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1. Objectives

The central issue to be tackled by the ENEN Project is the elaboration of a concept to establish a European Master of Science in Nuclear Engineering. The concept envisaged should be compatible with the European educational road map for higher education defining Bachelors and Masters degrees as agreed to in the Sorbonne/Bologna declarations. Clearly, the scheme should be practicable in that it takes into account the realities of European education. The basic goal is to offer interesting programs with exciting subjects to attract bright students and to guarantee a high-quality nuclear education in Europe by means of stimulating student and instructor exchange, through mutual quality assurance checks of the courses offered, by close collaboration with renowned nuclear-research groups at universities or laboratories. The nuclear master program should consist of a solid basket of basic nuclear science & engineering courses but should also contain some advanced nuclear courses. The set of advanced courses for the MS should also be able to serve for the course requirements for doctoral (PhD) programs.

2. Boundary Conditions and Assumptions

Although the concept envisaged is applicable to a variety of specialty domains, in a first phase, ENEN concentrates on establishing a degree in nuclear engineering mainly related to nuclear electric power generation. Hence, this summary document only deals with that type of degree. Future extensions towards fields like 

· nuclear medicine, 

· radiation protection, 

· radiochemistry & nuclear chemistry, 

· nuclear applied sciences (encompassing accelerators, instrumentation and measurement), 
· plasma physics & controlled thermonuclear fusion 

may be envisaged in the future.  A possible degree called European Master of Science in Nuclear Science and Engineering with different “options” or “fields of study” may then result.  

Likewise, although ENEN wishes to set up a high-level MS program that forms the bridge towards research-based PhD degrees in Nuclear Engineering, with possible advanced course requirements, ENEN has so far only concentrated on the Master level. The ENEN project has defined the concept of, and has identified, some advanced courses, but at this stage, these courses are only used in the MS program. Depending on the future integration of obligatory advanced courses into European Ph-D programs, combined with a mobility requirement for course and research, a possible European Ph-D in Nuclear Engineering, may be considered.

The geographical region the current ENEN concept envisions is a Europe of 30 member states: the 15 current ones, the 10 acceding countries, three candidate and applicant-candidate members, and two neighboring countries (Switzerland and Norway). For short, this geographical region is designated below as “Europe-30”. Potential ‘adjustments’ may later be necessary to integrate the concept into a worldwide scheme.

As stated in the objectives, the concept of European Master of Science in Nuclear Engineering must be compatible with the Bologna ‘requirements’. However, two sorts of flexibility will be incorporated into the model. First, a temporary flexibility exists to cope with the existing (historically evolved) situation in the 30 European states considered. Secondly, as it becomes clear that the states considered tend to interpret Bologna differently, the ENEN concept must be able to cope with that (e.g., one-year versus two-year Masters).

As the concept strives to offer the students the best high-quality education in Nuclear Engineering in Europe, ENEN has focused on a realistic concept that combines regional & national presence with the possibility to interact and take courses from typical centers of excellence with a sole or major nuclear focus. The model developed does not intend to establish one single elite school that offers the degree of European Master, but rather takes advantage of exchange schemes and mutual recognition. The scheme does not intend to do away with existing programs but tries to strengthen them by offering exchange modules. The regional and national spread of the program is thought to be important to allow graduated students to interact with local safety and other authorities (language and cultural aspects).

The concept is designed to fit full-time as well as part-time students. The part- time scheme is supposed to better accommodate the schedule of professionally active students. 

Note on terminology 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 ECTS credits or full-time semesters required, mentioned.

3. The concept of a E-MSNE

Based upon a year-long exchange of views between the partners of the European Nuclear Education Network (ENEN), consisting of a representative cross section of nuclear academic institutions and research laboratories of ‘Europe-30’, a coherent and practicable concept for a European Master of Science in Nuclear Engineering (EMSNE) has emerged.

The concept acknowledges the existence of a broad spectrum of expertise within many states of Europe-30, and it wishes to take advantage of that pool of expertise.  Conversely, the idea of a European master degree in nuclear engineering manages to compensate for the gradually disappearing nuclear know how in some countries because of retirement of university professors, high-level researchers and facilities.

The proposed structure of the EMSNE is compatible with the ‘standard’ 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 EMSNE approach can accommodate the presently existing (variety of) educational systems in the ‘Europe-30’ geographical region, 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 (MSNE) is composed of course units formally recognized by ENEN and characterized by a number of ECTS credits, reflecting their load. (ECTS stands for European Credit Transfer System.) These credits can be collected from all “ENEN-recognized” institutions. A degree is granted when the following basic set of requirements is fulfilled:

· a MSNE is in principle only be granted after having obtained a minimum of 300 ECTS credits beyond secondary level;

· a minimum of 60 ECTS 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.

As one semester of full-time study usually amounts to 30 ECTS credits; in principle, the MSNE is thus granted after a minimal full-time load of 10 semesters beyond secondary level.

Students register in one ENEN-accredited institution (further called the “home institution”) and acquire the required number of ECTS credits in those ENEN-recognized institutions of their choice. In principle, students can opt to fulfil all ECTS credit requirements in their home institution, or, in the other extreme, they can “wander around” and take one or more course units in a variety of ENEN-recognized institutions. The home institution will grant the formal degree of Master of Science in Nuclear Engineering, based upon the formal recognition of the ECTS credits, very much similar to the ERASMUS philosophy. But the quality label European Master of Science in Nuclear Engineering will be granted by ENEN, on behalf of its members, if at least 20 ECTS credits (including project work or thesis) have been followed at an ENEN-member institution other than the home institution.

This European-exchange requirement to obtain the quality label European MS means that somebody with a MSNE from his/her home institution can only obtain the label after an additional nuclear program of 20 ECTS credits in a recognized ENEN institution other than the institution that granted the MSNE.

Typically, 1 ECTS credit amounts to a student load of 30 hours (including contact hours and study hours), and a full semester load corresponds to 30 ECTS credits or 900 load hours.

The basic concept of the EMSNE, as well as its flexible nature, is illustrated in Figure 1.
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Figure 1 Typical full program variations.

The full program of European Master of Science in Nuclear Engineering is indicated by the yellow (or gray) block in the lower left-hand-side corner.  Each little block separated by a horizontal dashed line represents one semester; a solid line refers to a year.  MS4NE refers to a 4-semester master program. Three possible routes towards the EMSNE are indicated.

The first route, indicated by numbers (1) and (2), represent the direct route, whereby the nuclear Master degree follows directly after the Bachelors’ degree, or any other 6 semester / 3 year academic level engineering or sciences program.  The six-semester prerequisite program need not be in nuclear engineering; all other common engineering disciplines, agricultural engineering and science disciplines are in general acceptable. If it turns out that the six-semester BS-level program is somewhat short in the basic mathematics, physics, chemistry and engineering courses, the students will be required to “correct” for that during the MS program by sacrificing some elective non-nuclear courses to those subjects (albeit possible that in some cases some additional make-up courses outside the MS program may be needed). 

To fulfil the requirements of the Master degree, in principle, a minimum of 120 ECTS credits is required, of which at least 60 should be in a nuclear-engineering area. The non-nuclear ECTS credits should be preferentially in high-level engineering (fluid mechanics, heat transfer, thermodynamics, thermal hydraulics, material science, etc.) or physics, chemistry, mathematics and computer science. For students holding a BS in Nuclear Engineering before starting the MS program, the requirement of minimal 60 ECTS credits in nuclear engineering subjects refers to the combination of the BS and the MS, but whereby the nuclear ECTS credits acquired during the BS only count for 50% towards that 60 ECTS nuclear credits requirement.

The second route (in the middle of the figure) allows those who have successfully completed a 4-year academic program or those who hold a two-semester master (beyond the BS) to obtain an MS4NE (paths (3) and (4) in the figure).
 For students following path (3), this route pursues effectively an advanced type of nuclear master, and makes only sense in the framework of the European quality label, explained above. For both paths (3) and (4), a total number of 90 ECTS credits is required, of which again a minimum of 60 ECTS must be in strictly nuclear subjects. Previously obtained ECTS credits in nuclear subjects (in case a MS2NE was obtained) can be traded for more advanced or other nuclear course units according to an “exchange rate” of 2/1 for BS courses and 1/1 for one-year MS courses for the fulfilment of the minimal 60 ECTS nuclear credits.

Finally, those who already hold a 4-semester Master degree, or a 5-year degree, in engineering, agricultural engineering and sciences (the extreme right hand side block in the figure), can obtain the degree of MSNE through a 2-semester “Master-after-Master” program.  (See route (6) in the figure.)  The minimal requirement is 60 ECTS credits in purely nuclear subjects (thesis included).

For holders of a 10-semester BS + MS in nuclear engineering (route (5) in the figure) there is only a need to fulfil an extra of 20 nuclear ECTS credits in an ENEN-recognized institution other than that where the MSNE degree was obtained, to obtain the quality label European Master of Science in Nuclear Engineering.  Apart from this extra quality-label requirement
, the two yellow (or gray) blocks in the figure are identical.
Before granting the label European MSNE, all programs are to be approved by the ENEN Steering Committee. For applicants to the EMSNE degree with different historical background than described above, the ENEN Steering Committee shall decide on a case-by-case basis.

As explained above under “Boundary Conditions and Assumptions”, in a first phase, ENEN pursues the establishment of a degree in nuclear engineering mainly related to nuclear electric-power generation; extensions towards other nuclear disciplines may be envisaged in the future. Likewise, ENEN has the intention to promote future exchange of students and instructors for advanced courses in the framework of Ph-D programs.  Depending on the future integration of obligatory advanced courses into the Ph-D programs in Europe suitably based on geographical exchange and collaboration on the research topic, a possible quality label European Ph-D in Nuclear Engineering, granted by ENEN, may be considered.

4. Prerequisites and basic course contents of BS

To be able to fruitfully digest the study material of the MS program, the BS education of the applicant should cover a sufficiently broad scope in math, science and engineering. The Mechanical Engineering, Energy Engineering, Electrical Engineering, Engineering Physics, Chemical Engineering bachelor level programs throughout the European countries can be considered as good prerequisite to enter the EMSNE Course, but also a bachelor degree in Physics as well as in Chemistry may be an acceptable prerequisite with some few extra courses.
Topics that must have been part of the previous curriculum before enrolment in the EMSNE program in order to avoid any extra courses would be: Mathematics, Computer science, Physics, Chemistry, Applied Thermodynamics, Basic Fluid Mechanics, Basic Heat transfer, Electrical and Electronic Engineering, Applied Mechanics and Basic Material Science (incl. Structural Mechanics).

5. Basic Course Curriculum Structure for the EMSNE

The course content structure of the EMSNE may alternatively be portrayed as in the following Table. A reasonable distribution between non-nuclear courses and nuclear courses is to be assumed as indicated in the Table. However, the nuclear requirements as explained in Figure 1 are always a minimum. 

The 60 ECTS nuclear courses must consist of a group of ‘core-curriculum courses’, further called ‘preferred courses’. These courses are listed below in List 1. They are to be supplemented with some elective courses with a minimum of at least 6 ECTS of an advanced level for the 2-semester MS degree. A Master thesis or project culminating in a publishable paper should amount to a load of about 12-24 ECTS.

The purpose of the remaining basic and advanced non-nuclear courses (engineering, physics, mathematics, etc…), is to balance the different levels or areas of knowledge the students have after (completing 6, 8 or 10 semesters of previous study) receiving a first and/or second university-level degree. The selection of these non-nuclear courses should preferentially be made for each student individually upon advice of his mentor or supervisor. Students, who may have already passed some of the ‘preferred’ nuclear core courses during their earlier study, shall replace them with ‘substitute’ nuclear courses (see Table 1 below).

Table 1 ENEN Course Curriculum Structure.
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In all cases the program of the students will be finished by the master thesis at nuclear master level. The thesis is a part of the 60 ECTS for the last year nuclear training for EMSNE. However, it is quite possible that the thesis work cannot be finished and defended within the given academic year since the research may require some extra time. Depending on the rules of the ‘home’ institution, the final defense can likely be shifted to the next academic year.

The 120 ECTS full EMSNE program comprises the following type of courses (on a 6 ECTS base per course):

· 4-5 non nuclear basic courses,

· 4-5 non nuclear advanced courses,

· 4-6 nuclear core (preferred/substitute) courses,

· 1-2 nuclear core laboratory courses,

· 2-3 nuclear elective (advanced/specialized) courses.

The following lists display the so-called core and elective courses referred to above.

· List 1: Nuclear core courses and nuclear core laboratory courses are presented as preferred and substitute. (Clearly, theses titles need a detailed description of content and appropriate quality level before they can be justified.)

· List 2: Elective Advanced/Specialised courses are from the elective field. These include among others: Nuclear technology and reactor-core physics, nuclear fuel and material sciences, radiology and radiation-protection fields, mathematics and thermal hydraulics etc.

List 1a: Nuclear core courses – preferred/substitute (24-36 ECTS) 

	Preferred nuclear core courses
	ECTS

	Introduction to Reactor Engineering
	6

	Reactor Physics
	6

	Nuclear Thermal Hydraulics
	6

	Safety and Reliability of Nuclear Facilities
	6

	Reactor Engineering Materials
	6

	Radiology and Radiation Protection
	6


Students, who already passed some of the ‘preferred’ nuclear core courses during their earlier study, shall replace them with ‘substitute’ nuclear courses.

	Substitute core courses
	ECTS

	Nuclear Facilities Environmental Impact
	6

	Nuclear Fuel Cycle
	6

	Structural Mechanics - Nuclear
	6

	Nuclear Power Plant Technology
	6

	Fluid Mechanics
	6

	Reactor Control and Instrumentation
	6

	Nuclear Waste Processing and Disposal
	6

	Reactor Kinetics
	6


List 1b: Nuclear core laboratory courses – preferred/substitute (6-12 ECTS) 

	Preferred nuclear core laboratory course
	ECTS

	Nuclear Reactor Engineering, Laboratory 
	6


Students, which already passed the preferred nuclear core laboratory course during their earlier study, shall replace it with a substitute nuclear core laboratory course.

	Substitute nuclear core laboratory courses
	ECTS

	Nuclear and Radiation Physics, Laboratory
	6

	Plant Simulation, Laboratory 
	6


L2: List of Elective Advanced/Specialized courses 

The Elective Advanced/ Specialized courses typically carry 3-6 ECTS, depending on the case at hand. Their contents and volume have to be adjusted accordingly.  The objective of these courses may be twofold: 

· Get deeper (and narrower) into a particular subject, or 

· Broaden the overall knowledge of state of the art nuclear engineering issues. 

These Advanced Elective courses should preferentially be offered in a modular structure (two or three weeks continuously) so that international attendance can be stimulated. 

Nuclear Technology and Reactor Core

The following types of subjects can be considered:

Decommissioning, Energy Economy and Power Engineering, Fission and Fusion Reactors, Fusion Engineering, Plasmas and Fusion Reactor Physics, Mathematical Methods for Nuclear Reactors, Modelling in Nuclear Technology, Neutron Transport Theory, Nuclear Electronics, Nuclear Power Plants Measurements and Instrumentation, Power Plant Control in the Electrical Grid, Detailed study of Pressurized Water Reactors, Reactor Core Design and Evaluation, Reliability Technology of Complex Systems, Risk Analysis and Risk Management for Technical Systems, Safety and Risk Analysis, Signal Analysis in Nuclear Reactors.

Nuclear Fuel and Materials

In this category, we mention:

Back-End Cycle, Chemistry Fundamentals in the Field of Fuel Cycle, Fracture Mechanics, Front-End Cycle, Fuel and Nuclear Materials, Fuel Burn Up and Management, Fuel Cycle Chemistry, Material Radiation Damage, Non-Destructive Testing, Nuclear Fuel Technology, Uranium Chemistry and Technology.

Radiology and Radiation Protection

This group of potential courses could be composed of:

Air Pollution Management; Biological Indicators and Dose Estimates, Chemistry and Analysis of Radio-Nuclides, Detectors, Environmental Impact of Nuclear Power, Health Physics, Nuclear and Radiation Physics, Particle and Radiation Transport, Radiation Measurement, Radiation Dosimetry, Radiochemistry, Radioisotopes and their Applications.

Mathematics, Numerical Methods, Basic Phenomena and Others

In this group the following selection of topics is recommended:

Computational and Numerical Analysis, Financial Appraisal, Heat Transfer Problems, Mathematical Process Modelling, Mathematics and Statistics, Multiphase Flow and Heat Transfer, Numerical Simulation of Two-Phase Flow, Plasma Physics and Engineering, Thermodynamics Process Safety Analysis.

6. Recognition of Programs and Instructors

A major ‘challenge’ in the actual implementation of the envisaged EMSNE is the mutual recognition of the participating institutes and courses. 

To perform this so-called ‘recognition’ of the institutes, it is recommended to make use of the usual ‘quality–checking and ‘visitation’ channels that exist in many countries. In case those standard procedures are lacking, ENEN as an Association may perform those qualifying procedures itself. Generally speaking, however, it is expected that all present ENEN members will qualify for those recognition requirements. The problem may lie in the future when new institutes of a present non-university level higher technical education apply for membership of ENEN.

For the courses, it can be expected that the academic level will be appropriate once it has been established that the courses exist in ‘recognized’ institutes. However, the difficulty will lie in the exchange of courses because of frequent overlap in contents. To resolve that issue, it will be necessary that ENEN perform a detailed analysis of the course contents (based on at least the table of contents) and define the smallest possible exchange unit.

As to the ‘recognition’ of the instructors, ENEN will apply as a general rule that it will recognize the credentials of the instructors once they have been formally appointed by one of the participating academic ENEN institutes. Consequently, whenever some guest lecturers are contemplated, they must always be formally appointed by an academic institute before they are granted academic status in relation to the students. Lacking that, the academic supervision of the course or laboratory must be taken by an ENEN-recognized professor.

7. Distance learning

Most lectures will very likely be taught in the usual way, i.e., in the classroom ‘ex cathedra’. Even for the modular courses designed especially for exchange students, the rule will probably be the usual classroom-teaching method.

To facilitate exchange of students and teachers, though, several possibilities of distance learning exist.

The simplest one can be called ‘independent study’ whereby professors put lecture notes, textbooks, references and exercises (often solved problems) on the web and whereby some (non-synchronous) discussion between students and teachers & assistants can take place. Several education-software programs are available. Probably this method will only be used as a complement to classical teaching; however, stand alone courses taught this way should not be excluded a-priori. 

A second type of distance learning may occur by visual communication but still in a delayed or non-synchronous mode through videotape, CD-DVD, web movies, etc. This mode of communication is normally to be complemented with the tools discussed above for ‘independent study’.

Finally, a fully synchronous means of teaching may be applied through video conferencing or cyber class. This is the highest level of remote learning; this mode will preferentially be complemented by the two modes discussed previously.

It is to be investigated what will be the best quality/cost option for European-wide nuclear education.

8. Mobility Cost

The cost for exchange of students is estimated to be of the following order of magnitude:


- 2-week compact course



~
2000 – 2500 €


- 1-month compact course



~
3000 – 3500  €


- 4-month semester course or thesis work 
~        10 000 – 12 000 €

The cost for professor exchange for a 2-week stay ranges in the order of 3000 €.

To stimulate this type of exchange, the Commission is recommended to help with financial mobility schemes. The typical financial Erasmus compensation is considered to be grossly insufficient to stimulate foreign exchange. The Commission should reflect about schemes such as Marie Curie or other, but eligible for Master students. The DG Education in the Commission should be contacted in this regard. ENEN from its part should try to obtain sponsoring from stakeholders in nuclear electricity generation. A fair deal would be a mix of sponsoring from Commission funding and private sponsoring funds. 

9. Conclusions and Recommendations

Two years of reflection within the ENEN has shown that the establishment of a European Master of Science in Nuclear Engineering is feasible. 

However, the actual implementation will require a further non-negligible effort. It is therefore recommended that the following actions be taken:

· Over the next few years the EMSNE should be implemented. The first quality label should be granted not later than two years from now (Dec 2003);

· the accreditation of participating institutions and course units must be performed;

· to accommodate exchange of students, universities should schedule at least a few courses in a modular form (that will be taught in English);

· a major effort, both in the Commission and in ENEN, to obtain the financial means to stimulate student and professor exchange should be undertaken;

· the first experiments with distance learning should be launched;

· extension of the EMSNE concept to establish a European PhD in Nuclear Engineering should be considered.

Based on the concept explained above and with the full cooperation of the participating institutions, it may be stated that the intellectual erosion in the nuclear field can be halted and that a high-quality nuclear education can be kept.  
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� For non-nuclear degrees as in path (4), the same general prerequisites as for the path (2) apply by taking some “corrective” courses during the MS5NE studies or through extra make-up courses.  


� Students having obtained their BS degree in one ENEN-accredited institution and their MS degree in a different ENEN-recognized institution satisfy the European quality label.  This route is considered to be identical to route (1).
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				Mandatory basic courses		ECTS				Course		ECTS

		1		Introduction to Reactor Engineering		6		5		Introduction to Reactor Engineering		6

		2		Reactor Physics		6		5		Nuclear Facilities Environmental Impact		3

		3		Nuclear Thermal Hydraulics		6		5		Reactor Physics		6

		4		Safety and Reliability of Nuclear Facilities		6		5		Nuclear Thermal Hydraulics		6
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		6		Nuclear Reactor Engineering, Laboratory		6		5		Safety and Reliability of Nuclear Facilities		3

		7				6		5

		8				6		5		Nuclear Fuel Cycle		3

		9						5

		10		Thesis		12		15
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				Nuclear Facilities Environmental Impact		5

				Nuclear Fuel Cycle		5				Substitute Courses

				Structural Mechanics		5				Fluid Mechanics		6

				Nuclear Power Plant Technology		5				Nuclear Power Plant Technology		3

				Fluid Mechanics		5				Nuclear Waste Processing and Disposal		6

				Reactor Control and Instrumentation		5				Reactor Kinetics		6

				Nuclear Waste Processing and Disposal		5				Structural Mechanics		3

				Reactor Kinetics		5				Nuclear and Radiation Physics, Laboratory		3

				Nuclear and Radiation Physics, Laboratory		5				Plant Simulation, Laboratory		3

				Plant Simulation, Laboratory		5

				L2: List of advanced/specialized courses (optional)

				The objective of these courses may be twofold:

										1.1.1      L2: List of advanced/specialized courses (optional)

				·        Get deeper (and narrower) into a particular subject or

				·        Broaden the overall knowledge of nuclear engineering issues.						The objective of these courses may be twofold:

				Nuclear Technology and Reactor Core						·        Get deeper (and narrower) into a particular subject or

				o       Decommissioning						·        Broaden the overall knowledge of nuclear engineering issues.

				o       Energy Economy and Power Engineering

				o       Fission and Fusion Reactors						Nuclear Technology and Reactor Core

				o       Fusion Engineering						o       Decommissioning

				o       Fusion Reactor Physics						o       Energy Economy and Power Engineering

				o       Mathematical Methods for Nuclear Reactors						o       Fission and Fusion Reactors

				o       Modelling in Nuclear Technology						o       Fusion Engineering

				o       Neutrons Transport Theory						o       Fusion Reactor Physics

				o       Neutronics						o       Mathematical Methods for Nuclear Reactors

				o       Nuclear Electronics						o       Modelling in Nuclear Technology

				o       Nuclear Power Plants Measurements and Instrumentation						o       Neutrons Transport Theory

				o       Power Plant Control in the Electrical Grid						o       Neutronics

				o       Pressurized Water Reactors						o       Nuclear Electronics

				o       Reactor Core Design and Evaluation						o       Nuclear Power Plants Measurements and Instrumentation

				o       Reliability Technology of Complex Systems						o       Power Plant Control in the Electrical Grid

				o       Risk Analysis and Risk Management for Technical Systems						o       Pressurized Water Reactors

				o       Safety and Risk Analysis						o       Reactor Core Design and Evaluation

				o       Signal Analysis in Nuclear Reactors						o       Reliability Technology of Complex Systems

										o       Risk Analysis and Risk Management for Technical Systems

				Nuclear Fuel and Materials						o       Safety and Risk Analysis

				o       Back-End Cycle						o       Signal Analysis in Nuclear Reactors

				o       Chemistry Fundamentals in the Field of Fuel Cycle

				o       Fracture Mechanics						Nuclear Fuel and Materials

				o       Front-End Cycle						o       Back-End Cycle

				o       Fuel and Nuclear Materials						o       Chemistry Fundamentals in the Field of Fuel Cycle

				o       Fuel Burn Up and Management						o       Fracture Mechanics

				o       Fuel Cycle Chemistry						o       Front-End Cycle

				o       Material Radiation Damage						o       Fuel and Nuclear Materials

				o       Non-Destructive Testing						o       Fuel Burn Up and Management

				o       Nuclear Fuel Technology						o       Fuel Cycle Chemistry

				o       Uranium Chemistry and Technology						o       Material Radiation Damage

										o       Non-Destructive Testing

				Radiology and Radiation Protection						o       Nuclear Fuel Technology

				o       Air Pollution Management						o       Uranium Chemistry and Technology

				o       Biological Indicators and Dose Estimates

				o       Chemistry and Analysis of Radio-Nuclides						Radiology and Radiation Protection

				o       Detectors						o       Air Pollution Management

				o       Environmental Impact of Nuclear Power						o       Biological Indicators and Dose Estimates

				o       Health Physics						o       Chemistry and Analysis of Radio-Nuclides

				o       Nuclear and Radiation Physics						o       Detectors

				o       Particle and Radiation Transport						o       Environmental Impact of Nuclear Power

				o       Radiation Measurement						o       Health Physics

				o       Radiation Dosimetry						o       Nuclear and Radiation Physics

				o       Radiochemistry						o       Particle and Radiation Transport

				o       Radioisotopes and their Applications						o       Radiation Measurement

										o       Radiation Dosimetry

										o       Radiochemistry

				Mathematics, Numerics, Basic Phenomena and Others						o       Radioisotopes and their Applications

				o       Computational and Numerical Analysis

				o       Financial Appraisal

				o       Heat Transfer Problems						Mathematics, Numerics, Basic Phenomena and Others

				o       Mathematical Process Modelling						o       Computational and Numerical Analysis

				o       Mathematics and Statistics						o       Financial Appraisal

				o       Multiphase Flow and Heat Transfer						o       Heat Transfer Problems

				o       Numerical Simulation of Two-Phase Flow						o       Mathematical Process Modelling

				o       Plasma Physics and Engineering						o       Mathematics and Statistics

				o       Thermodynamics Process Safety Analysis						o       Multiphase Flow and Heat Transfer

										o       Numerical Simulation of Two-Phase Flow

										o       Plasma Physics and Engineering

										o       Thermodynamics Process Safety Analysis
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		Course		ECTS

		Introduction to Reactor Engineering		6

		Nuclear Facilities Environmental Impact		3

		Reactor Physics		6

		Nuclear Thermal Hydraulics		6

		Reactor Control and Instrumentation		3

		Safety and Reliability of Nuclear Facilities		3

		Nuclear Fuel Cycle		3

		Reactor Engineering Materials		6

		Nuclear Reactor Engineering, Laboratory		3

		Radiology and Radiation Protection		6

		Thesis		15

		Total		60

		Substitute Courses

		Fluid Mechanics		6

		Nuclear Power Plant Technology		3

		Nuclear Waste Processing and Disposal		6

		Reactor Kinetics		6

		Structural Mechanics		3

		Nuclear and Radiation Physics, Laboratory		3

		Plant Simulation, Laboratory		3

		1.1.1      L2: List of advanced/specialized courses (optional)

		The objective of these courses may be twofold:

		·        Get deeper (and narrower) into a particular subject or

		·        Broaden the overall knowledge of nuclear engineering issues.

		Nuclear Technology and Reactor Core

		o       Decommissioning

		o       Energy Economy and Power Engineering

		o       Fission and Fusion Reactors

		o       Fusion Engineering

		o       Fusion Reactor Physics

		o       Mathematical Methods for Nuclear Reactors

		o       Modelling in Nuclear Technology

		o       Neutrons Transport Theory

		o       Neutronics

		o       Nuclear Electronics

		o       Nuclear Power Plants Measurements and Instrumentation

		o       Power Plant Control in the Electrical Grid

		o       Pressurized Water Reactors

		o       Reactor Core Design and Evaluation

		o       Reliability Technology of Complex Systems

		o       Risk Analysis and Risk Management for Technical Systems

		o       Safety and Risk Analysis

		o       Signal Analysis in Nuclear Reactors

		Nuclear Fuel and Materials

		o       Back-End Cycle

		o       Chemistry Fundamentals in the Field of Fuel Cycle

		o       Fracture Mechanics

		o       Front-End Cycle

		o       Fuel and Nuclear Materials

		o       Fuel Burn Up and Management

		o       Fuel Cycle Chemistry

		o       Material Radiation Damage

		o       Non-Destructive Testing

		o       Nuclear Fuel Technology

		o       Uranium Chemistry and Technology

		Radiology and Radiation Protection

		o       Air Pollution Management

		o       Biological Indicators and Dose Estimates

		o       Chemistry and Analysis of Radio-Nuclides

		o       Detectors

		o       Environmental Impact of Nuclear Power

		o       Health Physics

		o       Nuclear and Radiation Physics

		o       Particle and Radiation Transport

		o       Radiation Measurement

		o       Radiation Dosimetry

		o       Radiochemistry

		o       Radioisotopes and their Applications

		Mathematics, Numerics, Basic Phenomena and Others

		o       Computational and Numerical Analysis

		o       Financial Appraisal

		o       Heat Transfer Problems

		o       Mathematical Process Modelling

		o       Mathematics and Statistics

		o       Multiphase Flow and Heat Transfer

		o       Numerical Simulation of Two-Phase Flow

		o       Plasma Physics and Engineering

		o       Thermodynamics Process Safety Analysis





predmeti presentacij BRU

				Undergraduate study				BSC-BE				DIPL ENG				ENG		ENG

				type (nuclear / non nuclear)				any				any				non nuclear		nuclear

				years to complete				3				4				5		5

				ECTS accumulated				180				240				300		300

				EMNE				ECTS				ECTS				ECTS		ECTS

		1		non nuclear				6				0				0		0

		2						6				0				0		0

		3						6				0				0		0

		4						6				0				0		0

		5						6				0				0		0

		6		non nuclear advanced				6				6				0		6

		7						6				6				0		0

		8						6				6				0		0

		9						6				6				0		0

		10						6				6				0		0

		1		nuclear core - prefered/substitute				6				6				6		0

		2						6				6				6		0

		3						6				6				6		0

		4						6				6				6		0

		5						6				6				6		0

		6		nuclear core laboratory - prefered/substitute				6				6				6		6

		7		nuclear electives - advanced/spec				6				6				6		6

		8						6				6				6		0

		0		thesis				12				12				12		12

								120				90				60		30

				total ECTS to EMNE				300				330				360		330





predmeti mod BRU

				Previous Engineering Study  (years)				ENG 3y				ENG 4y				ENG 5y		ENG 5y

				Engineering (nuclear / non nuclear)				any				any				non nuclear		nuclear

				Years to complete (typically)				3				4				5		5

				ECTS accumulated to complete				180				240				300		300

				EMSNE				ECTS				ECTS				ECTS		ECTS

		1		non nuclear basic  ( up to 30 ECTS )				6				0				0		0

		2						6				0				0		0

		3						6				0				0		0

		4						6				0				0		0

		5										0				0		0

		1		non nuclear advanced ( up to 30 ECTS )				6				6				0		6

		2						6				6				0		0

		3						6				6				0		0

		4						6				6				0		0

		5														0		0

		1		nuclear core - preferred/substitute ( 24-36 ECTS )				6				6				6		0		Introduction to Nuclear Engineering

		2						6				6				6		0		Reactor Physics

		3						6				6				6		0		Nuclear Thermal Hydraulics

		4						6				6				6		0		Safety and Reliability of Nuclear Facilities

		5																0		Reactor Engineering Materials

		6																0		Radiology and Radiation Protection

		7		nuclear core laboratory - pref./subs.( 6-12 ECTS )				6				6				6		6

		8

		9		nuclear electives - advanced/spec. ( 12-18 ECTS )				6				6				6		6

		10						6				6				6

		11

		1		thesis (15-30ECTS)				15				15				15		0*

				fixed				105				81				57		12

				variable				15				9				3		8

				collected at a partner institution abroad ( 20 ECTS )				20				20				20		20**

				EMNE ECTS				120				90				60		20

				total ECTS to EMNE				300				330				360		320

				0* if the thesis has been done in the nuclear field

				20** defined on case by case basis
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		LIST 1a: Nuclear core - prefered/substitute ( 24-36 ECTS )

		Preferred core courses		ECTS

		Introduction to Reactor Engineering		6

		Reactor Physics		6

		Nuclear Thermal Hydraulics		6

		Safety and Reliability of Nuclear Facilities		6

		Reactor Engineering Materials		6

		Radiology and Radiation Protection		6

		Substitute core courses		ECTS

		Reactor Engineering Materials		6

		Nuclear Facilities Environmental Impact		6

		Nuclear Fuel Cycle		6

		Structural Mechanics - Nuclear		6

		Nuclear Power Plant Technology		6

		Reactor Control and Instrumentation		6

		Nuclear Waste Processing and Disposal		6

		Reactor Kinetics		6

		LIST 1b: Nuclear core laboratory-prefered/substitute ( 6-12 ECTS )		ECTS

		Nuclear Reactor Engineering, Laboratory		6

		Nuclear and Radiation Physics, Laboratory		6

		Plant Simulation, Laboratory		6






