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 Response to Universities, Skills and Innovative Committee

NUCLEAR ENGINEERING                         
MJG/14/03/08 Issue 1


The Innovation, Universities and Skills Committee: Engineering Case Study; Nuclear Engineering

1. Executive Summary
(1) This response is issued 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.
(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) As they 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. Response: 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 fifty 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.  
(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.  
(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 (NIA) 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, i.e. 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 (ii) 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.

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

9. 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 CO2 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 5 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) An important 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 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 view point on these issues.
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