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ABSTRACT
The need to preserve, enhance or strengthen nuclear knowledge is worldwide recognised since a couple of years. Among others, "networking to maintain nuclear competence through education and training", was recommended in 2001 by an expert panel to the European Commission.(EUR 19150 EN).
It appears that within the European university education and training framework, nuclear engineering is presently still sufficiently covered, although somewhat fragmented.  However it has been observed that several areas are at risk in the very near future including safety relevant fields such as reactor physics and nuclear thermal-hydraulics. Furthermore, in some countries deficiencies have been identified in areas such as the back-end of the nuclear fuel cycle, waste management and decommissioning. 

To overcome these risks and deficiencies, it is of very high importance that  European countries work more closely together. Harmonisation and improvement of the nuclear education and training have to take place at an international level in order to maintain the knowledge properly and to transfer it throughout Europe for the safe and economic design, operation and dismantling of present and future nuclear systems. To take up the challenges of offering top quality, new, attractive and relevant curricula, higher education institutions should cooperate with industry, regulatory bodies and research centres, and more appropriate funding from public and private sources. In addition, European nuclear education and training should benefit from links with international organisations like IAEA, OECD-NEA and others, and should include world-wide cooperation with academic institutions and research centres.

The first and central issue is to establish a European Master of Science in Nuclear Engineering. The concept envisaged is compatible with the projected harmonised European architecture for higher education defining Bachelors and Masters degrees. The basic goal is to guarantee a high quality nuclear education in Europe by means of stimulating student and instructor exchange, through mutual checks of the quality of the programmes offered, by close collaboration with renowned nuclear-research groups at universities and laboratories. The concept for a nuclear master programme  consists of a solid basket of recommended basic nuclear science and engineering courses, but also contains advanced courses as well as practical training. Some of the advanced courses also serve as part of the curricula for doctoral programmes. 

A second important issue identified is Continued Professional Development. The design of corresponding training courses has to respond to the needs of industry and regulatory bodies, and a specific organisation has to be set up to manage the quality assessment and accreditation of the Continued Professional Development programmes.

In order to achieve the important objectives and practical goals described above, the ENEN Association, a non-profit association under French law, was formed. This international association can be considered as a step towards the creation of a virtual European Nuclear University symbolising the active collaboration between various national institutions pursuing nuclear education. 

Based on the concepts and strategy explained above, and with the full co-operation of the participating institutions, it may be stated that the intellectual erosion in the nuclear field can be reversed, and that high quality European education in nuclear sciences and technology can be guaranteed.
A. 
Introduction

The need to preserve, enhance or strengthen nuclear knowledge is worldwide recognised since a couple of years.

"Although the number of scientists and technologist may appear sufficient today in some countries, there are indicators, e.g. declining university enrolment, changing industry personnel profiles, dilution of university course content, and high retirement expectations, that future expertise is at risk." (OECD/NEA 2000)

"Today, the priorities of the scientific community regarding basic research lie elsewhere than in nuclear sciences. Taken together, these circumstances create a significantly different situation from three to four decades ago when much of the present competence base was in fact generated. In addition, many of the highly competent engineers and scientists, who helped create the present nuclear industry, and its regulatory structure, are approaching retirement age. These competence issues need to be addressed at Community level and a well designed Community research and training programme should play a role that is more important than ever before. This is an area where the concept of a European research area should be further explored." (EUR 19150 EN)

"In September 2002, the (IAEA) General Conference noted that the need to preserve, enhance or strengthen nuclear knowledge arises irrespective of the future expansion in the applications of nuclear technologies, and requested the Director General to note the high level of interest of Member States in the range of issues associated with preserving and enhancing nuclear knowledge in the process of preparing the Agency's programme". (IAEA 2003)

B. 
ENEN – European Nuclear Engineering Network

Within the 5th Euratom research and training programme on nuclear energy (1998-2002), the European Commission supported a project on European nuclear engineering education. 22 academic institutions and research laboratories participated. (ENEN website)

Within the project we defined the major elements for a European master of science in nuclear engineering, performed pilot sessions on nuclear engineering education, established the ENEN-association and re-vitalised nuclear education and training in Europe. The project contributed towards farther reaching objectives e.g. the conservation of nuclear knowledge and expertise, the creation of a European higher education area and the implementation of the Bologna declaration and the enlargement of the European Union.  

B.1. 
European master of science in nuclear engineering

Based upon a year-long exchange of views between the partners of ENEN, consisting of a representative cross section of nuclear academic institutions and research laboratories of the EU-25, a coherent and practicable concept, for a European Master of Science in Nuclear Engineering  has emerged. The concept is compatible with the Bologna philosophy of higher education for academic engineers in Europe (a Bachelor of Science after 6 full-time semesters, and a Master of Science after a further 4 full-time semesters). In addition, the approach to the European Master of Science in Nuclear Engineering, can accommodate the presently existing variety of educational systems in the EU-25 members and candidate-member states, as well as the Bologna implementation in some countries, where Master degrees will be granted after a 2-semester program beyond the Bachelor. 

The full curriculum leading to the degree of Master of Science in Nuclear Engineering  is composed of course units formally recognized by ENEN. 

A Master of Science  in Nuclear Engineering can only be granted after having obtained a full-time load of ten semesters beyond secondary level or in other words 300 credits engineering academic level studies. One credit amounts to a student load of about 30 hours and a full semester corresponds to 30 credits or about 900 load hours. (ECTS website)
A minimum of two semesters equivalent or 60 credits must be obtained in strictly nuclear subjects composed of a set of core-curriculum courses complemented with nuclear electives and a project work/thesis in a nuclear domain.
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Figure 1 Typical full program variations.

Students register in one ENEN-accredited "home" institution and acquire the required credits in ENEN-institutions of their choice. The home institution grants the formal degree of Master of Science in Nuclear Engineering, based upon the formal recognition of credits, very much similar to the ERASMUS philosophy. ENEN, on behalf of its members, grants the quality label European Master of Science in Nuclear Engineering if a substantial amount (some 20 or 30) of credits have been followed at an ENEN-member institution other than the home institution. Typically these credits might be obtained by performing "abroad" the project work or master thesis, and taking there also some related advanced courses.

The first European masters of science in nuclear engineering are expected to graduated after the 2005 summer semester.

Because of the different meaning of the words "undergraduate, graduate and post-graduate" in UK and US contexts, these terms are preferentially not used in the ENEN terminology. It is advised to talk about Bachelor, first Master, additional Master always with the number of credits or full-time semesters required, mentioned.
B.2. 
Pilot sessions on nuclear engineering education

To demonstrate the feasibility of European nuclear education schemes, a three weeks course, called "Eugene Wigner" course for nuclear reactor physics experiments, was successfully organized from April 28 to May 16, 2003. Some 20 postgraduate students from about 10 different European, including accession countries, participated in nuclear reactor physics experiments, organized jointly by four universities. Students performed reactor physics experiments on research- and training reactors in respectively Vienna, Prague and Budapest. One week of theoretical lecturing at Bratislava university introduced or refreshed the knowledge to perform the nuclear reactor physics experiments. The ENEN partners rated the course between 6 to 8 credits or an equivalent student load of some 180 to 240 hours. Students got a certificate of participation. Individual marks are transmitted to the home professors.
Because of the success of the first edition, the course is organised for the second time from April 27 to May 15, 2004. The main organiser is the Institute of Nuclear Techniques at the Budapest University of Technology and Economics. (Eugene Wigner website)

The courses on Nuclear Thermal Hydraulics, 6 credits and Nuclear Reactor Theory, 8 credits, both part of the Belgian interuniversity program on  nuclear engineering, were respectively organised October 20-31, 2003 and November 17-28, 2003. The former was attended by 20 students and the latter by 10. In both, half of the students were "foreign" students. Respectively on November 21 and December 19, 2003, the students were subjected to a written examination at the respective home university. The examination assignments, devised by the course staff, were mailed to the home professors. The home professors supervised the respective written examination sessions and mailed back the examination manuscripts to the course staff. The quotas, assigned by the course staff, were finally transmitted to the home professors. Although the data don't allow to draw definite conclusions, both courses appeared to give evidence of a high academic standard.

The Belgian "additional master" program in nuclear engineering (BNEN) is organised in a highly modular way and taught in English to facilitate and exchange participation of foreign students. The program extensively uses the laboratory and lodging facilities of the Belgian Nuclear Research Centre. The BNEN calendar for the upcoming academic year is even more modularly structured to facilitate and enhance participation of foreign students and professors. (BNEN website)

The pilot sessions on nuclear engineering education performed within the Euratom ENEN-project evidenced processes of qualification, mutual recognition and mobility. The pilot sessions fully subscribed the objectives of the 1999 Bologna agreement on higher education and used instruments such as the European Credit Transfer System. 

C. 
The ENEN association

Pursuing the sustainability of the concept, the ENEN partners organized themselves in September 2003 in a non-profit-making legal association called ENEN, European Nuclear Education Network. The first general assembly was held on November 11, 2003 in Luxemburg, with representatives from the European Commission, the Nuclear Energy Agency of the Organisation of Economic Cooperation and Development and the International Atomic Energy Agency.

The main objectives of the ENEN association are:

· To deliver a European master of science degree and promote PhD studies in nuclear engineering

· To promote exchange of students and teachers participating in the network

· To establish a framework for mutual recognition

· To foster and strengthen the relationship with research laboratories, industry and regulatory bodies.

The ENEN association consists of effective and associated members. The effective members are academic institutions providing high level scientific education in the nuclear field. The associated members have a firmly established tradition of relations with members in the field of nuclear education, research and training. The Board of Governors recommends new member applications to the General Assembly. 
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Figure 2  Simplified organizational chart of the ENEN-association.

The General Assembly is composed of all effective and associated members. The Board of governors is made up of six effective and two associated members, elected by the General Assembly for four years. A reasonable geographical representation is strived for in the Board membership. The General Secretary is responsible for the day-to-day management. He chairs the Management Committee composed of the sub-committee chairmen.

The Management Committee examines the affiliation of a new member to the ENEN association. The decision is taken by the General Assembly.

The teaching and academic affairs committee defines the way to implement the degree of "European master of science in nuclear engineering", this means amongst others: to establish the equivalence between the curricula in nuclear engineering education and credits (ECTS units), to approve the equivalence of admission criteria and to define the mandatory courses corresponding to the students' background.

The advanced courses and research committee ensures the link between ENEN members and research laboratories. It identifies in research centers and industry topics for internship leading to the preparation of a master's thesis. This constitutes a step to encourage and fund mobility of students through the European countries.

The committee also participates in the organization of summer schools and advanced courses, identifies collaboration and sources of funding and recommends research projects. The committee establishes a list of PhD topics and creates incentives and facilities to PhD students.

The training and industrial projects committee identifies the industrial needs for continued professional development and organizes corresponding training sessions and courses. The committee facilitates the mobility of professors from different institutions participating as lecturers and to raise funding for this purpose. The committee organizes access to large nuclear structures.

The quality assurance committee examines the practices adopted in each affiliated institution concerning quality assurance. It establishes the accreditation of the European Masters in Nuclear Engineering and monitors the quality of current and proposed members. 

The knowledge management committee identifies and monitors deficiencies in scientific knowledge relevant to nuclear technology and safety. It has to prepare, maintain and implement an action plan by academia in order to ensure that vulnerable scientific knowledge is not lost. To meet this objective, the committee has to, amongst others, publish books on relevant subjects for students and engineers working in the nuclear field. The committee also ensures efficient use of information and communication technology to support teaching and learning, e.g. elaborated Web server, simulators, electronic books and e-learning.

More, although in early youth, the ENEN association is recognized as a strong partner in nuclear power technology education by the Asian Network for Education in Nuclear Technology (ANENT). The ENEN association respectively chairs and co-chairs the working groups on curriculum design and on inter-university cooperation of the world nuclear university initiative. The ENEN association submitted an Expression of Interest to a.o. provide consultancy services in connection with specific education and training activities proposed in projects of the Euratom research and training program on nuclear energy. The ENEN association advises the International Atomic Energy Agency on the preparation for and the organisation of the International Conference on Nuclear Knowledge Management to be held from 7 to 10 September 2004 in Saclay, France.
D. 
NEPTUNO - Education and training in nuclear engineering and safety

Within the 6th Euratom research and training programme on nuclear energy (2002-2006), the European Commission supports the project: "Nuclear European Platform of Training and University Organisations, NEPTUNO". 35 partners from industry, training centres, academic institutions and research laboratories participate in it. (NEPTUNO website).

The ENEN project objective: "to preserve, enhance and strengthen nuclear knowledge", is taken along in the NEPTUNO project. However as the former concentrated on higher education, the latter strives for education and training in the perspective of Continued Professional Development. The rationale is based on internationalisation and globalisation of the nuclear industry and nuclear energy production requesting for mobility, accreditation and recognition of qualified licensed staff. Within NEPTUNO, proposals are formulated for best practices for mobility, accreditation and recognition of qualified licensed staff and in general all staff needing some form of education, schooling or training before operating in the nuclear industry. The ongoing trends towards co-operation between training organisations, research institutes and academia are facilitated. Amongst others, attention is also given to the re-training of trainers and to the modular schemes for staff not requiring the full academic education program, in other words contributing to life long learning schemes. "Training" is the terminology used in the NEPTUNO initiative to describe the schooling activities other than the regular academic education schemes. 

The NEPTUNO project strives for training (technicians, engineers) and education (master, PhD, post-doctoral) on equal terms of quality.

E. 
Re-inspire nuclear education and training 

The present day reflections on nuclear knowledge management and the different initiatives taken, definitely catalyse networking in the nuclear education and training domain, internally in several countries as well on inter-academic level as between academia, research centres, regulatory bodies and utilities. Examples can be identified in a.o. Belgium, Germany, Slovakia, Slovenia, Spain, Sweden, United Kingdom,  …

The approach stimulates in an organic fashion, the process of identifying centres of excellence in the different disciplines of nuclear education and training.

The approach also stimulates related disciplines e.g. radiation protection to develop similar strategies and policies.

CONCLUSION
In the late nineties, the need to preserve, enhance or strengthen nuclear knowledge was recognised. Within the 5th Euratom research and training programme on nuclear energy, the European Commission supported a project on European Nuclear engineering education. Within the project, the major elements for a European master of science in nuclear engineering were defined, pilot sessions on nuclear engineering education were performed and the ENEN-association was formed. The ENEN-association is a non-profit-making legal association with as main objective to foster high level nuclear education. Within the 6th Euratom research and training programme on nuclear energy (2002-2006), the European Commission supports the NEPTUNO project. As the former concentrated on higher education, the latter strives for education and training in the perspective of Continued Professional Development.

The present day reflections on nuclear knowledge management and the different initiatives taken, definitely catalyse networking in the nuclear education and training domain. However the key question remains: "Do we attract more of the better students?". Although the process is still too young to draw solid conclusions, preliminary observations indicate a positive evolution as well in quantity and as in quality of students.
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