expertise from elsewhere

3.1 Ttis essential to train a new generation of nuclear engineers if the UK is to be an intelligent customer
for the new build nuclear power stations. UK nuclear engineers should also be involved in the research and
development of Generation IV nuclear systems such as the Pebble Bed reactor being developed in South
Africa and the Fast Breeder reactor where the UK once held a leading position.

3.2 The training of a new generation of nuclear engineers would be assisted by establishing funded
secondments/visiting fellowships whereby UK scientists and engineers could work in those countries and
companies at the forefront of current and next generation nuclear systems.
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3.3 In addition, a Knowledge Capture Programme should be funded to ensure that the explicit and tacit
knowledge of those scientists and engineers who worked in the nuclear industry and their research
laboratories over the past 40 years is captured and transferred to the new generation of employees. This
programme needs to be conducted now. In five years time some of these retired, experienced nuclear
engineers may not be with us and their expertise would be lost forever. The Knowledge Capture Programme
could be facilitated by a professional institution such as the Institute of Materials, Minerals & Mining
(IOM3).

4. The role that engineers will play in shaping the UK's nuclear future and whether nuclear power proves to be
economically viable

4.1 Engineers will play a major role in shaping the UK’s nuclear future and improving the economic
viability of nuclear power if they can successfully meet the following challenges:

— Develop materials with enhanced performance in the harsh environment of nuclear installations.

— Improve non-destructive techniques for inspection and monitoring of reactor systems both during
construction and operation.

— Understand better the long term integrity of complex plants, particularly large welded structures.
— Improve the accuracy of plant lifetime prediction and management.

— Understand better the materials degradation mechanisms in nuclear plants, in particular corrosion
and erosion, environmentally assisted cracking, creep-fatigue interactions, thermal cycling, and
irradiation damage effects, especially at the high energies and doses which will occur in future
fusion reactors.

— Improve the understanding of the long term degradation of nuclear waste storage facilities.

4.2 Tt is impossible to accurately predict the long term economics of nuclear power. It is, however, clear
that improved engineering can significantly reduce costs. For example, it has been calculated that if all the
electricity generated by nuclear power in the UK had been produced by modern PWRs, the amount of waste
produced would be one tenth of that from the nuclear power stations currently being de-commissioned.

4.3 The biggest nuclear engineering challenge is the creation of commercially viable nuclear fusion
reactors. These would use a virtually inexhaustible supply of fuel (derived from water and lithium, which is
abundant), and would not directly generate any radioactive waste (the components would become activated,
but with suitable choices of materials, could be recycled within a hundred years, leaving no waste requiring
long term storage).

The International Tokamak Experimental Reactor (ITER) to be built in France should go a long way to
establishing whether fusion power is feasible, although formidable materials and engineering challenges will
have to be tackled in parallel to ITER. The UK has held a prominent position in fusion research thanks, in
alarge part, to the location of the Joint European Torus (JET) at Culham in Oxfordshire. This facility will be
decommissioned in the coming decade and the UK’s position will decline unless the UK’s fusion programme
(which is poorly funded compared to programmes in other major European countries) is expanded to allow
the UK to contribute to its full potential in support of ITER and in addressing the engineering and material
challenges.

A new UK research and development facility would be highly desirable, either building on the UK’s own
innovative Spherical Tokamak or in support of work on fusion technology and materials (an obvious
candidate is an installation which could expose materials to intense fluxes of energetic neutrons).

5. The overlap between nuclear engineers in the power sector and the military

5.1 The main overlap occurs in the engineering disciplines listed in paragraph 4.1 above, ie non-
destructive inspection, corrosion, structural integrity, and safety and reliability engineering, remote
handling, and waste disposal techniques.

5.2 There will always be concerns that any expansion of civil nuclear power programmes will increase the
risk of leakage of the technology that permits the enrichment of fissile materials to weapons grade levels.
There is therefore the utmost need to continue to prevent the leakage of technology, and to control the
trading and prevent the theft of materials with bomb making potential.

March 2008
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Memorandum 89

Submission from the Institute of Physics (IoP)

The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

The UK is facing a critical skills shortage in the nuclear technology sector. The energy portfolio, nuclear
decommissioning, radioactive waste management and new nuclear build are very much in the nation’s
strategic interest, and this is a crucial time to ensure that the nuclear skills base is not eroded but built up
to meet the long-term challenges of a possible new build programme. Even without new build, the entire
nuclear industry employs over 18,000° graduates and skilled people, with ongoing recruitment required to
fill vacancies, particularly for decommissioning. More detailed estimates of the numbers required to allow
for new build were made in the Nuclear Task Force’s report, An Essential Programme to Underpin
Government Policy on Nuclear Power,* 2003. This report estimated that 355 scientists and engineers were
required, including 122 engineers. The engineering sub-groups, in order of size, were: chemical engineers,
remote inspection, safety risk assessment, thermal hydraulics, and control and instrumentation.

All of this would be daunting enough if the skills shortages were confined to the nuclear sector, but the
UK has a general shortage of science, technology, engineering and mathematics (STEM) skilled graduates.
The energy supply sector is undergoing change and rapid expansion in many other fields that also require
graduate and technical expertise, examples include clean-coal and renewables technologies. It is essential to
see the need for nuclear engineers within the comprehensive need of all energy supplies as development and
change occurs in response to climate change.

Currently, many experienced nuclear engineers in the UK are over the age of 50 and thus likely to be
retiring within the next decade. All of the engineers involved in the original planning and building of the
UK’s nuclear power stations (the first of which opened in 1956) have already retired. There is also a
possibility that expertise will be lost rather than passed on, particularly given the high proportion of
freelancers in the sector. Therefore, there is a need to ensure that a new generation of nuclear engineers are
trained while ensuring that existing expertise is used efficiently and properly incentivised.

A survey of Nuclear Employers undertaken by Cogent in 20053 found that:

“The SET workforce has a more ageing profile than the overall industry. 11% are due to retire over
the next 10 years, but this could rise as high as 20% if early retirements at age 60 occur. Certain
areas were found to have an older workforce, eg 44% of process & machine operatives are aged
over 45. While overall demand for this group may be declining this is outstripped by the rate of
retirements. Nuclear heat generation has an ageing profile with 18% due to retire over the next 10
years; however this could rise up to 33% if early retirements occur.”

Furthermore, the Energy Research Partnership (ERP)® found in its investigation into high-level skills
shortages in the energy sector that, “The problem is only at its early stages—without intervention this
situation is anticipated to worsen to a severe shortage, particularly when the extent of energy innovation
and infrastructure replacement that is required is taken into account.”’

The National Skills Academy for Nuclear (NSAN),? launched earlier this year, estimated that 1,500
skilled people need to be replaced each year, with an additional 11,500 over the next 20 years to complete
the task of decommissioning, and 6,500 in other civil/defence sectors, which includes new build.? New build
projects will face competition for staff from other areas of the nuclear technology sector and beyond.

Hence, there is an urgent need to maintain and develop a nuclear skills base, particularly in the core
sciences (especially physics), engineering, materials science, project management, and technician level skills.
By focusing this Inquiry on “nuclear engineers” it is possible to obtain a misleading impression, both in
terms of training and employment. It is important to note that significant areas of nuclear power technology
(its full life-cycle including waste-handling and decommissioning) are underpinned by physics, such as
reactor technology, nuclear data measurement and evaluation, safety, criticality studies, and materials
properties.

The NSAN’s remit covers skills at school, in vocational qualifications and further education, up to and
including foundation degrees. Its responsibility is focussed on young people at the beginning of the pipeline,
but does not extend into higher education. The NSAN has a critical role to play in developing a standardised
and coordinated approach to education, training and skills development in the nuclear sector. The

3 Nuclear Power: Keeping the Option Open, The Institute of Physics; June 2003; www.iop.org/activity/policy/Events/Seminars/

file_3514.pdf

An Essential Programme to Underpin Government Policy on Nuclear Power, Nuclear Task Force, 2003
www.cogent-ssc.com/research/Publications/Archived_Publications/Nuclear_Employers_Survey.pdf
www.energyresearchpartnership.org.uk/erp.php?sid =1

Investigation into high-level skills shortages in the energy sector, Energy Research Partnership
www.nuclear.nsacademy.co.uk/

www.cogent-ssc.com/cogent_family/NSAN.php
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government and Cogent need to support the academy and encourage more research centres to be developed
in order to ensure that the skills base is buoyant, fully trained and equipped to meet the challenges that the
nuclear sector will face.

The nuclear industry also currently needs well-trained graduates in physics, chemistry, materials science
and mechanical and control engineering who can obtain specialist industrial skills in reactor technology
through in-house training and university postgraduate courses. It is therefore important to the sector that
sufficient students are recruited on engineering and physical science undergraduate programmes whether or
not they are “nuclear” based.

The UK’s nuclear engineering capacity is also dependent on the training in ethical issues of its science
and engineering students. Nuclear engineers regularly face ethical issues in preparing safety cases, reporting
scientific findings with safety-case significance, and dealing with the regulator in a commercial environment.
Engineers who have acquired a sound ethical awareness in their education will be better able to handle the
pressures associated with these activities. A nuclear-oriented course which puts ethics at the centre of
professional practice is also more likely to appeal to young people considering careers in the nuclear industry.

In the last few years there has been an increase in university education and research activity in the nuclear
area, which some believe could be a platform for the UK to provide the necessary training for a new
generation of nuclear engineers, in order to ease concerns about the skills base.

Undergraduate degrees in physics can contain a good range of nuclear physics, through taught courses,
laboratory and project work. The IOP’s Core of Physics, setting out the requirements for an accredited
physics degree, includes a set of requirements for nuclear physics coverage.!? Physics graduates can move
easily across into nuclear engineering areas, and are often considered to be the most versatile graduates. We
understand that there are several new nuclear-related undergraduate programmes in the pipeline, planned
to be introduced at Lancaster University, Imperial College London and the University of Surrey.

Until recently there was a significant period of time when the only UK graduate course for nuclear power
technology was the MSc Physics and Technology of Nuclear Reactors based in the School of Physics and
Astronomy at the University of Birmingham.!! This course provides the necessary background, both in
breadth and in depth, for anyone wishing to enter the nuclear industry (in fact, Birmingham has a partnering
agreement with the UK nuclear industry for the course). More recently, there are a few other universities,
such as Lancaster, Liverpool and Manchester that offer relevant MSc courses. Based at the University of
Manchester, the Dalton Nuclear Institute!?> regularly offers MSc project placements within its nuclear
research groups, for a three-month duration, which provide an excellent opportunity to get hands-on
experience of undertaking research. The University of Surrey offers similar opportunities on its MSc in
Radiation and Environmental Protection,'® which has been running for 30 years with strong support from
AWE and others, where graduates are eagerly sought. (Current support for MSc placements from industry
is generally offered at the expense of companies, since supplementary projects are generated for placement
students, which cannot be employed on actual fee-earning industrial projects because of time, commercial
and confidentiality issues.)

Furthermore, both the School of Physics and Astronomy at the University of Birmingham and the Dalton
Nuclear Institute are part of the Nuclear Technology Education Consortium (NTEC!¥). This is one of
several initiatives funded by the EPSRC to address the immediate skills shortage in the nuclear industry.
The NTEC comprises 11 institutions offering postgraduate education in nuclear science and technology for
graduates from a general science background. The portfolio of courses has been designed through close
consultation with the industry and it covers both reactor technology and nuclear decommissioning areas.
The delivery format makes it ideal for use by those already employed in the industry either as a route to a
postgraduate award or for CPD purposes. The core modules are also offered in distance-learning format.
The number of new UK graduates coming through this programme is limited only by EPSRC-funding
(limited to 10 studentships per year, funding only secure until 2008-09). Almost all students coming through
this programme have either gone into the nuclear industry or into academic research. More students apply
to the NTEC than there are places funded, and the programme has the capacity to expand considerably if
funding for fees and stipends were made available. When the Consort reactor closes,'> the NTEC is the only
place in the UK that offers experimental reactor physics training on a working reactor (the TRIGA reactor
in Vienna).

10
11
12
13
14
15

The Physics Degree; www.iop.org

www.ph.bham.ac.uk/prospective/postgrad/pgptnr.htm

www.dalton.manchester.ac.uk

www.ph.surrey.ac.uk/msc/rep

www.ntec.ac.uk/

Strategic decision of Imperial College London to close to commercial operations by the end of March 08 and shut down within
a few months, although this is being kept under review.
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The Nuclear Engineering Doctorate is a programme run by a national consortium of six universities.!6
The scope includes reactor technology, materials and safety systems and is marketed to students from the
various backgrounds, such as: aerospace; chemical; chemistry; civil; computer science; materials;
mechanical; and physics. This confirms the point that the skills needed are much broader than just “nuclear
engineering”. The programme provides outstanding students with intensive, broadly-based training in
collaboration with industrial companies to prepare them for senior roles in the nuclear industry. Few
“research engineers” entering this programme have a standard engineering background. A good fraction
start off as physicists and either convert on the NTEC or Birmingham MSc, or join the Nuclear EngD
programme directly.

The UK’s supply of nuclear engineers is dependent on a healthy nuclear physics research community,
which provides a large part of the nuclear training and education at undergraduate, masters and doctorate-
level. The UK currently has nine university based nuclear physics research groups at Birmingham, Brighton,
Edinburgh, Glasgow, Liverpool, Manchester, Paisley (ie University of the West of Scotland), Surrey, and
York. Academic nuclear physics has had limited support from the research councils and has had no direct
involvement in any of the major facilities needed for research in this area. This situation compares poorly
with other European countries. Moving the funding of nuclear physics to the STFC provides an opportunity
to strengthen the academic base, developing a long-term strategy for the subject. This is important in terms
of training at postgraduate level and attracting undergraduates to this area.

Research programmes such as “Keeping the Nuclear Option Open”!7 and “Sustainability Assessment of
Nuclear Power”,!® funded by the EPSRC, are helping universities to maintain their research groups and
recruit new staff which is an important part of addressing the UK’s skills issue.

The aforementioned progress being made to address the skills issues is very encouraging, coupled with the
planned establishment of the National Nuclear Laboratory, based around the British Technology Centre at
Sellafield. But it is vital that this progress continues and gathers momentum, as it will make an important
contribution to retaining key nuclear skills in the UK. However, the government needs to monitor the
situation, and must encourage more of the same, given the scale of the skills challenge and the fact that many
of the key people are close to retirement just as the industry could be embarking on a new build programme.

Before its reorganisation in 2005, BNFL provided a strategic view on UK skills and expertise, responding
to any at-risk areas directly by establishing university research alliances. Examples included Radiochemistry
(Manchester), Waste Immobilisation (Sheffield: Immobilisation Science Laboratory), Particle and Colloid
Science (Leeds), and Materials Performance (UMIST, now Manchester). A small group of BNFL
representatives made the case to the EPSRC for the need to support education and research initiatives in
well-defined nuclear technology areas. The UK has now lost this strategic thought and leadership, as well
as the source of funding for industrial research. Nexia Solutions, BNFL’s own R&D organisation, has also
been left in a perilous state.

The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

The nuclear skills base may need to be supplemented by the international supply chain, but the
government’s focus should be on a core UK workforce, for reasons of cost, sustainability, and national
energy security.

It would be wrong to assume that there is an international pool of staff from which the UK could easily
recruit; rather, we are potentially behind the game and will have to compete even to retain scientists and
engineers trained in the UK from working overseas. There will be intense international competition for
skills. For example, China, Finland, France and India are all planning new build, and it has been suggested
that Russia alone is planning 40 new nuclear power stations; other countries are already building up their
own staffing accordingly. Companies such as Westinghouse in the US and Areva in France are seeking to
recruit very large numbers of nuclear trained personnel. Westinghouse recruited over 800 people globally in
2007 and expect to take on well over 1,000 in 2008. The French INSTN has taken a major step forward by
organising the “International School in Nuclear Engineering: Doctoral-level Courses in Advanced Nuclear
Science”,! launched in 2007 to recruit and retain highly qualified staff. Furthermore, the UK’s position in
the international competition for skills will be exacerbated by the attraction of working for a company which
designs as well as builds the reactors, rather than a subsidiary which helps build or decommission them.

In response, it is encouraging to note that the Dalton Nuclear Institute plans to establish a new Centre
for Nuclear Energy Technology (C-NET),* which will aim to develop professionals with the skills to work
in the global nuclear industry and will provide access to high-quality, independent academic research.

16 www.manchester.ac.uk/engd

17 www.epsrc.ac.uk/ResearchFunding/Programmes/Energy/Funding/TSEC/K eeping TheNuclearOptionOpen.htm
18 http://gow.epsrc.ac.uk/ViewGrant.aspx?GrantRef = EP/F001444/1

19 www-instn.cea.fr/rubrique.php3?id_rubrique = 176

20 www.manchester.ac.uk/aboutus/news/display/index.htm?d = 132502
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The ERP found during its private sector interviews that all employers were recruiting abroad for skilled
roles. Furthermore, they found that:

“In four of these [companies] this is a business strategy due to the global nature of the business, in
nine it was due to a lack of available skills in the UK. In three of these companies this was a recent
(up to three years ago) move due to inability to fill roles in the UK. This was also the experience
of two companies in their research involvement; two companies stated that they look abroad due
to a shortage in a particular niche area, an example given being boiler engineering.”

“The Henley report . . . concludes that the best UK graduates are probably broadly comparable
globally, although it notes the high quality of those engineering graduates from overseas
universities that UK firms do encounter. However, . .. this is so far not seen as significantly
problematic for retention, and indeed one company recruits a significant number of non-home
students and believes this is a sustainable, reliable source of very skilled labour.”

Itis already certain that the design of any new-build power station will be international, given that all four
designs submitted for consideration (AP1000,>' EPR,?? ESBWR?? and Advanced Candu?*) are owned by
non-UK companies. The UK’s nuclear industry will need to be an “intelligent” owner of the plant once it has
been completed, which will require a body of appropriately qualified staff. Even for a standard international
reactor design, continuous demonstration that the plant is meeting all appropriate UK safety and
environmental requirements requires detailed knowledge both of the plant itself and of the UK regulatory
regimes.

It is essential to exercise skills in areas where the UK is recognised as a world leader, but also necessary
to build skills in areas new to the UK. Such a skills base could be fundamental in the future for providing
potential licensing and subsequent reactor operating activities within the UK for new reactor types.

As well as international competition for skills, there is competition from other sectors within the UK for
the skills required by the nuclear industry. In seeking to ensure a “critical mass” of students are recruited to
various programmes in US Universities, the Nuclear Engineering Department Heads Organization
(NEDHO) recommended that nuclear engineering departments in universities should . . . diversify their
activities while at the same time continuing to offer nuclear engineering curricula and maintaining their core
competencies in nuclear power”,% in order that courses might survive in the face of declining recruitment
at that time. It is not surprising that the broad scope of courses has led to graduates looking beyond the
nuclear industry for employment.

Competition for skills is also found, for example, in the application of nuclear techniques for diagnosis
and treatment in medicine. In the study of materials, neutron scattering techniques—whether based on
reactors or spallation sources—requires staff with a strong understanding of nuclear methods and
modelling. Defence and homeland security also call upon the same recruitment pool and there is, finally, the
ongoing experience that the financial world finds the skills of nuclear trained students attractive—and the
students find the rewards in the financial world attractive too.

The role that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to be
economical viable

The nuclear industry currently plays a key role in the UK economy, employing 50,000 directly and
supporting many additional jobs. A new build programme will offer opportunities to maintain and grow
this work force, while keeping alive the knowledge and expertise that has been built up.

The UK government has concluded that nuclear energy has a part to play in the UK’s energy mix and it
is clear that a range of other countries are taking similar decisions. In a world where there is increasing
competition for dwindling fossil fuel resources and pressure to reduce carbon dioxide emissions, the nuclear
technologist has a significant role to play in ensuing that a viable, convenient and affordable source of
electricity remains available to the UK population.

A brief summary of the role of engineers and scientists in the UK’s nuclear future is as follows:

— Safety, both in (i) the study of safety related issues such as loss-of-coolant accidents (LOCA) or
severe reactor accidents, and (ii) case preparation and management, which demands intimate
knowledge of facility design.

— Operation of the plant in the most economic, yet safe manner over the longest possible time.

— Life extension assessment and reactor plant evolution to meet future requirements of licensing and
operational demands.

Westinghouse: http://ap1000.westinghousenuclear.com/index.html

22 www.edfenergy.com/html/showPage.do?name = edfenergy. media.news.item.til&cmsPage = /opencms/export/
www.edfenergy.com/media/news/20080110.html

GE Energy: www.gepower.com/prod_serv/products/nuclear_energy/en/new_reactors/esbwr.htm

www.aecl.ca

Manpower Supply and Demand in the Nuclear Industry, Nuclear Engineering Department Heads Organization (NEDHO),
1999

www-ners.engin.umich.edu/NEDHO/publications/manpower_report/Manpower_report2-17.pdf
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— Nuclear data measurement and evaluation, required for understanding of newer materials and
concepts.

— Participation in the international programmes of reactor development, such as the Global Nuclear
Energy Partnership (GNEP2°), in order to maintain skills and expertise and be prepared to benefit
from future developments.

— Materials science of nuclear fuels and other materials, in order to understand the way that these
materials behave under longer burn-up and higher irradiation reactor conditions.

— Waste issues such as fuel cycle chemistry, partitioning and transmutation, in order to reduce the
burden on waste disposal; and associated technologies such as accelerator driven systems (ADS).

— Decommissioning.

— Future concepts such as nuclear-generated hydrogen economy, as there will be a need to move to
an electricity-based energy economy, which will need substantial change in transport and heating.

—  Multi-scale modelling and simulation, which underpins most of the topics above and also demands
significant computing skills.

The overlap between nuclear engineers in the power sector and the military

Nuclear power and nuclear weapons share a significant number of fields of interest whether from the
experimental or modelling aspects. There is a significant overlap in the skills requirements of the two areas,
with traffic of expertise between them.

It is clear that the various companies involved in the UK naval reactor programme are all too aware of
the potential for new build to compete with their recruitment needs.

March 2008

Memorandum 90

Submission from the Cogent Sector Skills Council and the National Skills Academy Nuclear

This submission, in support of the Innovation, Universities, Science and Skills Select Committee case
study into nuclear engineering, is forwarded on behalf of Cogent Sector Skills Council and the National
Skills Academy Nuclear following consultation with representatives from the nuclear industry.

Cogent is the Sector Skills Council (SSC) for the Chemicals and Pharmaceuticals, Offshore Oil and Gas,
Nuclear, Downstream Petroleum and Polymer Industries. It is one of 25 SSCs which, together with the
Sector Skills Development Agency forms the Skills for Business Network.

The National Skills Academy Nuclear (NSAN) was launched on 31 January 2008 and its vision is to
create, develop and promote world class skills and career pathways to support a sustainable future for the
UK Nuclear industry. The Academy is the leading body of an employer led strategy to develop a quality
standardised and co-ordinated approach to education, training and skills in the Nuclear Sector.

This submission concludes that:

— There are skill gaps within the nuclear industry and the industry average age profile is skewed
towards the higher age bracket. In addition there are some specific shortages in defined
employment areas (such as HSE inspectors) and in some essential specialist disciplines (such as
Safety Case Specialists). Skills initiatives and their associated funding must be maintained to
ensure that sufficient qualified and experienced people are available to support all aspects of the
nuclear industry.

— The competition from national and international projects has the potential to lead to shortages in
nuclear specialists and those conventional skills that are required to support the UK
decommissioning and new build programme.

— Positive action is being taken by industry, in conjunction with Cogent Sector Skills Council, the
National Skills Academy Nuclear and other bodies, to improve the situation and regularly update
the background data on which skills planning and the associated training provision is based.

— The support of Government is vital in sustaining the skills base, through provision of funding and
legislative action.

26 www.gnep.energy.gov
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INTRODUCTION

1. This submission, in support of the Innovation, Universities and Skills Select Committee case study into
nuclear engineering, is forwarded on behalf of Cogent Sector Skills Council and the National Skills
Academy Nuclear following consultation with representatives from the nuclear industry.

2. The submission covers all of the elements of the terms of reference for this inquiry, namely:
— the role of engineering and engineers in UK society;
— the role of engineering and engineers in UK’s innovation drive;

— the state of the engineering skills base in the UK, including the supply of engineers and issues of
diversity (for example, gender and age profile);

— the importance of engineering to R&D and the contribution of R&D to engineering; and

— the roles of industry, universities, professional bodies, Government, unions and others in
promoting engineering skills and the formation and development of careers in engineering.

THE ROLE OF ENGINEERING AND ENGINEERS IN UK SOCIETY

3. The term “nuclear engineer” covers a range of specialisations (eg mechanical, electrical and civil
engineers, chemists, scientists and environmental engineers) who work within the nuclear technical context
and regulatory framework, across the various aspects of the operating power generation, defence,
decommissioning and maintenance aspects of the nuclear industry. Furthermore, they may be employed in
research, design, development, manufacturing, installation, commissioning, contracting, consulting and
teaching. Nuclear Engineers are therefore employed across the full range of Science Engineering and
Technology (SET) areas of the industry.

4. Many of the graduate nuclear SET employees are registered with the ECUK as Chartered Engineers,
with a commitment to achieving the highest professional standards and maintenance of the highest levels of
safety, protection of the environment and innovation. They also have a major role in projecting the image
of the industry in which they work to ensure that it is attractive to new recruits. However, the take up of
registration with ECUK as Incorporated Engineer or Engineer Technician is low and well below the number
of people eligible. ECUK is currently promoting the EngTech scheme and this is welcomed.

THE ROLE oF ENGINEERS IN UK’S INNOVATION DRIVE

5. Within the short and intermediate term the nuclear industry will require to face up to challenges in
keeping existing power generation plants running to ensure a power generation gap does not develop while
new build is progress and, face up to the challenges of decommissioning legacy plant. The challenges
presented by the establishment of the Nuclear Decommissioning Authority (NDA) to accelerate the clean
up of UK’s nuclear legacy requires many new innovative processes to be enable these plants to be
decommissioned safely and with demonstrable cost and time efficiency gains. Mature processes exist to deal
with the decommissioning process and the tail end waste reduction and waste disposal. However, innovative
processes could lead to improvements which would assist in accelerating the process and provide these
efficiency gains. Innovative engineers will be needed to develop these processes to accelerate the
decommissioning process whilst minimising the generation of radioactive waste.

6. Currently any new build nuclear plant will be of a generic design with modular construction on the
chosen site. While a high level of skill within the operating company will be required to be the intelligent
customer for this process, the level of innovation will be limited. However, in the very long term, UK must
continue to ensure the security of energy supply and future nuclear plants will need to have further
improvements to reduce waste generation and at the end of life, improved ability to decommission nuclear
plant with much reduced radioactive waste generation. Research and Development will be required to
enable this innovation.

THE STATE OF ENGINEERING SKILLS BASE IN THE UK, INCLUDING THE SUPPLY OF ENGINEERS AND ISSUES OF
DIVERSITY

7. The nuclear industry employs approximately 50,000 Science Engineering and Technology (SET)
personnel. The age profile of the nuclear industry is skewed towards the higher age bracket with the many
of the employees within 10 years of retirement. Furthermore, a number of key “hot spots” do exist—for
example, in the Health and Safety Executive/Nuclear Inspectorate, the employees tend to be concentrated
in the higher age bands. However, industry experience is needed for these positions, which would explain
this pattern. Age is also an issue in the sub-industry areas of Nuclear Heat Generation & Fuel Handling.
Among process and machine operatives there is also a higher proportion of older workers. These categories
are essential to the viability of all elements of the nuclear industry. The next 10 years will therefore see a large
number of retirements from the industry, leading to a high level of replacement and training demand. There
is also currently a shortage of other essential skills such as safety case specialists and project mangers with
nuclear experience. Uncertainty over the direction the industry was taking before the establishment of the
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NDA and the decision on the potential for new build, had led to a reduction in Graduate Development
Programmes and Apprenticeships. Graduate Development Programmes are being revived and work has
now commenced on development of apprenticeships for the nuclear industry. This action is required to
ensure sufficient lead time to educate, train and provide experience to new members of the industry in
preparation for those retiring.

8. Competition from other industries (eg petrochemical) or in support of other national major
construction programme, such as the Olympics, may also lead to a shortage of skilled personnel in areas
where national and international shortages already exist. These include design engineers, particularly
mechanical and civil professionals, Construction and Commissioning Engineers and Project and
Programme Managers. Furthermore, the UK energy market accounts for less than 2% of the global
requirements and many international energy production projects are underway or in planning which could
attract skilled people away from the UK nuclear industry.

9. The nuclear SET workforce in the UK is overwhelmingly white and male and women and ethnic
minorities are seriously under-represented. This could be related to the attractiveness of the industry and its
security requirements where many jobs are only open to UK nationals. The Ethnic and Gender ratios across
the industry as a whole are shown in Table 1.

Ethnicity %
White 96
Non-White 4
Gender %
Female 18
Male 82

Whilst Table 1 shows 18% of the workforce in the nuclear industry are female, many of these are in
administrative posts with only 12% being in SET occupations.

10. The occupation distribution is shown in Table 2 and not surprisingly this shows that the educational
level of employees is at the higher S/NVQ level.

Occupation %
Managers and Senior Officials 4
Professional Occupations 38
Associate Professional and Technical 13
Skilled Trades 24
Process Plant and Machinery Operations 5
Elementary Occupations 5
Occupations other than SET 11

Table 2 Occupations by %
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11. A graph of the education level of the personnel in these occupations in the nuclear industry is mapped
against the educational requirements in Figure 1.
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Figure 1 shows that there is an oversupply of people qualified at S/NVQ Level 1 and below although these
occupations only account for 5% of the workforce. However, there is a 33% deficit of people qualified to
S/NVQ level 2 and 3 which account for 53% of the nuclear industry.

12. The figures above account for the current state of the industry, however, retirements, normal
industrial churn and the changing operations of the nuclear industry needs to be taken into account. For
example, when a nuclear power plant reaches the end of life, there is a need to re-skill from operating skills
to decommissioning skills. Cogent research indicates that around 10,000 people will need to be trained or
re-skilled over the next 10 years to cover the skills gap and many of these will be in support of NDA
programmes.

13. A new nuclear power station build programme is expected to place a demand on construction skills
from around 2011, with specialist electrical and mechanical installation occurring a year later. A few nuclear
specialists will be required in the early years to support the licensing and safety case preparations but, with
operations expected to commence in 2017, new build will not be expected to place a great demand on new
nuclear specialist jobs until around 2015. Further research is being conducted in this area by Cogent to
support the Energy White Paper skills review.. There is an excellent opportunity for a pro-active approach
to skills development for the new build agenda and the mechanisms are in place via NSAN, Cogent and the
Universities to ensure that we have the right skills in place at the right time to address this challenge.

14. The training and re-skilling of the nuclear SET workforce required to close and sustain the skill base
of the nuclear industry is not insurmountable and is being worked on by industry, the NDA, Cogent Sector
Skills Council, the National Skills Academy Nuclear, Academia and others with Government support.
Despite all this effort, public perception is a major feature in recruitment and retention in the nuclear
industry. Until recently the image of the nuclear industry has been that of a contaminating process and an
industry in decline. The clean-up facilitated by the NDA, the prospect of new build and the impact of “global
warming” are now having a positive effect in attracting people into the industry. This preposition is backed
up by crude data such as the number of people applying for nuclear MSc courses and the large number of
graduates vying for places on industry development programmes.

THE IMPORTANCE OF ENGINEERING R&D AND THE CONTRIBUTION OF R&D TO ENGINEERING

15. There is a requirement to manage nuclear waste from previous generations of nuclear plants from
both civil and military activities. Whilst these clean up activities generally use mature technology options,
there exists opportunities to reduce over costs to UK tax payers through investment in research and
development into innovative new options. Even where mature technology options are utilised, the waste
management activities also require extensive technical support.

16. Disposal of nuclear waste is a sensitive issue in terms of proposed technology options and particularly
location of facilities. The UK Government has established a process for evaluation of options for disposal
of higher activity nuclear waste based on learning from historic and international experiences. The
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framework used has been to establish an advisory body titled “Committee on Radioactive Waste
Management” (CoRWM). The CORWM committee identified, in its summary review in 2006, the need for
“a commitment to an intensified programme of research and development into the long-term safety of
geological disposal aimed at reducing uncertainties at generic and site-specific levels, as well as into improved
means for storing wastes in the longer term.” It is expected, based on these recommendations, that a major
research programme will be initiated.

17. Many roles in the nuclear industry require a high level of technical competence, where the traditional
entry route is through the completion of postgraduate studies. It is believed that for the industry to maintain
a high level of technical competence, a sustained programme of support to University research activities will
be required in the areas of nuclear science and engineering.

THE ROLES OF INDUSTRY, UNIVERSITIES, PROFESSIONAL BODIES, GOVERNMENT AND OTHERS IN PROMOTING
ENGINEERING SKILLS AND THE FORMATION AND DEVELOPMENT OF CAREERS IN ENGINEERING

18. Industry—Industry has a major role to play in sustaining the nuclear SET skill base. Cogent Sector
Skills Council and the National Skills Academy Nuclear have had extremely good support from the nuclear
industry. This has taken the form of funding, personnel secondments and resources in support of skills
initiatives. Industry must also play a full role in development of technical staff through apprenticeships and
graduate development programmes. Traditionally the nuclear industry has appreciated the need to have a
highly skilled and motivated workforce to maintain the high level of safety required and to respond to the
high level of safety regulation. The main companies also appreciate the need to sustain the skill levels of their
supply chain. However, many of the companies in the Supply Chain have limited their investment in training
and skills development in recent years due to uncertainty over future contracts, it is essential to maintain
and further developed a skilled and competent Supply Chain. A Nuclear Skills Passport is being developed,
to align with the national Qualification Credit Framework, and this will be a key tool in demonstrating the
competence levels of staff across the whole industry including the Supply Chain.

19. Schools—A major factor in ensuring the supply of new entrants into the nuclear industry is having
an adequate pool of STEM students. This must start in the schools and there have been numerous studies
into increasing the level of STEM teaching. One particular initiative relevant to the nuclear industry is the
Energy Foresight programme being funded by the National Skills Academy Nuclear (NSAN) and overseen
by an NSAN industry steering group. The aim of this programme is to provide a set of education resources,
including teacher training, for Keystage 4 that present Radioactivity and related issues in personal and social
context, supporting the new science GCSE curriculum. The results of an evaluation by the Open University
of the Energy Foresight programme showed that overall more students were being attracted to science
subjects and, in particular, there was a positive opinion shift in the attitude of girls about working with
radioactive materials. The nuclear industry is also supporting Energy Foresight through provision of school
ambassadors.

20. Universities—Universities can assist in the provision of skills through provision of relevant course
and providing students with opportunities for placements in the nuclear industry. Traditionally there have
not been any specific nuclear engineering first degree courses, although some Universities have provided
nuclear related modules. Graduate nuclear education has, in the main been provided through post-graduate
courses. In response to increased demand, two Universities have started Nuclear Engineering degrees.
Universities also provide a range of related MSc courses and 11 Universities/Higher Education Institute
Departments have collaborated to form he Nuclear Technology Education Consortium to deliver MSC
courses across the breadth of the nuclear industry. The programmes have been developed in consultation
with industry. University research department also conduct some of the essential research work needed by
the nuclear industry.

21. Professional Bodies—Engineering Institutions, Learned Societies (such as the British Nuclear Energy
Society) and the Engineering Council UK play major role in ensuring that the standards of Chartered and
Engineering Technician engineers are maintained. The institutes and Learned Societies also facilitate some
of the continuing professional development the nuclear SET workforce through their professional journals
and through the organisation of conferences and seminars, which enables the spreading of best practice
awareness of changes happening within the nuclear industry and its engineering processes. Accreditation
and approval of education and training course by Institutions also ensures the relevance to the nuclear
industry is maintained.

22. Sector Skills Councils (SSCs)—SSCs and the Skills for Business Network enables the skills need
across the nuclear industry to be articulated to Government, skills agencies, qualification authorities,
educational institutions and training providers. Cogent SSC signed a Sector Skills Agreement SSA with the
nuclear industry, Government, Trades Unions and other stakeholders in 2006 identifying the skill gaps and
solutions for resolution of shortages. Cogent SSC, in conjunction with the National Skills Academy
Nuclear, is now implementing the SSA solutions and other to provide the skills required by the nuclear
industry. A key problem for SSCs is accurate modelling of the situation. For example, on one side there is
the individuals’ circumstances and on the other there are strategic decisions on how many nuclear power
stations may be built an where they will be sited. An example of the former is that many employees have
pension agreements that allows retirement at 60 years of age, while recent age discrimination legislation
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allows them to be more flexible in when they will leave the industry. The latter issue will come out of the
industries response to the ability to build new nuclear power stations and how this translates to the particular
regional skills shortage. Cogent SSC is working with Government to sign a Sector Compact which will
articulate the nuclear industry training requirements and get an agreement for funding of specific training
activities. As part of the Sector Compact, Cogent SSC, on behalf of the nuclear industry, are making the
case to extend the “Train to Gain” scheme to make it more applicable to the higher skills levels required by
this science based industry.

23. Trades Unions—As noted in paragraph 20, the Trades Unions have been supportive of the need to
train, upskill and reskill the workforce and Cogent SSC is aware of the UnionLearn own initiatives that
supplement the employer training programmes. The Unions have a key role in ensuring effective
implementation of all the Skills Initiatives developed by both Cogent and the NSAN and are on the Boards
of both organisations. They also have a place on all the NSAN working groups, with a lead on the
development of the “Worker Trainer” Programme.

24. Government—The skills issue has been recognised across central Government Departments
Regional Agencies and there are many examples of studies into either the particular needs of the nuclear
industry or the more general provision of STEM capable people through funded initiatives in schools,
apprenticeships, Further and Higher Education institutions and research. Government’s role is essential to
provide the funding necessary to ensure the success of the nuclear industry through the provision of the right
level of skills. This includes having a flexible response to funding training and education initiatives required
by strategic industries. Some Regional Development Agencies, such as NWDA, have made significant
investments into the establishment of the NSAN and there is a need for this support to be continued across
the RDA network.

25. With much of the nuclear industry focussed on the decommissioning of legacy plants, the
Government also has a role in providing a consistent level of funding to the NDA to enable sites to plan
ahead with certainly and thus provide a the platform for succession and career planning for individuals
within he industry, including the supply chain. Without this, recruitment, initial training and upskilling will
not be possible for the decommissioning sector of the nuclear industry and its supply chain. The power
generation sector of the nuclear industry is also readily affected by changes Government policy which can
affect their profitability, with consequent impact on short term training programmes for their employees.
Reductions in profits can also impact on contractors and reduction in the supply chain skill base.

CONCLUSION

26. There are skill gaps within the nuclear industry and the industry average age profile is skewed towards
the higher age bracket. In addition there are some specific shortages in defined employment areas (such as
HSE inspectors) and in some essential specialist disciplines (such as Safety Case Specialists). Skills initiatives
and their associated funding must be maintained to ensure that sufficient qualified and experienced people
are available to support all aspects of the nuclear industry.

27. The competition from national and international projects has the potential to lead to shortages in
nuclear specialists and those conventional skills that are required to support the UK decommissioning and
new build programme.

28. Positive action is being taken by industry, in conjunction with Cogent Sector Skills Council, the
National Skills Academy for Nuclear and other bodies, to improve the situation and regularly update the
background data on which skills planning and the associated training provision is based.

29. The support of Government is vital in sustaining the skills base, through provision of funding and
legislative action.

March 2008

Memorandum 91

Submission from Professor R G Faulkner, Loughborough University

EXECUTIVE SUMMARY

UK ENGINEERING CAPACITY FOR NEW BUILD

1. The Government’s sale of BNFL was an untimely and, in view of recent events, disastrous move from
the viewpoint of engineer skill provision for nuclear new build. The nuclear engineer skill base has been
reducing by approximately 10% per annum for the past 15 years. There are precious few nuclear engineers
with deep experience left in the UK workplace. Many of those who could have helped are either retired or
have globalised and gone to work for EDF, Siemens, and Areva in Europe or the Far East. There are small
pockets of capability in British Energy, British Nuclear Group, and Nexia Solutions. The latter group have
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developed good skills in fuel reprocessing and de-commissioning. A few ageing academics and consultants
from the good days with Nuclear Electric, BNFL Magnox are still available to help build the knowledge
base for the next generation.

VALUE OF TRAINING A NEW GENERATION OF NUCLEAR ENGINEERS

2. The skills base in nuclear engineering is still just above the critical nucleus size to allow training of the
UK nuclear engineer skills required for the future. The scale of the difficulty lies in the spread-out nature of
existing training facilities. There are some reactor and training facilities at Imperial College. BNFL, before
its demise, set pu the Dalton Centre in Manchester, but this urgently needs re-direction since it has lost its
focus since the withdrawal of support from BNFL. There are areas of good physics and materials nuclear
engineering experience in the Universities at Loughborough, Birmingham, Liverpool, Bristol, and Oxford.

3. We are competing against much greater forces in the US. Currently there are 21 Nuclear Engineering
programmes operating in the States. My recommendation is that we get on with it and re-build our
University skills base to match the American model as soon as possible.

4. Tt would be very sad if we abandoned the skills that we still possess in the UK from a training viewpoint,
and relied on foreign input. Many of us have built good relationships with nuclear engineers in the USA and
France in recent years, and this networking will now begin to pay off if UK based training courses were re-
introduced.

ROLE OF ENGINEERS IN SHAPING UK’s NUCLEAR FUTURE

5. It is important to stress that development of environmentally and economically viable nuclear plant
in the UK depends entirely on the skills of engineers. This is one area where having a good business degree
will not be an advantage. There are many new technological developments that have to be harnessed by
engineers with respect to making nuclear cleaner and cheaper. The Generation IV systems, including high
temperature reactors, pebble-bed reactors, AP1000 designs (based on the current PWR at Sizewell “B”), are
all requiring more research, development and construction. The goal is worthwhile because all of these
designs will improve fuel efficiency and reduced resource and operating costs. The long term solution to
electrical energy supply with no resource problem, that of Fusion, is already well-underway with excellent
teams of UK engineers in place at UKAEA, Culham and at the ITER site in Cadarache, France.

6. There is no question that the new generation of UK nuclear engineers will be trained to work in the
global market: it simply remains for us to create sufficient numbers of these people to maintain the UK’s
still-leading role in the global nuclear marketplace.

CIVIL/MILITARY CONFLICTS

7. In my 40 years of experience of nuclear engineering, there has always been a very large gap kept
between the engineering activities in the civil arena and those at Aldermaston. Certainly, there are many
potential student nuclear engineers who would be discouraged to enter the Industry if they thought their
work was likely to be of military significance.

March 2008

Memorandum 92

Submission from the Institution of Engineers (INucE) and the British Nuclear Energy Society (BNES)

1. EXECUTIVE SUMMARY

(1) This responseisissued by the Institution of Engineers (INucE) and the British Nuclear Energy Society
(BNES) in response to The Innovation, Universities and Skills Committee major inquiry into
ENGINEERING announced on 29 January 2008. This response relates specifically to the ENGINEERING
CASE STUDY; NUCLEAR ENGINEERING. A separate joint response has been made by the societies
to ENGINEERING.

(2) In the future the UK nuclear industry will cover design, build, operation, maintenance,
decommissioning of plant and design build and operation of waste management facilities. The availability
of adequate numbers of suitably qualified and experienced engineers for this industry is a concern to BNES
and INucE. Our members, the industry and government have introduced many initiatives but more needs
to be done. These initiatives need to address the demographic issues, the specific multidisciplinary needs of
the industry, recognition of transfer between industries and internationally and the need to portray the
industry as vibrant, important and with a long future.
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(3) The resources required need to address both our UK civil and defence requirements in the UK and
opportunities abroad. We cannot rely on availability of resources from outside UK. We are in a global
market with major nuclear expansion world wide.

(4) The role of engineers is for both innovation and operation. We have liabilities to discharge, existing
nuclear plant to operate safely and efficiently, replacement plant to build, waste facilities to build and operate
and all the associated infrastructure including regulators.

(5) Civil and defence draw on the same pool of resources with many common skills needed and market
conditions will lead to mobility of resources with some security constraints. The two sectors communicate
and collaborate through skills agencies such as NSAN and BNES & INucE membership leads to learned
society interfaces.

(6) Asthey develop towards the Nuclear Institute, BNES and INucE will continue to proffer independent
and charitably supported networking, advice, debate and qualification for the engineers and scientists
necessary to underpin nuclear activities in the UK.

2. ABout INUCE & BNES

(1) The Institution of Nuclear Engineers (INucE) is a professional body representing a broad cross-
section of nuclear engineers engaged in various aspects of nuclear technology, predominantly in the UK, but
also in the USA, South Africa and Asia. Members are involved in many aspects of the fuel cycle from
fabrication, through operation of nuclear power plants, to decommissioning and waste management, as well
as regulation. Their mission is to promote the highest professional and safety standards for the nuclear
industry.

(2) The British Nuclear Energy Society (BNES) is the leading “Learned Society” for Nuclear Energy. The
Society functions almost completely by the contributions of volunteers who make available their experience
and dedication to provide information to members UK, worldwide on Nuclear Energy issues, to afford
opportunities for members to publish and present papers, meet and debate issues locally, nationally and
internationally, to promote nuclear energy specific training in the UK and to further increased public
understanding of the issues surrounding the use of nuclear energy.

(3) The two societies have announced their intention to merge and are currently pursuing the necessary
charitable processes. This structure will continue our joint continuing encouragement of E&T initiatives to
promote and interest specifically in the nuclear energy field but recognising that this field itself is dependent
on a base of good science and engineering in general.

3. ResponseE: NUCLEAR ENGINEERING

3.1 The UK’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

(1) The 2008 White paper on Nuclear power has clearly shown that HM government considers that
nuclear power has a place in the UK energy portfolio. In addition the UK has a legacy of nuclear facilities,
civil and military which must be decommissioned over the next 50 years or so and is in the process of
establishing the necessary waste disposal facilities. In order to do this we will need a significant increase in
the supply of people with nuclear skills at all levels. The ETB report “Engineering UK 2007 shows a
disturbing age profile in the UK with 27% of charted engineers being over 65 and a mean age of 55. Due to
the nature of the industry the profile for INucE is even more skewed with 60% of Fellows being over 65.

(2) The problem is not only due to the fact that so many bright young graduates entered the industry in
the 1960’s when it was growing rapidly and are now retired or approaching retirement but the big cut backs
in all forms of energy research in the UK following the privatisation and fragmentation of the industry has
meant that opportunities for employment have been significantly reduced. Small employers who do no
research and little design are not attractive to our brightest scientists and engineers who are looking for
interest and career progression as well as just money.

(3) We have commented in the response to ENGINEERING that the formation of the National Nuclear
Laboratory will be an example of reversal of this trend as will the investment of the contracting industry in
its own development if clear business opportunities can be seen.

(4) Engineers encouraged in to the contracting industry will not stay if there is considerable uncertainty
and a stop-go approach to the use of contractors. The current reorganisation of the nuclear industry has led
to much movement around and in and out of the industry and we highlight our comment in the
ENGINEERING response that for many types of engineering nuclear is operating in a global, not a country
specific isolated market.

(5) The age profile of the work force needs to be addressed if we are to keep the decommissioning plans
on schedule let alone consider new build. Fortunately for UK plc there are some signs of improvement
already on the horizon. New undergraduate courses are being created and numbers on existing nuclear
options are now on the increase. At the moment there is enthusiasm amongst undergraduates for the nuclear
industry as they can see good interesting job prospects.



Innovation, Universities, Science and Skills Committee: Evidence Ev 443

(6) That young people can be motivated by nuclear is demonstrated by BNES Young Generation
Network. By encouraging younger members to participate and network, not only in the UK but around the
world, society membership has grown from less than 10% to nearly 40% in the under 37 age band.

(7) To maintain momentum it is important help the “new blood” realise their expectations. This will mean
a good supply of suitable jobs with prospects and training on graduation which is much more difficult for
the nuclear operators now the industry is so fragmented. The new NDA graduate training programme is a
step in the right direction and does get over some of the problems caused by the break up of companies such
as BNFL who were a big recruiter of graduates.

(8) However, the supply chain also supports nuclear not only in decommissioning, waste management
and new build but in operation of the remaining Magnox, AGR, PWR (civil and military). Engineering
Contractors working in the industry offer a range of graduate recruitment opportunities including graduate
training schemes sometimes accredited for corporate membership of Engineering Institutions. These
contractors work not only the civil and defence nuclear industries but also in other industries requiring high
skills such as the process, oil & gas, pharmaceutical and power industries. So not only are engineers required
who can work in nuclear but transferability is needed between industries. This leads to the need for
fundamental skills being obtained in the first place with more specific training when industry specific skills
are required. We believe that the recently formed National Skills Academy, Nuclear has recognised these
different needs and will address them in future programmes.

(9) Another factor which would be a very big help in encouraging graduates to study nuclear energy
would be a rapid start to the new build programme. However technically interesting and challenging
decommissioning and waste management may be it does have poor connotations to many young people
whereas new build looks very exciting. It is thought better to be in at the beginning than the end, however
long the end may last for decommissioning and waste management.

(10) Rather than to encourage full undergraduate courses in nuclear engineering, it may be better simply
to encourage a growth in engineering courses in general with provision of more final year options in nuclear
power. In this way students can keep their options open and such training may be more appropriate to the
current structure of the industry where a very small number of large highly specialised companies such as
BNFL are replaced by nuclear divisions of more general companies and NDA is targeting growth in use of
the supply chain.

(11) Engineering courses alone are not sufficient; there has to be recognition that engineering and science
are complementary and for example the nuclear engineering activity of one university is found in a science
(physics) department. It is of serious concern that chemistry and physics departments appear to be under
threat due to University funding issues.

(12) However, the balance between “nuclear specific” and “courses with nuclear options” needs to be
carefully considered as there is some experience from the USA that courses with some nuclear content being
too general has led to loss of graduates to other industries. The perception may be different depending on
position in the owner/supply chain. The higher up the chain means the more likely it is to require more
speciality nuclear engineers, whilst lower down contractors require cross-industry flexibility. It is unlikely
one solution fits all.

(13) One factor that is vital to increase the supply of engineering manpower, not just at graduate level, is
better and more rigorous teaching of physics/chemistry and maths in schools. It may be necessary to give
these two, and other academically rigorous subjects, some form of weighting in school league tables. At the
moment schools are judged almost entirely on such tables and it is well known that it is much easier to get
an “A” grade in softer subjects such as Media Studies or Textiles then it is for maths or physics. The
temptation for schools to encourage soft subjects is very hard to resist but a way round this most be found
if we are to survive as a nation in an increasing high tech world.

(14) The development and launch of NSAN is a clear indication that Government as well as industry is
convinced of the need for trained personnel across the nuclear technology field and the requirements exist
across the whole breadth of qualification levels.

(15) The work of the OECD Nuclear Energy Agency in the area of Skills is noted:

— OECD Nuclear Energy Agency, “Nuclear Education and Training: Cause for Concern?”, July
2000.

— OECD Nuclear Energy Agency, “Nuclear Competence Building”, October 2004, (http://
www.oecdbookshop.org/oecd/display.asp?sf1 =identifiers&lang = EN&st1 = 92-64-10850-5)

3.2 The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

(1) Though we will have to procure our new nuclear power stations from overseas we will still need people
to manufacture, install, commission and operate them. We will also need regulators to ensure that they are
operated safely within UK codes and the Site Licence Conditions require the owners to retain “Intelligent”
staff; this is not exportable. The shortage of trained and experienced staff in the Nuclear Installations
Inspectorate (NII) is already the cause of delay in a number of areas.
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(2) We must also look to the future, with increasing concern over global warming and rapidly diminishing
fossil fuel supplies the world wide market for nuclear power is already on the increase. As uranium prices
continue to increase it is also likely that there will be resurgence in reprocessing as is currently seen in the
USA. UK has a significant background in reprocessing and waste handling and we may be able to establish
a significant export market in this area. Several of our major contractors have already had success in the
USA and elsewhere. We can only do this if we continue to have a good supply of engineers trained in nuclear
specialities.

(3) Many of our members work in the UK nuclear industry whose trade association the Nuclear Industry
Association (NTA) has undertaken a review of UK capability indicating that with appropriate commitment
and investment, UK could supply up to 70% of the equipment and services required for a “foreign” nuclear
power plant and at least some vendors have indicated they will use local supply. This will add to the
requirement for engineers, not necessarily “nuclear” engineers, ie mechanical, civil, electrical and others. The
level of “nuclear” capability of these engineers will vary as their roles vary from front end design right
through to active commissioning, operation and decommissioning of nuclear plant. So like any other
discipline “nuclear engineering” requires many different skills. As well as the reactor there are steam
generation, fuel handling, waste management, electricity generation and distribution, waste management
and control and instrumentation plant and systems to consider.

(4) Many of these contractors may also operate abroad. The world nuclear new build and
decommissioning markets are in growth at present and overseas opportunities may prove to be attractive,
It is probable that transfer of resource internationally could grow if not be essential in future. Multinational
alliances have been established to tackle both the new build and decommissioning activity in the UK and
this is already leading to transfer of personnel between countries both for training and “best man for the
job” reasons. And there is already considerable movement of engineers in the nuclear industry within the
European Community and with the EU promoting nuclear as a low carbon solution to the need for energy
this would be expected to continue.

(5) It is very clear that other countries are already building up their own staffing in order to meet their
own and international demands of the future. Areva in France in particular is seeking to recruit very large
numbers of nuclear trained personnel. The French INSTN organisation has taken a major step forward in
organising an “International School in Nuclear Engineering Doctoral-level Courses in Advanced Nuclear
Science” It was launched in 2007 [http://www-instn.cea.fr/rubrique.php3?id_rubrique =176] in order to
recruit and retain highly qualified staff. It would therefore be most unwise to assume that there is a pool of
staff from which the UK could recruit—rather we are potentially already behind in the game and the
scientists and engineers we produce could well be “poached” to work overseas.

(6) We do not feel that this is the right forum to discuss the viability of nuclear power as this is a very
complex question with many of the variables outside the control of the engineering profession. It is, however,
very clear engineers will play a very big role in shaping the future of nuclear power. Nuclear power is very
capital intensive so most of the costs come in the design and construction stage. Engineers worldwide have
been working for many years to find ways of reducing the capital costs and at the same time enhancing safety
and they will continue to do so. UK effort in those areas has much reduced but UK contribution to activities
such as outage management, system upgrade, plant life extension etc. is significant with both operator and
contractor engineering personnel maintaining the operation of the existing UK nuclear plant that is crucial
until new build comes along. These engineers have to be competed for from the same pool of engineering
talent available to support the whole nuclear “market place”.

(7) Better design of the new build options will also make the ultimate decommissioning much cheaper
and easier. Whilst operating costs are low compared with other energy sources despite the recent rise in
uranium prices there is still much engineer’s can do to reduce them even further. One key factor in running
costs is the down time for re-fuelling and this is an area where great strides have already been made at
Sizewell B which is now “world class” in this respect. Another area where engineers and nuclear scientists
have contributed to reduce the costs and increase the acceptability of nuclear power is waste reduction, the
volumes of waste produced by the latest generation of nuclear power stations is only about 1/10th of
earlier designs.

3.3 The role that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to
be economically viable

(1) A brief summary of the typical areas where nuclear engineers and scientists will play their part are
as follows:

1. Safety: both (i) the study of safety related issues such as LOCA, severe reactor accidents etc. and
(i1) safety case preparation and management—which demands intimate knowledge of the facility
design whether or not that facility is bought in from abroad or not.

2. Operation of the plant in the most economic, yet safe manner over the longest possible time, this
includes operation itself and through life maintenance and outage management.

3. Life extension assessment and reactor plant evolution to meet future requirements of licensing and
operational demands.
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4. Nuclear data measurement and evaluation—required for understanding of newer materials and
concepts.

5. Reactor development—participation in the international programmes (such as the Global Nuclear
Engineering Programme GNEP which the UK has just joined) in order to maintain skills and
expertise and to be prepared to benefit from future developments (with the Keeping the Nuclear
Option Open (KNOO) programme being an important mechanism for sustaining R&D
involvement in the Universities).

6. Materials science of nuclear fuels and other materials issues in order to understand the way that
these materials behave under longer burn-up and higher irradiation reactor conditions.

7. Waste issues such as Fuel cycle chemistry, Partitioning and Transmutation in order to reduce the
burden on waste disposal-—and associated technologies such as Accelerator Driven Systems
(ADS).

8. Future concepts such as nuclear generated hydrogen-economy.

In addition, the whole area of multi-scale modelling and simulation, which underpins most of the
topics above, also demands a similar high degree of technical knowledge, ability and expertise
often combined with significant computing skills.

(2) The recent nuclear review has concluded that nuclear energy has a part to play in the UK’s energy
mix and it is clear that a range of other countries are taking similar decision. In a world of increasing
competition for the reducing fossil fuel resource and pressure to reduce CO: emissions, the nuclear
technologist has a significant role to play in ensuing that a viable, convenient and affordable source of
electricity remains available to the UK population.

3.4 The overlap between nuclear engineers in the power sector and the military

(1) The question of overlap between civil and military can be divided into two sections, weapons and
nuclear submarine propulsion. There is significant scope for interchange in the latter as the power plant of
a nuclear submarine is in general, similar to that of a modern power station. Many former nuclear
submariners already occupy positions at all levels in the civil nuclear power and contracting industry and
this is likely to continue.

(2) Thus the Royal Navy can be seen as a training ground for supporting the future UK nuclear power
sector. By the counter argument, MOD are subject to the same issues of demographics as the rest of the
industry and they are part of the pool calling for an adequate supply of engineering skills and providing
training for them. There is also an overlap between the nuclear weapons sector and civil in certain specialised
engineering fields, decommissioning and waste management area. The nuclear skills agenda for the UK
therefore needs special attention to satisfy all parties.

(3) With respect to nuclear engineering education and training, the MOD is fully engaged through the
appropriate sector skills council (COGENT), the national Skills Academy Nuclear (NSAN) and higher up
the skills pyramid, the Nuclear Technology Education Consortium (NTEC), as well as through its own
dedicated education and training programmes at HMS SULTAN.

(4) The UK continues to project manage, develop, design, supply and operate PWR technology for the
nuclear submarine programme and this involves RN, MOD Civil Service and contractor resource, the latter
led by BAE Systems and Rolls-Royce and supported by their supply chains. This programme includes new
build through to waste management and MOD are aligning with industry through its published Industrial
Strategy. Waste management and decommissioning are specifically being taken forward through
engagement with the NDA.

4. CONCLUDING REMARKS

(1) In conclusion BNES and INucE are sure that there will continue to be a demand for highly skilled
engineers at all levels in the nuclear industry and that HM Government must do all it can to encourage young
people to enter the profession. Recent growth in membership has followed the interest in decommissioning
and is likely to be further encouraged by new build opportunities. BNES membership for example has
increased by ~30% in the last five years. This has been mirrored by significant increases in students
interested in nuclear engineering options, albeit from historic low levels (and the recent re-establishment of
nuclear engineering courses at undergraduate level, beginning at Lancaster University).

(2) Animportant objective of our planned combined society “The Nuclear Institute” will be to continue
to encourage the networking of all establishments and individuals concerned with nuclear energy, operation,
regulation, engineering, education and waste management in the UK, to continue to offer charitable funds
within our capability to encourage this.

(3) Through our Advisory Council we will continue to work and collaborate with all the major
Professional Engineering and Scientific Institutions who have members who work in the nuclear industry.
A significant role for the Nuclear Institute will be to continue to offer professional qualifications that give
opportunity for recognition by the Engineering Council. We shall also encourage initiatives amongst the
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public in general so that they are able to better understand the issues surrounding nuclear energy, how it is
engineered and how it relates to all the other energy sources and application technologies that are important
for the economic and sustainable future of the UK and the world.

(4) Currently BNES operates the Nuclear Academic and Industry Liaison Sub-committee (NAILS) to
promote the exchange of knowledge between industry and academia with the aim of bringing closer the
mutual understanding of R&D needs. Future plans are to publish this information more widely. This work
will continue under the new Nuclear Institute.

(5) We look forward to continuing our close work with Government Agencies to further growth of
engineering capability and competence in the UK and to provide an independent learned society viewpoint
on these issues.
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Submission from the Nuclear Industry Association (NIA)

The NIA is the trade association and information and representative body for the civil nuclear industry
in the UK. It represents over 130 companies operating in all aspects of the nuclear fuel cycle, including the
operators of the nuclear power stations, and those engaged in decommissioning, waste management and
nuclear liabilities management. Members also include nuclear equipment suppliers, engineering and
construction firms, nuclear research organisations, and legal, financial and consultancy companies.

CAPABILITY OF THE UK INDUSTRY TO BUILD NEW NUCLEAR STATIONS

The NIA has conducted an extensive study on the capability of the UK industry to deliver a programme
of new nuclear power stations. The study concludes that at present the UK industry could itself construct
70% by value of a new pressurised water reactor and if there was further investment this could rise to 80%.
The study specifically looked at PWRs but the result will be much the same for a boiling water reactor and
perhaps a little higher for a Candu type reactor due to that reactor type’s lack of pressure vessel which is a
key component of the others which can not be manufactured in the UK.

Independent of the type of reactor constructed, much of the engineering and construction work on a new
nuclear power plant is not directly nuclear related but is similar to work being carried out by many
companies on major projects throughout the UK and worldwide. The UK has a large engineering capacity
in comparison to that which would be required for the construction of new nuclear facilities. The NIA study
concluded that a new nuclear power station would require only 2-3% of the national civil engineering
capacity and 4-5% of the national capacity in mechanical and electrical engineering.

If one was to assume a programme of new nuclear build which consisted of 10 reactors on five sites built
over 15-20 years then it is likely to generate 64,000 man-years of work directly and 22,000 indirectly in the
support sector in the local communities where construction takes place. Generally the skills resource is
available in the UK but there are some specialist areas where more effort needs to be made in training, in
particular in the area of safety and licensing. The NIA has long recommended that industry and government
agencies should work together to increase training provision and counteract the decline in young people
entering the engineering, manufacturing and construction industries. The UK has made good progress in
the nuclear sector over the last few years with the establishment of Cogent the sector skills council for nuclear
and the launch this year of the National Skills Academy Nuclear. There has also been a large increase in the
number of nuclear courses available through colleges and universities. The University of Manchester has
established the Dalton Institute to function as a centre of excellence for nuclear research and training. The
institute has jointly funded skills and training with the Nuclear Decommissioning Authority.

This submission has been written to conform to the evidence request in terms of word limits and in not
reproducing previously circulated work however we will be happy to provide copies of the full capability
report on request.

TRAINING UK ENGINEERS OR IMPORTING SKILLS

The nuclear power industry is a global one and the skills the industry need are sourced globally so the lack
of locally trained staff is not necessarily a barrier to further development of the industry. However the UK
is not alone in looking to build new nuclear stations and so we will be competing for these people in a global
market place. While there is no guarantee that home grown engineers will stay in the UK it does make it
more likely so having a sufficient supply of home grown engineers is the best option. Having an established
home market and close association with international vendors would provide UK companies with access to
significant business opportunities worldwide which will in turn make them more attractive places to work
for home grown engineers.
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The UK nuclear workforce is a high average age with a large proportion close to retirement so the need
to train and recruit more staff is urgent. There are also some specific areas in which there are shortages now
such as nuclear inspectors. However it is the generally lower numbers of students studying science,
technology and engineering fields which is causing the engineering labour market to be difficult. The
government should certainly be looking to take action to encourage more students to study these fields as
this would be beneficial not just to the engineering sector but to the economy as a whole.

THE ROLE OF ENGINEERS

Engineers are obviously key to the development of the nuclear industry whether new nuclear power
stations are built or not as engineers are key to the safe operation and development of existing stations and
the decommissioning of former station. While the four prospective reactor vendors are all based overseas
so the work done by engineers in designing the plant will not be carried out in the UK some of those
engineers are UK trained and the implementation of the projects will be carried out here. The construction
of new nuclear stations will require engineers from all disciplines as well as nuclear engineers.

EcoNoMIC VIABILITY

We believe economic scenarios set out by the Government are sensible and reasonable and support the
widespread view among electricity generating companies that nuclear power is an economic option for
electricity generation, and one in which they would wish to invest. Those economic calculations that drive
investment and the investments themselves will be made by private sector companies, not by Government.
These companies will not invest in an uneconomic generating technology and so it is the ultimate test of the
economic viability of nuclear energy.

Electricity prices have risen noticeably in the recent past, in part driven by the global rise in gas prices.
This has had a severe impact on UK industrial, commercial and domestic consumers, particularly those on
low incomes. As the cost of fuel is a small proportion of nuclear costs nuclear energy is relatively insensitive
to changes in the price of the raw uranium fuel, and provides an element of cost stability in the generating
portfolio, which is helpful in keeping overall prices to consumers low. This contrasts with gas-fired
generation, where the cost of raw gas can represent 60% or more of the total generating cost. It has been
shown that the overall generating cost of nuclear energy is competitive with fossil-fired generation. Nuclear
energy will become even more competitive in the future if gas prices rise further and the costs associated with
carbon emissions begin to play a larger role. Nuclear energy’s low and predictable running costs provide a
valuable hedge against volatile fossil fuel prices.

THE OVERLAP BETWEEN NUCLEAR ENGINEERS IN THE POWER AND MILITARY SECTORS

The reactors that power the UK’s submarine fleet are pressurised water reactors and operate on the same
principles as those in nuclear power stations. However the NIA only covers the civil nuclear sector and so
it is difficult to comment on this point of the inquiry.
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Submission from the Institution of Civil Engineers (ICE)

INQUIRY INTO ENGINEERING—NUCLEAR ENGINEERING CASE STUDY

The Institution of Civil Engineers (ICE) was founded in 1818 to ensure professionalism in civil
engineering. It represents 80,000 qualified and student civil engineers in the UK and across the globe.

1. The Role of Nuclear

1.1 ICE welcomes the government’s decision to support the next generation of Nuclear Power Stations.
To tackle the twin goals of reducing the carbon impact of energy generation and long term security of supply
ICE believes that the large scale deployment of all commercially viable technologies is a priority for the UK.
Nuclear power will be an important part of this process.
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2. Capacity Issues

2.1 Cogent Sector Skills Council and the National Skills Academy for nuclear has identified that over the
next 10 years the nuclear sector will need to recruit between 5,900-9,000 graduates and 2,700 to 4,500 skilled
trades.?’

2.2 ICE has been advised that circa 30% of British Energy’s staff is due for retirement over the next 10
years, creating a significant loss of knowledge and expertise.

2.3 The nuclear sector’s demand for skills comes at a time when demand for engineers with the skills
required to deliver major infrastructure projects is high. The Office of Government Commerce predicts
annual growth in the UK infrastructure sector of 4.2% between 2005 and 2015,?% whilst international
demand, particularly from emerging economies also remains strong.

2.4 In the short term, much of the capacity gap in the sector is likely to be filled by importing skills from
nations such as France which have extensive nuclear programme. Longer term, the UK has an opportunity
to grow its own cohort of skilled workers.

2.5 To realise this opportunity the UK will need to:
— Reverse the long term decline in Maths and Physics study in schools and colleges.

— Reverse the stop/start pattern of development, which has afflicted the nuclear sector (and much of
UK infrastructure) in recent decades, creating. disincentives for entry to the sector and for
investment in the development of high level, specialist skills and innovation.

3. ICE recommendations

3.1 A Strategic Infrastructure Planning Body (SIPB) should be created to work with government and
industry to co-ordinate major infrastructure investment and create a stable environment conducive to
specialist skills development.

3.2 Government should create the post of Chief Infrastructure Advisor. This individual would advise
government on all aspects of strategic infrastructure development, and work with individual government
departments and help them in the formulation of the National Infrastructure Policy Statements that will be
required following the passage of the Planning Bill through parliament.

3.3 Within an SIPB, it will be important to set out a clear, multi decade, framework for the development
of nuclear power.

3.4 The need for the next generation of nuclear power has been established at the national level and
government must ensure that the planning system is able to deliver consents in a timely and predictable
fashion. We therefore support the proposals in the Planning Bill for an independent Infrastructure Planning
Commission to handle applications for nationally significant projects.

3.5 Industry and government should co-operate to develop more bursary schemes, such as those currently
offered by the National Skills Academy for Nuclear, the Nuclear Decommissioning Authority, Serco and
SBB Nuclear, to encourage a steady flow of graduates into the sector.

3.6 Industry should explore the wider use of mentoring schemes, allowing older workers to contribute
past retirement age and pass on expertise to the next generation.
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Submission from EDF Energy

1. Executive summary

1.1 EDF Energy is one of the UK’s largest energy companies. We provide power to a quarter of the UK’s
population via our electricity distribution networks. We supply gas and electricity to over five million
customers and generate about SGW of energy from our coal and gas power stations, combined heat and
power plants and wind farms.

1.2 EDF Energy is part of EDF Group, which is one of the largest energy companies in the world, and
also the largest nuclear power generator in the world with a fleet of 58 plants with an installed capacity of
63 Gigawatts.

27 National Skills Academy Nuclear (2008), http://www.nuclear.nsacademy.co.uk/31jan08%20launch%20press%?20release.pdf,
accessed 14 March 2008
28 Office of Government Commerce (2006), 2005-2015 Construction Demand/Capacity Study, OGC, London
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1.3 EDF Energy has long argued for a diverse generation mix in the UK to address the challenges of
climate change, energy security and affordability of prices. A diverse mix should include renewables, gas,
clean coal and nuclear power, as well as greater efforts on energy efficiency. We are interested in investing in
at least four new nuclear plants in the UK using EPR technology.

1.4 To achieve this we anticipate making use of a combination of the skills base which already exists and
is expanding in the UK, as well as our own expertise as the world’s largest nuclear operator.

1.5 We believe there is strong evidence that the UK skills capacity is already growing following the
Government’s decision to allow investment in a new generation of nuclear plants and that investment in
training and educational facilities will continue to increase as new build progresses.

1.6 We further believe that there is no choice to be made between UK skills and international skills and
that a successful new build programme will require a combination of both.

1.7 Our UK nuclear project is already benefiting from this mix. We have a team comprising of engineers
with direct experience of operating the fleet in France from EDF Group working alongside experts in the
UK nuclear and electricity industries.

1.8 The design we have submitted, jointly with Areva, for generic design assessment in the UK is based
on the plant we are building on time and to budget in Normandy. Construction in the UK could benefit from
this experience.

1.9 Usinginternational designs, such as the EPR, rather than developing bespoke designs for the UK will
mean skills and experience are more easily transferable, rather than just having to be developed here. The
generic design assessment process now underway is key to ensuring that new build in the UK can be focussed
on a small number of internationally recognised designs.

1.10 In responding to this call for evidence we have addressed the first two questions highlighted by the
Committee, as these are the ones on which we feel we have the most direct experience.

2. The UK’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

2.1 Most of the necessary skills and resources needed for nuclear build are general civil engineering skills
and not nuclear specific. These skills already exist in the UK.

2.2 A study by the Nuclear Industry Association found the requirement for civil engineering resources
to build a new nuclear power station would represent only a small proportion, around 2-3%, of the national
capability. Similarly, mechanical and electrical resource requirements are only 4-5% of the national capacity.

2.3 Competition for resources from other major projects should not be a problem (for example, any new
nuclear build would occur predominantly after construction for the 2012 Olympics).

2.4 Nuclear expertise has been retained in substantial numbers in the UK in support of the ongoing
operations of the reactors and in support of clean up and decommissioning activities. Such capability can
be expanded and developed to meet the expected demands of a new build programme in the UK.

2.5 Investors, contractors, universities and others will invest in these resources when they are confident
new build will go ahead and the additional resources could be put in place in time.

2.6 There is evidence this is already happening: Nuclear studies are increasing at various universities,
including Imperial College London, University of Manchester and University of Central Lancaster.

2.7 Imperial College and the University of Manchester recently jointly launched a Nuclear Engineering
Doctorate Centre which will award an Engineering Doctorate (EngDoc) qualification in nuclear
engineering.

2.8 The Nuclear EngDoc will be a four-year postgraduate qualification aimed at the UK’s best young
research engineers. Its aim is to equip them with the skills needed to take on senior roles within the nuclear
industry. It will train 50 research engineers in areas such as waste management, reactor technology and
safety systems.

2.9 Separately, the University of Manchester and EDF have signed a framework research and
development (R&D) agreement, which will pave the way for important new studies into energy networks
and generation. Under the initial four-year agreement, the University could receive as much as £2 million
funding from EDF for a variety of scientific and technological research projects, including research studies
in nuclear energy.
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3. The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

3.1 We believe that it is not a question of one or the other and it is a mistake to think of these two routes
as being in opposition.

3.2 In section 1 we set out how the existing UK skills capacity can be further developed for new build.
But the nuclear industry is a global one, with significant co-operation between different companies, countries
and regulatory bodies. This approach has specifically developed over the previous decades to ensure the
highest levels of safety are achieved. It would be unusual if new nuclear in the UK did not therefore reflect
international experience and make use of skills developed elsewhere in augmenting the domestic skills base.

3.3 For EDF, we would anticipate that our own experience would be an important element of any project
in which we are involved.

3.4 EDF’s track record is unrivalled and with 58 units in France our fleet is almost four times the size of
the world’s next largest nuclear operator. EDF is well placed to optimise the benefits of nuclear through our
experience, our technology and our financial strength.

3.5 EDF is looking for new graduates to ensure its development and to update its expertise in nuclear
engineering and operation. Over the next 10 years, EDF plans to recruit 5,000 engineers and managers
Europe wide, including the United Kingdom, and more or less the same number of university graduates.
They will join 25,000 EDF employees who are already pursuing careers in this sector.

3.6 Major infrastructure projects worth billions of pounds, like nuclear new build, need a very large
deployment of skills to deliver them. There are many such projects around the world and it is now normal
practice to deploy multinational workforces of skilled labour.

3.7 The international return to popularity of nuclear energy effectively offers EDF Group new
opportunities for showcasing its expertise, particularly in the operation of nuclear power stations. By 2010,
700 people will be working on projects all over the world.

3.8 Apprenticeships are available in all Group divisions, particularly generation, as well as for all levels
of education, from vocational training certificates to postgraduate level. By 2008, 3,000 students will have
an apprenticeship contract with the company, representing around 3% of the workforce.

3.9 Inthe UK, we have submitted the EPR design, jointly with Areva, for generic design assessment. This
is the same model EDF is building at Flamanville in France, in a project which is on time and on budget.

3.10 Flamanville 3 is due to be completed in 2012, which is when we would expect to begin construction
of a first pant in the UK. We will already have experience of building precisely this design and the experience
developed at Flamanville can be transferred to the UK.

3.11 Using international designs, such as the EPR, rather than developing bespoke designs for the UK
will mean skills and experience are more easily transferable, rather than just having to be developed here.
The generic design assessment process now underway is key to ensuring that new build in the UK can be
focussed on a small number of internationally recognised designs.

3.12 Any new build by EDF in this country is expected to be in partnership with UK companies. This is
the same approach EDF is taking in the US and in China, where we have entered partnerships with leading
energy companies in both countries.

3.13 UK companies are already playing a key role working with EDF and AREVA in the Generic Design
Assessment of the EPR.

3.14 Forinstance, AMEC plc provides technical support to EDF and AREVA relative to the UK context
as the EPR will be assessed against UK standards and rules.
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Submission from the University of Central Lancashire

A. EXECUTIVE SUMMARY

The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

1. The University assumes a traditional definition of engineering, rather then the broader definition that
incorporates all science and technology.

2. When considering the UK’s engineering capacity, it is important to consider first the engineering sector
as a whole, then the nuclear sector and the major sub divisions of the nuclear sector.

3. UCLan believes that the critical challenges for the industry are:
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(a) attractiveness with regard to recruiting talent;
(b) ensuring career paths exist for engineers; and
(c) ensuring that training systems and processes are fit for purpose.

4. Aswell as competition for talent from outside the industry, there are distinct sectors within the industry
which may also compete eg decommissioning vs new build.

5. The role of the Nuclear Decommissioning Authority needs to be re-examined when new
commissioning begins to determine if it is best for the Authority to continue to focus solely on
decommissioning and waste management.

The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

6. UCLan believes the focus should be on the need to train engineers more generally, rather than “nuclear
engineers” exclusively, to ensure our engineers can apply their skills through all the “higher reliability
industries” eg nuclear, oil and gas.

7. Bringing in expertise from outside the UK represents a short-term fix. The UK needs to “grow its own”
engineers if we are to develop a robust skills base that will meet the challenges posed by a globalised market.

8. Training our engineers in behavioural skills, such as leadership development, is as important as the
training of technical competences in industries such as nuclear, which are heavily regulated and have a clear
health and safety focus.

The role that engineers will play in shaping the UK's nuclear future and whether nuclear power proves to be
economical viable

9. The role of engineers represents only one part of shaping the UK’s nuclear future. Chemists, physicists,
environmental scientists and other professionals are just some of the other roles required.

The overlap between nuclear engineers in the nuclear power sector and the military

10. There is considerable overlap between nuclear engineers in the power sector and the military;
someone with the common core skills in one sector should be able to make an easy transition to the other.

B. INTRODUCTION TO UNIVERSITY OF CENTRAL LANCASHIRE

11. The University of Central Lancashire (UCLan) is based in Preston, Lancashire. We are one of the
UK’s largest universities with more than 30,000 students, and enjoy long-standing associations and
relationships with the nuclear industry.

12. In 2004, Westlakes Research Institute (WRI) invited UCLan to take over the running of its operations
and to incorporate the Institute into the University, turning the WRI into a full university campus. The
campus is based at the Westlakes Science & Technology Park, home to several businesses and organisations
providing support services to the nuclear industry and the Nuclear Decommissioning Authority (NDA).

13. In 2006, UCLan launched the country’s first Foundation Degree in Nuclear Decommissioning in
direct response to the Government’s White Paper on decommissioning in 2002 “Managing the Nuclear
Legacy”, which pledged to spend £50 billion on the clean-up of the UK’s nuclear facilities. Students
currently study at the WRI and Lakes College West Cumbria at Lillyhall.

14. In June 2007, UCLan opened The John Tyndall Nuclear Research Institute, which is based within
the Department of Physics, Astronomy and Mathematics at the University. The Centre is a first of its kind
in the UK, acting as a body for the provision of research, alongside offering undergraduate/postgraduate
education in nuclear sciences and engineering disciplines.

15. Furthermore, in January 2008, the National Skills Academy Nuclear (Cogent)—the skills and
training body for the nuclear industry—chose the universities of Central Lancashire and Portsmouth to lead
on the development and delivery of foundation degrees for school leavers, new entrants and individuals
retraining and up-skilling.

16. Ontop of this, the University recently launched its vision for the next decade, including a commitment
to innovation in its teaching, research, knowledge transfer and service delivery. Central to this, is the creation
of the new post of Pro Vice-Chancellor (Nuclear Industries), taken up by Dr Graham Baldwin in March
2008. Graham has recently completed a secondment to the NDA and Sellafield Ltd, where he advised both
the Authority and national stakeholders on the implications of the emerging skills agenda for the nuclear
industry, and will oversee the University’s plans for a foundation degree in nuclear-related technologies and
a suite of related postgraduate programmes.
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C. FURTHER DETAIL

The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

17. When considering the UK’s engineering capacity, it is useful to consider first the engineering sector
as a whole, then the nuclear sector and the major sub divisions of the nuclear sector (most notably the areas
of new build and decommissioning).

18. We see that the critical challenges for the industry are:

Attractiveness of the industry with regard to recruiting talent: Engineers are in demand across the
UK for major projects. Industry surveys have suggested that students are unaware of the
opportunities in nuclear, and are more aware of competing sectors (eg London Olympics).
Promoting nuclear engineering as a career needs to be a priority.

Ensuring career paths exist for engineers: Studies show that potential entrants into engineering are
put off by the apparent lack of career structure in the sector. The nuclear sector needs to ensure
that career paths are mapped out and publicised to show potential entrants there is a future for
them in the longer term. Likewise, the sector needs to consider how to recognise senior technical
staff, without necessarily transferring them to managerial positions where their expertise can be
lost.

Ensuring that training systems and processes are fit for purpose: Within certain specific posts there
are staff shortages. One such area is that of trained inspectors who can ensure that work
undertaken complies with regulations—a shortage of these trained personnel can lead to delays in
programmes. The problem here is not lack of people, but the fact that existing training systems are
too prescriptive and inflexible to allow the development of talented people who perhaps have not
come through traditional routes, and in a timely fashion.

19. As well as competition for talent from outside the industry, there are distinct sectors within the
industry which may also compete. For example, it is likely that decommissioning and new build will compete
for talented personnel. There is a common perception in the industry that new build is more attractive than
decommissioning, largely in part because the term “nuclear decommissioning” suggests finality, casting
doubts over a person’s long term future in the industry.

20. The role of the Nuclear Decommissioning Authority needs to be re-examined when new
commissioning begins. The Government needs to determine if it is best for the Authority to continue to focus
solely on decommissioning and waste management, or whether redefining its scope and title would be more
beneficial to the industry as a whole. This would serve to avoid an apparent overlap in areas such as skills,
where entrants could be confused by conflicting messages from competing sectors, when in fact many of the
skills are common to both.

21. The other element of engineering capacity to consider is manufacturing capacity. Government will
obviously have a role to play in determining the degree of manufacturing of plant and equipment that occurs
in the UK, and UCLan would be delighted to support the development of skills and technology to enable
this.

The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

22. We should be careful about focusing on the need to train “nuclear engineers” exclusively, rather than
engineers more generally. There is a danger of limiting engineers’ skills if we train them in just one discipline:
for example, producing nuclear engineers who can only apply their expertise in the nuclear environment.
Focusing solely on the training of nuclear engineers risks a surplus supply, due to the unpredictability of
future workforce requirements.

23. We have to ensure that we are creating highly trained engineers that can apply their expertise to all
the “higher reliability industries”—those industries such as nuclear, oil or gas that need to have a consistent
record of reliability against a backdrop of significant safety and environmental issues. UCLan focuses on
delivering skills for the nuclear industry, rather than “nuclear skills”. We design our courses so that
engineering and technology students can translate their skills to all “higher reliability industries”. Degrees
need to be designed in such a way to include specialised modules to cover all aspects of engineering.

24. Bringing in expertise from outside the UK represents a short-term fix. The UK needs to “grow its
own” engineers if we are to develop a robust skills base that will meet the challenges posed by a globalised
market. One way to achieve this is the development of science and technology-related courses to make them
more attractive to prospective students. For example, UCLan offers a Motor Sports Engineering course.
While the primary focus is concerned with the design, development and manufacture of race cars, the course
produces fully-qualified engineers who could apply their skills to other industries. Innovative marketing
such as this can be a useful method of encouraging engineers into the sector and teaching core skills, by
making it more appealing and easier for entrants to see the potential career paths they might follow.
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25. When we consider the training of engineers, it is vital that it is not just technical competences that
are considered. Behavioural skills, such as leadership development, are vital in every industry, but they are
particularly important in the higher reliability industries which are heavily regulated and have a clear health
and safety focus. Strong team leaders are essential in these environments, and a balance needs to be struck
in the development of training.

The role that engineers will play in shaping the UK's nuclear future and whether nuclear power proves to be
economical viable

26. The role of engineers represents only one part of shaping the UK’s nuclear future. Chemists,
physicists, environmental scientists and other professionals are just some of the other interrelated roles
required in the successful delivery of new build, reprocessing and waste management. The Government
needs to take a broad, holistic view of the requirements that are needed, and recognise the importance of all
industries in delivering nuclear power.

The overlap between nuclear engineers in the power sector and the military

27. There is considerable overlap between nuclear engineers in the power sector and the military.
Common knowledge and skills areas include the use, storage and reactivity of nuclear materials; the
handling and processing of nuclear wastes; contamination and criticality issues; health physics; and quality
assurance. The non-overlapping areas include manufacturing techniques; specific weapons or reactor
design; security; and operating facilities’ layout and rules.

28. We believe that in practice, someone with the common core skills in one sector should be able to make
the transition easily to the other, giving flexibility when required within the industry. Consideration needs
to be given to the design and definition of a system to facilitate this.
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Submission from the Royal Academy of Engineering (RAE)

0.0 The following response was prepared in consultation with Fellows of The Royal Academy of
Engineering with expertise in the area of Nuclear Engineering. The response argues that there is good
evidence that nuclear power is economically viable and thus there is a pressing need to build up the UK skills
base in nuclear engineering in order to support the running of a new generation of nuclear power plants.

0.1 Underpinning all of the comments below is the observation that the current crisis of skills in the area
of nuclear engineering, and the uncertainty regarding the UK’s capacity to forge ahead with a new
generation of nuclear new-build, could have been avoided if a nuclear strategy had been put in place 10 years
ago. The need is now pressing for a strategic Government policy on nuclear engineering.

(1) The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

1.1 The UK could by no means be self-sufficient in the building of a new generation of nuclear power
stations in the timescales required. The bulk of detailed design for the systems being considered for the UK
has already taken place in France and North America. Many major components will be sourced from the
existing global supply chain. The issues for the UK are the tensions between global demand and supply; the
UK’s position in the queue; and the extent to which UK industry is mobilized to participate in this
marketplace.

1.2 There have been extensive studies carried out on the UK’s ability to build new designs of station. The
Nuclear Industry Association (NTA) led such a study in 2005.2° The NIA took an optimistic view of the
fraction of the capability that could be sourced from the UK, suggesting that UK industry could satisfy
about a half of this requirement without further investment but that this could increase if confidence existed
in a continuing need. Two principal reasons underlie this optimism. One is that the initial stages of new build
will take several years, providing the UK industry with time to respond. The second lies in the fraction of
the resource that is truly nuclear specific. Much of the hardware and engineering associated with a nuclear
power plant is not nuclear engineering per se. The so called “nuclear island” only represents a certain
percentage of the overall plant. The balance of plant, including the turbine island, will comprise heavy
engineering assets in use across the power sector internationally.

2 http://www.niauk.org/images/stories/pdfs/MAIN_REPORT_12_march.pdf)
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1.3 Nevertheless this “balance-of-plant™ still requires specialised engineering. Nuclear plants have to be
designed not only to deliver high levels of reliability, but also to meet stringent external hazard safety
requirements such a seismic loading that other normal structures do not have to meet. Hence, it is still far
from “run of the mill” engineering. But this means that it could, with sufficient investor confidence, present
significant opportunities for reinvestment in the UK’s manufacturing base as part of the supply chain
supporting the international reactor vendors. Confidence that the UK will actually embark on a major
nuclear programme could provide the opportunity to reinvigorate the UK’s engineering industry, eg by
entering into partnerships with Japanese, Korean, French or US companies to build high quality steel
making, precision forgings and nuclear pressure component factories to supply the UK and other
international markets. The pressure on fossil fuels is likely to see a significant world demand for nuclear
reactors over the next 30 years. With some imagination the UK could become a major supplier to this
market.

1.4 Planned decommissioning represents a quite different situation and requires a different skill set from
new build. The UK already has significant experience in decomissioning redundant nuclear facilities,
particularly those used in the early atomic energy development by the UK Atomic Energy Authority
(UKAEA) and British Nuclear Fuels (BNFL). In addition decomissioning of the early Magnox graphite
reactors has been successfully undertaken by British Nuclear Group (previously BNFL) and there is
considerable capability and knowledge in this area.

1.5 There is nothing technically difficult in the decommissioning of the UK’s graphite reactors. It does
not require nuclear engineering because once the reactors have been defuelled there is no fissile material and
hence no nuclear or criticality threats. The expertise required to decommission involves instead knowledge
of radiation protection and industrial dismantling and demolition. The time period over which
decommissioning of existing operating and past power stations will be carried out depends on a number of
factors, including the disposal of waste, for which the UK has still to determine a site and repository
timescale. There is no fixed or mandated timescale. Accelerating the process increases the radiation hazard
and, as a result, increases the costs of the activities. Extending the timescale allows natural radioactive decay
to reduce the hazard and allows time for detailed careful planning of the activities. Hence, there is no urgency
requiring the diversion of nuclear engineering expertise to the task of decommissioning.

1.6 Arguably of more concern than the capacity for decommissioning is the adequacy of the staffing of
the Nuclear Installations Inspectorate (NII) to provide the generic safety assessment of each of the
competing designs required by Government. While conducting this urgent task, the NII will also be
continuing its regulation of operating nuclear power stations and of decommissioning and waste storage
activities throughout the industry. The NII cannot recruit enough inspectors to carry out their statuary
duties never mind license new reactor designs. More attention is needed by Government to ensure an
adequately resourced nuclear regulator to inspire public confidence.

(2) The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

2.1 Tt would be wholly unrealistic to consider the possibility of sustaining a new nuclear power
programme in the UK without UK expertise and engineers. Whilst the design of a new build will be procured
from overseas vendors, its deployment will be local, requiring UK engineers to complete detailed design and
site specific works, regulate, build, commission, operate, maintain and support a fleet of new nuclear power
plants over their projected 60 year lifetimes.

2.2 The Royal Academy of Engineering and companies within the sector remain concerned about the
projected availability of UK engineers generally—particularly in heavy electrical, mechanical, control and
instrumentation and power engineering. Therefore, the training of new nuclear engineers is a part of the
wider issue of the need to train more engineers in these sectors. Highly skilled engineers, technicians and
practitioners who understand what is required to make nuclear reactors work safely and reliably will be
required in significant numbers. Not enough is currently being done to address this issue.

2.3 Nuclear engineers generally have a background in mechanical, chemical or structural engineering and
undertake work experience and further development on nuclear engineering specifically. In the past, the
sector relied upon scientists and engineers within main-stream engineering courses having some nuclear
training as modules within their standard degree courses.’® The sector also relied heavily upon the then
Central Electricity Generating Board and UKAEA providing nuclear-specific training to graduates joining
from universities across the UK. At their peak these two organisations employed between them over 8,000
engineers and scientists in multiple labs across the UK and provided significant post graduate training. They
also sustained a vibrant academic research base in several of the UK’s top universities. However, this
declined to almost zero by the end of the 1990s. Only BNFL’s technical support organisation Nexia remains;
and the bulk of their expertise is in the waste management and disposal area rather than reactor systems.
The supply chain serving British Energy including BE’s own engineers maintains expertise for the current
operations but is already finding it difficult to recruit trained personnel given the overall industry decline
over the past two decades.

3 Recruitment into nuclear science and engineering degree programme in the US is significantly stronger than in the UK with
programmes operating alongside mechanical and/or chemical engineering disciplines or as part of a specialised option within
the programme. Such choices are no longer offered in the UK.



Innovation, Universities, Science and Skills Committee: Evidence Ev 455

2.4 The result of this decline and the reductions in the Royal Navy nuclear training programmes is a
serious lack of nuclear engineering development opportunities across the sector. Competences such as
criticality assessors, reactor physics, reactor transient analysis, reactor fault studies, thermal hydraulics, heat
transfer, fracture mechanics, irradiation embrittlement of steel, nuclear chemistry, health physics, human
factors, risk analysis, control and instrumentation, computer protection and many more are core to both
new build and decommissioning and in short supply across the UK.

2.5 BNFL, EPSRC and key university self investment especially at Manchester have begun to reverse the
situation but The Royal Academy of Engineering is of the opinion more needs to be done. There is a need
for a more coordinated approach to the provision of nuclear reactor design and operating education and
training. It is not sufficient to fund MSc courses; new staff at post doctoral level, and a research culture at
PhD level, are also required to sustain internationally competitive research groups and a new knowledge
base from which research results can “trickle-down” to MSc and undergraduate teaching.

2.6 In the longer term engineers should be making significant inputs to developing the overall strategy
for the electrical and related energy sectors. The next generation of nuclear plant for electrical power
generation is available. However, there will be a need to address the future both for fission and, in the longer
term, fusion. The engineering knowledge base should be retained and developed to allow the UK to have
as a minimum an informed customer base and, beyond this, skills to operate, regulate and, indeed,
participate in future international collaborations of research and development.

(3) The role that engineers will play in shaping the UK's nuclear future and whether nuclear power proves to
be economically viable

3.1 Whilst the size of the nuclear component of the UK’s electricity generating mix is open for debate,
the Government has already indicated nuclear energy has a key role in sustaining security of supply of low
carbon electricity at affordable cost. And evidence suggests that nuclear power is economically viable—
nuclear power is comparable in cost with fossil fuel generation and generates electricity at roughly half of
the cost of wind turbines.’!

3.2 There is mounting evidence that declining global oil and gas production, coupled with increasing
global demands and the inevitable impact this will have on cost, will mean that the success of the UK
economy and our standard of living will become increasingly dependent on secure electricity generation. The
requirement for the UK to have secure electricity supplies, at affordable cost, will inevitably mean that the
UK will become increasingly reliant on nuclear generated electricity.

3.3 Increased global use of nuclear power means that the pressures to increase uranium utilization will
lead to the use of the “Generation IV” nuclear reactors. This will require nuclear fuel recycling. The UK will
need to maintain its capability in this area and should be participating fully in international R&D efforts in
this area. This will enable UK engineers to inform policy options and to develop a skills base in this area.

3.4 The financial viability of nuclear power, or any other part of the power sector, depends to a great
extent on the availability of skilled engineers and technicians to ensure plants are regulated, built and
commissioned to time and cost, and run safely, reliably and efficiently. Hence, ensuring that there is an
indigenous supply of trained nuclear engineers will help to ensure that nuclear power in the UK is
economically viable and matches modern global norms.

(4) The overlap between nuclear engineers in the power sector and the military

4.1 In the early days of the UKAEA there was an element of flow of talented personnel between the civil
and military sectors, especially Aldermaston, Harwell and Winrith being geographically close. However, the
civil and military programmes have diverged since the 1960s and for a long time they have effectively been
different industries.

4.2 Historically, there was some interchange between the Central Electricity Generating Board/British
Energy/Magnox employment and the MoD’s nuclear propulsion programme. Similarly, Royal Navy
engineers and technicians experienced in nuclear submarine plant acquisition, construction, operation and
maintenance have been attracted into the civil nuclear power programme particularly in time of expansion
of the latter.

4.3 The potential for two way flow is greater within the nuclear propulsion/nuclear power fields.
Historically, there was some interchange between the Central Electricity Generating Board/British Energy/
Magnox employment and the MoD’s nuclear propulsion programme. Similarly Royal Navy engineers and
technicians experienced in nuclear submarine plant acquisition, construction, operation and maintenance
have been attracted into the civil nuclear power programme particularly in time of expansion of the latter.
In this regard, it should be remembered that the nuclear submarine programme continues to represent the
largest body of UK experience with with Pressurised Water reactors (PWRs) the type of reactor most likely
to be built in the UK.

31 See pages 8 and 9 of The Royal Academy of Engineering report, “The Costs of Generating Electricity™: http:/
www.raeng.org.uk/news/publications/list/reports/Cost_of_Generating_Electricity.pdf
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4.4 Today there is untapped synergy between the civil and military missions. As the UK seeks to embark
on a post-Trident era, and to maintain its capability in the years running up to this, there is much it could
learn from practice in the civil sector in efficient 21st century project management, systems engineering and
manufacturing in a contained environment. There are also significant synergies in the area of radioactive
waste management and residue processing and recovery.

4.5 The basic engineering requirements in both of these industries are the same and there would be
obvious benefits in having a national education and skills programme that supported both industries. There
is a need to ensure that the necessary engineering skills for both sectors are available. The further
development of university undergraduate and post graduate courses in both core and specialist engineering
and science should be encouraged, as it will provide a pool of graduates who are able to choose which part
of the industry they wish to develop their careers.

March 2008
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Submission from Research Councils UK (RCUK)

EXECUTIVE SUMMARY

The Research Councils work together in energy through the Energy Programme, which brings together all
facets of energy research and training across the Councils in a comprehensive, multi-disciplinary programme
which includes nuclear power and fusion.

Through the Energy Programme the Councils have actively encouraged and invested in research and
trained people in nuclear engineering and related disciplines in order to help keep the nuclear power option
open. This followed the Government policy set out in the 2003 Government Energy White Paper. Funding
for fission related research and training has increased and begun to reverse the downward trend in university
based fission related research and training over the past 1015 years. The Councils also provide support for
the UK Fusion Programme.

Research Council funded activities underway in nuclear engineering include consortia in “Keeping the
Nuclear Option Open” and “Sustainability Aspects of Nuclear Power”. Two training centres have been
supported—an Engineering Doctorate Centre and a Masters level and continuing professional development
training centre. Other research capacity building projects have also been supported.

EPSRC, the Ministry of Defence, the Atomic Weapons Establishment, British Nuclear Fuels plc (now
Nexia Solutions) and British Energy plc work together under a formal agreement in areas of common
interest in research and training to sustain critical nuclear related capabilities. Future developments are
discussed and areas highlighted for Research Council activity, addressing stakeholder need. The Health and
Safety Executive and the Nuclear Decommissioning Authority are expected to formally sign soon. As a
result of this activity proposals are currently being considered for a consortium in nuclear waste
management and decommissioning, and the Engineering Doctorate training Centre has been established.

In addition to their actively encouraged activities the Councils support some projects through their
responsive mode schemes. In particular the Councils fund a wide range of fundamental research and training
which may eventually have longer term applications in nuclear engineering.

Current grants of relevance to nuclear engineering (including fusion) led by EPSRC total £72 million.

INTRODUCTION

1. Research Councils UK is a strategic partnership set up to champion the research supported by the
seven UK Research Councils. RCUK was established in 2002 to enable the Councils to work together more
effectively to enhance the overall impact and effectiveness of their research, training and innovation
activities, contributing to the delivery of the Government’s objectives for science and innovation. Further
details are available at www.rcuk.ac.uk.

2. This evidence is submitted by RCUK on behalf of all Research Councils and represents their
independent views. It does not include or necessarily reflect the views of the Science and Innovation Group
in the Department for Innovation, Universities and Skills. The submission is made on behalf of the following
Councils:

Biotechnology and Biological Sciences Research Council (BBSRC)
Engineering and Physical Sciences Research Council (EPSRC)—Annex A
Economic and Social Research Council (ESRC)

Natural Environment Research Council (NERC)

Science and Technology Facilities Council (STFC)
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3. All Research Councils have contributed to the main text of this response; some Councils have provided
additional specific information about their research in separate Annexes, as detailed above.

4. In this response nuclear engineering is taken to cover the branch of engineering concerned with the
design and construction and operation of nuclear reactors. Fusion is included in this response.

RCUK OVERVIEW

5. The Research Councils recognise the importance of conducting technology-based research in the
context of a thorough understanding of markets, consumer demand, environmental impacts and public
acceptability. Within this context, cross-Council initiatives, in collaboration with stakeholders, play a crucial
role. NERC, EPSRC and ESRC received additional funding in the 2002 Spending Review to launch the
“Towards a Sustainable Energy Economy” Programme. This Programme was designed to adopt a
multidisciplinary, whole systems approach to energy research, including nuclear power.

6. In April 2005 the Research Councils established a new Energy Programme, led by EPSRC, in
partnership with BBSRC, ESRC, NERC and STFC. The Energy Programme brings together all facets of
energy research and training across the Research Councils in a comprehensive, multi-disciplinary
programme which includes nuclear power and fusion. The total investment in energy research has increased
to approximately £90 million per annum by 2007-08. Much of the increased expenditure was in the
engineering and technology research areas supported by EPSRC, but also encompassed the range of energy
research issues including social, economic, environmental and biological contributions that were developed
in conjunction with other Research Councils.

7. The Energy Programme will be investing a further £334 million over the CSR period (2008-11) in:

—  Work to realise the potential of Energy Technologies Institute (ETI) for a step-change in energy
research, development & demonstration in the UK and internationally.

— Ensuring the Research Councils’ Energy Programme plays a key part of the UK energy innovation
landscape. The aims are to support a full spectrum of energy research meeting the government’s
long term policy goals, to work in partnership to meet the research and postgraduate training needs
of business, to develop research capacity, and to increase the level and impact of international
collaboration.

— Increase support for research in demand-reduction and transport, whilst maintaining research in
power generation.

— Support for the fusion programme at Culham, using the internationally leading facility, Joint
European Torus (JET).

8. As detailed above the Energy Programme is intended to support a full spectrum of energy research,
and so activities in nuclear power have been actively encouraged: further details on these activities are given
below. The Councils work closely with the Technology Strategy Board, ETI and other stakeholders. In
addition to support through the Energy Programme the Councils support some projects through their
responsive mode schemes. In particular the Councils fund a wide range of fundamental research and training
which may eventually have longer term applications in nuclear engineering.

The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

9. Through the Towards a Sustainable Energy Programme and the more recent Energy Programme the
Councils have actively encouraged and invested in research and trained people that will help keep the nuclear
option open. This followed the Government policy set out in the 2003 Government Energy White Paper.
New commitments in fission related research and training have begun to reverse the downward trend in
university based fission related research and training over the past 10-15 years. The Councils also support
fusion research, based at Culham. Further details of these activities are given below.

10. Current grants of relevance to nuclear engineering (including fusion) led by EPSRC total £72 million.
This has risen substantially recently due to the Councils taking on responsibility for the UK Fusion
Programme and the new activities detailed below designed to maintain nuclear energy as an option.

11. EPSRC has taken the lead in enabling the establishment of the £6 million “Keeping the Nuclear
Option Open” (KNOO) initiative, scoped in collaboration with Government and industry stakeholders. The
KNOO consortium, led by Imperial College and involving six other universities, commenced work in
October 2005 and is due to run for four years. KNOO is addressing issues such as fuel cycles and fuel
management, future reactor systems including Gen IV technologies, waste management, storage and
decommissioning and extending existing plant lifetime through materials science and technology. BNFL
made an additional input of £0.5 million. Other key stakeholders include AWE, BNFL, British Energy,
Defra, the Environment Agency, the Health and Safety Executive, DTI, Mitsui Babcock, MoD, Nirex,
NNC, Rolls-Royce PLC, and UKAEA.
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12. A Letter of Arrangement (LoA) has been agreed between EPSRC, the Ministry of Defence, the
Atomic Weapons Establishment, British Nuclear Fuels plc (now Nexia Solutions) and British Energy PLC.
Partners in this group work together in areas of common interest and collaborative working in research and
training to sustain critical nuclear related capabilities. The partners meet regularly through the LoA
Advisory Board which also includes members from the Health and Safety Executive and the Nuclear
Decommissioning Authority who are expected to formally sign soon. At the meetings future developments
are discussed and areas highlighted for Research Council activity, addressing stakeholder need. The first
activity under this LoA was to establish a Nuclear Engineering Doctorate Centre (see paragraph 17).

13. The second activity under the LoA has been a call for multidisciplinary, multi-institutional consortia
to carry out underpinning science and engineering to tackle existing and future nuclear waste management
challenges. Sustainable nuclear waste management solutions are one of the corner stones of the industry,
and are one of the key areas that the UK is focusing its research efforts. Whilst much effort has been made
to encourage the strength of the UK research base it was felt that more could be done to foster new ideas
and links across the various disciplines relevant to nuclear waste management and also to increase research
capacity in nuclear waste management in the UK. Hence consortia bids were invited to target some key
issues now facing the industry and solutions that could be appropriate for the future. Stakeholder
involvement in these bids is mandatory. Proposals are currently under review and £4 million is available to
fund the successful proposal(s).

14. On waste management, NERC’s British Geological Survey (BGS) maintains expertise relevant
to providing advice on the location of burial sites according to geological conditions. Also
relevant to environmental considerations, NERC funds, jointly with the European Commission, the
UKAS*-accredited radioecology labs at the Centre for Ecology and Hydrology (CEH) Lancaster. The
Science Budget expenditure of approximately £200k (in 2007-08) supports the laboratory and underpinning
science on the transfer of radionuclides to man and wildlife. As plans are considered for a new generation
of nuclear reactors, NERC’s capability in climate change prediction, in particular its impact on sea levels,
could help to inform decisions regarding the sites of new plants.

15. There is synergy between nuclear engineering and fusion research in specific areas. EPSRC provides
support for the UK Fusion Programme, the Joint European Torus (JET) facility and the UK contribution
to diagnostic systems for the international fusion programme centred around ITER based in Caderache,
France. Fusion is the energy-releasing process that powers the sun and other stars. If it can be harnessed
economically on earth it would be an essentially limitless source of safe, environmentally responsible energy.
The most promising method uses strong magnetic fields in a “tokamak” configuration to allow a high
temperature deuterium-tritium plasma to be generated while minimising contact with the surrounding
material surfaces. In the UK Fusion Programme a strong theory and modelling group supports the
experimental programmes and contributes to the research and development of fusion materials (which have
similar issues to materials in the nuclear industry) and to studies of conceptual fusion power stations (which
have relevance to nuclear power plants). Remote handling technology and decommissioning are also
relevant to both nuclear engineering and fusion. The skills and expertise of the scientists and engineers
working on fusion may also have relevance to nuclear engineering. Support in this activity has recently been
reviewed and for the next phase the Programme will receive £47 million over two years from 1 April 2008.

16. In the longer-term STFC is seeking to investigate the possibility of building HiPER, a high-power
laser designed to demonstrate practical energy generation from nuclear fusion via the advent of a
revolutionary laser driven technique known as fast ignition. The UK is leading on this long-term European
science project and STFC is pursuing the opportunity for the facility to be built in the UK.

17. In addition to this targeted support, focused on the nuclear energy option and including research
capacity building the Councils support a very wide range of fundamental research which could have longer
term applications in nuclear engineering. Examples include plasma physics, radiation chemistry, and
structural materials. Some projects are also supported through the responsive mode schemes of the Councils.

18. The Research Councils believe that this increased support for fission together with fusion
programmes such as ITER and future science projects such as HIPER have the potential to attract many
young people into a career in nuclear engineering.

The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

19. Similar to activities in the research area (which also increase the capacity of trained manpower) the
Councils have actively encouraged and supported training and research capacity activities in nuclear energy
to ensure that they were providing trained manpower to keep the nuclear option open and help ensure
security of supply. Consultation with the nuclear industry and key Government stakeholders demonstrated
that provision of postgraduate nuclear skills training is a critical issue.

20. The first activity taken forward under the Letter of Arrangement was the establishment of an
Engineering Doctorate Centre in nuclear engineering. The Engineering Doctorate is a four year, industrially
relevant doctoral training programme which offers a radical alternative to the PhD, geared to training

32 http://www.ukas.com/
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research managers of the future. The Nuclear Engineering Centre is a partnership between the University
of Manchester and Imperial College London with participation from four additional universities. Ten
students are recruited each year, with this Centre taking students from October 2006.

21. The Nuclear Technology Education Consortium (NTEC), a collaborative training account to provide
masters level and continuing professional development training in nuclear energy related skills has been
funded with £1 million from EPSRC and £1.6 million from various stakeholders such as Government bodies
(NDA, MoD, Cogent), regulators (HSE/NII) and leading industrial employers (BNFL (including Nexia
Solutions, Energy Unit, British Nuclear Group), UKAEA, AWE, Rolls-Royce Naval Marine, Serco, British
Energy, Nirex, NIS, NNC, NPL, Mitsui Babcock, Atkins Nuclear, INucE and BNES). NTEC includes
eleven universities and will cover decommissioning and clean-up, reactor technology and fuel cycles,
environment and safety, policy and regulation, project management, fusion and medical use.

22. Other capacity building activities have included the support, in partnership with industrial sponsors,
of new research Chairs at the University of Manchester in decommissioning engineering and radiation
chemistry. A Science and Innovation Award to the University of Strathclyde has included support to
enhance their academic capacity in nuclear engineering.

23. Current support for students and research assistants has risen with the above initiatives both through
training awards and research projects. There are currently 59 studentships and 80 research assistant posts
supported under research projects relevant to nuclear engineering, over and above the support at the training
centres detailed above.

24. Although STFC does not directly support training of nuclear engineers STFC does support
fundamental research which underpins the skills required for nuclear engineering. At present STFC supports
nine UK institutions with active programmes in experimental nuclear physics and two in theoretical nuclear
physics—the fundamental study of how the nucleus of an atom works. This academic expertise in the
underlying physics of the nucleus is needed in order to provide training on undergraduate and graduate
courses in the applications of nuclear physics—including nuclear engineering, reactor physics, radiation
protection, radiation detection and nuclear medicine. Training in these areas will be a vital element of any
future nuclear industry. STFC invests around £8m per annum on nuclear physics research and supports
approximately 20 PhD studentships in nuclear physics per annum.

The role that engineers will play in shaping the UK'’s nuclear future and whether nuclear power proves to be
economical viable

25. The Councils support an amount of research that considers the economic viability of nuclear power
and its relationship to other potential power sources and demand reduction options. The UK Energy
Research Centre (UKERC), supported under Towards a Sustainable Energy Economy, provides a holistic
focus for energy research in the UK and for collaborative international energy research. UKERC’s research
is organised around six themes that address clearly defined problems and areas within the energy sector, and
nuclear power appears within these as appropriate. Three themes reflect the structure of energy markets:
demand reduction, future sources of energy, and energy infrastructure and supply. The three remaining
themes are cross-cutting: energy systems and modelling, environmental sustainability, and materials for
advanced energy systems. Other activities include research road-mapping activity to inform funding
decisions, technology and policy assessment, an interdisciplinary doctoral training programme, and a
research portal which maps out the UK energy research landscape.

26. A consortium (Sustainability Assessment of Nuclear Power) led by the University of Manchester
carries out research targeted at the societal aspects of nuclear energy. The overall aim of the project is to
develop an integrated decision-support framework for assessing the sustainability of nuclear power taking
into account relevant technical, economic, environmental, social and governance-related criteria as well as
the associated uncertainties. The decision-support framework will enable sustainability comparisons of
nuclear power relative to other energy options (fossil fuels and renewables), considering both energy supply
and demand. The project began in September 2007, involving four universities with a grant of £2.1 million.
The consortium has close links with KNOO.

27. The Sussex Energy Group, supported under Towards a Sustainable Energy Economy, is considering
the governance of nuclear power. Their research compares nuclear power and other investment options.
They are surveying relevant actors in the area, such as financial institutions, industry sources and
environmental organisations. A significant element of their work involves an international comparison of
economic and institutional contexts in the UK with another country that has made a clear decision to build
a new reactor.
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The overlap between nuclear engineers in the power sector and the military

28. We consider it more appropriate for companies and the military sector to provide input on this point.

29. Partners under the Letter of Arrangement include the Ministry of Defence and the Atomic Weapons
Establishment.

30. There is currently one project relevant to nuclear engineering supported under the joint Research
Council and Ministry of Defence Joint Grants Scheme.

March 2008
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Memorandum 99

Submission from the Institution of Engineering and Technology (IET)

This document is submitted by the IET in response to the inquiry announced by the Innovation,
Universities and Skills Committee on 29 January 2008.

The IET welcomes this opportunity to provide evidence to the Committee and would be pleased to
provide further elaboration and clarification if required.

EXECUTIVE SUMMARY

1. Skills and supply chain issues will be key factors determining whether a new fleet of nuclear power
stations can be built to time and budget in the UK.

2. The nuclear industry specifically and the power industry generally has a rapidly ageing skills profile in
most developed countries. The situation is worse for nuclear than other segments of the industry because
nuclear has been seen as a sunset industry for many years.

3. All types of engineering, construction and project management skills will be in short supply because
the expansion of nuclear stations in the UK coincides with:

— the decommissioning of previous generations of reactors;

— life extension of existing UK nuclear;

— the expansion of renewable energy technologies;

— construction of further gas and coal fired power plant;

— the renovation of the power supply and distribution infrastructure;

— upgrade of the rail, water and sewerage infrastructures; and

— an actual global boom in infrastructure and a probable global boom in new nuclear.

4. The most urgent need is for engineers able to contribute to the development and appraisal of the safety
justification for new-build reactors, environmental impact statements and similar work. These will be needed
from now with a peak around 2013-15 when the major work on the detailed safety cases will be undertaken.

5. Even though it is inevitable that nuclear stations will be made and largely designed abroad, it is vital
that the UK has the skills required to act as an intelligent customer. Highly skilled UK nuclear engineers
will be required particularly for safety engineering and interface with the Regulator.

6. The IET welcomes the formation of the National Skills Academy for Nuclear and is pleased to see the
cooperation between the Power Sector Skills Steering Group (P3SG) to ensure a standard approach towards
the provision of a possible Power National Skills Academy. This cooperation has already highlighted the
problem of different sectors effectively counting on the same “pool” of possible entrants to the engineering
profession.

IET EVIDENCE

The UK’s engineering capacity

7. In the 1970s, when much of the existing power generation infrastructure was built, there were at least
half a dozen major industrial groups in Britain involved in power engineering—GEC, Reyrolle Parsons,
Ferranti, Westinghouse, AEI, Metropolitan Vickers, and more. The industry was also supported by major
national labs, such as those operated by the CEGB.

8. The current situation is that no British company is capable on its own of supplying and building a
major power station, using nuclear or indeed any other technology. This is the result of a combination of
factors including the long hiatus in new-build, “the dash for gas”, privatisation, international mergers and
a more aggressive opening of markets than in our industrial competitors.

9. The loss of manufacturing, research, development and deployment skills has further contributed to the
steady decline in interest in engineering in general. The facilities and teaching staff are not easily replaced.

10. The numbers of pupils studying science, technology engineering and mathematics (STEM) subjects
is beginning to increase but those opting to go into engineering are still much too low. Thus the pressing need
is to get good people into engineering and science and train them well. Specific focus on nuclear engineering
is probably less important provided the industry momentum is there to encourage well trained graduate
engineers and scientist to join UK based companies involved in nuclear engineering.

11. Tt will be 1015 years minimum before pupils attracted to study engineering subjects now develop into
the experienced specialists capable of contributing at a significant level to nuclear licensing or safety work.
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The value in training a new generation of nuclear engineers

12. Because of the inter-disciplinary nature of the nuclear industry, we believe it will be useful first to
explain the term “nuclear engineer”. We recognise four broad categories:

(a) engineers who understand the fundamental physics and design of nuclear reactor and system
technology. These are the specialist engineers required for licensing of new designs. Although the
numbers required are relatively small the need for these is urgent. The Nuclear Installations
Inspectorate (NII) is recruiting now;

(b) those qualified in a range of engineering disciplines (eg electrical, control, mechanical or civil) but
who need in addition to have the specialist knowledge together with post graduate training on the
job to equip them to work to the very exacting and particular safety and regulatory standards
required in the nuclear field;

(c) a still larger number who can support project engineering, design adaptation, subsystem
procurement, construction, commissioning, operations and maintenance activities, rather than the
fundamental physics or design of nuclear plant. The need is for all-round electrical/mechanical
engineers with a good background understanding of nuclear processes, rather than specialists in
a particular field; and

(d) alarge number of engineers who are generalists but work on nuclear for part of their career, eg by
designing the cooling water system for a nuclear power station.

Skills shortages

13. During 2007, members of the IET involved in the HE sector have held meetings with senior personnel
from power station operators, manufacturers of nuclear plant, companies involved in decommissioning and
national regulatory bodies to identify the education and training needs for professional staff in the nuclear
industry. These contacts have given a consistent message regarding the needs of UK industry: All nuclear
operators and associated organisations report shortages in suitably qualified staff.

14. An authoritative study of Nuclear and Radiological Skills by the DTI in 2002,3 reported that the
power, fuel, defence and clean-up sub-sectors of the nuclear industry would require approximately 1,000
graduates a year for the next 15 years, ie until 2017. Of these, about 700 would be replacements for
retirements and 300 in response to the growth in nuclear clean-up. In 2001, the year preceding the report,
these sub-sectors were estimated as recruiting about 560 graduates a year.

15. However in that year HSE-NII studies on the state of nuclear education in British Universities>
showed that there was not one university undergraduate course with any significant nuclear content to it.
At the post graduate level (PgD, PgC and MSc) there were only about 160 students a year graduating from
courses with > 5% nuclear content. From courses with 100% nuclear content the number was 82 a year.

16. These reports are now five years old but evidence shows that the demand for professional staff
continues to grow—and will grow further if nuclear new-build goes ahead as expected. Although
Manchester and Lancaster Universities, in particular, have recently made a step change in the provision of
nuclear engineering and decommissioning courses, the higher education output is still well below the needs
of industry.

17. The last time the UK nuclear industry recruited large numbers of engineers was in the 1960s and 70s
when the current generation of power stations was being built. The age profile reflects this history and, even
if there is no new build, the industry and its regulatory authority face recruitment problems to maintain
existing facilities and commitments.

Skills requirements for new build

18. The staffing needs for new build are for engineers who can support project engineering, design
adaptation, subsystem procurement, construction, commissioning, operations and maintenance activities,
rather than the fundamental physics or design of nuclear plant. The need is for all-round electrical/
mechanical engineers with a good background understanding of nuclear processes, rather than specialists
in a particular field.

3 Nuclear and Radiological Skills Study (DTI December 2002).
34 Nuclear Education and Research in British Universities, HSE-NII, Oct 2000 and Nuclear Education in British Universities,
HSE-NII, February 2002.
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Skills requirements for decommissioning

19. The decommissioning of existing plant and construction of new stations will require substantial
numbers of professional staff with expertise in safety engineering and risk assessment in the contracting
companies as well as additional resources in the regulatory body. Increasingly, safety regulation and the
associated public involvement in risk acceptance and decision-making is seen as a crucial aspect of any
programme of new build. The skills shortage at this level is both significant and near term and poses a threat
to timely deployment of new build.

20. Decommissioning nuclear facilities requires innovative engineers who can design special purpose
equipment for particular tasks as well as adopt industry best-practice for recurring activities. Because of the
nature of the risks associated with the industry, it is important that engineers working in this field have a
broad view of nuclear physics and chemistry and the safety issues involved in working with the residues of
nuclear processes.

Technician skills

21. In addition to engineering level skills there will be a large requirement and skilled technicians during
operation. These are likely to emerge through the National Skills Academy (NSA) for Nuclear. The NSA is
providing a defined route for both academic qualifications and industry “passports”. It has brought industry
stakeholders together to ensure a consistent training achievement is achieved via a “Hub-and-Spoke” model
with regional universities providing the same qualification and training levels.

22. The IET welcomes the formation of the National Skills Academy for Nuclear and is pleased to see
the cooperation between the Power Sector Skills Steering Group (P3SG) to ensure a standard approach
towards the provision of a possible Power National Skills Academy. This cooperation has already
highlighted the problem of different sectors effectively counting on the same “pool” of possible entrants to
the engineering profession.

23. The need for fabrication skills during construction is an industry-wide problem that is particularly
acute for nuclear with its onerous certification requirements.

Impact of the UK Safety and regulatory framework

24. Because of the risk-based UK legislative structure introduced by the 1972 H&SW Act and subsequent
regulations and guidance, safety regulation of the nuclear industry is more stringent than in most other
industries. The regulatory procedures are different to those in mainland Europe or in the USA where a more
deterministic safety approval process operates.

25. The Committee may wish to consider whether the prescriptive approach by the Nuclear Installations
Inspectorate, which stipulates changes to manufacturers’ standard designs for application in the UK, is
likely to cause suppliers to focus on markets other than the UK in a world of considerable supplier power.
It would also increase nervousness amongst investors. Lack of sufficient engineering appraisal capability
within NII could lead to this outcome which would arguably be perceived by them as prudent. This would
potentially affect not only the time to license designs but also whether plant will get built in the UK at all.

Not all skills can be imported—the UK needs to be an “informed customer

26. Whilst reactors, turbines or alternators of future UK stations will use imported equipment, largely
designed overseas, there are many other engineering tasks that cannot be outsourced: site specific
engineering, such as cooling systems, substations, auxiliary power systems and the design of pipework and
structures will have to be undertaken by people who at least make regular visits to site and are in regular
communication with local subcontractors, planning authorities and other bodies.

27. Probably the area where most local knowledge is necessary is in safety engineering and the interface
with the regulator. Continuity and confidence in relationships at this interface is an important factor. Also,
relationships extend beyond the construction period through the operating life and the decommissioning
phase of an installation. It is an important strategic precaution to ensure that access is secured for the long
term to detailed knowledge and understanding of nuclear plant design and the rationale behind what was
done.

28. The extent to which a plant promoter is or is not an “informed customer” in respect of nuclear power
plant operation is likely to be important for safety regulation.

29. Whether the operator is also the owner of the assets or whether the plant is leased from a financial
institution will affect the industry structure as will the decision on whether maintenance is handled by the
operator or bought-in from the suppliers. The situation is made more complicated by the number of different
Government agencies involved in power station construction and operation (the economic regulator, safety
regulator, environmental regulator and planning authorities) and by the ownership structure of the nuclear
sites—a situation closely parallel the rail industry.
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30. Migrating from a monolithic public-sector organisation to a complicated and disaggregated private-
sector is likely to lead to complexity in the contract and regulatory structure for a nuclear new build. Given
the risk profile of the nuclear industry and the greater public concern, it is inevitable that obtaining safety
and planning approvals will be a major workload. It is inconceivable that this could be managed effectively
by staff from an overseas contractor with no experience of the unique British safety legislation.

The role that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to be
economically viable

31. The power engineering industry is entering a challenging era—particularly if the mandatory
renewables target is to be met. In place of a centrally-managed network using a limited range of large
generators there will be a wide range of different types of renewable generation (wind, waves, tidal power,
photo-voltaic and biomass) as well as a diversity of major generating plant and micro-generation. To date,
most of the public debate has been around the financial models that might be used to integrate the industry—
but the technical issues are probably more challenging.

32. Without engineers, new power stations will not be built. Even though the core technology for new
nuclear will be imported as finished designs from international manufacturers, a vast engineering effort will
be needed to apply the core technology to form a working power station. Much of this will need to be led
from and preferably delivered from the UK.

33. Engineers will be needed in the following areas:

(a) nuclear technology licensing—an urgent need as the core designs are being assessed by the NII
now;

(b) power system planning—an urgent requirement due to the complexity of modelling the impact of
new nuclear plant on the overall transmission grid;

(c) design review and assessment—high level nuclear, civil, mechanical, electrical and control/
instrument engineering skills to allow proper technology selection;

(d) civil and structural engineering—very large inputs on site specific issues of foundation design,
seismics, coastal protection, marine engineering, nuclear buildings;

(e) integration engineering—design integration for the complete power plant;
(f) project and programme management;

(g) cost engineering; and

(h) construction management.

34. Most of these skills are not specific to nuclear, but imply a significant requirement for already scarce
engineering skills.

35. The connection of new nuclear power stations to the Grid is a key engineering challenge. Whilst it is
pragmatic to consider building new nuclear stations on existing sites, not all of these have adequate
infrastructure for new generation nuclear plant. Those scheduled for closure first are the Magnox stations
which are modest in size and typically only have 132kV grid connections. New build would require 400kV
connections. This will require power system planning, overhead line design, substation design and
construction management skills, mainly by specialist electrical and civil engineers who are currently very
scarce.

36. New nuclear also creates an opportunity for the gradual re-development of UK industrial skills over
time. This is likely to require engineering skills in specialist mechanical design, mechanical handling,
robotics, precision and specialist manufacture. These skills are also needed extensively for the
decommissioning programme.

Timescale

37. Our best forecast for the construction of a new fleet of nuclear power stations is that the nuclear
regulatory authorities will evaluate generic reactor designs (already submitted) between now and 2011. In
parallel the NDA has signalled its intent to sell existing nuclear facilities that are likely to provide sites for
new power plants. It is not known how long this process will take but it is unlikely to be complete before
2010.

38. It therefore seems likely that, starting around 2010, there will be a commercial negotiation involving
potential generators, potential reactor suppliers and site owners. Inevitably the government will be involved
as the price of carbon, operation of the electricity trading arrangements and similar issues will be important
to all parties. Following this will be the design phase, in parallel with planning enquiries, environmental
impact assessments, preparation of the safety case and similar activities, and work on site will start around
2015, leading to the start of commissioning of the first station in 2020. (It is possible this could be accelerated
to meet the Government’s stated position of power by 201718, and desirable to maintain pressure to deliver
this, but we foresee the schedule slipping.)
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39. This implies that the most urgent need is for engineers able to contribute to the development and
appraisal of the safety justification for new-build reactors, the preparation of environmental impact
statements and similar work. These will be needed from now with a peak around 2013-15 when the major
work on the detailed safety cases will be undertaken.

40. The need for design engineers with knowledge of nuclear engineering for the detailed design phase
will occur later and will peak from about 2010-20. Work on site will start around 2013-15, by which time
project management teams will have to be in place.

The overlap between the power sector and the military

41. The military sector has two main applications of nuclear technology—propulsion of submarines and
large warships and the nuclear deterrent.

42. In the public mind these are often confused with nuclear power generation—not least because
facilities like Sellafield were originally developed to extract weapons grade material for the military as a by-
product of power generation. Governments, over the years, have been ambiguous of the linkages between
the two industries.

43. Plans for a new generation of nuclear power stations are likely to move the two industries further
apart and there will be greater demarcation between power generation and nuclear decommissioning on the
one hand, and nuclear deterrent work on the other. Those working on nuclear deterrent design probably
have more in common with those working in nuclear physics than power engineering. However those
involved in the manufacturing process for the deterrent (as opposed to the design itself) do deploy skills that
are directly transferable into civilian work.

44. There is a greater degree of commonality between engineers working on civilian nuclear power and
those involved in propulsion systems for boats. There are fundamental differences, such as the degree of
enrichment of the fuel and the radioactivity of the high-level waste, but many of the skills are the same. (As
an example, Lancaster University runs postgraduate courses in safety engineering and decommissioning
attended by engineers from both sectors.)

About the IET

45. The Institution of Engineering and Technology (The IET) is one of the world’s leading professional
bodies for the engineering and technology community. The IET has more than 150,000 members in 127
countries and has offices in Europe, North America and Asia-Pacific. The Institution provides a global
knowledge network to facilitate the exchange of knowledge and to promote the positive role of science,
engineering and technology in the world.

March 2008

Memorandum 100

Submission by Westinghouse Electric Company

1. The UK'’s engineering capacity to build a new generation of nuclear power stations and carry out planned
decommissioning of existing nuclear power stations

The nuclear industry is facing a growing demand for skilled and semi-skilled labour, just at the time that
many employees are set to retire. The demand comes from both the continuing need to address the challenges
of cleaning up the nuclear waste legacy (including decommissioning of the UK’s Magnox fleet) and from
the skills requirements related to a prospective new generation of nuclear plants. This latter prospect was
given a strong boost by the Government’s January 2008 Nuclear White Paper, which concluded that such
new nuclear plants would be in the public interest, although it is left to the private sector to fund and
deliver them.

There are a number of strands to the “engineering capability” needed to ensure that a new generation of
nuclear plants can be built and operated safely successfully. However—one area where significant numbers
of skilled professionals is NOT required is that of reactor design. The global nuclear industry is moving
towards the deployment of standard internationally-recognised designs, and the requirement in the UK that
new nuclear build be funded in full by the private sector strengthens that driver still further. Four designs
are currently going through a rigorous assessment of their safety and environmental acceptability, together
with a careful review of security and other considerations. Each of these is a design developed for the global
market, rather than a plant customised for the UK.
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In terms of the engineering and technical skills to deliver a new nuclear build programme, these can be
broadly split into three areas:

Firstly, in the immediate near -term, there is a need for regulatory expertise to carry out the safety,
environmental and other assessments of the candidate reactor designs. Already the number of
designs which can be assessed on a realistic timescale has been limited to three by the scarcity of
resource. The current list of four is to be scaled back over the coming weeks. Although the
regulators have initiated an active campaign of recruitment, there remain significant concerns over
whether enough of the right calibre of staff can be identified and brought on board quickly enough.
We are pleased to see that Government have committed to keep this issue under review.

Secondly, there is a need to ensure that the skills are in place within the UK supply chain and
construction industry to deliver any new nuclear plants to time and cost. It is likely that—if new
nuclear build does go ahead—the construction of the first plant would start around 2013. This
timing means that construction workers from the 2012 London Olympics programme can be
expected to be available for such a project, so with careful planning this should not be an issue.
Likewise, this timing allows the UK supply chain to “gear up” ready to play a significant role in
any new reactor construction.

Finally, the question arises of operating staff to work at a new power station once it is ready to
produce electricity. On the timescale noted above, operation would be likely to commence around
2018, which is ample time for the industry to identify and retrain individuals with relevant skills
from the existing nuclear plants scheduled to have closed down by that date.

In short, therefore, the industry should be able to plan to resource the building and operation of new
nuclear plants, provided that the licensing effort can be found to take the leading designs through the
Generic Design Assessment process on time.

In addition, it should be noted that there are a number of recent initiatives, aimed at helping to ensure the
availability of nuclear skills for both new build and legacy cleanup programmes. These include:

— The National Skills Academy for Nuclear, launched in January 2008. Westinghouse plays a key
role in this development, with a seat on the Board, and the Chairmanship of the NW/NE Employer
Steering Group.

— The Dalton Nuclear Institute at Manchester University, and the new Centre in Nuclear Energy
Technology (CNET) based there. Westinghouse has close links with both the Dalton institute
and CNET.

— The University of Central Lancashire’s (UCLan’s) John Tyndall Centre for Nuclear Research.

— The Lancaster University Chair in Nuclear Engineering and Decommissioning, launched recently
in association with Lloyd’s Register Educational Trust.

All of these are important initiatives, and are most welcome, but it is important that the momentum is
maintained to replenish retiring workers from the nuclear industry (of whom there will be many over the
coming few years) and to build up new and strengthened capabilities to address the two missions of new
build and legacy cleanup. Continuing Government scrutiny and encouragement is likely to be needed to
ensure that the necessary progress is maintained.

2. The value in training a new generation of nuclear engineers versus bringing expertise in from elsewhere

In addressing this point, it is important to recognise that the UK is not the only country contemplating
a revival of nuclear energy. The.same issues are driving countries all around the world, from China to the
US, from Finland to South Africa, to consider the benefits of new nuclear plants.

The UK therefore competes in a global market for skills—not just as a potential beneficiary of skilled
workers moving into the UK, but as a potential source of such skills for other nations. We cannot assume
either that we will be able to attract skilled nuclear engineers to the UK from overseas in great numbers, any
more than we can expect to retain all of the engineers who are trained up in the UK.

That said, there are also reasons why it is important to have our own capability, trained within the UK
to serve the UK market. Whilst it is clear that any new reactor built in the UK will be a standard global
design, with an international pedigree, it is also clear that such designs must be shown to meet all relevant
UK legislation in respect of nuclear safety, environmental performance, and so on. Such assessment—which
Westinghouse and other vendors are already engaged in—requires both the detailed technical knowledge of
the design (which can, at least to an extent, be brought in from overseas) coupled with the detailed
understanding of UK practices and requirements, which is only likely to be found in this country.

The same principle applies when reactors have passed through design assessment and into construction,
commissioning and operation.



Innovation, Universities, Science and Skills Committee: Evidence Ev 469

3. Therole that engineers will play in shaping the UK’s nuclear future and whether nuclear power proves to be
economical viable

Many of the points related to this question have been addressed earlier in this response. Without a much
greater supply of nuclear technicians, scientists and engineers, at all levels, it will be very difficult for the UK
to deliver the planned cleanup programmes and simultaneously to bring new nuclear build onto operation
on schedule.

The economic viability of nuclear energy will be determined by a whole range of factors, but it is clear
that the private sector will not wish to invest in an industry where the skillbase needed to build plants to
timescale, and then to ensure safe and efficient operation of those facilities, cannot be assured with
confidence over the plant’s operating lifetime.

4. The overlap between nuclear engineers in the power sector and the military

We recognise that some of the basis skills and capabilities relating to nuclear energy are common to both
the civil generation and military sectors (in particular in relation to nuclear propulsion units in Naval
applications). Neither sector however has an overcapacity of skills which can be used to offset a shortage
elsewhere.

Equally—whilst the basic technologies might be similar in many respects, and whilst skills such as safety
assessment and reactor operation might be common, the operating environments are totally different and
the different considerations to be balanced are not necessarily transferable with ease.

The operation of a civil power reactor in a commercial environment is vastly different from the operation
of, for example, a nuclear powered submarine in a military situation. The transfer of skills between the two
sectors must always be done with careful regard to the cultural issues and with appropriate re-training.

March 2008

Memorandum 101

Submission from Babcock International Group plc

EXECUTIVE SUMMARY

The UK commitment to a new generation of civil nuclear power plants and a parallel programme of
decommissioning and site clean up will produce demand levels for qualified and experienced resource that
significantly exceeds the existing national capacity. A coherent national training plan to deliver sufficient
skills to support both streams of activity in the long term is essential to provide adequate confidence in the
ability to deliver the strategically important outputs from the revitalised civil nuclear programme, in which
engineers play a key part. There are clear overlaps between the power sector and the military nuclear
programme elements and these overlaps are likely to increase if both programmes proceed as currently
planned.

CONTEXT

1. Babcock International Group has two principal centres of nuclear engineering expertise and activity:

— BNS Nuclear Services, comprising the Alstec Nuclear and the INS businesses, supplying services
and equipment across the complete life cycle of civil nuclear power generation and process plants.

— Babcock Marine, the MoD’s strategic support partner for the nuclear-powered submarine force,
which is a Nuclear Site Licensee and operator and has experience in the design, safety justification,
build and commissioning of major nuclear infrastructure as well as facility decommissioning.

2. These two Divisions represent a total directly nuclear-related manpower resource of all types of more
than 2,000 personnel.

3. In addition, its Frazer-Nash engineering consultancy business works in both the civilian and military
nuclear sectors.
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UK ENGINEERING CAPACITY FOR NEW BUILD AND DECOMMISSIONING OF CIVIL POWER STATIONS

4. The existing civil sector nuclear workforce will be required to support the construction, commissioning
and operation of the new generation of overseas-designed plants as well as the decommissioning
programme.

5. With the UK new build programme limited to Sizewell B in recent years and with the structural changes
that have occurred with the privatisation and fragmentation of large parts of the UK nuclear sector, there
are likely be shortages of qualified and experienced personnel in most disciplines. Safety analysis and
justification is a particularly difficult aspect to resource, affecting the total programme and also spanning
both the industrial and the independent regulatory domains.

6. The resource shortfalls and the training lead times mean that overseas sources of skills will be
important for a considerable period, although the use of overseas contractors for programme management
in areas such as decommissioning can represent a costly approach.

7. The use of a common, generically justified power station design would help to reduce demand levels
for certain types of critical engineering and analysis resource. However, the decommissioning and clean up
programme requires mostly project-specific solutions and these activities are therefore likely to be a major
driver of demand for skills.

8. Skill shortages are already causing retention problems, cost escalation and programme disruption. It
is also worth noting that the nature of the UK civil nuclear programme over the last two decades has led to
a workforce that generally has a high average age.

TRAINING VERSUS BUYING-IN SKILLS

9. The range of industrial and professional skills required across the total civil programme is already
considerable. The demand level will grow and the relevant skills are a long term requirement to support areas
such as plant operation, outage management, revalidation and life extension as well as decommissioning of
legacy sites.

10. The delivery of many of the required outputs, ranging from power generation through to
decommissioned and remediated sites, represent significant national priorities for the UK. A proactive
approach to generating the skills to deliver these outputs from within the UK is therefore a sensible strategic
approach, given the need for confidence in the ability to deliver, cost effectively and within the required
timescales.

11. The resurgence of international interest in nuclear power means that the arguments for a coherent,
holistic national training programme to serve this sector are strengthened. Such an approach should increase
certainty in cost-effective programme delivery and may in the longer term represent a source of high-added
value export potential.

12. There is a need to debate the merits of adding post-graduate nuclear-specific training to, say, graduate
engineers with traditional degrees versus the provision of degrees with sector-specific academic content.
Babcock Marine has tended to favour the former approach in many instances.

ROLE OF ENGINEERS IN SHAPING THE UK’S NUCLEAR FUTURE & ITS VIABILITY

13. The viability of the UK’s future nuclear industry will depend upon:
— acost effective/timely planning and safety justification cycle for new civil power capacity;
— Dbasing the new civil power programme on a proven, reliable plant design;
— competent management of the construction and commissioning projects at each site; and

— ademonstrated, correctly prioritised, commitment to address the legacy clean up challenge—cost
effectively and safely, in parallel with the new build campaign.

14. Project managers, engineers of all types, technicians and scientists with the right skills to span the
entire life cycle challenge (new build plus legacy) will be essential to ensure these requirements are met. The
overall economic viability of nuclear power is, however, influenced by many factors, the role of nuclear
engineers being only one aspect of this complex issue.

C1viL POWER SECTOR & MILITARY NUCLEAR SKILLS OVERLAP

15. The civil sector has for 25 years largely been dominated by the operation, maintenance and re-
justification of legacy plants, although decommissioning and remediation has latterly increased in
importance. As previously indicated, the policies of successive Governments has radically changed the
structure of this part of the industrial base, through privatisation and break up of the generating and
reprocessing organisations.
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16. For its part, the military sector has been more heavily involved in design and build in addition to
O&M and re-justification of legacy designs and equipment, design and build examples being:

— PWR2 (the second generation naval nuclear reactor plant).

— A90 plant at AWE (the Trident warhead plant).

— Faslane/Coulport facilities associated with the Trident programme.

— D154 at Devonport, a major part of which generated the Trident submarine refit facilities.

17. The degree of overlap between the civil and military programmes in terms of their respective focus

on common life cycle stage activity is now increasing, examples being:

— the civil power plant replacement programme;

— the potential new submarine reactor plant;

— NDA activity at Dounreay and Sellafield;

— environmental remediation at AWE; and

— submarine disposal.

18. The main areas of skills overlap are in areas such as safety case engineering and plant/system
justification, process facility and plant design (mechanical, electrical, etc), civil structural design justification
and environmental impact assessment. The nature of this overlap will change considerably as the civil
programme accelerates and as the imbalance between engineering capacity and demand worsens. The civil
programme represents a potential threat to the military programme in terms of its possible impact on skills
availability and the cost of key engineering resources.

19. Babcock will be exploring the opportunity to use “reach back” in both directions between its civil and
military activities to increase effectiveness and delivery capability o the benefit of both parts of the
market sector.
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Submission from Rolls-Royce

BACKGROUND

1. Since the late 1950’s, Rolls-Royce has been involved in the UK submarine programme as the Design
Authority and procurement agent for the nuclear propulsion plant. This began with a technology transfer
from the USA, and over the last 50 years Rolls-Royce has had continuing responsibility for development
of the reactor system.

2. Current plants in service show major improvements compared with early plant: the sailing distance
without refuel has improved by several factors; safety and reliability has increased and plant is much quieter.
These factors are all achieved in the challenging environment of an operational submarine subject to shock,
extreme manoeuvring, tight space and weight constraints.

3. These improvements have been achieved by Rolls-Royce engineers working closely with the MoD.
Rolls-Royce employs around 940 specialist engineers in support of this programme, covering a wide range
of skills. The team also manages the support of around 250 full-time-equivalent engineers from partner
companies providing managed services.

4. The age demographics of the engineering population is reasonably healthy and recent recruitment has
brought down the mean age to about 40 years. A knowledge management process has been introduced to
help manage the risk of loss of experience through retirement. Recruitment has been reasonably successful
but is growing more difficult and made more so because of the required reliance on UK nationals.

5. Rolls-Royce also recruits engineers from the Royal Navy—ie retired operators. This provides a
balance between design and operational skills. It means that there is always good feedback of operational
issues into the design process and has contributed to the success of naval reactors.

6. Rolls-Royce is supported by a range of suppliers and technical experts. Our supply chain has required
considerable support through low production periods but is now strong with sustainability a top priority.
It is capable of tackling the full range of design, manufacture and operational issues.

7. The Company has been involved in manufacture of nuclear equipment since the outset of the military
programme and this has necessarily grown through the above-mentioned infrastructure rebuilding. The
capability includes manufacture of the reactor core, heavy pressure vessels, major valves and control rod
drives. This has required the company to become a nuclear site licensee, bringing with it the experience of
dealing with the civil nuclear regulator as well as the relationship with the naval counterpart associated with
our military plant work.
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8. The Company has managed and operated the land-based submarine reactor prototype site at
Dounreay, known as Vulcan, since its inception in the late 1950s. This has seen the building of two prototype
reactors and the testing of five core design developments as well as the site providing more general nuclear
facilities such as large pump refurbishment and inspection capability.

9. The Company has designed, procured, manufactured and built more nuclear reactors than any other
company in Western Europe except Areva. The safety record of these plants is exceptional with experience of
over 400 plant-years of operation. Design and development continues with the aim of achieving even greater
improvements in performance, reliability and safety.

10. For civil nuclear, we also have overseas units that contribute significantly to the industry. A French
subsidiary supplies the Reactor Control and Instrumentation for many European reactors. A US subsidiary
is involved in providing reactor management software that has played an important role in improving the
availability of nuclear stations. We have also been involved with the global civil industry supplying pressure
vessels and inspection services to Sizewell B and inspection, repair and sampling services internationally.

Could These Skills Be Applied To Civil Nuclear Development?

11. Skills are considered to be transferable between military propulsion and civil programmes. This is
made all the more possible by civil new build adopting water reactor technology reactors similar to the most
recent civil station—Sizewell B, with the Westinghouse AP 1000 and the Areva EPR as likely candidates.

12. New reactors built in the UK will be largely standardised but undoubtedly require local engineering
skills to cope with site specific issues. These can include flood defence or environmental impact,
implementing safety regulations, safety justification using techniques and design approaches that are
recognised by the UK regulator, procurement of local components, management of the build process,
maintenance of quality, staff training, operating procedures and ownership of the design after handover. A
lesson from the current programme to build a large reactor (an EPR) in Finland is that it is vital to deploy
experienced staff to reduce the risk of emergent design and quality issues.

13. The adaptability of the military resource to civil applications has encouraged Rolls-Royce to establish
a Civil Nuclear business. A larger involvement in the broader industry will also have a spillover benefit to
military capability through skill development and experience exchange.

14. Looking further into the future, there is likely to be considerable activity worldwide in the design of
reactors with improved safety features and relevant features for new markets—eg grid appropriateness. This
is an important opportunity for the UK and for a new engineering generation.

Does The UK Have The Engineering Capacity For New Civil Nuclear Build?

15. Although the nation is currently suffering from a lack of recent direct nuclear engineering education
and training, this was also a problem when the nuclear industry first burgeoned in the 60s and 70s. The rapid
deployment of nuclear reactors during that period required the fast generation of capable resource in the
existing generation of engineers. We had more general engineers then and the task was less complex given
the prevailing standards and regulatory requirements.

16. While the UK today is no longer involved in the design of commercial reactors, we do have substantial
expertise but limited resource. It is our view that the required engineering capacity can be achieved to
support new civil nuclear build, but this will not be easy, especially with the parallel challenge of the military
programme. This will involve consideration of how to harness the experience of current resources to help
develop the larger resource pool that will be required.

17. A major increase in education and training opportunities will be needed, particularly at first degree
level where they are currently non-existent. Although post-graduate opportunities have increased in recent
times, these need expansion and flexible implementation. Having a core resource that has nuclear
engineering as its first subject will be essential because nuclear engineering involves the integration of a wide
range of sciences and the understanding of complex bodies of standards and legislative requirements. Safety
assessments involve a broad understanding of the implications of safety concerns. Priority will be needed to
providing first degree nuclear engineering opportunities to establish a solid core of future resource.

18. Itshould also be recognised, however, that nuclear engineering is also about mechanical engineering,
electrical engineering, materials engineering, physics and other generic skills. Recruitment from these pools
must be addressed and availability of suitable specific discipline nuclear education “on-the-job”
opportunities established. The recent nuclear engineering MSc courses, either full-time or part-time, will be
suitable for some of these engineers but less intensive, more focussed opportunities are required.
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What are the longer term National benefits of increasing Nuclear Engineering capability?

19. A rapid change in energy technologies is taking place but it is difficult to predict which technologies
will emerge as winners. There is a significant probability that nuclear power will expand significantly over
the next few years and the UK is well placed to benefit from this business.

20. A second benefit is that UK nuclear stations will be important strategically, and involve significant
safety issues. It would therefore be inappropriate to rely entirely on foreign expertise. Furthermore, the
aspiration for the next generation Propulsion Plant for the successor to the Vanguard class series, will require
a long programme (15 years +) and this will be reliant on the engineering capability of UK nationals.

21. Given the likely international nuclear programme growth, it may not be possible to bring in
engineering skills required for the civil programme from abroad. For example, the USA is likely to be a net
importer of nuclear skills, and there will be a worldwide demand for these skills.

The Engineer’s Role in Shaping the UK's Nuclear Future and Viable Nuclear Power economics

22. Nuclear power will be an essential part of the nation’s energy portfolio if we are to achieve
environment and energy supply goals. However, renewable sources are also an essential part of this portfolio.
Innovative engineering is required to develop the effectiveness and efficiency of all these sources and how
they are balanced in the infrastructure.

23. New nuclear reactor designs have the potential for lower equipment costs, shorter build times through
such initiatives as modularisation, reducing the period of capitalisation, reducing through life costs through
simpler systems and optimised maintenance planning, and driving improvements in plant efficiency. The
potential for engineering to progress these developments is high.

24. These issues again throw the focus on a general shortage of engineers nationally and the need to take
action to rectify this to provide the transferable skill requirements across a range of industrial sectors.

March 2008

Memorandum 103

Submission from David Lindsley

EXECUTIVE SUMMARY

This submission is from a Chartered Engineer with over 50 years’ experience of power-station operations.
It identifies certain concerns over the ability of our current engineering community to support the design,
construction, operation and maintenance of future nuclear plant. The question of economic viability of
nuclear power stations is dismissed because there is no option but to build these plants. The submission
draws particular attention to the critical importance of control and instrumentation technology, and points
out that equipment and systems that have operated safely in overseas plant should not be assumed to be
readily applicable to a new generation of power station, even if that plant is identical to those operating in
other countries. The critical need for the highest possible level of supervision throughout the design,
construction and operational phases by properly-qualified engineering personnel is stressed, but the
difficulties of finding suitable personnel in the available timeframe make this problematical. Five essential
measures are outlined, ranging from increased emphasis on the teaching of physics and mathematics at
secondary-school level, media projects to raise the profile of the engineering profession, canvassing the views
of existing nuclear staff and increased funding at University level. Finally, the need for compliance with
established international standards is stressed.

SUBMISSION

1. My background. I am a Chartered Engineer who has worked with Conventional and Nuclear Power
stations in the UK and overseas since 1957. I was for 20 years employed by a company in the (then) Babcock
and Wilcox Group, and for seven of those years (1975-82) I was engineering Director for that company. I
then set up my own consultancy practice, which for 20 years served the power and water industries in the
UK and overseas.

2. My specialist experience with power stations. I have now retired, but during my working life my
speciality was control and instrumentation—a field that requires a good understanding of how the plant
works and the ability to apply control technologies that enable it to be operated safely, efficiently and
reliably. T have published two books on the subject.® I should however stress that my experience does not
extend to the details of nuclear reactor control systems.

35 Boiler Control Systems, Published by McGraw Hill in 1991, ISBN 978-0077073749 and Power Plant Control and
Instrumentation, Published by the IET in 1999, ISBN 978-0852967652.
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3. Relevant concerns. Over the years, I have become increasingly concerned by the gradual erosion of
engineering skills in the UK generally and in the power-station environment in particular. In the field of
control the requirement for high-level engineering training and competence is particularly important, firstly
because errors and failures can contribute to, or even cause, accidents and secondly because computer
systems are subject to software malfunctions that are very difficult indeed to predict.3¢

4. The critical importance of control technology. The control systems for nuclear plant demand great skill
and care—from the initial design, throughout the entire process of construction and commissioning, and
into the day-to-day operation and maintenance. Supervision must be meticulous and stringent, and has to
be carried out by engineers who thoroughly understand the plant and the full complexity of whatever
technology is employed in its control.

5. The disparate lifetimes of main plant and electronic technologies. It should also be remembered that,
although the main plant is designed to last for decades, computer technologies evolve on a two to five year
cycle. After they’ve stopped laughing at it, tomorrow’s experts may well have great difficulty in
understanding yesterday’s technology. They will also have problems in sourcing obsolete components.
Manufacturers of computers and electronic components naturally prefer to serve the biggest markets
(washing machines, TVs, personal electronic devices and so on), and tend to avoid customers who buy in
small quantities, yet demand extreme standards of safety and reliability.

6. A relevant example. In the 1980s, the attitude of computer suppliers to safety-critical applications was
brought into sharp focus by the incident at Three Mile Island (TMI). After that incident a major supplier
of computers, Digital Equipment Corporation (DEC), became extremely concerned at the risk of possible
litigation and issued a decree that no DEC machines were to be used in nuclear power-plant applications.
This was a great problem to me because my company was at that stage well advanced in manufacturing the
control systems for two nuclear plants—Heysham and Sizewell A. The systems we were providing were for
Datalogging only—not control—and so there was no risk of a malfunction causing a critical reactor failure.
There was little option but to proceed with the engineering and delivery of the systems. However, bearing
in mind one of the TMI findings that the flood of information following the incident confused the operators
and contributed to the problems, I was concerned that no item in the complex electronic make-up of a
nuclear power stations’ electronic systems should be exempted from very close and critical scrutiny by people
who are experienced and qualified in all the relevant areas.

7. Therisks we face. I am concerned that, with a severe lack of trained and experienced engineers to design
and supervise the control systems of any proposed new nuclear plant, there will be a tendency to buy “off-
the-shelf” systems from countries such as the USA, France or Canada. However, these countries are
themselves experiencing difficulties of recruiting and/or retaining experienced engineers and there is a risk
that any systems supplied by them will be hastily cobbled together and that latent weaknesses or faults may
jeopardise safety in the long term. We also run the risk of assuming that technologies that have worked
successfully on foreign power stations for decades would still be available today, although Paragraph 5
above explains the faults in such arguments.

8. Another example. It is worthwhile seeing how even apparently fault-tolerant systems can be flawed. I
have personally seen a situation where are extremely safety-critical application was (quite rightly) provided
with a triple-redundant, fault-tolerant control system, yet by a simple lack of understanding this concept
was completely negated. In the original design, all critical functions were simultaneously performed by three
sub-systems, which acted together under a “voting” system, whereby any failure in one would be detected
and out-voted by the other two. This was an excellent concept and should have assured an almost
impregnable level of safety. Unfortunately, the decision to apply triple-redundancy was taken at a late stage,
when construction of the plant had already reached an advanced stage. Faced with having to provide three
separate pressure tappings into expensive—and by then already complete—high-pressure pipework, the
constructors found two existing ones and simply “teed off” two detectors from one. This negated the entire
voting system since, for example, an obstruction at the tapping point feeding the two devices would cause
them to operate erroneously. But—more crucially—they would agree with each other and out-vote the single
remaining one, which was in fact providing the only correct reading!

9. Measures to be taken. I propose that five important steps should be taken as a matter of extreme
urgency:

(a) The teaching of Maths and Physics in Secondary schools should be stepped up by a significant
degree.

(b) Media projects should be initiated, aimed at raising the profile of the engineering profession.

(c) Staff of existing nuclear power stations should be interviewed, to get their views, particularly on
issues of maintenance, training and the availability of spares.

3 T have personally tried to address these concerns by writing a novel in which the hero is a power-plant engineer and the plot
revolves round the control systems of power stations! In doing this, I hoped to encourage young people to see engineering
as a worthwhile career, and to show everybody the risks of facile control solutions.
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(d) The level of funding to support relevant courses at Tertiary Colleges and Universities should be
increased. These should expand from the core maths/physics areas (which should themselves be
taken to a higher level at this stage) into subjects such as metallurgy, thermodynamics,
instrumentation technology and computer science.

(e) The design of any control system of a nuclear plant must comply with IEC 61508 “Functional
safety of electrical/electronic/programmable electronic safety-related systems”. Moreover,
engineers responsible for the supervision of design, construction, commissioning, operation and
maintenance of such systems should be fully conversant with this standard, and must ensure
compliance throughout the chain. This will require a great deal of intense work by highly-qualified
engineers.

10. Is there a non-nuclear option? The terms of reference for the Nuclear Case Study include a question
of whether nuclear power can prove to be economically viable. There are compelling engineering arguments
that there is no viable option but to build nuclear power stations. This is not the place for presenting these
arguments, but a detailed statement can be provided if required.

11. Too late? In many ways, we are already too late in proposing to take action now: the suggested
measures should have been implemented at least a decade ago. This is water under the bridge however, and
all we can try to do is to retrieve something from the mess. But we must act quickly, positively and decisively.

March 2008

Memorandum 104

Submission from The Royal Society

KEY POINTS

— A wide range of nuclear skills and expertise, and substantially increased numbers of individuals
with these skills, are required if future nuclear activity undertaken by the UK (including
decommissioning, expansion, etc) is to be successful.

— Alack of these skills may also mean that the UK does not have the expertise needed to design new
nuclear facilities.

— A lack of indigenous nuclear technical skills would diminish the UK’s ability to be an intelligent
customer since economic, technical, and security judgements might be flawed.

— There is a growing recognition of the importance of nuclear security. Maintaining the expertise to
deliver nuclear security should be included in assessments of the UK’s requirement for nuclear
skills.

NUCLEAR ENGINEERING CASE STUDY

1. In 2007, the Royal Society published Strategy options for the UK’s separated plutonium. One of the
recommendations of this policy report was that the Government should ensure that its strategic thinking
about UK energy needs and the safe disposal of nuclear waste is informed by a review of the staff and
training needs in nuclear science and technology. The Government needs to know what future options could
be missed through skills shortages and whether it would be desirable economically to import these skills from
overseas. The Society therefore welcomes this review of the UK’s engineering capacity to build a new
generation of nuclear power stations and carry out planned decommissioning of existing nuclear power
stations.

2. If a new nuclear power station is built in the UK, much of the technology will have to be imported as
the UK no longer has the capacity to deliver it. The UK may also have to import much of the expertise to
deliver and install it as the number of nuclear engineers in the UK has been in decline for many years. The
recently launched National Skills Academy may go some way to address this, but a new nuclear plant will
put additional demands on the need for nuclear engineers who are already required for the decommissioning
and disposal of radioactive waste.

3. Design work has now started on new Generation IV reactors optimised to further minimise waste,
improve safety and proliferation resistance, and decrease the building and running costs of nuclear energy
systems. The Generation IV International Forum (GIF) is currently considering six reactor types. GIF
membership comprises: Argentina, Brazil, Canada, China, EU via the European Atomic Energy
Community (EURATOM), France, Japan, Russia, South Africa, South Korea, Switzerland, UK and USA.
In October 2006, the former Department of Trade and Industry (DTI) withdrew from active membership
of the GIF charter, although it still retains “non active” status. This action reflected a refocusing of DTI’s
priorities following the Energy Review towards near term objectives, and means that the new Department
for Business, Enterprise and Regulatory Reform (BERR) will no longer provide the annual funding of up
to £5 million for UK researchers to participate in GIF. The European Atomic Energy Community
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(EURATOM) is an active member of GIF, so UK researchers could participate through the EU Framework
Programme 7. This will require researchers to find up to 50% of the required funding for the research either
from their own resources or by obtaining a customer that is willing to provide these funds (RS 2007).

4. The change in the UK’s GIF status and the loss of direct involvement with these developing
technologies will affect the UK’s capacity and willingness to implement Generation IV reactors, as the
necessary nuclear engineering skills would have to be imported. A concern is therefore that a lack of
indigenous technical skills in the future will mean that the UK would not be an intelligent consumer as
economic, technical and security judgements might be flawed. It would also make any assessment whether
Generation I'V fast reactors should be used in future to dispose of the UK’s stockpile of separated plutonium
much harder to undertake. New nuclear build that redevelops the UK nuclear power capacity and nuclear
engineering skills base would increase the possibility of Generation IV reactors being introduced in the UK
in the long term.

5. There is a growing recognition of the importance of nuclear security. In December 2007, the Society
held a two day workshop that explored innovative ways to detect the illicit trafficking of nuclear and other
radiological materials. It brought together 70 leading scientific and policy experts from the UK, USA,
Russia, Israel and several other European countries. Workshop participants were concerned that there may
not be sufficient skills and expertise available to sustain nuclear and radiological detection research and
development activities in the future, and so more people need to be trained in the area of nuclear security.
Some participants felt that a possible global revival in nuclear power would help create new job
opportunities and university places for relevant nuclear scientists and engineers. Maintaining the expertise
to deliver nuclear security should be included in assessments of the UK’s requirement for nuclear skills.

REFERENCES

Royal Society (2007) Strategy options for the UK’s separated plutonium. Royal Society: London.
Royal Society (2008) Detecting nuclear and radiological materials. Royal Society: London.
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Submission from BAE Systems

1. INTRODUCTION

1.1 This paper has been produced in response to the Innovation, Universities and Skills Committee major
inquiry into engineering. The Select Committee has agreed that one of the case studies will be Nuclear
Engineering; the study’s terms of reference encompass issues which are relevant to BAE Systems Submarine
Solutions ongoing operations.

2. EXECUTIVE SUMMARY

2.1 BAE Systems Submarines Solutions has a proud history of nuclear engineering in support of the
submarine programme. Barrow is the UK’s only site integrating the detailed design and commissioning of
nuclear reactors since 1995. A considerable effort has been required to rebuild and retain the nuclear
engineering skill base at Barrow and its supply chain since the start of the Astute project.

2.2 The international civil nuclear industry is undergoing a renaissance and this will have an impact on
the defence programme through increased demand for nuclear engineering skills and key components in the
supply chain.

2.3 The Nuclear Industry is facing skill shortages which are rooted in the long decline of the industry over
more than two decades, public perception and the post cold war reduction in the nuclear navy.

2.4 Since 2003 the UK Government’s commitment to the submarine programme has enabled a vibrant
investment in nuclear capability at Barrow. There are similar opportunities in the decommissioning market
which could help UK engineering industry build the capacity to meet the civil new build programme.

2.5 Help is required to ensure UK industry investment is coordinated, with key elements of the supply
chain cooperating in a more strategic way. A programme to place high calibre individuals in new build
projects around the world will help the UK gain the necessary experience and capture lessons for the
imminent UK build programme.
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3. BAE SYSTEMS NUCLEAR ENGINEERING CREDENTIALS

3.1 50 years experience of new nuclear submarine programme management

3.1.1 BAE Systems Submarines Solutions’ Barrow Shipyard has been managing the design, construction
and commissioning of Nuclear Submarines since 1958 (50 years). Astute, the first of a new class of submarine
will contain the 26th nuclear power plant to be constructed and commissioned at Barrow.

3.2 Significant nuclear engineering programme over next 20 years

3.2.1 Four Astute submarines have been ordered of an anticipated seven. This construction programme
will continue until 2019.

3.2.2 The concept phase for the Vanguard successor submarines commenced in 2007; detailed design
work will commence in 2009 in preparation for construction in parallel with the last Astute class submarine.

3.3 Centre of nuclear engineering, construction and commissioning excellence

3.3.1 Barrow, since the mid nineties, is the only site engineering, constructing, fuelling and commissioning
nuclear reactors in the UK (Sizewell B achieved its rating certificate in September 1995); at least three new
naval reactors will commission before the first UK civil nuclear power construction starts. These activities
require the Barrow site to maintain a nuclear safety case and site licence in accordance with the Nuclear
Installation Act.

4. IMPACT ON BAE SYSTEMS SUBMARINES OF THE CHANGING NUCLEAR INDUSTRY ENVIRONMENT

4.1 The end of the previous Civil Nuclear Build Programme and Cold War produced a nuclear resource glut

4.1.1 The end of the Cold War in the early 1990’s gave opportunities for a reduction in the submarine
flotilla. Old submarines were retired early and new orders deferred releasing a significant number of nuclear
qualified naval personnel. This resource was eagerly recruited by industry. The need to train and develop
new people was further reduced by the imminent completion of Sizewell B (1995) and the Vanguard
Programme (1999). The deferral of orders forced Barrow into redundancies and surface ship work to survive.
The Barrow workforce was reduced from 13,000 to 2,900 between 1992 and 2002.

4.2 The Astute construction programme suffered key skill and knowledge shortfalls

4.2.1 The nuclear reactor construction for Astute began to highlight problems with the skill and
knowledge levels in the Barrow Shipyard and key suppliers in 2002. It became increasingly apparent that a
lot of intrinsic knowledge resided in experienced staff and could not be easily documented in procedures and
training packages.

4.2.2 The skill and knowledge shortfall was also prevalent in the Ministry of Defence (BAE Systems’
customer) and the Regulators (Nuclear Installation Inspectorate and Defence Nuclear Safety Regulator).

4.3 A negative public perception of the nuclear industry further skewed the age profile

4.3.1 The UK public’s perception of the Nuclear Industry, post Three Mile Island and Chernobyl,
reduced the number of young engineers willing to train in nuclear engineering. In addition, the workforce
in Barrow had aged, with little new recruitment during the 1990’s. The nature of the submarine technology
restricts recruitment to UK nationals, further exacerbating the problem of attracting new blood.

4.4 A reduced Nuclear Navy trains fewer engineers

4.4.1 Ex-navy nuclear personnel have always been valued by the Barrow shipyard in engineering, safety
engineering and commissioning roles. Many have second careers in engineering consultancies supporting
the civil and defence programmes. This valuable resource has been reduced in line with the nuclear fleet.

4.5 Nuclear Decommissioning and Atomic Weapons Establishment projects are already driving new thinking
in recruitment and retention strategy

4.5.1 The new projects in progress at Sellafield and AWE have increased the competition for nuclear
engineering resource. Attracting and retaining resource has required a combination of structured
development, flexible and home working, increased remuneration and targeting retired engineers back into
the workplace.
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5. DEFENCE NUCLEAR ENGINEERING CANNOT BE ISOLATED FROM THE CIVIL NUCLEAR PROGRAMME

5.1 Civil Nuclear economics will drive Nuclear Engineering remuneration

5.1.1 The skills being maintained and developed in the defence industry are highly valued in the civil
nuclear industry; demand will increase in the run up to the start of new build in 2012.

5.1.2 The economics of civil nuclear power, with its high capital costs, make schedule adherence and
quality (reliability and safety) the dominant measures of a project’s success. These projects can afford to ring-
fence pools of the best nuclear resource as a contingency against problems on the programme critical path.
The submarine programme does not have the same economic drivers and needs other strategies to retain
resource.

5.2 Key skills were in short supply during the last Civil Nuclear Construction Programme

5.2.1 The Sizewell B nuclear commissioning team comprised 50% foreign nationals (American, Spanish,
South African and Slovakian). American engineers (the majority) came from the completed nuclear build
programme in the USA.

5.2.2 The USA had not ordered a new reactor since 1979; in 2007 the USA nuclear utilities announced
anew build programme and are projected to need more than 30 new reactors before 2020. The UK new build
programme will need to compete internationally for key skills; the remuneration for nuclear engineers will
reflect this competition.

5.3 Demand for nuclear manufacturing will stress the submarines supply chain

5.3.1 The international demand for components to support civil nuclear build will overwhelm key areas
of the supply chain which support submarines. For example:

— There is a worldwide shortage of nuclear capable forging capacity (75% shortfall against projected
civil nuclear demand alone). Submarines require the same capabilities for their nuclear plants.

— Heavy machining capability in the UK is based on old infrastructure and this capacity is running
at a high utilisation in support of, amongst other projects, the Chinese market for conventional
power plants. The projected UK civil nuclear build will further stress machining capability in
the UK.

6. EACH NUCLEAR ENGINEERING MARKET SECTOR HAS A DIFFERENT ENVIRONMENT

6.1 A stable Submarine Programme

6.1.1 The UK Government has shown a clear commitment to maintaining the current nuclear submarine
fleet strength. This stable, long term workload, with one submarine build every 22 months and design work
already starting on the successor submarines to Vanguard, is enabling BAE Systems to make significant
investments in people, facilities and processes.

6.1.2 Barrow has now entered a sustained recruiting period in 2007 59 graduates and 97 apprentices were
recruited. During 2008 the Barrow shipyard plans to recruit 85 new graduates, 50-100 experienced engineers,
134 apprentices and 300 tradesmen.

6.1.3 Thenature of submarine work restricts recruitment to UK nationals only. The security requirements
take over three months to achieve clearance of personnel. As BAE Systems Submarines is currently focused
on the defence programme, it cannot make firm offers for employment until security clearance is received.
Many staff are lost in this period to competitors with business which has less onerous security restrictions.

6.2 The Decommissioning Programme’s Reliance on Agency staff

6.2.1 The headline figure for the Nuclear Decommissioning Authority’s (NDA) budget of £2.5 billion/
annum appears attractive, but the underlying cost of ongoing operations reduces the new money for
decommissioning operations to less than £500 million per annum.

6.2.2 Many companies attracted by the headline figures, are finding the decommissioning market highly
competitive. To reduce risk regarding the delays to Project approvals that continue to be experienced,
companies engaged on these projects use flexible (agency) resource. Agency staff do not receive the same
investment in professional development and, typically, do not gain man management experience. The
headline rates paid to agency staff make it difficult for them to transition back to the core workforce where
they would need greater management experience to justify their salary. Over-reliance on agency staff is
undermining an opportunity to develop valuable nuclear engineering resource.
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6.2.3 The Barrow Shipyard has lost nuclear qualified personnel to projects at Sellafield. Individuals are
attracted by the headline rates paid for agency personnel. A number of these staff have recently returned to
BAE Systems when the uncertainties of agency engineering in decommissioning have materialised but the
turbulence is disruptive to production and personnel development.

6.3 New Civil Nuclear New Build is an Opportunity for Regeneration of Nuclear Engineering Capacity and a
Springboard to the International Market

6.3.1 The Government’s commitment to enable the replacement and increase in civil nuclear generating
capacity offers a challenge to the UK nuclear engineering industry. After such a long period of inactivity,
the UK nuclear engineering base has contracted. There is an opportunity for companies to enter the UK
market to fill the gap. If UK companies do not step up to this challenge, foreign competition will. UK
engineering companies need to co-operate, playing to their strengths, to develop the new engineers and
integrated capabilities required.

6.3.2 If this UK integrated capability can be achieved it will be well positioned to exploit international
opportunities.

7. THE UK HAS THE ENGINEERING CAPABILITY; RECOMMENDATIONS TO HELP BUILD THE CAPACITY

7.1 Newer Modularised Reactors—olffers project and UK industry advantage

7.1.1 The more advanced reactors offered for the UK market (Westinghouse’s AP1000 and GE’s
ESBWR) both feature a high degree of modularisation. This modularisation maximises the work at factory
locations; reducing the work content at the power station construction sites, cutting programme time and
risk.

7.1.2 Reducing the work content at site will reduce the number of engineers who are required “on the
road”. This will ease the problem of retention for companies in this market and help ensure valuable
experience is transferred from project-to-project.

7.1.3 BAE Systems has gained significant experience in design for modularisation in the submarine
programme. The level of module outfit routinely used at Barrow is higher than the aspirations of the reactor
vendors. Extensive experience has shown that this allows significant pre-commissioning; the risk reduction
to the programme is significant. Increased focus on higher levels of outfit and pre-commissioning by the
reactor vendors would further reduce the number of engineers required “on the road”.

7.1.4 Increased complexity in modules and their pre-commissioning requires a more highly skilled
workforce for their design, construction and commission. A reinvigorated UK industry supporting modular
designed reactors will have competitive advantage in future international projects.

7.2 An integrated Supply Chain approach is required

7.2.1 Internationally the demand for new nuclear reactors outstrips the available supply chain capacity;
a major opportunity for UK Engineering industries exists. Significant areas of the UK engineering supply
chain have been run down or lost since Sizewell B was constructed. With the exception of the defence
industry, very few UK companies have recently managed major projects with such a large high quality
engineering content since.

7.2.2 The UK nuclear engineering manufacturing base needs to work co-operatively to maximise the
value it delivers. Key capabilities such as forgings, machining, manufacturing engineering and
commissioning already exist in the UK, but they have limited capacity. The timescales before the new power
stations are required do not allow free competition and market forces alone to generate this capacity. There
is a need for an integrated UK approach to development of facilities and people to establish a world class
UK nuclear engineering supply chain.

7.3 Ensure the UK becomes an attractive location for nuclear reactors

7.3.1 The UK Government’s intention to streamline planning and licensing for nuclear reactors will help
establish the certainty required for these large projects.

7.3.2 The UK will have to attract nuclear skilled people into its workforce. Hopefully many of them will
be home grown, but it is likely that some will need to come from abroad. Enabling this mobility will be
essential to feed these projects and prevent delays.
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7.4 Develop Engineers and Technicians on existing nuclear projects

7.4.1 During the preparation for Sizewell B, the CEGB seconded many engineers onto the international
nuclear construction and commissioning teams. Engineers were seconded for the duration of construction
and commissioning (2-3 years). This was an expensive investment but it repaid many times during Sizewell
B’s progress.

7.4.2 Government assistance in placing UK engineers at current projects such as Flammaville (France),
the Watts Bar Completion (USA) or the AP1000 build in China would greatly increase the UK knowledge
and skill bank.

7.4.3 Another option would be to use the existing UK nuclear projects (eg. the submarines and
decommissioning programmes) to develop resource; possibly by increasing the scale of the current NDA
graduate development programme.

7.4.4 Barrow, as the only UK licensed site integrating, constructing and commissioning nuclear reactors,
is uniquely placed to train and develop the nuclear design, manufacturing, construction and commissioning
engineers and programme management capability to meet the UK new build market need. This strategic
resource will become increasingly valuable over the next four years.

7.5 Stabilise and accelerate decommissioning activity

7.5.1 The decommissioning programme could be used to produce a ramp-up in nuclear engineering
activity. Decommissioning could then be curtailed to release resource to meet the demands of the new build
programme.

7.5.2 By accelerating the early spend, and providing certainty to the decommissioning projects, UK
engineering industry would be motivated to invest in core staff and facilities. This would help UK industry
to ramp up to the levels of activity required to support a new build programme.

7.6 Learn lessons from the programmes which are restarting

7.6.1 The hiatus in the nuclear submarine build programme resulted in a huge loss of intrinsic knowledge
in BAE Systems and its Supply Chain; this hurt the programme schedule and increased costs. A significant
programme of investment and development has been required to recover competence and capability.

7.6.2 The supply chain supporting the first EPR reactor construction in Finland has suffered similar
problems with major nuclear related components.

7.6.3 As the USA restarts the Watts Bar project and moves into new construction, there will be many
more lessons to learn. Placing UK project managers, quality professionals and engineers in these projects,
would help de-risk the UK new build programme.

8. CONCLUSIONS

8.1 The nuclear engineering skill set to support the nuclear renaissance still exists in the UK, mostly
preserved in the defence programme. There is a need to increase the number people to meet the requirements
of the new civil nuclear build programme.

8.2 Education alone will not produce individuals of the requisite calibre, but the experience element can
be achieved by placing high calibre individuals into existing nuclear projects in the UK defence industry or
international civil nuclear build programmes.

8.3 The UK engineering industry has an opportunity to build an internationally competitive nuclear
engineering capability on the back of the UK new build programme. But this requires a coordinated
approach to investment and the development of skills.

March 2008
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Memorandum 106

Submission from the Society of British Aerospace Companies (SBAC)

1. NUCLEAR ENGINEERING WITHIN AEROSPACE—THE SEEDER PROJECT

1.1 SEEDER stands for Single Event Effects Design for Electronics Reliability. It is a programme
designed to find methodologies of shielding electronics vulnerable to high levels of neutron bombardment,
particularly in high altitude and fission reactor environments.

1.2 SEEDER is a part industry, part Technology Strategy Board funded programme investigating the
breakdown of electronics systems as a result of interference caused by cosmic radiation. It is a three year
programme, running from January 2008 to December 2010.

1.3 SEEDER is headed by MBDA and involves a number of partners from the aerospace industry,
including BAE Systems, QinetiQ, AWE, Smiths and Goodrich Corporation. The programme is also boosted
by the involvement of BAE Systems Barrow, as SEEDER has clear applications for the electronics systems
onboard nuclear submarines.

1.4 SEEDER is funded 50% by industry, and 50% by the Technology Strategy Board (TSB).
SEEDER is the natural successor to MBDA’s SPAESRANE programme.

1.5 SPAESRANE (Solution for the Preservation of Aerospace Electronics Systems Reliability in
Atmospheric Neutron Environment) was a DTI-funded programme that initiated the investigation into
interference with electronics caused by high levels of neutron bombardment.

1.6 The support of the TSB will ensure that the programme is driven towards generating added value
through the increased competitive advantage for UK industry in the methodologies developed. These
advances will be made at maximum cost effectiveness, protecting UK electronics in a highly specialised
environment.

2. SINGLE EVENT EFFECTS

2.1 Single Event Effects (SEEs) are created by both natural and man-made means. In nature, cosmic rays
are the source of SEEs, whilst man-made SEEs originate from the innards of nuclear reactors on land and
in nuclear submarines.

2.2 Cosmicrays are essentially radioactive neutron particles which originate from deep space supernovae,
and from the solar winds of our own Sun. These cosmic rays continually bombard the Earth’s atmosphere,
and the collisions at high heat cause the particles to become highly charged as they descend from the
atmosphere.

2.3 In man-made, land-based or submarine nuclear reactors, the highly charged neutrons exist as a result
of the fission reactions that occur within the reactors.

2.4 In both instances, the highly charged neutrons exist in environments where they are potentially
destructive. The aerospace industry is concerned because the naturally occurring neutrons are prevalent at
altitudes ordinarily occupied by civil aircraft.

2.5 While cosmic rays exist at sea level and have been known to affect electronics and living organisms
at this level, they are 300 times more prevalent at aircraft altitude.

2.6 At altitude, highly charged neutrons can penetrate aircraft fuselages and collide with silicon atoms,
such as those found in avionics (aircraft electronics). Memory devices, such as RAM, are particularly
vulnerable to cosmic rays. The resulting impact causes a nuclear reaction, which in turn produces an
electrical charge shower to spread throughout the electronic system, which can cause memory disruption,
memory loss or system failure. This phenomenon is known as the Single Event Effect.

2.7 This problem is compounded by Moore’s Law, which states that computational power doubles
approximately every two years, as the size of transistors continually decreases, and thus the amount of
transistors that can be attached to a circuit board increases proportionally. As the transistors grow ever
smaller, they become more susceptible to the highly charged neutron particles. This growing problem of
increasingly small transistors means that “SSEs are now recognised as the dominant reliability issue for
avionics in the coming decade.”?’

2.8 Where modern aircraft use “fly-by-wire” electronic actuators the problem is exacerbated as electrical
components have been known to burn out completely when impacted by.

37 Andrew Chigg, Senior Technical Expert, MBDA, Opening Up The Space Rain Umbrella, www.isis.rl.ac.uk
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2.9 This problem is replicated within nuclear reactors and nuclear submarines, where internal electronic
devices, and in particular the memory of these devices, suffer interference as a result of these nuclear
particles.

2.10 The aerospace and defence industry has been eager to assist in the development of innovative
shielding techniques to increase avionics reliability in the face of naturally occurring SEEs.

3. ENGINEERING THE SEEDER PROGRAMME

3.1 SEEDER exists to develop innovative solutions to the problem of exposure of avionics technology
to nuclear energy at altitude.

3.2 Assuccessful SEEDER programme will result in increased confidence in electronic reliability, and also
increased general aircraft safety for both the civil and defence sectors.

3.3 SEEDER will be conducted operationally by nuclear engineers at the ISIS neutron source in
Oxfordshire. Initially SEEDER operations will consist of the testing of the quality and susceptibility of
electronic components under accelerated conditions.

3.4 The ISIS neutron source is able to simulate many thousands of hours of particle flight time by
accelerating neutrons to a highly charged state, and then colliding them with various materials to be the
extent of the damage produced to the material’s structure.

3.5 The nuclear research will lead to developments by electrical engineers, who would apply “triple
redundancy” techniques to the relevant avionics systems to increase their reliability and place an emphasis
upon certainty.

3.6 Triple redundancy prevents system failure if one component is adversely affected by an SEE by
installing numerous components running in parallel, as the overall electrical signal sent by the system will
be that of a “majority vote”—in other words, if three outputs read 1, 1 and 0 respectively, the chosen output
will be 1.

3.7 Fig 1, below, is an example of how triple redundancy can be expanded. The diagram shows that three
input signals are generated, and each signal has a “vote” which is cast—if all three signals are functional
then the votes will be equal and the output signal will reflect this. If one of the input signals is malfunctioning,
the “majority vote” is cast and the output signal will still be correct. A second voting system, and then a
third, are added to add certainty that the original correct signal is being conveyed.

3.8 (fig)
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3.9 The challenge for SEEDER is to incorporate triple redundancy circuitry into electronically hostile
environments.

4. ADDED VALUE

4.1 The SEEDER programme will provide added value to various other aspects of technology, and will
the knowledge gained will be applied in a variety of social and military environments. Whilst the primary
objective is to increase electronics reliability against SEEs in a very specific environment, there are numerous
other applications available, which are as follows.
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4.2 Advances in knowledge gained through SEEDER will have significant applications in materials
research, and practical applications in future super-fast computers, which will be operable in both civil and
hostile environments.

4.3 The knowledge gained through SEEDER would also be applicable to data storage, sensors,
pharmaceuticals and medical applications, especially in the fields of nuclear medicine. Biotechnology and
clean energy technology would also be able to make use of this technology.

4.4 The SEEDER project will require specialist engineers, including nuclear technicians, nuclear
engineers, systems engineers, electrical engineers and nuclear scientists in order for it to be a success. Short
term necessity will lead to long term opportunity as the SEEDER will create technological advances that
will lead to the generation and installation of technologies that will have applications in aircraft all over the
world in a bid to create more efficient, safer and cleaner electronics systems. The demand for such a
technology would mean that the types of engineers involved in SEEDER would be in demand for years
to come.

March 2008

Memorandum 107

Submission from the Engineering Professors’ Council (EPS)

1. The Engineering Professors’ Council represents the interests of engineering in Higher Education. It has
over 1,600 members, all of them professors or Heads of Department and virtually all the UK universities
which teach engineering are represented. It has as its mission the excellence of engineering higher education,
teaching and research.

2. Nuclear power provides reliable energy and does not depend on hydrocarbon fuels that may have to
be obtained from unstable regimes. It is the nearest thing the UK has to a technically available, non-
polluting energy source capable of delivering power on the massive scale necessary to satisfy future demand.
It has an important role to play in a mixed economy of power sources including natural renewables such as
wind, solar and hydroelectric power. An important factor in favour of a resurgence in nuclear power is
nuclear reactors emit virtually no carbon dioxide (COz), the main greenhouse gas. Of course building a
power station does produce significant amounts of COa: but the same is true of, for example, building a
wind farm.

3. Nuclear power currently generates around 20% of the UK’s electricity. However, all but one of the
UK’s nuclear power stations will close by 2023 and at present no replacements are planned. There is a
growing and urgent need for nuclear power and for nuclear engineering.

4. There are of societal issues, principally concerning safety but we find that these may be over-stated. It
is worth noting that the three worst nuclear accidents in the world (Windscale in 1957, Three Mile Island in
1979, and Chernobyl in 1986) have killed far fewer people and caused much less environmental damage than
the oil and coal industries over a similar period of time.

5. Modern reactor designs are inherently safer than those built 20 or 30 years ago, reducing a small risk
still further. For example, work underway in South Africa on the Pebble Bed Moderated Reactor (PBMR)
has produced an inherently safe nuclear reactor design which is incapable of overheating or meltdown, and
which has successfully addressed most of the social acceptability issues surrounding nuclear power,
including proliferation and terrorism. An important point is that such a reactor has the potential to provide,
for the first time, a high temperature source of process heat capable of revolutionizing the energy industry.
A range of potential applications is being considered but, for the UK, the most important is likely to be the
use of this process heat to generate hydrogen from water via process routes such as high temperature
electrolysis and thermo-chemical cycles with low or zero carbon emissions. This technology is one of the
very few on the horizon capable of operating at the scale of the oil industry. Economic generation of such
large quantities of hydrogen raises the possibility of an ultra low carbon emission transport fleet in the UK.
Because of this huge potential substantial government funded R & D programmes are in place in Japan, the
USA, Korea, France, the RSA, and Germany. However, no such work has been funded in the UK.

6. Uranium prices have remained steady for decades, meaning that nuclear energy is far more secure than
fossil fuels are likely to be. Modern nuclear power systems are likely to be more economic than the older
versions, and are therefore a good investment.

7. If we do not want to become overly dependent on expertise from other countries the UK has a lot of
catching up to do. The closure of for example CERL, and the demise of the UKAEA, mean that as a nation
we no longer have the capacity to design our own reactors, nor even the skills to operate them.

8. A praiseworthy but limited initiative is being mounted by one of the sector skills councils, Cogent,
which covers the nuclear industry. Cogent is supporting Foundation Degree programmes in Nuclear
Engineering at the Universities of Portsmouth and Central Lancashire (see http:/www.cogent-ssc.com/
cogent_family/NSAN.php). However, questions remain as to whether providing a Foundation Degree is the
most appropriate response to this important issue.
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What we really need is a viable and prosperous UK nuclear industry—and to achieve that, sustained and
substantial government investment will be required.

March 2008

Memorandum 108

Submission from High Power laser Energy Research project (HiPER)

OVERVIEW OF NUCLEAR FUSION ENERGY

The process of “nuclear fusion™ involves the combination of two atomic nuclei to form a single, larger
nucleus. If the initial atoms are small (ie near the start of the periodic table), then energy may be released
during this process, because the larger atom will be more stable. That is, it has an effectively lower rest mass.
As shown by Einstein (E= m c2), a change in mass will lead to the creation of a large amount of energy.

Energetic
Deuteron \ / Meutron

T NEe

Helium
Nucleus

THE FusioN PROCESS

Fusion is the process which powers the Sun. It is not encountered in everyday life on Earth because
extreme temperatures are required (many millions of degrees) in order for the positively charged atoms to
have sufficient speed to overcome their mutual repulsion. The temperatures are so high that the matter turns
into a plasma, in which the electrons are stripped from their nucleus. The fact that high temperatures are
needed gives rise to the common name for this approach being thermonuclear fusion. The Sun delivers the
initial energy to create a plasma using the power of gravity. On Earth we need to find other solutions.

The most advantageous fusion reaction for terrestrial studies is the combination of two Hydrogen
isotopes (Deuterium and Tritium) to form a Helium nucleus plus a neutron. For energy production, we need
to create a propagating fusion reaction—that is, one which sustains itself once we have initiated the reaction.
This can be achieved by using the Helium nucleus to deposit its energy into its neighbouring atoms, thus
providing sufficient heat to start the next reaction. The neutron is used to drive the power plant—it is
captured in an absorbing blanket surrounding the system which heats up because of the energy deposited
by the neutron. This is then simply used to heat water to power a conventional steam turbine for energy
production.

Fusion is the opposite process to nuclear “fission” (the process used in nuclear power plants), where heavy
elements such as Uranium are split into two daughter nuclei.
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The benefits of fusion can be summarised as:

(1) Abundant fuel and energy security: the raw products can be found naturally (Deuterium comes
from seawater and Tritium can be created in situ within the fusion device itself).

(2) The energy released is very high, meaning it is a naturally efficient system (multi-GW power plants
are the predicted scale for fusion reactors).

(3) The process is significantly cleaner than other bulk power production techniques: There is no
greenhouse gas production, and there are no long-lived radioactive products, although there is
activation of the reaction chamber that can persist for ~ 100 years.

(4) The process is inherently safe (little or no stored energy, so no potential for runaway reactions).

Thermonuclear fusion has been studied for approximately 50 years. The proof of principle (demonstrating
the validity of the underlying science) has been achieved in defence programmes (in the 1980s). What remains
is to find a route to produce a stable, efficient and cost effective power plant. There are two principal routes
being explored, both of which are at a high stage of maturity, albeit still requiring multi-decade investment
to develop to the stage of a viable reactor. The two routes are:

(1) Magnetically confined Fusion Energy (MFE). Here, large low density plasmas made up of
Deuterium and Tritium fuel are created in toroidal (doughnut-shaped) chambers called
“tokamaks”. The operation is essentially “steady state” rather than pulsed. The Joint European
Torus (JET) based at the Culham Laboratory in Oxfordshire is the world’s largest example and
has demonstrated the scientific basis of magnetic confinement fusion. The international
community has agreed to fund the next generation machine (ITER), to be sited in Cadarache,
France towards the end of next decade. Its cost is of order $5B construction, and a similar sum for
operation. See http://www.iter.org/index.htm

(2) Inertially confined Fusion Energy (IFE). Here, high power pulsed lasers are used to compress a
small pellet of Deuterium and Tritium to achieve very high densities (> 30 times the density of lead)
over a very short timescale (< 1 nanosecond). The National Ignition Facility in the USA is
currently under construction with a mission to demonstrate the scientific basis of IFE (ie sustained,
scalable thermonuclear burn). See http:/www.lInl.gov/nif/project/. Costs are similar to MFE. A
significant amount of IFE research is also carried out within the UK, based on experiments at the
Central Laser Facility at the Rutherford Appleton Laboratory, Oxfordshire. This approach has
the benefit of applicability to other scientific goals (astrophysics, material science, particle
acceleration). With the advent of new laser technology leading to significantly reduced costs, an
entirely civilian approach to IFE is now feasible, and forms the basis of the HIPER project (see
below).

HIPER SUMMARY

HiPER is a UK initiative for Europe to take a world leading position in the demonstration of Inertial
Fusion Energy and the science of extreme conditions. This approach to energy and science is made feasible
by the advent of a revolutionary approach to laser-driven fusion known as “Fast Ignition”. HIiPER will
make use of advanced laser technology in a unique configuration, allowing fusion fuel to be compressed and
then ignited to induce a propagating burn wave yielding significant energy gain (Q ~ 100).

At present, the HIPER project is a consortium of seven European countries at the national level (Czech
Republic, France, Greece, Italy, Portugal, Spain, with the UK taking the coordinating role), two regional
governments (Madrid and Aquitaine), industry, plus scientists from four other countries (Poland, Germany,
Russia, USA) and international links to Japan, China, Republic of Korea and Canada. The project has
completed a two-year conceptual design phase, and has just entered a three year “preparatory phase” in
April 2008 as part of the EC’s stewardship of the ESFRI roadmap facilities. This phase is co-funded by the
UK. Assuming success in this phase, construction is envisaged for the latter half of next decade.

The facility will mark the culmination of a UK-led strategic alliance of laser capabilities across Europe,
which includes all the major existing facilities and a significant intermediate step (PETAL), currently under
construction near Bordeaux at a cost of ~€80M.

The timing of the HiPER preparatory phase has been designed to take full advantage of international
work in this area. Three strands of work are being planned to converge early next decade:

— IGNITION DEMONSTRATION: It is expected that net energy production from laser fusion will
be demonstrated in the USA in the early part of the next decade on the National Ignition Facility
(and subsequently on Laser Megajoule in France). This will mark the culmination of over 40 years’
research, and a commitment of many billion dollars.

— FUTURE PATH: Alongside this, there has been significant investment in laser facilities around
the world targeted at developing an advanced route to fusion ignition. This route is designed to
increase the efficiency of the fusion yield using a substantially smaller facility. If successful, this will
provide the confidence to proceed with engineering analyses for commercially viable energy
production and will provide the technological basis for a broadly-based science programme. These
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facilities (in USA, Europe and Asia) are designed to provide the scientific evidence for how this
field should develop. They are too small to achieve fusion gain themselves, but should within the
next five years provide sufficient information to allow the future path to be adequately defined.

— INTEGRATED PLAN: The HiPER project is designed to capitalise on this work. The design
phase has established the overall strategic requirements. The preparatory phase will provide the
structural and technological groundwork to allow the next big step to proceed without delay, whilst
ensuring that construction decisions are only taken after validation of the proposed approach. This
preparatory phase will place Europe in a clear leadership position.

The conceptual work done on HiPER has already had a significant influence on the international
community. We note that the US are now actively working on fast ignition relevant modifications to NIF
to follow on from the initial demonstrations of energy gain. Meanwhile, we have started discussions with
the Japanese on the potential for an international approach to the next step. These changes can be capitalised
upon as part of the HIPER project, and could enable HiPER to take a generational leap in capability (to
high repetition rate operation) based on close coordination with our international partners.

EXPECTED SCIENTIFIC AND EcoNoMIC IMPACT

HiPER has been designed to marry together the establishment of European leadership in the science of
extreme conditions with the key societal challenge facing mankind: a long-term supply of abundant clean
energy.

This is a field in which the UK can honestly claim to be a true world leader. We have the world’s most
powerful, most intense laser (Vulcan-PetaWatt), and are set to retain this leadership for the next few years
with the emergence of the high intensity Astra-Gemini (2007) and Vulcan-10PW (2010-11) facility
developments. This leadership has provided us with the scientific and technological knowledge and
international reputation to propose and lead the HiPER project.

The science case has been developed by over 50 senior scientists from 11 nations during the past two years.
It offers a compelling argument for a step-change in laser capability for European academics. Its proposed
science programme covers a broad spectrum in this rapidly developing field, with a facility capability that
will offer unprecedented, internationally unique tools. The topical fields range from laboratory astrophysics,
the study of extreme states of matter, planetary science, creation of relativistic particle beams, and
fundamental quantum physics.

It is clear that HIPER will open up entirely new areas of research, providing access to physics regimes
which cannot be explored on any other science facility. Its user base will be greatly expanded compared to
existing laser laboratories, consistent with this increase in scientific breadth.

The energy mission is aimed at establishing the case for the exploitation of laser driven fusion. The project
is timed so that decisions can be made following the upcoming demonstration of energy production from
lasers (in ~2012 in the USA and subsequently in France). HIPER will develop the route to viable power
generation by addressing the key R&D challenges—both scientifically and technologically. Its “Fast
Ignition” approach promises a factor 5-10 reduction in scale (and thus cost) of the capital plant, whilst
severing the principal link to classified applications. This allows academia and industry to take a lead role
for the first time.

Work in the current “preparatory phase project” will concentrate on establishing the most appropriate
route to moving forwards in this area. It will assess the likely technical solutions and associated risks to allow
informed decisions on the required R&D and facility specification for subsequent phases.

Multiple energy solutions are demanded by a risk-balanced strategy for energy supply, with fusion able
to offer the “holy grail” of energy sources—limitless fuel with no carbon or unmanageable radioactive by-
products, energy security, and a scale able to meet the long term demand. Laser fusion is highly
complementary to ITER, and is based on a scientifically proven approach (inertial confinement).

There are significant industrial opportunities for the UK and Europe as part of the HiPER project—in
the design and build phase, the operational phase, and from the ensuing technical spin-out opportunities.
With regard to the future energy applications of HIPER, the scale of the potential economic impact is clear.

HiPER would secure UK/European leadership in a field which is rapidly developing in Asia and the USA.
No comparable laser system is underway anywhere in the world—HiPER will be a highly effective
international attractor to the UK.

ENGINEERING REQUIREMENTS

The scale of the scientific and engineering challenge to achieve fusion energy is very significant. It covers
a broad array of disciplines, each requiring a clear, long-term development plan. This demand a coherent
approach linking: academic training to ensure adequate community skills; early industrial engagement to
ensure opportunities for the UK are not missed; identification and funding for the required Research,
Development and prototyping; and close collaboration between academia and industry to identify optimum
solutions.
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The technical areas requiring development include:
— Remote handling and robotics in harsh environments.
— Advanced material science for reactor vessel components.
— Microscale and nanoscale facbrication and characterisation (of the fuel pellets).
— Advanced laser technology.
— Manufacture of at high volume, low cost of large scale (metre-diameter) optics.
— Adaptive and active optics.
— Radiation hardened electronics.
— Remote injection and tracking technology (of the pellet targets).
—  Cryogenic (~20K) vacuum technology.
— Thermal system management.
— Structural engineering.
—  Fluid dynamics (for liquid wall chambers).
— Waste management and tritium extraction.
— Automated alignment and component replacement.

FuNDING

Technical work associated with the three-year preparatory phase has direct funding or in-kind
commitments amounting to ~€70M from: European Commission, UK, France, Czech Republic, Greece,
Spain, Italy, Poland, Portugal and the Republic of Korea, plus formal agreements with institutions in
Germany, Canada, USA, Japan and China.

€13M of this is direct funding provided from the EC and the national partners (over three years) to fulfil
specific project requirements of the preparatory phase.

The cost of construction and operation will be assessed during the course of the preparatory phase and
depends on key technology down-selection choices in the next few years. However, it is clear that it is in the
billion-Euro class of facilities.

TIMELINE

—  Conceptual design study [UK funding, scientists from 12 nations involved] (2005-06).

— Included on ESFRI European roadmap (October 2006); UK endorsement as Coordinators
(January 2007).

— Preparatory Phase Project [National and EC funding] (April 2008 to March 2011).
— Detailed Engineering Phase (estimate 2011-14).
— Construction Phase (estimate 2014-20).

June 2008
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Submission from the United Kingdom Atomic Energy Authority (UKAEA), Culham

1. EXECUTIVE SUMMARY

— Fusion has enormous potential as a major, environmentally responsible, source of essentially
limitless energy. The UK has a unique role and capability in fusion development, operating the
world’s leading facility JET (“Joint European Torus”) and the innovative, compact device MAST.

— Many of the remaining scientific hurdles will be removed by the international experiment, ITER,
being built in France. Due to its size and complexity, ITER will also test key technologies for
power stations.

— To position the UK to be a major force in developing fusion systems once ITER is operational,
Culham has begun, with EPSRC backing, a gradual transition from fusion science to technology.
The nuclear components of future systems are a critical focus because they will contain the most
Intellectual Property and therefore have the most commercial value.

— Recognising that engineering is key to the economic viability of fusion, Culham is developing with
universities training programmes to strengthen fusion engineering.
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— The synergies between fusion and fission engineering are substantial. Therefore, fusion
development would benefit from the training of a new generation of nuclear engineers. And in turn,
fission could benefit from engineering expertise nurtured in the UK fusion programme.

— Recommendation The fusion programme should play a role in revitalising UK nuclear engineering
for the benefit of both fusion and fission.

WHO WE ARE

2. The mission of UKAEA Culham is “To capitalise on the major assets at Culham to (a) advance fusion
science and technology to the point of commercialisation; and (b) position the UK to participate in the
future fusion power economy”. We are funded by EPSRC and EURATOM to undertake UK fusion research
and operate JET for a collective European programme to prepare for ITER (JET is led by Dr. F Romanelli
for the European Fusion Development Agreement). In the last decade, with its MAST facility, UKAEA has
pioneered a promising compact approach to fusion, called the “Spherical Tokamak”. JET and MAST give
the UK a number of world-leading and in some cases unique capabilities.

3. Increasingly, UK universities are involved in the research. This includes joint training of students in a
wide range of disciplines and at all levels. There are contributions from some twenty universities, with
expanding efforts at York, Imperial College, Oxford, Cranfield, Warwick and Strathclyde.

4. At UKAEA’s Culham site there are approximately 225 engineers and 135 physicists. Of the 52 PhD
students in October 2007, 11 were in engineering & technology, four in materials science and 37 in plasma
and related physics. For engineers, Culham has Graduate Development and Monitored Professional
Development Schemes based on the UKSpec competencies giving access to chartered status. The Culham
apprenticeship scheme was re-launched in 2005 and now has 14 apprentices.

FACTUAL INFORMATION

What is fusion?

5. Fusion powers the stars. Because of the very hot temperatures required, producing and sustaining a
fusion system is a major scientific and engineering challenge. Strong magnetic fields are required to hold the
hot, burning gas (“fusion plasma”) away from the vessel walls.

6. Fusion power would emit no greenhouse gases and so would not contribute to global warming. Its
basic fuels (Lithium and deuterium—a form of hydrogen extracted from seawater) are virtually
inexhaustible. Unlike fission, fusion’s reaction products are not radioactive. Radioactivity is, however,
produced by the neutrons hitting the materials surrounding the fusion gas. But, if these materials are chosen
carefully the radioactivity is short lived and the affected materials can be recycled quickly. There are inherent
safety features. Estimates of the cost of fusion electricity show that it could be competitive with clean coal
and renewables. It is therefore a promising, environmentally responsible, sustainable, large-scale source of
base-load electricity.

7. Reactors will fuse deuterium and tritium (“heavy