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FOREWORD

One of the IAEA’s statutory objectives is to “seek to accelerate and enlarge the contribution of atomic energy
to peace, health and prosperity throughout the world.” One way this objective is achieved is through the publication
of a range of technical series. Two of these are the IAEA Nuclear Energy Series and the IAEA Safety Standards
Series.

According to Article III.A.6 of the IAEA Statute, the safety standards establish “standards of safety for
protection of health and minimization of danger to life and property”. The safety standards include the Safety
Fundamentals, Safety Requirements and Safety Guides. These standards are written primarily in a regulatory style,
and are binding on the IAEA for its own programmes. The principal users are the regulatory bodies in Member
States and other national authorities.

The IAEA Nuclear Energy Series comprises reports designed to encourage and assist R&D on, and application
of, nuclear energy for peaceful uses. This includes practical examples to be used by owners and operators of
utilities in Member States, implementing organizations, academia, and government officials, among others. This
information is presented in guides, reports on technology status and advances, and best practices for peaceful uses
of nuclear energy based on inputs from international experts. The IAEA Nuclear Energy Series complements the
IAEA Safety Standards Series.

The important role which the IAEA plays in assisting Member States in the preservation and enhancement
of nuclear knowledge and in facilitating international collaboration in this area has been recognized by the IAEA’s
General Conference in several resolutions. The resolutions consider nuclear education and training as a necessary
prerequisite for the safe and efficient operation of nuclear facilities and request the IAEA to assist Member States
in their efforts to ensure the preservation of nuclear education and training in all areas of nuclear technology for
peaceful purposes.

In 2011, the IAEA published a report entitled Status and Trends in Nuclear Education (IAEA Nuclear Energy
Series No. NG-T-6.1). This publication supported the development of policies and strategies in nuclear education
and provided a review of the status of nuclear education in over 30 Member States and educational networks.

The present report follows the recommendations contained in the publication mentioned above, presenting
the established practices and associated requirements and benchmarking criteria for nuclear education programmes
and their evaluation. It provides guidance to decision makers in Member States on a competence based approach in
development of curricula in nuclear engineering and can be used for benchmarking, introducing improvements and
formulating strategies, particularly for countries planning to set up a nuclear power programme.

The TAEA is grateful to all those who contributed to the drafting this report. Particular thanks are due to
A. Kosilov and Y. Yanev, formerly staff members of the IAEA, for their contributions, and also to N. Geraskin
(Russian Federation), P. Ghitescu (Romania), C. Guet (France), K.L. Peddicord (United States of America),
J. Roberts (United Kingdom) and C. Sukosd (Hungary).

The IAEA officer responsible for this publication was M. Sbaffoni of the Department of Nuclear Energy.
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SUMMARY

The development of any national nuclear energy programme is dependent on the successful development of
the workforce, through a sustainable nuclear educational and training programme supported by government and
industry. Among the broad range of specialists needed for the safe and sustainable operation of nuclear facilities,
the nuclear engineer is a vital component of any nuclear workforce. The requirements of a nuclear engineering
programme are based on:

— High standards of education and training;
— An inherent adherence to a strong culture of safety and security;
— Compliance with the national system of education.

Only when all three factors are in place will it be possible for a nuclear engineering programme to provide the
required human resources, whether for a nuclear power plant or for one of the many ancillary nuclear industries.

A competent nuclear engineer can be produced through varying contributions of formal academic programme
and industry training, but it is important to recognize that neither education nor training on its own can produce the
high level of competence required by the nuclear industry. It is recognized that a robust nuclear engineering course
is the sum of many subjects. The core curriculum consists of courses in:

— Reactor physics;

— Nuclear fuel cycle;

— Thermal hydraulics;

— Materials;

— Radiochemistry;

— Radiological protection;

— Safety, security and safeguards;

— Dynamics, control and instrumentation;
— Nuclear instrumentation;

— Reactor systems and engineering;

— Communication, team working, basic business/economics, project management.

For the nuclear engineer, it is important that these topics are well integrated to produce a well prepared graduate
who can enter into the training programmes for a specific nuclear installation and reach the required level of
competence to successfully carry out his or her responsibilities for safe, secure and economic operation.

There are many different approaches to the education of the nuclear engineer at different levels. One approach,
which is followed in many countries, is to have two levels of academic education: the Bachelor’s, or undergraduate
degree, based on approximately three to four years of study at the university level, and a more advanced degree, the
Master’s, which involves one or two years of study beyond the Bachelor’s. Another approach that has been widely
used is the ‘Diploma’, which typically involves five years of study. A third approach is the ‘Engineer’ degree,
consisting of five to six years of study.

The expectations and requirements for graduates holding a Master’s degree, or the longer Diploma or
Engineer degree, are higher than for the Bachelor’s degree. This is in terms of both the depth and the breadth
of the programmes. The courses for any nuclear engineering degree must be developed in recognition of their
contribution to the desired final outcome of producing a competent nuclear engineer. This is accomplished in close
collaboration with industry and by utilization of the identified best educational practices.

The expectations of degree recipients at each level are as follows:

— On completion of a Bachelor’s degree level qualification, it is expected that the student will have acquired
comprehension and knowledge of nuclear engineering systems and will be able to solve problems and
determine technical solutions for real processes defined in an operational context.



— On completion of a Master’s degree level qualification, it is expected that the student will be able to analyse,
synthesize and evaluate the knowledge gained, and apply this knowledge to his/her appropriate role in the
nuclear energy industry.

It is recognized that national systems produce students with equivalent standards through different educational
pathways. Sample curricula of Bachelor’s and Master’s programmes are provided as benchmarks for newcomer
countries. Examples of curricula from established nuclear engineering programmes are also provided, including
examples of the different pathways.

To ensure that the required level of quality is established and maintained, a rigorous and transparent
accreditation system should be implemented. Several different accreditation systems are in place globally. Every
national system ensures consistency with all other engineering disciplines within the country.

Networks of nuclear educational programmes in various regions of the world have been established, some
with the support of the TAEA. These provide collaboration opportunities for existing programmes and guidance for
the establishment of new ones. The establishment of new networks should be encouraged where they do not exist,
as their value has been clearly demonstrated.

The TAEA also supports nuclear engineering programmes through:

— “Assist visits’ that assess existing/proposed programmes and make recommendations;

— Expert missions that provide support to national/academic programmes;

— Provision of documentation and educational tools;

— Coordination of educational networks to improve communication, collaboration, harmonization of
programmes and mutual recognition;

— Facilitating ‘train the trainers’ for educational providers.

Details on all of these initiatives are available from the IAEA.

Curricula are always being developed, leading to different course strategies, but the standards and
competences required of the nuclear engineer need to be maintained as the basis for safe operation of nuclear
installations.

Nuclear engineering is only one of the professions requiring nuclear knowledge and competence in the
nuclear industry. Similar analysis should be undertaken for all professions to ensure that the same high standards
of nuclear knowledge and competence are maintained. Through collaboration between all nuclear professions,
information and analysis can be shared for the benefit of all stakeholders and the continuing improvement of global
nuclear competence and nuclear safety culture.

The present report provides guidance on a competence based approach in the development of curricula in
nuclear engineering and may be useful for benchmarking, improvements and formulation of strategies, particularly
for countries planning to implement a nuclear power programme (i.e. ‘newcomer countries’).



1. INTRODUCTION

1.1. BACKGROUND

Maintaining nuclear competences in the nuclear industry and nuclear regulatory authorities will be one of
the most critical challenges in the near future. With the recent increase in interest in, and support for, nuclear
power, many Member States are considering the introduction of nuclear power as part of their national energy
strategy (‘newcomer countries’); other countries are entering the decommissioning phase and/or considering
expansion of existing fleets of nuclear power plants (NPPs). Both approaches require careful planning, preparation
and investment in time and human resources [1]. Of principal importance is the availability of a well prepared
competent workforce to operate and regulate nuclear facilities [2]. The management of nuclear knowledge
in these countries and the development of the human resources are fundamental prerequisites for the safe and
secure operation of nuclear reactors. To meet this challenge, many countries are establishing nuclear engineering
educational programmes to graduate competent engineers to work in nuclear power [3—6].

The average age of the nuclear workforce has been gradually rising for the past several years, a phenomenon
commonly referred to as the ‘ageing workforce’. Many of these workers, including scientists, engineers, technicians
and other specialists, have worked in the nuclear industry since its inception and carry with them a vast amount of
knowledge and experience that risks being lost as they retire in large numbers over the next few years. Capturing
this tacit knowledge before the loss of key individuals as well as capturing the various knowledge repositories that
they maintain for personal use are vital in order to avoid making this effort again.

A second challenge is to find the successors to whom this knowledge could be transferred as well as
developing the tools and techniques for an effective transfer of the tacit knowledge. As engineering in general
(and nuclear engineering in particular) is not seen as ‘attractive’ by many young students, there is a need to link
with secondary education and to ‘promote’ engineering as an exciting (and well paying) field. Therefore, the
ability of universities to attract top quality students to nuclear programmes, meet the future staffing requirements
of the nuclear industry and conduct leading edge research in nuclear topics is becoming extremely important. This
ability is directly related to the availability of a quality nuclear engineering educational programme which is, in
comparison to other programmes, even technical programmes, one of the bigger and more costly challenges for
universities. Such a programme requires highly skilled and professional teachers with facilities that often require
the capacity to store and use radioactive material.

A substantive curriculum is vital for a successful nuclear engineering programme. While there is no
international standard as to the contents of nuclear engineering curricula, there is substantial consensus among
nuclear educators around the world on what constitutes a good quality nuclear engineering curriculum.

1.2. OBIJECTIVE

With the development of a number of nuclear engineering educational programmes in several countries, the
purpose of this publication is to provide guidance to decision makers in Member States on a competence based
approach to curricula development, presenting the established practices and associated requirements for educational
programmes in this field. It is aimed at providing an understanding of the competences expected of nuclear
engineering graduates at the Bachelor’s and Master’s levels. This should result in facilitating the formulation
of strategies to create and/or adopt curricula to meet the appropriate degree level requirements. This report is a
consolidation of best practices that will ensure sustainable, effective nuclear engineering programmes, contributing
to the safe, efficient and economic operation of nuclear plants. The information compiled here is drawn from a
variety of recognized nuclear engineering programmes around the world. As countries and universities become
more active in the nuclear field, the curricula described here should make it possible to design new programmes
with the goal of meeting the needs of the emerging nuclear industry. Students who have completed these curricula
will also have assurance that their academic backgrounds are consistent with graduates from universities in
other countries. This will also enable them to seek employment and gain experience in existing nuclear power
programmes. If, or when, they return to their country of origin, this experience will be extremely valuable in
building the nuclear programmes.



This publication contributes to five areas that seek to ensure that the nuclear industry remains viable and
robust:

— Development of a successful educational programme to educate the best candidates for the nuclear field;

— Promotion of collaboration between universities and industry to ensure that the workforce of the future
acquires the needed skills;

— Ensuring that the nuclear industry remains at the forefront of technological advancement;

— Ensuring that the industry can obtain personnel with the nuclear specific skills required;

— Ensuring that the long term provision of a skilled workforce through comprehensive outreach programmes.

This publication is part of a series of IAEA reports dealing with nuclear engineering education and the role
of universities in preserving and managing nuclear knowledge. For example, the report on Status and Trends in
Nuclear Education (IAEA Nuclear Energy Series No. NG-T-6.1), published in 2011, supports the development
of policies and strategies in nuclear education and provides a review of the status of nuclear education in over
30 Member States and educational networks [7].

1.3. SCOPE

The scope of this report is to describe the key considerations in developing the type of nuclear engineering
curricula that meet the needs described above, with a particular emphasis on nuclear energy but also applying to
other nuclear applications. It should be noted that in this case further specialization may be necessary.

1.4. STRUCTURE

The report outlines the learning objectives (content, courses, and subjects) and the learning outcomes and
related competences that are sought in such educational programmes, including project management. These
topics are treated in detail in the following sections. The focus is on the common requirements in developing
the curricula, and the competences at the Bachelor’s (undergraduate degree) and Master’s (post-graduate degree)
levels are outlined. The report draws on experience in several countries with very active nuclear programmes.
It is further recognized that due to a number of factors, no single approach would apply to all Member States.
These can include such considerations as the current extent of higher education and the university infrastructure,
national traditions and legacies in education, the interaction and role of training with industry, the presence of a
robust approach to apprenticeships, and other similar issues. As a result, in Section 2, the report seeks to address a
spectrum of approaches that are used for nuclear engineering education.

Appendix [ deals with the benchmarking process for nuclear engineering education programmes. This
approach has been used as part of the IAEA ‘assist missions’ in evaluating the status of new university programmes
in nuclear engineering education.

1.5. TARGET USERS

This report is aimed at those individuals who have the responsibility to develop programmes to educate
nuclear engineers. These can be academic leaders in universities, as well as policy and decision makers at the
governmental level in the responsible ministries and agencies dealing with energy, science and/or education. The
users of this report are expected to be primarily universities in newcomer countries that are anticipating the use of
nuclear energy. However, the report may also be of value to other countries that have current nuclear programmes,
are expanding the role of nuclear, or are reassessing existing programmes.

Since industry has a strong interest in employing the graduates of these programmes, it is recommended that
industrial representatives play a key role in the development of the educational curricula. Furthermore, industry is
also important for providing opportunities for students to gain experience through various internships, cooperative
education positions, and other ways to expose students to the industrial environment, requirements and expectations.



This close collaboration will ensure that the graduates of the nuclear engineering academic programmes will be best
prepared to fulfil industry needs. The report will also be useful to peer reviewers in charge of evaluating nuclear
engineering educational programmes. Finally, the report is expected to be of interest to regulatory authorities as
well as professional and/or learned societies.

2. FRAMEWORK FOR ACHIEVING COMPETENCE

In creating a nuclear engineering educational programme within the higher education context, it is recognized
that various approaches are used in different countries. The approach can be determined by several factors. These
can include the development, status and traditions of higher education in a particular country, the model upon which
the institutions of higher education were established, the evolution of colleges and universities, and the national
goals and roles of higher education. In addition, many colleges and universities may have a largely educational and
teaching mission, while in other instances there may be a strong research component.

For countries utilizing nuclear energy, the most important outcome is to produce a competent nuclear engineer
for the operation of the nuclear power industry. The path to reach that level of competence can be varied, and is
outlined in Fig. 1. These approaches are discussed in more detail below.

Scenario |
| .
Q
Q
£
ool
c
Ll

Scenario 2 b=
g
Q
a.
£
o
9]

Scenario 3

University Academic Programmes - Industry Training

FIG. 1. Various approaches for producing a competent nuclear engineer:

Three scenarios are outlined in Fig. 1. These represent approaches that are currently used successfully in
three different countries with extensive nuclear energy capabilities. In each of the three scenarios, a distinction is
made between the education of a nuclear engineer at the university level and the training in industry that follows.
Typically, the industry training will build upon the basic education gained at the university, and will often be
specific to a particular nuclear power plant, the systems and requirements, and the detailed information to perform
responsibilities and serve as a technical staff member at that particular plant.

In Scenario 1, much of the information is covered in the university programme. As a result, less time is
needed for the industrial training component for the nuclear engineer. In Scenario 2, for a variety of reasons, the
educational component may be broader and not cover as much information specifically focused on industry and



a particular nuclear power plant. As a result, more industrial training will be needed to qualify the individual to
work in an industrial setting. Finally, in Scenario 3, university preparation can be very broad. In fact, students
completing a university degree programme may not even be nuclear engineers. Consequently, the training portion
will be much more extensive. This function may be carried out as well by national training organizations that
are well positioned to serve the broad needs of the nuclear industry. This may be followed up by more specific
training focused on a particular plant where the nuclear engineer will be employed. Such training would typically
be carried out by the utility. In the case of countries considering the first time use of nuclear energy, the nuclear
industry may not be developed enough to ensure sufficient training, and it is important that practical knowledge
and real world information are covered by the academic education and that support from the vendor is sought
for the necessary specific training shown in Scenario 1. For instance, academic education should cover accident
analysis and probabilistic safety analysis (PSA), including external events, available nuclear power plant designs,
lessons learned from major accidents and non-electric applications of nuclear plants.

It is emphasized that all of these options are equally valid. The principal and most important goal is to ensure
that the person going through these educational and training programmes has the background and qualifications to
be a competent professional nuclear engineer, fully prepared to successfully perform the required duties within the
nuclear power industry.

3. UNIVERSITY PROGRAMMES IN NUCLEAR ENGINEERING

Engineering education has been offered for many decades along several different tracks. One approach is
to have two levels in the academic education: the Bachelor’s (or undergraduate) degree, based on approximately
three to four years of study at the university level, and a more advanced degree, the Master’s, which involves one
or two years of study beyond the Bachelor’s. Another approach that has been widely used, especially in Europe,
is the ‘Diploma’. It typically involves five years of study. A third approach is the ‘Engineer’ degree, consisting of
five to six years of study. This has been the tradition in, for example, France, the Russian Federation and Ukraine.
This picture is, however, changing. In June 1999, the Ministers of Education in the European Union entered into
the ‘Bologna Process’!. This has led to the adoption of the Bachelor’s and Master’s degree programmes at most
European universities, which replace the Diploma or the Engineer degree. France focuses the nuclear engineering
education either at the level of the Engineer degree (five years usually, six years in some instances) within its
specific ‘Grandes Ecoles’ approach, or as a Master’s degree (five years) in harmony with the Bologna Process.
The Russian Federation is taking a two tier approach in which the Bachelor’s/Master’s programmes will be
implemented. This is a key part of the strategy for international engagement. However, the degree of Engineer will
be retained in the Russian Federation and Ukraine to satisfy the needs of the domestic industry.

Engineering education is country and region dependent. There is no unique model and it is important to adapt
pragmatically to the educational, institutional and industrial framework. However, in this report, it is important to
specify that the Bachelor’s level can be reached after three to four years, and the Master’s level requires one or two
additional years. This amount of time is necessary to acquire the qualifications listed and to become a competent
engineer with the required industrial background.

This report deals with the common curriculum requirements resulting from a competence based approach for
the Bachelor’s and Master’s degrees in nuclear engineering, applying to all nuclear application but focusing mainly
on nuclear power. The expectations of degree recipients at each level are the following:

— On completion of a Bachelor’s degree level qualification, it is expected that the student will have
comprehension and knowledge of nuclear engineering systems, and will be able to solve problems and
determine technical solutions for real cases.

! The Bologna Process is a series of ministerial meetings and agreements between European countries designed to ensure
comparability in the standards and quality of higher education qualifications. Visit http://ec.europa.eu/education/higher-education/
bologna-process_en.htm for more details.


http://ec.europa.eu/education/higher-education/doc1290_en.htm
http://ec.europa.eu/education/higher-education/doc1290_en.htm

— On completion of a Master’s degree level qualification, it is expected that the student will be able to analyse,
synthesize and evaluate knowledge gained, and apply this knowledge to nuclear power plant systems.

Beyond these expectations, it is further recognized that there are a set of specific outcomes that should result
from the completion of the curriculum. At the Master’s degree (or Engineer’s degree) level, graduates should be
able to:

— Identify, assess, formulate and solve complex nuclear engineering problems creatively and innovatively;

— Apply advanced mathematics, science and engineering, from first principles, to solve complex nuclear
engineering problems;

— Design and conduct advanced investigations and experiments;

— Use appropriate advanced engineering methods, skills and tools, including those based on information
technology;

— Communicate effectively and authoritatively at a professional level, both orally and in writing, with
engineering audiences and the community at large, including outreach;

— Work effectively as an individual, in teams and in complex, multidisciplinary and multicultural environments;

— Exhibit critical awareness of, and diligent responsiveness to, the impact of nuclear engineering activity on the
social, industrial and physical environment, taking due cognisance of public health and safety.

In terms of specific technical areas, the Bachelor’s and Master’s degrees in nuclear engineering bring together
a number of key areas that are integrated into a nuclear engineering academic degree programme. This scope is
depicted in Fig. 2.

Safety, Security, Radiological
Safeguards Protection

Thermal Reactor
Hydraulics Physics

MNuclear Engineering

Dynamics Control & Materials and

: Bachelor's Degree Chemist
Inst tat ry
nstrumentation MAaibers Daree
Reactor Systems & Muclear Fuel
Engineering Cycle

Communication, team working,
basic business/finance, project
management

FIG. 2. Scope of nuclear engineering academic programmes.”

The areas shown in Fig. 2 generally represent the key fields of study required to prepare a nuclear engineer
for employment in a nuclear power plant. For the nuclear engineer, it is important that these topics are properly
integrated to produce a well prepared graduate who can enter into the training programmes for a specific nuclear
power plant and reach the required level of competence to successfully carry out his or her responsibilities for safe,
secure and economical operation.

2 Adapted from Nuclear Engineering Programme data, Khalifa University, Abu Dhabi, United Arab Emirates.



For universities developing new programmes, a more detailed description is useful. In the two sections that
follow, the competences are defined at both the Bachelor’s and Master’s degree levels with the focus on those
who will specifically be employed at nuclear power plants. In addition, the requirements of the graduate are given
in more detail, and involve what each student should possess: a specified level of knowledge (Knowledge), be
able to demonstrate application of the knowledge (Demonstration), and know when to implement the knowledge
(Implementation). This can be represented as a ‘knowledge ladder’ (see Fig. 3).

Implementation
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f
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FIG. 3. The knowledge ladder.

3.1. COMPETENCES OF GRADUATES WITH A BACHELOR’S DEGREE IN NUCLEAR ENGINEERING

It should be understood that having a good knowledge of basics in mathematics, physics and chemistry is
a prerequisite to perform well in a nuclear engineering education programme. A graduate with the qualification
of a Bachelor’s degree in Nuclear Engineering for nuclear installations must have the competences shown below.
These are divided into two categories. General competences describe those basic and fundamental areas in which
all engineers should have capabilities. Specific competences are directed more to the field of nuclear engineering.
The graduates must have the following abilities.

3.1.1. General competences

BC-I — Perform written and informal communications and reports in their national language, and possibly
English.

BC-1I — Work effectively as part of a team, and to sustain creative collaboration with their colleagues.

BC-IIl.  — Work independently within the framework of their professional qualifications, and have a
commitment to professional development throughout their career.

BC-IV  — Understand the basic laws of natural sciences, including classical physics, chemistry, atomic and
nuclear physics.

BC-V — Understand the basic approaches for acquiring, storing and processing knowledge, information and
data; be familiar with standard computer code packages, including computer aided graphics and
design.



3.1.2. Specific competences

BC-VI  — Conduct mathematical analysis and numerical simulation, and theoretical and experimental
investigations in nuclear engineering.

BC-VII — Conduct mathematical simulation of processes in components of nuclear power plants; apply
standard methods and computer codes for design and analysis.

BC-VIII — Perform radiation protection and measurement experiments, and analyse resulting experimental data.
BC-IX — Have a commitment to safety and an understanding of safety culture (including, for example, risk
analysis and management, human factor engineering, and human—machine interface).

BC-X — Understand the regulatory process and the role of the regulator in power plant licensing and operation.
BC-XI ~ — Participate in the design process of the principal system and components of nuclear power plants

or other nuclear facilities, accounting for environmental and safety requirements, and incorporating
new requirements and technologies.

3.2. REQUIREMENTS FOR A GRADUATE WITH A BACHELOR’S DEGREE IN
NUCLEAR ENGINEERING

Upon completion of a Bachelor’s degree in Nuclear Engineering for nuclear installations, the student must
know the following (Knowledge), be able to demonstrate application of the knowledge (Demonstration) and know

when to implement the knowledge (Implementation).

3.2.1. Knowledge

Bl1.1 — Basics of analytical geometry and linear algebra, differential and integral calculus, probability and
statistics, vector analysis, basics of differential equations and partial differential equation systems.

B1.2 — Basics of mechanics, oscillations and waves, thermodynamics, electrical and magnetic phenomena,
statistical physics, physics of the atomic nucleus, and optics.

B1.3 — Neutron transport theory, thermal hydraulics, applications of computer code systems for mathematical
simulation of thermophysical and neutronics analysis.

Bl1.4 — Basic laws of heat and mass exchange in power equipment units of nuclear power plants, requirements
for heat transfer and heat removal systems, thermophysical processes in heat exchangers.

B1.5 — Thermodynamic principles, types and operation of steam turbines, calculation of efficiency,
reliability, operation and maintenance.

Bl1.6 — Materials properties, strength of materials, and materials requirements for nuclear power plants.

B1.7 — Numerical analysis of power reactors, reactor materials, the principal parameters associated with
nuclear power plant operation, research and power reactors, and the basic dynamics of nuclear
reactors.

B1.8 — The general role of control systems in nuclear reactors. Linear control systems. Operation of control
rods, and burnable and soluble poisons.

B1.9 — The classifications of nuclear power plants, the main components, including coolant loops, steam
generators, steam turbines, the main reactor coolant circuitry and auxiliary systems.

B1.10 — Reliability and safety of nuclear power plant operation, understanding plants as a component of a
regional or national electricity grid.

Bl1.11 — The main parts of the nuclear fuel cycle. The open and closed fuel cycles. Radioactive waste,
categories of waste, and treatment options, conditioning, reprocessing and final disposal.

B1.12 — Basic principles of radiation protection. Methods for detecting ionizing radiation. Hazards of

radioactive materials. Concepts and definitions of radiation and dose units. Short term and long term
biological effects of ionizing radiation. The principle of as low as reasonably achievable (ALARA).

B1.13 — The regulatory environment for the operation of nuclear power plants. The role of the regulator. The
responsibilities of nuclear power plant staff for safety.



B1.14

3.2.2.

B2.1

B2.2

B23

3.2.3.
B3.1
B3.2
B3.3
B3.4
B3.5

B3.6

— Risks from the diversion of nuclear material, the basic principles of nuclear safeguards. The Treaty
on the Non-Proliferation of Nuclear Weapons (NPT) and other international agreements. The role of
the International Atomic Energy Agency and other international organizations.

Demonstration

— Through examination, conduct analysis of technical and scientific problems, to reach relevant and
accurate conclusions based on the analysis.

— Solve problems for real processes and determine technical solutions using current computational
resources.

— Develop designs for new applications utilizing fundamental scientific, mathematical and engineering
principles.

Implementation

— Analytical and numerical methodologies for the analysis of reactor physics, thermal hydraulic and
electrical systems for analysing boundary value problems.

— Methodologies for planning and conducting experiments, and evaluating experimental errors.

— Technical documents and publications, handbooks and other information resources.

— Computing techniques to solve special problems.

— Ability to design nuclear power plant systems, including neutronics and core analysis, and heat
transport electrical generation systems.

— Methodologies for ensuring the environmental safety of nuclear facilities.

3.3. COMPETENCES OF GRADUATES WITH A MASTER’S DEGREE IN NUCLEAR ENGINEERING

The expectations and requirements for graduates holding a Master’s degree are higher than for those holding
a Bachelor’s degree in terms of both the depth and the breadth. For example, the schematic for the Master’s degree
is shown in Fig. 4.
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This diagram highlights the fact that, at the Master’s level, the graduate should be able to integrate
experimentation, computation and synthesis. This is key for the higher expectations of an individual holding the
Master’s degree.

As with the Bachelor’s degree, a more detailed listing for the Master’s is given below. If the academic
curricula stop at the Bachelor’s level, the employer has to complement the education with training providing the
competences at the Master’s level if the job responsibilities require a Master’s level capability. In all cases, students
who will be employed in nuclear installations will have to undertake plant specific training, the scope and depth of
which are dependent on the scope and quality of the degree programme.

It should be noted that a student can take a Master’s of Nuclear Engineering course without holding a
Bachelor’s degree in nuclear engineering. For example, a Bachelor of Science in Physics or a Bachelor of
Engineering (electrical, chemical, etc.) could be sufficient to comply with the admission criteria. In that case, the
Master’s programme has to provide these students with specialized courses covering core themes such as reactor
physics, nuclear thermal hydraulics, nuclear fuels and materials, nuclear structural engineering, nuclear safety,
nuclear power plants, and radiation, while avoiding duplication for students holding a Bachelor’s degree in nuclear
engineering. The graduate with the qualification of Master’s degree in Nuclear Engineering for nuclear power
plants must have the competences shown below.

3.3.1. General competences

MC-I — Written and spoken English in professional and international settings, employing technically
advanced terminology used in the nuclear power industry.

MC-II  — Ability to work collaboratively within a team and to exercise effective leadership of that team with
good management skills while working towards a well defined goal.

MC-III  — Ability to work independently, identify new directions and demonstrate decision making capabilities
within their sphere of expertise, and to have a commitment to professional development through their
career.

3.3.2. Specific competences

MC-IV ~ — Understand thoroughly the basic and advanced laws of atomic and nuclear physics, chemistry and
the relevant engineering sciences applicable to nuclear power plant technology.

MC-V ~ — Be able to perform advanced mathematical analysis and numerical simulation of the various physics
and engineering processes and systems in a nuclear power plant.

MC-VI — Understand data acquisition, storage and processing using recognized and accepted computer codes
in the nuclear industry.

MC-VII — Be able to perform theoretical, numerical and experimental methodologies for the analysis of
thermophysical processes.

MC-VIII — Use reactor experiments to characterize the basic physics in a nuclear reactor, by understanding and
analysing the resulting data.

MC-IX — Understand nuclear power plant systems, with all the principal components.

MC-X  — Design relevant systems by synthesizing the collective knowledge gained in all relevant disciplines.

MC-XI — Be committed to safety and understand safety culture.

MC-XII — Understand the regulatory process, the role of the regulator in nuclear power plant licensing and

operation, and the main regulatory requirements for a nuclear power plant.

3.4. REQUIREMENTS FOR A GRADUATE WITH A MASTER’S DEGREE IN NUCLEAR ENGINEERING

As noted above, the Master’s degree recipient is expected to have additional capabilities beyond those
for the Bachelor’s degree. Upon completion of the degree of Master of Nuclear Engineering for nuclear power
plants, the student must know the following (Knowledge), be able to demonstrate application of the knowledge
(Demonstration) and know when to implement the knowledge (Implementation).

11



3.4.1.

Ml.1

Ml1.2

M1.3
M1.4

MIL.5
M1.6
M1.7
M1.8
M1.9
MI.10

MI1.11

MIl1.12

M1.13

M1.14
M1.15

MI1.16

3.4.2.

M2.1

M2.2

M2.3
M2.4

M2.5
M2.6

M2.7
M2.8
M2.9

M2.10
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Knowledge

— Advanced concepts of differential and integral calculus, probability theory and mathematical
statistics, theory of functions of complex variables, vector and harmonic analysis, differential
equations and partial differential equation systems, Green’s functions, and advanced mathematical
analysis.

— Electrical and magnetic phenomena, quantum mechanics and statistical physics, and physics of
atomic nucleus.

— Neutron transport theory and Monte Carlo analysis.

— Basic elements of reactor experiments, approach to critical, measurement of reactor parameters,
feedback mechanisms, analysis of data and the relationship to reactor theory.

— Laws of heat and mass exchange, and the characterization of thermophysical processes in heat
exchangers, steam generators and safety systems for heat removal in nuclear power plants.

— Methods for detection of ionizing radiation, principles and design of radiation shielding, utilization
of the ALARA principle and the health effects of ionizing radiation.

— Structural analysis of complex systems.

— Use of information technology and numerical analyses, problem definition, and evaluation of results.

— The various types of nuclear power plant systems, the principal components and their roles.

— The role and importance of reactor safety, and the practices and procedures in a nuclear power plant
to ensure safe operation.

— The components of the nuclear fuel cycle, the open and the closed fuel cycles, classifications of
waste, handling, storage and disposal of the various types of radioactive waste, short term and long
term biological effects of ionizing radiation.

— Issues of nuclear non-proliferation, the role of safeguards, the NPT and other international
agreements, and the role of the International Atomic Energy Agency.

— Concepts of physical protection of nuclear installations, nuclear security applied to nuclear material,
radioactive sources and nuclear facilities.

— Principles of project management, and the utilization of these principles in an industrial organization.

— The role of the regulatory authority, and how regulations are implemented and followed in a nuclear
power plant.

— Awareness of the technical and regulatory literature relating to nuclear power plants and their
operation, familiarity of how to access and evaluate reports and articles.

Demonstration

— Draw from the technical literature and develop independent analyses for nuclear power plant
technology related problems.

— Calculate main characteristics of random values, to solve the problems as applied to any real
processes.

— Develop mathematical models of thermophysical and neutronic processes in nuclear power facilities.

— Utilize recognized and accepted computer codes to determine technical solutions, and evaluate the
validity of those solutions.

— Develop designs for new technical devices with accounting for the requirements previously defined.

— Carry out testing of the main components in nuclear power plants, and perform technical analysis of
the operation of these components.

— Develop the methodologies for safety upgrading of nuclear technologies.

— Develop projects meeting technical requirements and standards as needed in a nuclear power plant.

— Perform economic analyses for new procedures, systems or strategies that might be used in a nuclear
power plant.

— Develop management strategies for carrying out the mission of a nuclear power plant to generate
electricity in a safe, economical and secure way.



3.4.3. Implementation

M3.1 — Design and implement the realization of new products or systems with application to nuclear plants.

M3.2 — Design and implement the realization of new products or systems with application to radioprotection,
nuclear safety, and nuclear security.

M3.3 — Design and realize new rules or processes for improving the management, the quality and the safety
within a nuclear environment.

M3.4 — Use technical English as applicable to a nuclear power plant and its associated technology.

M3.5 — Use analytical and numerical methodologies for solving algebraic and differential equations, and for
processing experimental data.

M3.6 — Use methodologies for theoretical and numerical studies of thermophysical and neutronic processes.

M3.7 — Use current computing techniques for solving special problems. These include standard computer

code packages, various and finite difference methodologies for solving second order ordinary
differential equations, and for the solution of boundary value stationary problems, and the evaluation
of experimental errors.

M3.8 — Methodologies for planning and conducting experiments, for the fabrication of experimental
installations, and for the organization of research and development studies.

M3.9 — Use technical documents and publications, progress reports, handbooks and other information
resources.

M3.10 — Use methodologies for the design of components for nuclear power plants.

M3.11  — Apply project management skills to carry out collaborative efforts with other team members, for
assessing the quality and efficiency of the personnel, and upgrading personnel performance.

M3.12  — Use organizational and managerial decision tools, including knowledge management, to achieve
optimum outcomes with respect to quality, reliability, economy, safety and the protection of the
environment.

M3.13  — Be aware of legislative and regulatory requirements for the safe and environmentally sound operation
of a nuclear power plant.

M3.14  — Use basic presentation and pedagogical skills.

4. SAMPLE CURRICULUM

Based on the competences and criteria outlined in the previous sections, the following are examples of
curricula for programmes at the Bachelor’s and Master’s degree levels. The curricula shown are not necessarily
used at any particular university, but represent current approaches. Exercises, experiments and practical work
need to be included in the courses. A two semester system making up the academic year is assumed in these
examples. Activities during the summer period, including courses, projects or internships, may be used. Some
universities will also offer ‘mini-Master’s’ between semesters to expand the offerings for the students. The ‘credit’
for the various courses is not shown, since there are a number of approaches used in various countries, ranging
from semester hours, the European Credit Transfer System (ECTS), lecture or contact hours, and other systems of
assigning academic credit.

The curricula below are meant to be illustrative and not definitive. No descriptions are given for the individual
courses so that each university can ‘map’ the requirements in Sections 3 and 4 onto the curriculum as needed by
the individual university and national need. Nevertheless, these examples may be useful in creating programmes in
nuclear engineering.
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4.1.
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BACHELOR’S DEGREE IN NUCLEAR ENGINEERING

Table 1 shows a sample curriculum for the Bachelor’s degree.

TABLE 1. SAMPLE CURRICULUM FOR THE BACHELOR’S DEGREE LEVEL

Year 1
First semester Second semester
Language and Communication Skills I Language and Communication Skills II
Calculus I Calculus II
Physics I Physics II with Laboratory
Chemistry | Chemistry II with Laboratory
Introduction to Nuclear Engineering I Introduction to Nuclear Engineering II
Year 2
First semester Second semester
Information Technology and Programming Introduction to Linear Systems
Ordinary Differential Equations Nuclear Physics
Atomic Physics Programming for Nuclear Engineers
Mechanics of Materials Electrical and Electronics
Electric Circuits Analysis Thermodynamics
Intermediate Mathematical Analysis Engineering Materials and Laboratory
Engineering Ethics Communication Skills for Nuclear Engineers
Year 3
First semester Second semester
Numerical Methods for Engineering Heat Transfer
Reactor Theory and Analysis | Reactor Theory and Analysis I
Fluid Mechanics Reactor Thermal Hydraulics
Radiation Detection and Measurement [ Engineering Economics
Radiation Protection Advanced Engineering Analysis
Year 4

First semester

Second semester

Nuclear Power Plant Systems
Radiation Interactions and Shielding
Nuclear Materials

Nuclear Reactor Safety

Nuclear Reactor Design |

Reactor Instrumentation and Control
In-Core Fuel Management

Nuclear Reactor Laboratory
Nuclear Reactor Design 11

Nuclear Fuel Cycle and Waste Management




4.2. MASTER’S DEGREE IN NUCLEAR ENGINEERING

The Master’s degree programme typically takes two years, but in some countries can be completed in one
year. Typically, but not in all courses, and depending on the requirements of the university, a Master’s project or
thesis may be required. Within a degree programme, the university may choose to offer elective courses focusing
on options or themes so that students can develop a stronger background in a technical area. A typical Master’s
degree in nuclear engineering for nuclear power plants would encompass the following (Table 2).

TABLE 2. SAMPLE CURRICULUM FOR THE MASTER’S DEGREE LEVEL

Year 1
First semester Second semester
Nuclear and Radiation Sciences Neutronics of Nuclear Systems
Nuclear Reactor Theory Reactor Thermal Hydraulics
Nuclear Materials and Chemistry Radiological and Environmental Impacts
Radiation Detection and Measurement Nuclear Reactor Laboratory
Year 2
First semester Second semester
Nuclear Instrumentation and Control Nuclear Regulation and Licensing
Probabilistic Safety Analysis Nuclear Security and Safeguards
Reactor Systems and Safety Nuclear Systems Design

Nuclear Fuel Cycle and Waste Management

Master’s Thesis or Project

Note: Project and Risk Management and Economics of Energy can also be included at the Master’s level.

5. PROGRAMME IMPLEMENTATION

The development of a quality curriculum is key to the establishment of a nuclear engineering educational
programme. However, just as important are the steps used to implement the programme. It is essential that these
programmes are implemented by competent teaching staff, who make good use of information and communications
technologies, such as e-learning tools and simulators, and that students benefit from experimental facilities and
research reactors, if available, particularly for Master’s programmes. The curriculum should adhere to accepted
international practices. It must be approved by the responsible governmental ministries and authorities. It is also
essential, where possible, to involve the organizations that will be hiring the graduates. This can be done in several
ways. A common ‘best practice’ is to have an ‘external’ advisory board, with membership made up of potential
employers, alumni associations, governmental organizations, professional and scientific societies, research
laboratories, and universities. This type of board will provide ongoing input and feedback and can be very helpful
in ensuring the continued quality, and relevance, of the academic programme.

Additional benefits can be achieved through collaboration between universities and the nuclear industry,
which is a potential employer. Internships or cooperative education experiences will add significant value to the
education of students and provide a deeper understanding of the material being presented in courses. They also
allow the students to be aware of the expectations they will face after graduation in an industry environment. It
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is also very useful to have representatives from industry, government agencies and research laboratories come to
the university to present talks and seminars, and to give lectures in class relating to their technical or scientific
expertise.

As part of developing a nuclear engineering academic programme, it is very helpful to establish a student
chapter of a professional or learned society. This further expands the outlook of the students and conveys the need
for professionalism in their career. If it is possible, enabling students to attend professional or technical meetings —
regional, national or international — adds significantly to their educational experience. International cooperation
through exchanges of students and joint programmes can also contribute significantly to the education of competent
nuclear engineers.

Sharing resources is a necessity. A number of regional and national educational networks and consortia dealing
with nuclear engineering education are playing important roles in sharing curricula, programmes and opportunities
for students. Each of the networks has its own characteristics and is unique [8, 9]. The scope is aimed at meeting
particular regional and national needs, but the basic goals are similar: exchange of information, resources and best
practices.

In Canada, for example, the University Network of Excellence in Nuclear Engineering (UNENE) has a strong
link with industry. UNENE supports, for instance, the establishment of Industrial Research Chairs at universities
in Canada to strengthen academic offerings in key technical areas relating to nuclear technology. In the Russian
Federation, the National Research Nuclear University (NRNU MEPhI), centred at the Moscow Engineering
Physics Institute, brings together 23 campuses across the country. This new institution embodies all the capabilities
in nuclear engineering education. In France, the Institut International de I’Energie Nucléaire (I2EN), created
under the auspices of the French Council for Nuclear Education and Training and located on the Saclay campus,
comprises a network of the best nuclear engineering curricula in France, in particular those taught in English. The
French nuclear industry is closely associated with this institute. In the United Kingdom, the Nuclear Technology
Education Consortium (NTEC) provides a ‘one stop shop’ for a range of postgraduate education and training in
nuclear science and technology. Japan and Mexico have also recently created national networks to coordinate and
concentrate efforts.

In Europe, the European Nuclear Education Network (ENEN) links universities from a number of countries
and helps to promote quality uniform curricula in nuclear education. They have created a European Master of
Science in Nuclear Engineering (EMSNE). In Asia, Latin America and Africa, similar initiatives are under way
with the sponsorship of the IAEA: the Asian Network for Education in Nuclear Technology (ANENT), the Latin
America Network for Education in Nuclear Technology (LANENT) and the African Regional Cooperative
Agreement Network for Education in Nuclear Science and Technology (AFRA-NEST). They link programmes and
institutions related with nuclear education in different countries promoting high quality nuclear education.

For emerging countries developing nuclear engineering educational programmes, these networks are of
immense value for resources and information. A good strategy to support nuclear education efforts is to become
affiliated with networks in the region.

To ensure quality and to provide a framework to measure performance and improvement of nuclear
engineering educational programmes, it is important to employ a set of benchmarks. These are especially useful in
gauging the status of a university against the best academic programmes in the world. The benchmarks provided in
Appendix I are not meant to serve as a set of formalized evaluation criteria. Instead, they will allow an institution
to gain insight into its own status and programmes to enable it to improve, if necessary, or maintain the highest
standards. The benchmarks will also provide guidance for further development, improvement and investment of
resources.

6. ACCREDITATION OF PROGRAMMES

To ensure quality and continued relevance, ongoing accreditation of academic programmes is of major
importance and is carried out in a variety of ways. In some countries, the accrediting function is performed by
government ministries and agencies. In other countries, it may be handled by professional or learned societies.
A third approach is to have accreditation handled by independent organizations.

16



Historically, accreditation approaches of academic programmes primarily focused on content. For engineering,
this was based on examining the curricula to determine if sufficient attention was being given to areas including
mathematics, the physical sciences, engineering sciences and design. However, over the past decade, a shift has
taken place in the emphasis to include a more ‘outcomes’ based approach. The accreditation review should include
assessments of the performance of a graduate in his or her role as an engineer’. Programme outcomes may be best
defined as the quality and quantity of graduates, together with the roles and impacts they have in their careers and
for their employers. An effective nuclear engineering programme should engage with the organizations that employ
their graduates to determine the quality of the preparation of the students for a career in industry. A well organized
link with the employing organizations provides a critical feedback that leads to continuous improvement.

A well defined set of criteria should be developed by the accrediting organization and presented to the
academic institution well in advance of an accreditation visit. This is necessary to enable the faculty/department to
implement the curriculum/a needed to meet the criteria.

For ‘creditable’ accreditation, two features are vital:

(1) Educational programmes are, by their nature, long term endeavours for graduate students covering a three
to six year time frame. As the accreditation criteria need to be stable and have continuity, the accrediting
organization must establish clear and consistent criteria. They must not be continually altered, as this will
dilute the quality of the educational programmes.

(2) The reviews must be carried out on a regular, periodic schedule, which could be every three to five years.
A sufficiently long period of time enables the faculty/department to implement changes and improvements,
and allows the organization to properly prepare for the next review.

The following are the key elements in a well established accreditation process.

6.1. SELF-EVALUATION REPORT

Based on an existing or evolving programme, the faculty or department has a process for preparation of a
self-evaluation report describing its capacity to deliver an educational programme in a particular technical field or
discipline. The structure of the self-evaluation report should include information on the following elements:

— Period covered by the evaluation;

— Faculty/department presentation and history;

— Accreditation procedure;

— Comparison to national (or international) standards;

— Type and duration of the proposed education programme;

— Involvement of industry in the programme development and implementation;
— Main objectives;

— General and specific competences of the graduates.

Actions to attract and retain the best staff members and students include:

— Capabilities of the academic staff (curriculum vitae, involvement in the teaching, research and administrative
activities of the evaluated department, etc.);

— Demography of the staff (age distribution, gender balance), existence of performance review, training and
succession plan for the staff;

— Existing infrastructure (laboratories, soft/codes, etc.);

— Curriculum;

— Course and application description;

3 The review normally includes feedback from the employers of the graduates relative to their satisfaction with the academic
preparation and performance of the graduates.
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— Average time for the completion of the programme;
— Involvement in research programmes or projects related to the chosen technical field (mainly for Master’s).

6.2. QUALITATIVE AND QUANTITATIVE CRITERIA

The qualitative criteria define the ‘must do’ of the educational programme, while the quantitative components
impose a threshold and give the control instrument for quantifying performance. These criteria establish the
standard to reach. The standard should be high and challenging.

6.3. PEER REVIEW

The accrediting organization will nominate a peer review committee or commission to evaluate the
performance of the accredited faculty/department. The reviewers should have the competence and standing in the
field to serve as an objective reviewer. In addition, the accrediting organization should seek feedback from the
faculty/department regarding the reviewers to ensure that they are qualified to serve in this role.

After having examined the self-evaluation report, the committee/commission should carry out a visit to
the faculty/department for an on-site review. The visit should include interviews with professors, students and
administrators, tours of teaching laboratories and facilities, and observations of student output, including homework
assignments, papers and examinations. Based on this information, the committee/commission issues its conclusions
as to whether the programme has met the standards, criteria and performance indicators.

6.4. FACULTY/DEPARTMENT FEEDBACK

The faculty/department should have an opportunity to see the report and respond to issues and recommendations
that have been made. These responses should be taken into account by the accrediting organization in arriving
at the final conclusions and actions. In most cases, the faculty/department will be given some period of time to
implement any needed changes or improvements.

6.5. FINAL ACCREDITATION

Upon consideration of the committee/commission report and any response from the university, an accrediting
organization will decide to maintain/approve or deny accreditation of the programme. Provisional accreditation
may also be granted pending an interim review.

Experience has indicated that the accreditation process is time consuming and involves essentially all
academic staff of a faculty/department. It shows not only the potential to provide a specific programme, but also
the organizational capability. However, the accreditation process and well-defined standards and periodic reviews
are critical in ensuring the quality and timeliness of academic programmes.

7. CONCLUSIONS

Nuclear energy has many positive aspects. Its use must, at all levels from design, construction and plant
operation to waste disposal and decommissioning, comply with the highest requirements of safety and security.
Nuclear managers, engineers and technicians must adhere to a strong culture of safety, and demonstrate
professionalism, responsibility and appropriate ethics in the workplace and in society. In this regard, education is
paramount. A nuclear engineer must acquire skills that make it possible to tackle complex technological situations
in a rigorous, rational and pragmatic manner. An engineer’s competence is based first and foremost on a strong
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and rigorous foundation in mathematics and the physical sciences. However, no single unique approach exists to
achieve the required high standards of knowledge and skills, as each country has its own system of education from
primary school to university. Therefore, the common requirements for a nuclear engineer coupled with specific
national educational systems serve as the basis for developing a nuclear engineering curriculum. The curriculum
should rely on the proven established practices of the national educational system, as well as the best practices that
the international community has developed over decades, including those for a qualified nuclear engineer.

For countries considering the establishment of nuclear engineering educational programmes, or other
countries that are reassessing and strengthening existing programmes, this publication is meant to provide insight
and guidance on common curriculum requirements. It provides guidance for the design of a curriculum that would
be best suited to:

— A national educational framework;

— The needs of future employers;

— Developing competences;

— The availability of experimental facilities and simulators;
— Using the benefits of international collaboration.

Openness is a key factor in the success and quality of any new curricula in nuclear energy. This publication
is also aimed at encouraging fruitful collaborative exchanges from universities and schools currently offering well
recognized nuclear energy programmes.

Some key points should be recognized regarding this publication. It represents the recommended requirements
for a nuclear engineering programme that are needed to produce a graduate who can enter into employment in
the nuclear energy industry. This publication presents best practices used around the world in well established
nuclear engineering programmes at prominent universities. It is further recognized that in any particular country,
a university must meet mandatory accreditation and other requirements imposed by national bodies or accrediting
organizations.

The ultimate goal in this entire process is to produce a competent engineer who can serve productively and
responsibly in the nuclear energy industry. As noted in Section 2, this can be achieved in several ways by means
of various combinations of education and industry training. In fact, any country must take a holistic approach
to producing a competent workforce for the nuclear energy industry that includes the appropriate combination
of university education, industry training and formal instruction that conforms to national practices but achieves
the required result. This publication seeks to contribute to this effort. In addition, elements of the requirements
described here, especially in the areas of safety and security, are applicable to the educational/training programmes
that produce engineers and technical staff of all backgrounds for the nuclear energy industry.

The observation that ‘an accident anywhere is an accident everywhere’ does not apply more strongly than it
does in the nuclear industry, especially at this point in history. One of the key components of defence in safe and
secure operation is a well prepared workforce. The goal of this publication is to ensure that this workforce is in
place for each country that seeks to enjoy the benefits of nuclear energy.
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Appendix I

AN APPROACH TO BENCHMARKING UNIVERSITY PROGRAMMES

I.L1. INTRODUCTION

IAEA-TECDOC-1586, Planning and Execution of Knowledge Management Assist Missions for Nuclear
Organizations [10], detailed the concept of ‘knowledge management (KM) assist missions’ for nuclear
organizations. These missions were introduced in 2005 to:

— Facilitate the transfer of pragmatic KM methodologies and tools.

— Assist Member States considering implementation of nuclear power programmes to integrate KM in their
management system from the very beginning.

— Provide specific consultants services to address emergent problems and long term issues related to KM and
associated issues.

— Assist organizations in formulating detailed requirements and action plans related to KM. Help organizations
identify, by self-assessment, their own KM maturity levels against a set of predefined criteria.

It has been identified that additional reference criteria are needed when planning and executing KM assist
missions to nuclear educational organizations [11]. The remit of this appendix is to provide the additional structure
and reference criteria required to facilitate a successful assist mission to educational organizations such as
universities and other higher educational institutes that provide tertiary education.

To ensure quality and to provide a framework to measure performance and improvement of nuclear
engineering educational programmes, it is important to employ a set of benchmarks. These are especially useful
in gauging the status of a university against the best academic programmes in the world. The benchmarks are not
meant to serve as a set of formalized evaluation criteria. Instead, they will allow an institution to gain insight into its
own status and programmes to enable it to improve if necessary or maintain the highest standards. The benchmarks
will also provide guidance for further development, improvement and investment of resources.

The approach to benchmarking and the individual criteria are discussed in this appendix. Qualitative
definitions and descriptions are found in Section 1.3. In Section 1.4, more quantitative guidelines appear that are
drawn from the strongest and most highly acknowledged nuclear engineering programmes around the world.

1.2.  PROPOSED BENCHMARKS

To compare and assess nuclear engineering courses delivered at any educational organization in any country,
it is important to establish a consistent set of metrics. These can then be used for any visit, by any expert or by
IAEA personnel and will provide the structure for any assist mission. Eight specific benchmarking criteria have
been identified:

— Policy, strategy, vision and mission of the educational organization;

— The capacity to deliver nuclear engineering programmes with particular reference to the staff and facilities;
— Educational curricula;

— Outcomes of the programme, including student destinations;

— Professional accreditation;

— Human resource policy;

— International dimensions;

— Collaboration with industry.

An assessment of the standard of the educational organization in each of these criteria will enable suitable
benchmarking to be undertaken, not only with other organizations but also over time with historical data.
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[.3. DESCRIPTIONS AND IMPORTANCE OF THE BENCHMARKING CRITERIA

In this section, definitions and qualitative descriptions are provided for each of the criteria.
It is envisaged that any assist mission will commence with a summary presentation, including a short history,
by the educational organization. Other details to be included in the presentation are:

— Number of faculties/departments/schools and brief overview of the structural organization;

— Any educational and research specialities that the organization has developed;

— An overview of facilities that enable the nuclear educational programmes to be offered,;

— International partnerships;

— Industrial partnerships;

— Number of students and academic staff;

— How funding for the organization is obtained, detailing government/state contributions, industry contributions
and student fees including the provision of any bursaries.

L.3.1. Policy, strategy, vision and mission (subdivide into university-wide policy and
nuclear engineering department specific)

It is critical that an educational organization and the nuclear engineering department establish well defined
and clearly stated policies that define their mission and vision, and outline the strategies to achieve them. There
are a number of factors that determine these that have to be defined within the national context. Each university
will have its role to play to meet national needs; in some cases, it may be a unique role. The extent of the policy,
strategy, vision and mission will be governed by the funding available to carry out its programmes. It is therefore
important that any educational organization and/or nuclear engineering department have realistic goals, yet set
them appropriately high to contribute to improvement over time.

Information provided by the educational organization should include the following:

— How are the educational organization and the nuclear engineering department’s policy, strategy, vision and
mission aligned with national policy?

— How important is the provision of nuclear education to the overall organization?

— Where is the nuclear engineering programme placed, i.e. is it undergraduate, postgraduate, part-time,
full-time?

— What are the short, medium and long term strategies of the organization and department?

— How much collaboration is there with industry, what is the nature of the collaboration, how does it contribute
to the delivery of the programme, is it being developed?

— What are the international dimensions of the organization, department and programme?

— What is the strategy for attracting and enrolling students, and are there criteria for student selection?

— What is the strategy to attract the highest calibre students?

— Is there a strategy in place to track and maintain interaction with alumni?

— How are administrative responsibilities split between the organization, department and staft?

— Is there a communication policy, and who receives the communication?

— Is there a KM policy, and if so, how is it implemented?

1.3.2. Capacity to deliver nuclear engineering programmes, people and facilities

A key benchmarking criterion is the capability of the organization to deliver nuclear engineering programmes.
In comparison to other curricula, even technical curricula, nuclear engineering is one of the more challenging and
costly for universities to offer. It requires highly skilled and professional teachers with facilities that often require
the capacity to hold and use radioactive materials. In some cases, universities have subcritical and critical reactors.

The teaching staff must have the background and standing to teach in the field. It is normally expected that
the majority of the teaching staff will hold the highest degree, usually a PhD (or Candidate’s) degree. It is often
helpful that the teaching staff have other experience as well, either in research laboratories or industry. Through
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research, scholarly activities and contributions to the field, teaching staff should be recognized by their peers. This
contributes to the capacity of the university to deliver nuclear engineering programmes.

Facilities are also important. Due to the nature of radioactivity and nuclear processes, extra safety and security
will be required for the facilities and, consequently, extra expense. Safety must not only be an integral part of the
curriculum, it must be incorporated into the operation of the programme. The facilities must be sufficient to convey
the basic principles of the profession, but for vocational subjects such as nuclear engineering, it is important that
the facilities are sufficiently up to date to familiarize students with current practices and replicate industrial and
national research laboratory equipment.

Information provided by the educational organization should include:

— The qualifications and number of staff.

— The experimental facilities at the educational organization, or access arrangements to experimental facilities.

— Access and use of any simulators.

— Access and use of any libraries.

— Access and use of any computer facilities.

— Quantity and quality of peer reviewed publications authored by the department.

— Conference/workshop/seminar (including internal) attendance policy to enable knowledge sharing.

— Availability of scholarships for students and selection criteria.

— Is the programme flexible enough to allow students the time to supplement their income through working to
support their studies?

— Are distance learning tools being used, and how are they implemented?

— Is the programme ranked nationally and internationally, and which criteria are used to determine rankings?

— What is the student to teacher ratio for lectures, tutorials and practices?

1.3.3. Curricula

A substantive curriculum is vital for a successful nuclear engineering programme. While there is no
international standard as to the contents of nuclear curricula, there is substantial consensus among nuclear educators
around the world of what constitutes a good quality nuclear engineering curriculum (see Sections 3 and 4). The
content generally includes atomic and nuclear physics, radiation detection and measurement, reactor physics and
analysis, thermal hydraulics and safety, health physics and radiation protection, fuels and materials, structural
mechanics, reactor systems and design, all supported by appropriate laboratory and computer experiences. Other
associated topics are sometimes included depending on the expertise of the teaching staff. These topics increase
the choice of courses for potential students by providing variations in the overall curriculum. Each country and
region has its own unique format and approaches, so the topics can be adapted to fit the local needs in terms
of courses, classes and contact hours with students. Variations in course delivery methods may occur, but the
curricula must represent the depth and breadth of the scientific and topical areas needed for a successful nuclear
engineering programme. The courses specific to nuclear engineering should be preceded and supported by courses
in mathematics, general physics, chemistry, engineering and computing at a sufficiently high level. These courses
are not listed among the specific ‘core courses’.

The core courses of any nuclear engineering programme can be summarized as:

— Introduction to nuclear energy;

— Introduction to nuclear physics;

— Nuclear reactor theory;

— Nuclear thermal hydraulics;

— Nuclear material;

— Nuclear fuel cycle;

— Instrumentation, control and operation;

— Radiation protection and nuclear measurements;
— Safety principles and practices;

— Advanced nuclear courses.
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Experimental reactor physics is recognized as a key component of a successful nuclear engineering
programme, but circumstances may prevent easy access to such a facility. With many research reactors available
worldwide, the educational organization without such a reactor should endeavour to ensure access to a suitable
facility at another university or research institute.

Information provided by the educational organization should include the following:

— How are the core courses supported by general courses of mathematics, general physics, chemistry,
engineering and computational courses? How is it ensured that the nuclear engineering students obtain the
required level of competence in these fields before taking the core courses?

— How are ‘soft’ competences (communication, team working, basic business/finance, project management,
knowledge management) obtained?

— Are all the core courses included as mandatory courses by the educational organization?

— The syllabus for each core course.

— How many elective ‘nuclear related’ courses are offered?

— Information on the breadth of elective courses.

— How are the nuclear industry needs reflected in the curricula?

— How is student feedback gathered and reported, and how does it affect the development of the programme?

— How is the overall programme evaluated and continuous improvement obtained?

1.3.4. Outcomes of the programme

The best conceived programmes in any educational discipline have little value without good outcomes.
Programme outcomes may be best defined as the quality and quantity of graduates, together with the roles and
impacts they fulfil in their careers and for their employers. An effective nuclear engineering programme should
engage with the organizations that employ its graduates to determine the quality of the preparation of the students
for a career in industry. A well organized link with the employing organizations provides critical feedback that
leads to continuous improvement.

Information provided by the educational organization should include the following:

— What are the student failure and graduation rates for the courses?

— How are relationships with alumni maintained?

— How many graduates remain in the nuclear profession after completion of the course, and are any connections
maintained throughout their career?

— What is the industry demand for the graduates?

— What is the form of the feedback and evaluation from students and industry?

L.3.5. Accreditation of the programme

Independent assessment, review and evaluation by organizations external to the university are vital
for the credibility of any academic programme, although approaches to accreditation vary widely. In some
countries, a government ministry or agency carries out the accreditation. Alternatively, separate organizations,
non-governmental in nature, undertake the accreditation. The accreditation process is extremely important to
ensure quality in nuclear engineering academic programmes.

For ‘creditable’ accreditation, two features are vital:

(1) Educational programmes are, by their nature, long term endeavours for graduate students covering a four
to six year time frame. As the accreditation criteria need to be stable and have continuity, the accrediting
organization must establish clear and consistent criteria. They must not be continually altered, as this will
dilute the quality of the educational programmes.

(2) The reviews must be carried out on a regular periodic schedule, which could be every five to ten years.
A sufficiently long period of time enables educational organizations to implement changes and improvements,
and allows the organization to properly prepare for the next review.
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Information provided by the educational organization should include the following:

— What is the organization that performs the accreditation?

— What type of organization performs the accreditation?

— What authority does the accrediting organization have?

— Is it a national organization?

— What is the period of evaluation?

— What information is provided by the educational organization for the accreditation?

— Is the information provided in a standard format?

— Is there any element of peer review inherent in the process?

— How does the educational organization reply to the review, particularly if the accreditation is critical of
the programme or has failed, what is the process for ensuring the programme can address the identified
shortcomings and regain accreditation as soon as possible?

— Are the recommendations offered by the accrediting organization mandatory for the educational organization?

1.3.6. Human resource policy

Educational institutions have the continual challenge of maintaining scientific and technical competence and
expertise while revitalizing and sustaining their research and teaching capability by the recruitment of less senior
teaching staff. This is proving to be especially important in the field of nuclear engineering education. Experts talk
of the ‘missing generation’ in the nuclear industry from approximately 1980 to 2000, when the nuclear area did not
appear to provide a good career and young people chose other options. In some countries, the situation seems to
be even more severe in nuclear engineering education, where the average age of the university faculty members is
reaching a point that may soon become a crisis. For nuclear energy to have a future, it is vital to solve any potential
staffing problems at the educational organizations.

A well conceived human resource policy is required to identify and hire young teaching staff. The policy
must also include those elements that make a career in academia attractive to young professionals with a PhD,
compared with other sectors of the nuclear industry such as research laboratories, industry or government agencies
and regulators. To make academic careers attractive will require competitive salaries, as well as an environment
conducive to carrying out rewarding teaching, challenging research, and professional development. The university
may have to establish close links with industry and governmental nuclear technology research institutions, and
invest in laboratories, equipment or state of the art computational resources to attract, and retain, the best and the
brightest.

The second component is the human resource policy for the existing faculty members. There must be good
opportunities for professional development. These can include attending conferences to present the results of their
research, scholarships to publish papers, and interaction with peers both nationally and internationally. Some
universities have a sabbatical leave policy in which staff can spend a semester or year at other locations outside the
educational organization. The sabbatical experience allows staff to become familiar with the latest developments in
their field and can provide other qualitative and quantitative benefits.

Whatever the approach, a well developed human resource policy is critical for the effective functioning and
sustainability of quality nuclear education programmes.

Information provided by the educational organization should include the following:

— How are quality people attracted to the programme, and what are the policies to retain them?

— What are the demographics (age distribution, gender, etc.) of the department/faculty/educational organization?
— What is the policy on visiting staff and sabbaticals for existing staff?

— Is there a performance review system and how is it implemented?

— Is there a constantly evolving succession plan?

— Is there any special development programme for less experienced staft?

— How is the experience of nuclear experts close to retirement or of retired experts utilized?

— Has a risk assessment for the loss of experienced teaching staff and its knowledge been undertaken?

— What is the distribution of the academic staff positions?

— What is the recruitment, retention and career development policy for support staft?
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1.3.7. National and international dimensions

Nuclear energy is a global industry with international partnerships or joint ventures announced on a regular
basis. Nuclear engineering education needs to reflect this evolution with international collaboration essential for
educational organizations with nuclear engineering education programmes. Students benefit immensely from
international experience as part of their education, and staff are more effective as they build international linkages.
Numerous opportunities exist to build new types of cooperation across national boundaries, and they should be
encouraged as much as possible to the benefit of the programmes and students. To facilitate this international
collaboration, education networks are being formed in many regions of the world. Universities carrying out nuclear
engineering education should have strategies and agreements regarding the international component of their
programmes.

Information provided by the educational organization should include the following:

— How is participation in educational and professional networks/forums encouraged?

— How are links with professional (learned) associations and societies supported?

— What interaction exists with national and international bodies/agencies?

— Are students able to undertake any part of their studies at other national or international educational
organizations?

— Does any of the teaching staff teach at other national or international educational organizations?

— Are there any memorandums of understanding/agreements with other national or international educational
organizations?

— Is any part of the nuclear engineering programme taught by visiting staff from other national or international
educational organizations?

1.3.8. Collaboration with industry

Due to the vocational nature of nuclear engineering education programmes, industry is usually the largest
employer of the graduates. The career path to become a nuclear professional is usually divided into two parts:
university education and industry training. These two parts should be matched and should fit well together.
Therefore collaboration with industry is very important. It also helps to define the expectations from industry of
the students who will graduate. The university should determine what type of facilities and equipment are used
in industry and to the extent possible acquire any suitable comparable advanced equipment that will improve its
educational programmes. Collaboration with industry can also bring additional valuable resources to the university,
either in the form of donated equipment, in kind contributions or time by industrial personnel to help with the
teaching, and in some cases funds that allow the university to make investments. Collaboration with industry can
be implemented through student internships as part of the curricula. It is also appropriate in many cases to have an
external advisory board comprising representatives from industry that can advise on the content and structure of the
programme. Nuclear engineering education programmes are well served by building in-depth, mutually beneficial
collaboration with a broad range of industries. Such collaboration may also provide opportunities for teaching staff
to gain industry experience.

Information provided by the educational organization should include the following:

— Is there an external advisory board, and if so, what are its composition, role, input and frequency of meeting?

— Does industry provide any internship for students?

— Does industry support students through prizes, awards, scholarships, etc.?

— Does industry offer support for theses (diploma) work by providing project placements with associated costs?

— Does industry provide support towards infrastructure development?

— Are there any joint research projects between academia and industry?

— Do staff attend any courses with industry for continuous upgrading and professional development of
personnel?

— Does the educational organization offer any short courses for upgrading of industry personnel?

— Are any industry specialists involved in the educational process?

— Are any staff members of any industrial forums/bodies/networks?

26



Appendix II

CONTENT OF THE ACCOMPANYING CD-ROM
(EXAMPLES OF CURRICULA IN NUCLEAR ENGINEERING)

The attached CD-ROM provides examples of curricula for programmes at the Bachelor’s and Master’s degree

level based on the competences and criteria outlined in the previous sections and presented in this publication for
illustrative purposes. The curricula shown do not necessarily comply with all of those mentioned in the document
requirements, but represent current approaches in Member States and could be useful for benchmarking and
curricula development, particularly for newcomer countries.

(1)
)

3)
(4)

(5)
(6)

(7)

(8)

9)

(10)

11)

(12)

(13)

(14)

(15)

Vienna University of Technology/Atominstitut (Austria):
Nuclear engineering courses.
University of Ontario Institute of Technology (Canada):
Bachelor of Engineering in Nuclear Engineering,
Master of Applied Science.
University Network of Excellence in Nuclear Engineering (Canada):
Master of Engineering (Nuclear Engineering).
Harbin Engineering University (China):
Bachelor’s programme in Nuclear Engineering and Technology;
Master’s programme in Nuclear Engineering and Technology.
Institut International de 'Energie Nucléaire (France):
Master of Science in Nuclear Energy.
Budapest University of Technology and Economics (Hungary):
Bachelor of Science in Energy Engineering;
Master of Science in Energy Engineering.
University Technology Malaysia (Malaysia):
Bachelor of Engineering in Nuclear Engineering.
Examples of Curricula at Romanian Universities (Romania):
Master in Nuclear Materials and Technologies (University of Pitesti);
Engineer Degree in Nuclear Engineering (University Politehnica Bucharest);
Master of Science in Nuclear Engineering (University Politehnica Bucharest.
National Research Nuclear University MEPhI (Russian Federation):
Bachelor Graduate Programme (Physics of Nuclear Power Installations);
Master Graduate Programme (Physics of Nuclear Power Installations).
Nuclear Engineering Department, Universidad Politecnica Madrid (Spain):
Master in Nuclear Science and Technology.
Khalifa University (United Arab Emirates):
Master of Science in Nuclear Engineering.
University of Manchester, School of Mechanical, Aerospace and Civil Engineering (United Kingdom):
Bachelor of Engineering;
Master of Engineering.
University of Manchester (United Kingdom):
Master of Science in Nuclear Science and Technology.
Texas A&M University (United States of America):
Bachelor of Science in Nuclear Engineering;
Master of Science in Nuclear Engineering.
European Nuclear Engineering Network (ENEN):
Various courses in European countries: prerequisites and contents of courses.
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GLOSSARY*

ability. The mental or physical power or talent to undertake an activity, either innate or acquired through learning,
practice and undergoing training. Ability encompasses attitudes, knowledge and skills.

accreditation. The formal process of approval against established standards by an independent body.

attitudes. The observable characteristics of individuals resulting from their personal emotions, values and feelings
that determine ways in which they interact with others and their work, and so affect their interpersonal
relationships and approach to their job and safety issues. Together with knowledge and skills, attitudes
provide the full requirements to competently undertake a given job or task.

Bachelor’s degree. An academic degree awarded to individuals who have undergone an undergraduate course or
major that ranges from three to four years, depending on the national educational system.

certification. The process by which an authoritative organization/body provides written endorsement of the
satisfactory achievement of competence of an individual. Certification can follow the satisfactory completion
of a performance-based training programme or of a theoretical course of study. In other practices, this process
is termed ‘qualification’.

competent. Adequately qualified for a job or task.

competence (competency). (1) The ability to put skills, knowledge and attitudes into practice in order to
perform activities or a job in an effective and efficient manner within an occupation or job position to
identified standards. (2) A combination of knowledge, skills and attitudes in a particular field, which, when
acquired, allows a person to perform a job or task to identified standards. Competence (competency) may
be developed through a combination of education, experience and training. (3) The term ‘competency’ is
also used for a generic task or a function (e.g. for nuclear facility manager jobs). In the nuclear engineering
educational/training process a distinction is made between general engineering competencies, which describe
basic and fundamental areas, and specific competencies, which are more directed to the field implementation
on nuclear engineering.

core competences/competencies. Fundamental competences/competencies that are needed in order to be able to
undertake a specified range of jobs. See ‘competence/competency’.

" The definitions included in this glossary are based on those found in the following sources:

EUROPEAN COMMUNITY

Glossary on the Bologna Process, English-German—Russian, Beitrdge zur Hochschulpolitik 7/2006, Germany,
http://www.bologna.owwz.de/home.html?&L=2

TESE, Thesaurus for Education System in Europe, 2006 edition.

Euridice, The information network on education in Europe,
http://eacea.ec.europa.cu/education/eurydice

INTERNATIONAL ATOMIC ENERGY AGENCY, Knowledge Management for Nuclear Research and Development Organizations,
TAEA-TECDOC-1675, IAEA, Vienna (2012).

INTERNATIONAL ATOMIC ENERGY AGENCY, Means of Evaluating and Improving the Effectiveness of Training of Nuclear
Power Plant Personnel, IAEA-TECDOC-1358, IAEA, Vienna (2003).

UNESCO Institute for Statistics,
http//glossary.uis.unesco.org/glossary/en/home
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course. A part of an educational or training programme addressing a particular area or group of topics. A course
consists of several modules.

credit. A unit (measure) of workload of students in higher educational institutions. Several different credit systems
are used worldwide. The European countries agreed on the use of the ECTS, as the measure of the students’
workload.

curriculum. A set of subject areas covered within a specified programme of study.

curriculum development. A process of planning, validating, producing and evaluating new curricula; often
applied to a programme.

ECTS. (1) The European Credit Transfer System. (2) The unit of workload in the ECTS. A full workload of a
student during one academic year corresponds to 60 ECTS. This work includes attending the contact hours
at the educational institute (lectures, workshops, and laboratory) as well as the students’ work at home for
preparing the tests, the examination, library research, project work, etc. The introduction of this workload
unit facilitates the mutual recognition of courses between different educational institutions, and this way it
facilitates students’ exchange and mobility.

education. (1) The formal acquisition or successful completion of the requirements established by an accredited
or approved educational establishment or institution. This education is mostly in the area of knowledge,
although skills and attitudes are also developed at some establishments and institutions. (2) The academic
knowledge or skills gained through a learning process which takes place at university level.

educational programme. A set of organized and purposeful learning experiences with a minimum duration of one
school-year (or academic year), usually offered in an educational institution.

educational institutions. Established institutions that have as their sole or main purpose the provision of education.
Such institutions are normally accredited or sanctioned by the relevant national educational authorities, or
equivalent authorities, and can be both profit making and non-profit.

e-learning. (1) Services which are delivered, enabled or mediated by information and computer technologies for
the purposes of conducting education or training; and the technology and services which help create, manage
and deliver those activities. (2) The learning process created by interaction with digitally delivered content,
services and support.

engineer. A professional practitioner with an accredited qualification applying scientific knowledge and skill to
develop solutions for technical problems. In some national systems the accredited qualification can only be a
specific advanced academic degree in engineering.

examination. An assessment in the form of a formal series of questions or tests which students must complete,
usually in a fixed time and normally under controlled conditions, to ensure there is no unauthorized
collaboration. Examinations are often administered at the conclusion of a programme. Less formal tests take
place during or after training sessions and lessons.

graduate. A person who has successfully completed the final year of an educational programme. In some countries,
completion occurs as a result of passing an examination or a series of examinations. In other countries it
occurs after a requisite number of course hours have been accumulated. Sometimes both types of completion
occur within a country.
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graduate school. Educational institutions awarding advanced academic degrees (i.e. Master’s and PhD degrees)
with the general requirement that students must have earned a previous undergraduate (Bachelor’s) degree.
While the term ‘graduate school’ is common in North America, ‘postgraduate education’ is commonly used in
English speaking countries other than the USA (Australia, and Canada (which uses both terms), India, New
Zealand and the United Kingdom) to refer to the spectrum of education beyond a Bachelor’s degree. Those
attending graduate schools are called ‘graduate students’, or in British English, ‘postgraduate students’,
and, colloquially, ‘postgraduates’. Degrees awarded to graduate students include Master’s degrees, doctoral
degrees, and other postgraduate qualifications such as graduate certificates and professional degrees.

knowledge. (1) The mental constructs used in acquiring and understanding facts, and the application and
reassembling of facts to think creatively, solve problems and make judgements. Together with attitudes
and skills, knowledge provides the full requirements to undertake a given job or task. (2) The acquiring,
understanding and interpreting of information. It is distinct from information as knowledge is information
that has a purpose or use. Data lead to information and information leads to knowledge. Knowledge confers a
capacity for effective action.

major. A student’s principal subject or programme of study (particularly in North America).

Master’s degree. An academic degree granted to individuals who have undergone study demonstrating a mastery
or high order overview of a specific field of study or area of professional practice. The Master’s course
takes place beyond the Bachelor’s degree. It generally lasts two years, but can range from one to three years
depending on the national educational system.

module. A self-contained instructional unit that is designed to satisfy one or more training objectives. A module
consists of one or more sessions.

nuclear facility. Any facility such as a uranium mine, fuel fabrication plant, nuclear installation, nuclear power
plant, or nuclear repository, or any other facility using sources of ionizing radiation including agricultural,
commercial, educational, industrial, medical processing and research facilities.

outreach. Science outreach, also called education and public outreach (EPO or E/PO), or simply public outreach,
is an umbrella term for a variety of activities by research institutes, universities, industrial partners and
institutions such as science museums, aimed at promoting public awareness (and understanding) of science
and technology and making informal contributions to education for science and technology.

postgraduate. A student on an advanced programme with a prerequisite qualification. Depending on the national
education system the prerequisite can be either a Bachelor’s or a Master’s degree.

practical exercise. A learning environment used during an educational programme that permits students, through
hands-on participation, to acquire and practice the knowledge, skills, and attitudes necessary to successfully
perform one or more learning objectives.

qualification. A formal statement that an individual possesses the education, training and experience required
to meet specified job performance requirements. A formal statement of competence. The qualification may
enable an individual to work independently, depending on local and national policies. Also used to identify a
process of formal confirmation that an individual meets qualification requirements.

skills. A learned capability allowing a defined task to be completed in the most efficient way. A term often
incorrectly applied to abilities. Together with attitudes and knowledge, skills provide the full requirements to

undertake a given job or task to specified standards.

student. An individual who is involved in an educational programme, with the aim of acquiring or developing
skills, knowledge, and attitudes.
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syllabus. An ordered list of subjects to be included in a curriculum.

undergraduate. A student on a first academic degree, before graduation.
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ABBREVIATIONS

AFRA-NEST African Regional Cooperative Agreement Network for Education in Nuclear Science and

Technology
ALARA as low as reasonably achievable
ANENT Asian Network for Education in Nuclear Technology
ECTS European Credit Transfer System
ENEN European Nuclear Education Network
12EN Institut International de 1’Energie Nucléaire
KM knowledge management
LANENT Latin America Network for Education in Nuclear Technology
LL lessons learned
NRNU MEPhI  National Research Nuclear University MEPhI
NTEC Nuclear Technology Education Consortium
UNENE University Network of Excellence in Nuclear Engineering
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