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FOREWORD 

Experience has shown that one of the critical conditions for the successful 
introduction of a nuclear power programme is the availability of trained manpower 
of the required quality and quantity. For these reasons the introduction of nuclear 
power should be preceded by a thorough assessment and upgrading of the industrial 
and education/training infrastructures, including, where necessary, the introduction 
of new capabilities. 

The Guidebook on Engineering and Science Education for Nuclear Power thus 
provides recommendations, based on the experiences of both developed and develop-
ing countries, for upgrading or establishing national education and training capabili-
ties in engineering and science in order to develop qualified personnel for the nuclear 
power programme. While this information should be useful to all countries with 
nuclear power programmes, the specific needs and conditions of developing countries 
have been given special consideration. As educational systems vary from country to 
country, the recommendations have taken into account the need for flexibility in the 
design of educational programmes. Thus, while the curricula in this Guidebook 
indicate the level and content which would provide the necessary education qualifica-
tions for engineers and scientists who are to work in a nuclear power programme, 
and thus could be used as a basis for building up an appropriate education programme 
in these areas, it does not and cannot describe all of the measures and arrangements 
necessary to introduce the teaching of nuclear technology into an existing education 
system. 

However, the manpower skills required are in no way relative: there can be no 
compromise with the assurance of the safety and reliability of nuclear power. Thus, 
although there are various ways of achieving the required level of manpower qualifi-
cations — as can be seen from the varied experiences of both developed and develop-
ing countries — this level must be attained in every country which embarks on a 
nuclear power programme. 

The Guidebook on Engineering and Science Education for Nuclear Power com-
plements the IAEA Guidebook on Manpower Development for Nuclear Power 
(1980) in that it contains detailed information on curricula which would provide the 
professional technical education qualifications which have been established for 
nuclear power programme personnel in the Guidebook on Manpower Development 
for Nuclear Power. 

This present Guidebook is intended for all those responsible for the develop-
ment of policies and programmes for nuclear power personnel, and especially for 
those involved in the planning and implementation of engineering and science educa-
tion for nuclear power, including the design and teaching of specific programmes and 
curricula. 

The core of the Guidebook consists of model curricula in engineering and 
science, including relevant practical work. Curricula are provided for specialization, 



undergraduate, and postgraduate programmes in nuclear-oriented mechanical, 
chemical, electrical, and electronics engineering, as well as nuclear engineering and 
radiation health physics. 

The specialization programme would normally be introduced at the start of a 
nuclear power programme in order to provide the required theoretical foundation and 
practical work in nuclear engineering for individuals from industry and government 
organizations with backgrounds in the classical engineering disciplines. As the 
nuclear power programme develops and manpower requirements increase, the educa-
tion for nuclear power would be incorporated into the existing educational infrastruc-
ture. However, even in the case when this becomes the primary mode of education 
for nuclear power, specialization courses will still be required in the form of continu-
ing engineering education to upgrade or maintain special skills. 

Useful measures for implementing and improving engineering and science 
education and training capabilities for nuclear power personnel are presented. 
Valuable information on the national experiences of IAEA Member States in 
engineering and science education for nuclear power, as well as examples of such 
education from various Member States, have been included. 

Appreciation is expressed for their valuable contributions to all those 
who participated in the preparation of this Guidebook and also to the Member States 
for their generous support in providing experts to assist the IAEA in this work. 
Frances Mautner-Markhof of the Division of Nuclear Power was the IAEA Technical 
Officer responsible for the preparation of this publication. 
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INTRODUCTION 

Experience has shown that one of the critical conditions 
for the successful introduction of a nuclear power programme is 
the availability of trained manpower of the required quality 
and quantity. For these reasons the introduction of nuclear 
power should be preceded by a thorough assessment and upgrading 
of the industrial and education/training infrastructures, in-
cluding, where necessary, the introduction of new capabilities. 

The Guidebook on Engineering and Science Education for 
Nuclear Power thus provides recommendations, based on the 
experiences of both developed and developing countries, for 
upgrading or establishing national education and training capa-
bilities in engineering and science in order to develop quali-
fied personnel for the nuclear power programme. While this 
information should be useful to all countries starting nuclear 
power programmes, the specific needs and conditions of develop-
ing countries have been given special consideration. As 
educational systems vary from country to country, the recom-
mendations have taken into account the need for flexibility in 
the design of educational programmes. Thus, while curricula in 
this Guidebook indicate the level and content which would 
provide the necessary education qualifications for engineers 
and scientists who are to work in a nuclear power programme, 
and thus could be used as a basis for building up an approp-
riate education programme in these areas, it does not and 
cannot describe all of the measures and arrangements necessary 
to introduce the teaching of nuclear technology into an exist-
ing education system. 

However, the manpower skills required are in no way 
relative: there can be no compromise with the assurance of the 
safety and reliability of nuclear power. Thus', although there 
are various ways of achieving the required level of manpower 
qualifications - as can be seen from the varied experiences of 
both developed and developing countries (Appendix I) - this 
level must be attained in every country which embarks on a 
nuclear power programme. 

The core of the Guidebook consists of model curricula in 
engineering and science, including relevant practical work. 
Curricula are provided for specialization, undergraduate, and 
postgraduate programmes in nuclear-oriented mechanical, elec-
trical, chemical and electronics engineering, as well as 
nuclear engineering and radiation health physics. 

The specialization programme would normally be intro-
duced at the start of a nuclear power programme in order to 
provide the required theoretical foundation and practical work 
in nuclear engineering for individuals from industry and 
government organizations with backgrounds in the classical 
engineering disciplines, AS the nuclear power programme 
develops and manpower requirements increase, the education for 
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nuclear power would be incorporated into the existing educa-
tional infrastructure. However, even in the case when this 
becomes the primary mode of education for nuclear power, 
specialization courses will still be required in the form of 
continuing engineering education to upgrade or maintain special 
nuclear skills. 

While the present Guidebook does not deal with post-
graduate academic programmes beyond the Master's level, the 
availability of at least a small number of engineers and 
scientists highly trained both academically (i.e. with a Ph.D. 
or equivalent degree) and with broad experience is necessary to 
ensure qualified personnel for, inter alia, university-level 
teaching, research and development and certain regulatory 
functions. 

This Guidebook complements the IAEA Guidebook on 
Manpower Development for Nuclear Power in that it contains 
detailed information on curricula which would provide the tech-
nical education qualifications which have been established for 
nuclear power programme personnel in that Guidebook. Parti-
cular reference is made to Tables 1.12 of that Guidebook (pp. 
133-184) which list the important tasks and functions for the 
major activities of a nuclear power programme, and the educa-
tion and experience qualifications needed to perform these 
tasks and functions. 

The Guidebook on Manpower Development for Nuclear Power 
emphasizes the importance of nuclear power programme activities 
for which the national government and/or national organizations 
must bear the ultimate responsibility and which are thus con-
sidered essential for national participation (pp. 210-213). 
These activities should be primarily executed by national man-
power, regardless of the contracting arrangements. Also 
presented in that Guidebook are the general schedule for a 
nuclear power project and the overall manpower requirements and 
scheduling for the project (pp. 17-35) as well as information 
on education and training for a nuclear power programme 
(pp. 384-406). 

A country which plans a nuclear power programme should 
provide most of the basic and at least some of the specialized 
education and training needed to produce qualified personnel 
for performing the essential activities of the nuclear power 
programme, including those required for the technology transfer 
and adaptation needed to facilitate national participation. It 
is important to note that the cost of education and training 
which will produce qualified manpower amounts to a very small 
fraction of the cost of a nuclear power project. In addition, 
experience has shown that educational costs are also small com-
pared with those incurred when a nuclear power plant must 

1 Technical Reports Series No.200, IAEA, Vienna (1980)492 pp. 
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be taken out of operation for even a short period of time 
(US $400 000 - 700 000 per day for a 1000 MW(e) plant) because 
of the lack of trained manpower. In sum, a good education and 
training regime is not only a necessary condition for the 
introduction of a nuclear power programme but a sound invest-
ment in its future growth and in the optimum operation of 
nuclear power plants. For this reason, provision of education 
and training should be an integral part of the long-range 
national planning for nuclear power. 
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1. IMPORTANT ASPECTS OF ENGINEERING AND SCIENCE EDUCATION 
FOR NUCLEAR POWER 

1.1. Special Needs, Conditions and Problems of Education for 
Nuclear Power 

This Guidebook contains information, advice and recom-
mendations applicable to any country, whether developed or 
developing, but it is intended to be especially relevant for 
developing countries, where an insufficient amount of qualified 
manpower may constitute one of the principal constraints to 
technological development in general and to nuclear power 
development in particular. 

The general problems of some developing and even in-
dustrialized countries regarding the education and training 
requirements for nuclear power have been primarily associated 
with the limitations on the resources and capabilities of their 
universities, training institutions and/or industries in 
providing the scope and quality of these requirements. Often 
the secondary schools in developing countries do not adequately 
prepare students by providing them with the skills and 
knowledge needed for undertaking university studies of the 
required level in engineering and science. Two especially 
important tasks to which adequate attention and resources must 
be devoted from the outset are the education and qualification 
of teachers, and co-operation between universities and industry 
to ensure the provision of hands-on experience and on-the-job 
training in industry, including the organizational, contractual 
and administrative aspects of managing large projects, as 
universities do not have sufficient capabilities for this. 

A serious problem has been the retention of qualified 
technical professionals for the nuclear power programme, 
especially those who have had education, training and/or 
experience abroad. This problem has been due not only to 
differentials in the conditions of employment, but also to 
phase lags between the scheduling of the manpower development 
and the nuclear power programmes, so that people were ready 
when tasks were not, or vice versa. For these and other 
reasons, effective and efficient personnel management is es-
sential for the correct and timely recruitment of personnel, 
and for their education and training (as required) to achieve 
the qualifications needed for working in a nuclear power pro-
gramme. It has generally been found necessary to recruit and 
train more people than are needed to fill existing vacancies, 
in order to cover the rate of training dropouts, as well as to 
meet replacement requirements because of the attrition and 
migration of qualified personnel. The IAEA's Guidebook on 
Manpower Development for Nuclear Power (Section 3.5) discusses 
in detail the important aspects of personnel management for 
nuclear power programmes. 
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Every activity in a nuclear power programme, i.e. 
design, procurement, fabrication, construction, and operation, 
is characterized by high quality requirements. This requires 
personnel with special education and training qualifications 
who are capable of developing and implementing effective and 
efficient quality assurance programmes. Quality assurance is 
thus an essential element of nuclear-oriented engineering and 
science education. 

In addition to those areas of engineering and science 
dealt with in detail in the specialization, undergraduate and 
postgraduate programmes, another essential discipline is civil 
engineering. To achieve the requisite quality and reliability, 
civil engineering personnel involved in a nuclear power project 
should be conversant with the relevant aspects of nuclear 
power. Special attention has to be paid to ensure, for 
example, that the reactor building as a containment acts as a 
barrier to the spread of radioactivity and that proper shield-
ing is provided for all areas containing radioactive sources. 
An outline of a nuclear-oriented civil engineering specializa-
tion programme is given at the end of the specialization 
courses (p. 40). 

1.2. Practical Training and Experience in Education 

The critical need for practical work and training in all 
relevant disciplines throughout both the conventional and 
nuclear education at all levels cannot be overemphasized. This 
is essential for both the students and teachers involved, 
especially in the engineering education process. While most of 
this practical component of education should be provided in the 
country itself, some may be obtained abroad in foreign indus-
tries, research centres, institutions of higher education and 
governmental agencies - via bilateral agreements and/or supply 
contracts. 

Thus, to the extent possible, engineering and science 
education should provide students with opportunities for prac-
tical work in industry and/or utilities before graduation from 
the university (or higher technological institute). Developing 
countries in particular should aim to increase and improve the 
interactions between universities and industries, in order to 
prevent engineering education from becoming esoteric and far 
removed from current practices and needs. In addition to prac-
tical engineering experience, the various tasks of a nuclear 
power programme will require a number of individuals with ex-
pertise in such areas as technology assessment, economics, 
energy planning, administration and public acceptance issues. 
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1.3. National Education and Training Infrastructure. 
Accreditation of Academic and Non-academic Programmes 

The education and training infrastructure consists pri-
marily of the universities, and also to a lesser extent of 
nuclear training centres, nuclear research centres, industry 
and governmental organizations. 

Many countries have found that the most effective way of 
providing engineering and science education for a nuclear power 
programme has been to provide thorough, high-quality knowledge 
and practical experience in conventional areas of engineering 
and science, to which nuclear courses and specialization are 
added. This requires universities and other institutions cap-
able of providing practical-oriented education and training in 
nuclear-related engineering and science disciplines which meet 
the standards needed to provide the qualifications required for 
the nuclear power programme. 

The major role of universities and other institutions 
involved in nuclear education should thus be to provide a sound 
basic engineering and science education with a strong practical 
orientation, and to develop capabilities for research. Univer-
sity education at the undergraduate level should concentrate 
primarily on providing a thorough knowledge of principles, 
their applications and techniques. At the postgraduate level 
the university's principal responsibility is to provide educa-
tion which gives the capability for independent work in ad-
vanced engineering analysis and design and in fundamental or 
applied research. To meet this need, postgraduate programmes 
should have more variety and flexibility than at the under-
graduate level; in addition, a thesis or project work, under 
the supervision of a member of the engineering faculty, should 
be a requirement for a postgraduate degree. For engineering 
programmes, the nature and caliber of the engineering design 
component of the curriculum is central. It should include such 
features as the analysis of open-ended problems, the prepara-
tion of design problem statements and specifications, and the 
consideration of alternative solutions in the light of con-
straints related to economics, safety, reliability, environ-
mental impacts, etc. The kind of synthesis activity which this 
implies and requires - i.e. the bringing together and utiliza-
tion of all information learned - may be considered a type of 
on-the-job training within the university, and is a useful 
antidote to overspecialization in particular areas. In addi-
tion, opportunities should be provided for students to have 
hands-on experience outside the university whenever possible. 

To meet the level of nuclear requirements, classical 
engineering and science curricula would generally require an 
upgrading. The goal should be to have an educational system 
(universities and other institutions) which can turn out well-
prepared engineers and scientists who are able to learn better 
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and more quickly the specific nuclear techniques, and thus 
establish a firmer and broader basis for technology transfer. 
For the national education infrastructure to achieve this capa-
bility, it will be necessary that a country establish and 
implement adequate standards for the relevant engineering and 
science education programmes, in order to provide at least the 
basic education qualifications of the required level for its 
nuclear power personnel. For this reason accreditation of both 
academic and non-academic programmes on the basis of minimum 
standards will prove necessary. (Accreditation is discussed in 
more detail in Section 7.4.) 

Achieving the requisite education/training infrastruc-
ture capabilities cannot be the task of nor can it be accom-
plished by only one component of this infrastructure, e.g. the 
universities. Intensive and continuous co-operation among all 
relevant organizations is necessary for effective and efficient 
utilization of all national resources, including industry pro-
fessionals (engineers, scientists) and facilities for education 
and training both at industrial establishments and as a part of 
the universities' programmes for engineering and science educa-
tion. Thus, to provide much of the practical component of 
education as well as certain nuclear-oriented courses in the 
education/training infrastructures to meet the national man-
power requirements of the nuclear power programme, a well-
planned and co-ordinated effort will be needed from; govern-
ment; utilities and industry; nuclear training and research 
centres - in strong co-operation with the universities and 
other institutions which will be involved in providing 
nuclear-oriented engineering and science education. Such 
co-operation is necessary not only for the most effective/ 
efficient implementation of engineering and science education 
and of a manpower development programme, but also because uni-
versities are finding it increasingly difficult to keep up with 
all of the developments in new and/or high technology areas. 

As the industrial infrastructure develops to meet the 
requirements of the nuclear power programme, it becomes better 
equipped not only to provide relevant industrial training 
opportunities and experience, but also to utilize industry 
resources for both basic and continuing education. This would 
also require increased co-operation between industry and those 
universities and other institutions providing university-level 
education for nuclear power, as well as the most effective use 
of their resources, for their mutual benefit. Possible 
measures to achieve this include.- increasing the number of 
faculty with experience in industry and updating this ex-
perience regularly by industry residence programmes, using 
part-time teachers from industry, and formulating universities' 
policies so that staff can also work on problems which are 
relevant to local industry. This would help to provide the 
necessary upgrading of those parts of the national infra-
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structure involved in education and certain types of training 
for a nuclear power programme. 

Achieving the required level of education qualifications 
and of professional capability requires knowing the "why" as 
well as the "how" of science and engineering principles and 
techniques. The teaching of "why" has been one of the main 
goals of a university education, while industrial and other 
institutions including some technical universities have pro-
vided for the teaching of "how". In practice, there should be 
a sharing of expertise and facilities between universities and 
other organizations. Certain institutions such as nuclear 
research laboratories are often large enough to encompass both 
fundamental research and applied developments. 

Nuclear training centres (NTCs) can play an important 
role in engineering and science education for nuclear power. A 
number of countries, both developed and developing, have found 
it useful to set up an NTC for providing most of the practical 
hands-on nuclear power station oriented education and training 
to professionals and technicians who have received basic educa-
tion in engineering or science at a university or technical 
institute. Education and training methodology and materials 
are of the utmost importance and are frequently given insuf-
ficient attention. NTCs can also be a convenient locale for 
the training and retraining of NTC and other teachers via con-
tinuing engineering education. This is essential, as their 
knowledge and practical skills must not be allowed to become 
obsolete. The role of the NTCs is discussed in the Guidebook 
on Manpower Development for Nuclear Power (pp. 409 and 415). 

While it may be advantageous for certain developing 
countries which have or plan larger nuclear power programmes to 
have their own NTC, it may be neither feasible nor desirable 
that each developing country contemplating or executing a 
nuclear power project establish its own NTC. In some cases, 
countries with the necessary financial resources foresee that 
the installation of a nuclear research reactor/centre could 
also play an important role in the development of engineering 
and scientific manpower. While a research reactor is not a 
necessary condition for a nuclear power programme, this 
approach has many advantages. 

1.4. Nuclear Specialization Courses 

In developing these guidelines it was taken into account 
that a country will generally find it necessary to introduce 
postgraduate specialization courses to supplement the education 
and training of graduates who possess non-nuclear education 
qualifications and (in some cases) professional but non-nuclear 
experience and who are to work in a nuclear power programme. 
These specialization courses are not meant to replace the 
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longer term need for nuclear-related undergraduate and post-
graduate engineering and science education. Nevertheless, as a 
mechanism for upgrading qualifications or providing new/updated 
theoretical knowledge and practical skills in nuclear subjects, 
the specialization courses will have an important role in the 
national education and training system. 

The individuals who have completed a specialization 
programme - or any undergraduate or postgraduate education 
programme - will still require specialized training in order to 
perform effectively the tasks/functions of the nuclear power 
programme. The specialization courses should thus supply the 
overall nuclear-related knowledge and practical skills which 
provide the essential basis for this specialized training. In 
this connection, the training provided by supply contracts -
usually for the operation and maintenance of nuclear power 
projects and equipment - should complement the specialized 
education and training provided by the national education and 
training infrastructure, e.g. universities, engineering 
schools, nuclear training centres, R&D institutions and 
industries. 

The specialization programme should be distinguished 
from a conventional postgraduate degree programme, as it has a 
stronger orientation towards the actual demands of the nuclear 
power programme; and it includes a high standard of traditional 
engineering in greater depth than in the undergraduate pro-
grammes available in the country. Furthermore, it provides 
education and practical work in specifically nuclear subjects, 
such as radiation effects and reactor technology. It is highly 
desirable to involve some universities in this programme, 
because they would be more encouraged to upgrade their curri-
cula, faculties and facilities for the undergraduate and 
graduate programmes which are needed to meet the higher 
standards required by the nuclear power programme and the 
national participation programme in the conventional as well as 
nuclear areas. 

This involvement of and the gradual transfer of 
specialization courses to some universities and other institu-
tions capable of providing equivalent academic qualifications 
(e.g. some nuclear training centres) is desirable also because 
the specialization courses could then be recognized as meeting 
part of the requirements for a postgraduate degree, which may 
be earned later, and this possibility is to be recommended. As 
several such specialization courses (open to all countries) are 
already given in a number of countries with nuclear power pro-
grammes, it might be more cost effective in the beginning to 
send individuals abroad rather than to arrange domestic 
courses. It is especially important to earmark for such train-
ing in particular those individuals who will become the 
teachers of domestic specialization courses. It is essential 
to have knowledgeable and experienced teachers for these 
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courses, and it is recommended that special attention be paid 
to all aspects of their education and training, including 
effective pedagogical practice. 

To make optimum use of educational and financial re-
sources, it is necessary that the selection procedure for the 
nuclear specialization programmes be carefully organized to 
choose those students who are adequately qualified on the basis 
of their knowledge, capabilities, motivation and suitability 
with respect to the needs of the nuclear power programme. It 
is advisable to support the students by a scholarship, or by a 
contract with industry or government organizations. Those 
responsible for education and training, as well as the future 
employers of the students, should maintain close contact and 
should devise a plan for placement of these students for 
optimum utilization in the nuclear power programme. 

For the specialized programmes to be effective, it is 
advisable to start with a few courses aimed at raising all 
students to the same level. Since the education/training and 
industrial infrastructures vary from country to country, as do 
the nature of the nuclear power programmes and their objectives 
(e.g. the extent of domestic participation), it is very diffi-
cult to recommend detailed curricula for nuclear specialization 
programmes, although model curricula have been proposed. 
Obviously, the specialization courses cannot completely compen-
sate for different educational levels and professional back-
grounds, and will sometimes have the character of a "crash" 
programme. 

As previously noted, even after the implementation in 
the longer term of an improved nuclear-oriented engineering and 
science education in the relevant parts of the educational 
infrastructure, certain specialization courses will still be 
needed as a part of formalized continuing education, and 
especially continuing engineering education, to keep up with 
recent developments (e.g. new technologies, regulations, etc.), 
to upgrade education in specialized and/or nuclear areas and 
also to provide training for certain types of personnel (e.g. 
shift supervisors, health physics officers and other 
specialists). 

1.5. Continuing Education, especially Continuing Engineering 
Education 

To ensure that professional technical personnel can 
acquire, maintain, upgrade and update the knowledge and prac-
tical techniques needed to meet the education and training 
qualifications for performing the tasks/functions of a nuclear 
power programme, it will be necessary to have broadly scoped 
and flexible possibilities for continuing education, and 
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especially for continuing engineering education (CEE). Con-
tinuing engineering education should be provided/required both 
for practising professionals and for teachers, and should be 
included as an important, integral and formalized component of 
a country's manpower development programme and education/ 
training infrastructure. It should be a part of and utilize 
the co-operative process between universities, industry, utili-
ties, nuclear training and research centres, and other relevant 
organizations. Professional societies could play a useful role 
in fostering certain types of CEE. CEE may also require educa-
tion abroad, especially in areas involving the latest techno-
logical developments and high technical complexity. Interna-
tional co-operation in CEE will also be valuable for providing 
exchanges of teachers, teaching materials and possibly for 
establishing regional centres for CEE. 

CEE for a nuclear power programme can and does involve 
the conventional as well as the nuclear areas. CEE would, 
therefore, emphasize, in addition to education and training in 
the fundamentals of advanced or new areas of engineering tech-
nology and science related to nuclear power, the provision of 
capabilities in such areas as.- technology assessment including 
environmental impacts; project evaluation, planning and manage-
ment; economics including cost/benefit analysis; computer hard-
ware and software; public administration and communication 
skills. Depending on the situation in each country and on the 
type of education involved, CEE courses on nuclear power could 
be conducted at universities, nuclear training centres, nuclear 
research institutions, utilities and industries and/or govern-
mental agencies. 
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2. NUCLEAR-ORIENTED PROGRAMMES IN MECHANICAL, ELECTRICAL, 
CHEMICAL, NUCLEAR, ELECTRONICS ENGINEERING AND IN 

RADIATION HEALTH PHYSICS 

2.1. Introduction to the Engineering and Science Education 
Programmes in this Guidebook 

Model curricula for nuclear specialization (S) pro-
grammes as well as for nuclear-oriented undergraduate (U) and 
postgraduate (P) programmes follow on pages 22 to 130. These 
model curricula should be taken as flexible guidelines for the 
education of manpower in relevant disciplines, as there are 
variations in the needs and resources among countries and even 
within a particular country. Some examples of curricula of 
nuclear-related engineering and science programmes in various 
Member States are given in Appendix II. 

The following specific points regarding these programmes 
should be noted.* 

The nuclear specialization courses in engineering have 
been designed for graduates in mechanical, electrical, chemical 
and electronics engineering, while the radiation health physics 
specialization programme has been designed primarily for 
graduates in physics. However, well motivated individuals with 
backgrounds in chemistry and electronics may also elect the 
radiation health physics programme. 

The specialization courses have been classified into 
five basic categories: (I) courses for general upgrading of 
classical engineering and mathematics knowledge and skills, in 
order to prepare and orient for subsequent S-courses; (II) 
interdisciplinary courses to supplement knowledge in areas 
other than the individual's own discipline in engineering or 
radiation health physics; (III) general nuclear orientation 
courses, applicable to all disciplines; (IV) courses to upgrade 
knowledge and skills in the individual's own discipline, re-
quired for learning advanced nuclear specialization in his 
discipline; and (V) advanced nuclear specialization courses, 
wherein also some S-courses of category (III) would be taught 
at a higher level, depending on the discipline. 

The need for various upgrading courses in the speciali-
zation programme, e.g. introduction to computing, engineering 
economics, naturally depends on the educational background and 
experience of the student. If proficiency in these subjects 
can be demonstrated by, for example, passing an appropriate 
examination, the courses can be waived, with the possible 
substitution of other courses. 

The undergraduate and postgraduate programmes would cor-
respond roughly to the Bachelor's and Master's degrees, respec-
tively, in countries such as India, Japan, Spain, the United 
Kingdom, and the United States of America. In other countries, 
such as Czechoslovakia, France, the Federal Republic of 
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Germany, Sweden, Switzerland and the USSR, the two levels are 
combined and lead to the degree of graduate engineer (Diplom-
Ingenieur). More information on the comparability of engineer-
ing degrees and curricula in various countries is provided in 
the publication; Comparability of Engineering Courses and 
Degrees, by A.I. Bogomolov, UNESCO Press, Paris, 1974. 

The U and P programmes for nuclear-oriented mechanical, 
electrical, and chemical engineering (Ul, Pi; U2, P2; U3, P3, 
respectively) and a nuclear engineering curriculum, P4, which 
builds on Ul and U2, are grouped separately from postgraduate 
nuclear engineering and radiation health physics programmes 
(P5, P6) which presuppose the completion of the respective 
undergraduate programmes (U5, U6). The rationale for this 
grouping is as follows. 

In the case of the nuclear engineering curricula, two 
different modes of introducing this subject matter into univer-
sity programmes have evolved. In most countries nuclear 
engineering as a distinct discipline has been introduced only 
at the postgraduate level; at the undergraduate level, nuclear 
engineering is accommodated by offering special nuclear courses 
as an option in the classical mechanical, electrical and chemi-
cal engineering curricula. (This corresponds to the nuclear-
oriented Ul, U2 and U3 programmes in this Guidebook.) In 
certain universities in some countries, for example in the 
United States of America, nuclear engineering as a separate 
course of study was introduced at the undergraduate level, 
leading to the Bachelor's degree in nuclear engineering. (This 
would correspond to the U5 programme.) 

In the majority of developing countries in which nuclear 
power may be introduced in the future, it is unlikely that the 
degree of specialization implied by an undergraduate programme 
in nuclear engineering would be appropriate. Thus, the post-
graduate nuclear engineering curriculum P 4 has been designed 
for students who have completed the nuclear-oriented mechanical 
and electrical programmes, U l and U 2 , respectively. The U 5 , P 5 

sequence has been included because it has proved useful for 
certain systems in the past, and may prove useful again for 
special cases in the future. 

The situation with regard to radiation health physics is 
somewhat different. Specialization and postgraduate programmes 
in radiation health physics to prepare individuals for employ-
ment in both nuclear power facilities as well as in industry, 
hospitals, etc., have been introduced at many universities and 
training institutions. However, these programmes usually build 
upon an undergraduate physics background; at this time, there 
is very little experience with integrated undergraduate/post-
graduate curricula in the radiation health physics area. 
Assuming that the demand in the nuclear power industry for pro-
fessionals in this area will continue to be limited, it is 
unlikely that undergraduate programmes in radiation health 
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physics will be needed, particularly for small nuclear power 
programmes in developing countries. 

Nevertheless, model U6, P6 curricula have been prepared 
for inclusion in this Guidebook because of the growing aware-
ness of the importance of ensuring the safety of both occupa-
tional personnel and the general public in environments where 
radiation is present; this may lead in the future to an 
increased demand for such curricula. Additional guidance as to 
the possible content of postgraduate programmes in radiation 
health physics which do not presuppose an undergraduate 
specialization in this area can be obtained by consulting the 
proposed syllabus for an IAEA training course in radiation pro-
tection (Appendix III). 

Since the development of experimental skills is an 
essential part of the education of all engineers, performance 
of nuclear-related experiments and practical work is especially 
important. It is recognized that the initial cost, operation 
and maintenance of certain items of laboratory equipment may 
require resources which are not always available at the out-
set. How.ever, laboratories can be built up in stages, and 
arrangements can often be made to schedule the use of a major 
resource such as a research reactor for educational purposes. 
A list of typical nuclear-related experiments has been pro-
vided, together with necessary basic equipment and information 
on the applicability of these experiments to various courses, 
on pp. 131-136. 

With regard to reference material, note that textbooks 
have been suggested only for specifically nuclear courses and 
for those subjects which have important applications in nuclear 
power such as solvent extraction, biological effects of ioniz-
ing radiation, and certain computational techniques. An effort 
has been made to cite the latest editions, but this should be 
checked by reference to appropriate catalogues. The main 
reason for citing texts is to provide guidance to the instruc-
tor. In many countries, other suitable texts as well as 
lecture notes in the national language may be available and 
should be utilized. 

Flexibility is needed in deciding on the tiine allocated 
to individual courses, particularly in the specialization pro-
gramme. The indicated number of hours includes the time for 
lectures, laboratories, field-work and exercises, but not for 
preparation. For example, a 40-hour course will correspond to 
3 hours per week for a ¡semester which lasts approximately 14 weeks. 

The nuclear-oriented undergraduate electrical engineer-
ing programme (U2) includes course work in heat and mass trans-
fer and in fluid dynamics to an extent not usually found in 
undergraduate electrical engineering curricula. However, 
experience has shown that a good background in these subjects 
is advantageous for electrical engineers working in nuclear 
power programmes, and therefore this is recommended. 
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Students who have completed the nuclear-oriented chemi-
cal engineering curriculum will not normally have enough 
background in nuclear subjects to enter the P4 programme 
without additional preparation. 

By choice or necessity, nuclear-oriented undergraduates 
may often be employed in non-nuclear-related fields, while 
graduates of specialization programmes will usually work in the 
nuclear power programme. Therefore, the nuclear content of the 
specialization programmes is somewhat greater than that of the 
corresponding undergraduate programmes but less than that of 
the postgraduate programmes. 

The completion of a thesis together with some additional 
courses and applied work outside the university may provide the 
basis for awarding a Master's degree to graduates of speciali-
zation programmes, similar to the Master's degree in nuclear 
engineering practice discussed in the Guidebook on Manpower 
Development for Nuclear Power (pp. 393-397). 

It is considered important that those connected with a 
nuclear power programme should have a basic knowledge of how 
nuclear power compares with other possible ways of generating 
or saving energy with regard to economics and environmental 
impacts. Therefore, a separate course on energy has been in-
cluded in all the и curricula. 

Comparative summaries of the undergraduate courses and 
of the postgraduate courses are given in Appendix IV. 
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3. NUCLEAR SPECIALIZATION|(S) PROGRAMMES 

3.1. Contents and structure 

Figure 1 depicts schematically the structure of the 
nuclear specialization programme, and the classification and 
sequence of the specialization courses, as described in 
Section 2.1. Table I lists the courses of all S-programmes and 
indicates the applicability of each of the courses to the 
various disciplines. 

II. I V . 

Graduate 
in Engineering 
or Science 
(for health 
physics 
programme) — I 
with no or 
insufficient 
nuclear 
oriented education 

Inter- Upgrading in 
disciplinary Professional 
Courses Discipline 

1. 111. V . 

General 
Upgrading 
Courses 

Nuclear 
Orientation 

Nuclear 
Specialization 

General 
Upgrading 
Courses 

Nuclear 
Orientation 

Nuclear 
Specialization 

Nuclear 
Power 
Programme 

Fig.l. Structure of specialization courses. 

3.2. Nuclear Specialization Courses 

Goal; The nuclear specialization programme is meant for 
graduates in engineering (mechanical, electrical, 
chemical, electronics) and for graduates in science 
(physics, chemistry) with no or insufficient nuclear-
related education qualifications. The programme 
provides the educational qualifications needed to per-
form the tasks and functions in the nuclear power pro-
gramme (as given on pages 131-194 of the IAEA Guidebook 
on Manpower Development for Nuclear Power). The pro-
gramme includes courses which provide; a general upgrad-
ing of classical science/engineering knowledge and 
skills; knowledge in areas other than the individual's 
own discipline; nuclear orientation; upgrading in the 
individual's own discipline and advanced nuclear 
specialization. Some courses in this curriculum would 
also be well suited for professional engineers, physi-
cists and chemists in the nuclear field who wish to 
upgrade their knowledge in specific areas. 
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I. GENERAL UPGRADING 

51. Mathematics 

Goal; Repetition of mathematics as required for the compre-
hension of the specialization programme/ also aimed at 
raising knowledge of all students to the same level. 

Differential equations, theory of probability and sta-
tistics, special functions, vector algebra, numerical 
methods. 
60 h (1/3 exercises) 

52. Applied Thermodynamics 

Goals To provide an understanding of heat transfer, heat 
engines and fluid flow. 

Fluid mechanics. Navier-Stokes equations. Thermo-
dynamic cycles, thermodynamics of irreversible 
processes, principles and formalism of thermodynamics of 
near equilibrium states. Heat and mass transfer; con-
duction, steady state and transient, convection in 
laminar and turbulent flow; high-velocity flow; radia-
tion. Boiling and condensation. 
40 h (1/3 exercises) 

S3. Introduction to Computing 

Goal; To provide the fundamentals of computer hardware and 

software organization and the principles and methods of 
structuring, implementing, and modifying programmes and 
data for computer solution of engineering problems. 

Methods of digital computation, algorithm formulation, 
elementary numerical techniques, graphic display and 
character manipulation. Structuring of programmes and 
data. Fundamentals of programming using the FORTRAN 
language. 

40 h (1/2 exercises) 
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II. INTERDISCIPLINARY 

S4. Engineering Economics 

Goal: To review the basic principles of engineering economics 
with energy-related applications. 

Comparison of alternatives using discounted cash flow 
methods. Nuclear reactors and their fuel cycle compared 
with fossil-fired units, solar and renewables, and con-
servation. Economic characteristics of electric utility 
systems compared with decentralized options such as 
cogeneration. Elements of cost-risk-benefit assessment. 
40 h 

55. Electrical Engineering 

Goal; To acquaint the student with electrotechnical problems. 

Electrostatics, magnetostatics, movement of charged 
particles in an electromagnetic field, electromagnetic 
induction, properties of electrical and magnetic fields 
in matter. Basics of electrical machines, circuits and 
their components. Measurement of electrical para-
meters. Principles of electronics. Properties and 
parameters of amplifiers, feedback, non-linear and 
logical circuits, digital and analog methods, noise in 
systems. 

40 h (1/3 laboratory experiments) 

56. Process Instrumentation and Control 

Goal; To increase the knowledge of the theory and practice of 
measurement and of electronics with special reference to 
data handling. 

Methods of dealing with signals in analog and digital 
form. Theory of signals, theory of linear circuits. 
Sensors, signal conditioners, data processors and 
displays. Regulation stability, hunting, dead zones and 
control. Applications of pneumatic, hydraulic, 
mechanical and electrical instrumentation in control 
engineering. 

40 h (1/3 laboratory experiments) 
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S7. Power Plant Engineering 

Goal: To acquaint the student with power plants, their compo-

nents and dynamic behaviour. 

Energy conversion and conservation. Thermodynamic 
cycles and their use in power plants. Direct conversion 
of thermal energy to electric power. Dynamic properties 
of power plant components and their interactions. 
Dynamics of power plants. Construction of power plant 
components, their geometry, properties, technology, 
diagnostics and service. Internal combustion machines. 
Turbomachinery, condensers and other components, 
including steam generators. 
60 h (1/3 exercises) 

III. GENERAL NUCLEAR ORIENTATION 

S8. Introduction to Nuclear Engineering 

Goal: To provide a broad overview of the fundamental aspects 
of nuclear engineering and an introductory comparative 
analysis of nuclear power and other energy sources. 

Atomic and nuclear physics. Interaction of radiation 
and matter. Nuclear reactors and nuclear power. 
Neutron diffusion and moderation. Nuclear reactor 
theory. The time-dependent reactor. Heat removal from 
nuclear reactors. Nuclear reactor materials. Radiation 
protection. Radiation shielding. Reactor sources with 
respect to economics and environmental impacts. 
160 h (1/3 exercises and laboratory experiments) 

Textbooks: H.S. Isbin.- Introductory Nuclear Reactor Theory, 
Reinhold, New York, 1963. S. Glasstone, A. Sesonske: 
Nuclear Reactor Engineering, Van Nostrand-Reinhold, 
1980. J.R. Lamarsh: Introduction to Nuclear Engineer-
ing, 2nd Edn, Addison-Wesley, 1983. G.F. Knoll, 
Radiation Detection and Measurement, Wiley, 1982. 
N . Tsoulfanidis: Measurement and Detection of Radiation, 
McGraw-Hill, 1983. P. Reuss: Eléments de physique 
nucléaire - Collection Génie Atomique INSTN 2, 1978. 

Collection Genie Atomique INSTN refers to the documents 
produced by, used at, and available from the Institut 
National des Sciences et Techniques Nucléaires, Saclay, 
F-91191 Gif-sur-Yvette Cedex, France. 
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Techniques de l'Ingénieur.- Génie Nucléaire, Ed. 
J . Guéron, 1984. 3 Techniques de l'Ingénieur В 3010 à 
3014, 1978. J . Bussac, P. Reuss: Physique et calcul des 
réacteurs nucléaires, Collection Enseignement des 
Sciences, Hermann, Paris, 1978. J.R. Lamarsh: 
Introduction to Nuclear Reactor Theory, Addison-Wesley, 
1966. A.E. Profio.- Experimental Reactor Physics, 
McGraw-Hill, 1976. I. Kaplan: Nuclear Physics, 2nd Edn, 
Addison-Wesley, 1963. W.E. Meyerhof; Elements of Nuclear 
Physics, McGraw-Hill, 1967. 0. Oldenberg, 
N.C. Rasmussen: Modern Physics for Engineers, 
McGraw-Hill, 1966. H. Semat: Introduction to Atomic and 
Nuclear Physics, 4th Edn, Holt, Rinehart and Winston, 
1962. H.A. Enge.- Introduction to Nuclear Physics, 
Addison-Wesley, 1966. 

S9. Nuclear Power Plant Engineering 

Goal.- To acquaint the students with the engineering problems 
related to a nuclear power plant. 

Thermodynamic cycles and their use in nuclear power 
stations. Dynamics of nuclear power plant. 
Construction of power plant components, their geometry, 
properties, technology, diagnostics and service. Steam 
production and engineering. Reactor systems and their 
components. Neutron moderators, coolants, construction 
materials for core components and neutron absorbing 
materials and their properties. Pressure vessels role, 
materials, influence of radiation, diagnostics during 
operation, testing reactor pressure vessel. Heat 
generation.- source distribution and dynamics. Heat 
transfer. Heat removal.- one- and two-phase cooling. 
Boiling crisis. Stationary core cooling. Description 
of non-stationary phenomena. Types of nuclear 
reactors. Classification of nuclear reactors. 
Representative power reactors, their construction and 
properties; comparison. 
80 h (1/3 exercises) 

Textbooks.- A . Sesonske.- Nuclear Power Plant Design Analysis, 
U.S. Atomic Energy Commission Rep. TID-26241, 1973. 
J.G. Wills: Nuclear Power Plant Technology, Wiley, 

Techniques de l'Ingénieur refers to various volumés, 
among them a volume entitled "Génie Nucléaire". All are 
published by Editions Techniques, 8, place de l'Odéon, 
F-75005 Paris, France. 
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1967. M . Lott: Thermique des réacteurs nucléaires -
Collection Génie Atomique INSTN, 1983. Techniques de 
l'Ingénieur.* Génie Nucléaire, Ed. J. Guéron, 1984. 
Techniques de l'Ingénieur В 3016 et seq. M . Lott: 
Eléments de thermique des réacteurs nucléaires, 
Collection Génie Atomique INSTN, 1983. Techniques de 
l'Ingénieur 3050, 3290, 3310 et 3312. Blair, Jones and 
Van Horn: Aspects of Energy Conversion, Pergamon Press, 
1976. J.F. Harvey: Pressure Component Construction: 
Design and Materials Application, Van Nostrand-Reinhold, 
1980. A.V. Nero, Jr.: A Guidebook to Nuclear Reactors, 
University of California, 1979. 

510. Introduction to the Nuclear Fuel Cycle 

Goal: To acquaint the student with the production and proper-
ties of the basic materials needed by the nuclear 
industry, including isotope separation, reprocessing, 
and alternative fuel cycles. 

Uranium resources, mining and milling. Uranium enrich-
ment. Heavy water production and properties. Produc-
tion and properties of structural, control and moderat-
ing materials. Purity requirements. In-core reactor 
fuel management. Spent fuel storage. Reactor waste 
handling. Fuel reprocessing. Alternative fuel cycles. 
Survey of waste sources and handling. (To be followed 
by course: Radioactive Waste Management.) 
40 h (1/4 laboratory, 1/4 exercises) 

Textbooks: M. Benedict, T. Pigford, H. Levi: Nuclear Chemical 
Engineering, McGraw-Hill, 1981. G . Choppin, J. Rydberg: 
Nuclear Chemistry, Theory and Applications, Pergamon, 
1980. B.R.T. Frost: Nuclear Fuel Elements - Design, 
Fabrication and Performance, Pergamon, 1982. 

511. Nuclear Chemistry and Radiochemistry 

Goal: то provide knowledge of nuclear reactions, radioactive 
decay, radiation absorption and its effects on 
materials, methods for detection and measurement of 
radiation; and important parts of the nuclear fuel cycle. 

Radiochemistry. Radiation chemistry. Coolant 
chemistry. Reprocessing of irradiated fuel. Chemical 
problems during reactor operation: corrosion, migration, 
redox control, etc. Reliability and safety from the 
chemical point of view (degradation of chemical 
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properties of materials). Radiation effects upon system 
components (i.e. resins, filters, charcoal, etc.). 
40 h (1/3 laboratory experiments, 1/4 exercises) 

Textbooks.» G. Choppin, J. Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. G.W. Castellan: 
Physical Chemistry, 2nd Edn., Addison-Wesley, 1971. 
W . Masterton, E. Slowinski, C. Stanitski: Chemical 
Principles, Saunders, 1985. 

IV. UPGRADING IN PROFESSIONAL DISCIPLINE 

S12. Project Work 

Goal.- Independent, practical application of engineering 
knowledge and skills. 

A problem, limited and well defined in scope and adapted 
to the topics of the specialization course, is to be 
solved by the student on his own responsibility in a 
definite period of time, under the supervision of an 
instructor. This provides the opportunity to apply 
engineering knowledge and methods in a practical way, 
e.g. measurements in connection with calculations, 
programming and application of currently used nuclear 
codes. The problem selected should have interdis-
ciplinary aspects. If nuclear facilities are available, 
the project work could be performed there. The results 
should be presented as a written report. 
One project per student. 
80 h 

S13. Technology of Construction Materials 

Goal.- To establish an understanding of the structure of 

materials with special reference to welding technology. 
Basics of metallurgy - nature, origin and control of 
structure in metallic systems and the relation to 
mechanical properties. 

Principles of welding - forming and heat treating, 
manual, semi-automatic and automatic welding, hot and 
cold forming, heat treatment of common alloys. Prin-
ciples of metal casting - principles of molding, 
core-making, melting, casting metallurgy and casting 
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design. Principles of cold and hot working of metals. 
Stress analysis. 

80 h (1/3 laboratory experiments) 

S14. Power System Stability 

Goal.* To acquaint the student with power systems and their 
interaction with a grid. 
Power system and power plant control. Interaction of 
power plants with grid. Power system analysis; power 
system representation. Short-circuit calculations. 
Power system protection; transmission line protection.-
station equipment and machinery protection (reactors, 
motors, generator), synchronizing scheme, including load 
shedding. 

40 h (1/4 exercises) 

S15. Linear Control Systems 

Goalг To introduce the basic concepts of linear systems for 
stability. 

Continuous and discrete-time linear control systems/ 
state variable models; analytical design for deter-
ministic and random inputs. Time-varying systems 
stability. 
40 h 

S16. Optimal Control 

Goal: To provide basic knowledge on deterministic and 

stochastic optimal control. 

Variational methods in control system design, classical 
calculus of variations, dynamic programming, maximiza-
tion principle, stability, optimal digital control 
systems, state estimation. 
40 h 

S17. Water Chemistry 

Goal: To provide knowledge enabling a high water quality to be 
maintained in power plants and other fuel cycle facili-
ties, e.g. spent fuel storage ponds and heavy water 
production plants. 
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Raw water supplies. Purification methods (filtration, 
precipitation, chlorination, aeration, etc.). High 
purity water production (distillation, ion exchange, 
osmosis). Analytical methods for water quality 
control. Water quality requirements. Waste-water 
trèatment, cleanup and environmental effects. 
40 h (1/4 laboratory experiments) 

Textbooksг J.K. Dawson, R.G. Sowden; Chemical Aspects of 

Nuclear Reactors, Vol. 2, Butterworths, 1963. Gurnham; 
Industrial Waste Water Control, Academic, 1965. Water 
Chemistry of Nuclear Reactor Engineering, British 
Nuclear Energy Society, 1978. 

518. Chemical Engineering Design 

Goali To focus on computer-aided design (CAD), choices between 
alternative designs and optimization with regard to 
economy, control and safety. 

Estimation of plant building costs. Plant layout. 
Network planning. Comparison and choice between dif-
ferent separation processes. Construction materials. 
Mathematical models and optimization methods. Produc-
tion planning using linear programming. Process 
dynamics. Computers in process control. 
40 h (1/3 project work and computer calculations, e.g. 
design and costing of a small plant) 

519. Reliability in Electronic Equipment and Systems 

Goal.- To introduce the student to the theory of reliability of 
electronic equipment and systems. 

Exponential law of reliability. Redundancy. Reli-
ability testing. System reliability, availability and 
safety. Reliability prediction for electronic equipment 
and systems. Reliability of electronic components. 
Maintainability engineering. Life-cycle costing. Reli-
ability, maintainability and quality management. 
40 h (1/4 exercises) 
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V. 

S20. 

NUCLEAR SPECIALIZATION IN PROFESSIONAL DISCIPLINE 

Radiation Shielding, Criticality, and Remote Handling 

Goal.» To teach the student the basic principles of shielding, 
criticality prevention, and the handling of highly 
radioactive materials. 

Radiation sources, shielding for gamma radiation. 
Buildup factors. Shielding for beta radiation, brems-
strahlung. Neutron shielding.- activation. Monte Carlo 
and moments methods. Photon and neutron albedos. Heat 
effects. Parameters that affect the criticality of a 
system; analysis of practical problems in criticality 
prevention; characteristics of a criticality excursion; 
exposures. Optimization of shielding: mechanical 
designs, measurements. Familiarization with currently 
used computing codes for criticality and shielding. 
Remote handling, slaves and viewing systems. Con-
tainers, glove boxes. Ventilation. Safe storage: wet 
and dry. Safe transport: basic design considerations; 
effects of density and thickness; specifications for 
transport packagings; IAEA regulations with reference to 
special fissionable material. 

60 h (1/3 exercises and laboratory experiments) 

Textbooks: A.E. Profio.- Radiation Shielding and Dosimetry, 
Wiley, 1979. D.C. Stewart; Handling Radioactivity: A 
Practical Approach for Scientists and Engineers, Wiley, 
1981. E.P. Blizard, L.S. Abbott: Reactor Handbook, 
Vol. Ill, Part B, Interscience, 1964. J. Shapiro: 
Radiation Protection, 2nd Edn, Harvard Univ. Press, 
1981. M.M. Schaffer.- Reactor Shielding for Nuclear 
Engineers, U.S. AEC Report TID-25951, 1973. 

S21. Nuclear Reactor Materials 

Goal: To introduce the student to the main problems of nuclear 

materials and radiation effects on materials. 

Physics of metals. Materials structure and behaviour; 
radiation effects. Perturbation of metallic systems. 
Materials strength, creep, stress rupture, corrosion. 
Testing methods. Quality assurance, quality control. 
Stress-strain analysis, deformation and creep. Dynami-
cal behaviour of materials. Nuclear fuel: physical and 
chemical properties of uranium, thorium and plutonium 
and of their compounds used in nuclear reactors. UO2 
fuel elements for thermal or fast reactors. Dispersion 
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fuels; HTR fuel elements. Radiation effects on metallic 
structures in nuclear reactors. Steels г physical and 
chemical charac- teristics. Materials used for 
manufacturing reactor vessels; vessel calculation; 
fatigue of materials. Checking during operation. 
Zirconium and graphite.- role and behaviour in nuclear 
reactors. 

80 h (1/4 exercises) 

Textbooks: J.T.A. Roberts: Structural Materials in Nuclear 

Power Systems, Plenum, 1981, Y. Sousselier: Matériaux 
pour le nucléaire - Techniques de l'Ingénieur 3500 et 
3750 à 3770, 1981. M . Gauthron: Les matériaux 
nucléaires - Collection Génie Atomique, INSTN, 1982. 
J.K. Dawson, R.G. Sowden: Chemical Aspects of Nuclear 
Reactors, Vol. 1, Butterworths, 1963. C.R. Tipton.-
Reactor Handbook, Vol. 1: Materials, Interscience, 
1964. B.R.T. Frost: Nuclear Fuel Elements - Design, 
Fabrication and Perfor- manee, Pergamon, 1982. 
T.J. Thompson, J.G. Beckerley: The Technology of Nuclear 
Reactor Safety. Vol. 2: Reac- tor Materials and 
Engineering, MIT Press, 1973. L.M. Wyatt: Materials of 
Construction for Steam Power Plant, Applied Science 
Publishers, 1976 (also published in Russian by 
Atomizdat, Moscow, 1979). 

S22. Interaction of Radiation with Matter 

Goal: To expand the student's understanding of physical prin-
ciples of nuclear radiation attenuation in matter. 

Modes of interaction: ionization, excitation, elastic 
scattering, nuclear interaction. Specific ionization, 
stopping power, linear energy transfer, mean path 
length. Interaction of directly ionizing radiation: 
alpha particles - electrons - bremsstrahlung, Cerenkov 
radiation. Positron absorption-annihilation radiation. 
Bragg's law. Interaction of electromagnetic radiation; 
secondary radiation; spectral distribution. Interaction 
of neutrons.- scattering and absorption. Induced radio-
activity. 

40 h (1/3 laboratory experiments) 

Textbooks: I. Kaplan: Nuclear Physics, 2nd Edn, Addison-
Wesley, 1963. R.D. Evans: The Atomic Nucleus, 
McGraw-Hill, 1955. A . Foderaro: The Elements of Neutron 
Interaction Theory, MIT Press, 1971. 
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S23. Nuclear Reactor Theory and Control 

Goal: то provide a rigorous treatment of reactor physics and 
dynamics. 

Problems relating to the operation of nuclear reactors 
at power including few group and multigroup theory, 
heterogeneous reactors, control rods, poisons, depletion 
phenomena, and elementary neutron kinetics. Formulation 
of nuclear plant dynamics and methods of analysis and 
control. Space-time formalism and numerical methods of 
analysis. Digital computer control. Special transients 
with safety implications. Familiarization with current-
ly used computer codes. 

80 h (1/3 laboratory experiments and exercises) 

Textbooks: J.R. Lamarsh: Introduction to Nuclear Reactor 
Theory, Addison-Wesley, 1966. A . Henry: Nuclear Reactor 
Analysis, MIT Press, 1980. J . Bussac, P. Reuss: Traité 
de neutronique à l'usage des neutroniciens, 1981. 
D . Emmendorfer, K.-H. Hocker: Theorie der Kernreak-
toren, Bibliographisches Institut Mannheim, B.I. 
Wissenschaftsverlag, Wien/Zürich, 1982. G.I. Marchuk, 
V.I. Lebedev: Cislennye Metody v Teorii Perenosa 
Neitronov, Atomizdat, Moscow, 1971. H.S. Isbin: Intro-
ductory Nuclear Reactor Theory, Reinhold, New York, 
1963. M.S. Ash: Nuclear Reactor Kinetics, 2nd Edn, 
McGraw-Hill, 1979. S. Glasstone, M.C. Edlund: The 
Elements of Nuclear Reactor Theory, Van Nostrand, 1952. 
G.R. Keepin: Physics of Nuclear Kinetics, Addison-
Wesley, 1965. R. Caro: Fisica de Reactores Nucleares, 
JEN (Madrid). S.E. Liverhant: Elementary Introduction 
to Nuclear Reactor Physics, Wiley, i960. A. Foderaro: 
The Elements of Neutron Interaction Theory, MIT Press, 
1971. Techniques de l'Ingénieur: Génie Nucléaire, Ed. 
J. Guéron, 1984. 

S24. Radiological Protection and Environmental Effects 

Goal: To understand radiation effects on biological systems, 
radiation doses and their measurements, shielding from 
radiation, and environmental protection problems related 
to nuclear power. 

Physical, chemical and biological effects of radiation. 
Radiation dose; dosimetry. Methods of dose calculation 
in living organisms, neutron dosimetry. Personal and 
integral dosimetry. Dosimetry in nuclear power plant 
operation. Dosimetry related to the environment. 
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Shielding design and optimization. Experimental 
methods. Disturbance of the ecosystem by human 
activities. Ecological problems related to raw 
materials and energy exploitation. Environmental 
protection. Specific effects of nuclear power 
concerning the environment. 

80 h (1/4 exercises and laboratory experiments) 

Textbooks.- J . Shapiro.- Radiation Protection, 2nd Edn, Harvard 
Univ. Press, 1980. M . Eisenbud.- Environmental Radio-
activity, 2nd Edn, Academic, 1973. K.Z. Morgan, 
J.E. Turner, Eds.- Principles of Radiation Protection, 
Wiley, 1967. Techniques de l'Ingénieur: Sûreté et 
Radio- protection, В 3800 et В 3910, 1978. Techniques 
de l'Ingénieur 3910 à 3950, 1978. E.J. Hall: 
Radiobiology for Radiologists, Harper and Row, 1973. 
К.R. Kase, W.R. Nelson: Concepts of Radiation Dosimetry, 
Adam Hilger, 1980. S. Glasstone, W.H. Jordan: Nuclear 
Power and its Environmental Effects, American Nuclear 
Society, 1980. 

S25. Radiation Detection and Measurement 

Goal: A lecture/laboratory course providing theoretical and 

practical knowledge of the basic principles and charac-
teristics of detectors for nuclear radiation and the 
electronic systems associated with them. 

General principles. Detection by ionization. Detection 
by excitation. Neutron detection. Electronics for low 
current measurement, quenching circuits, pulse-counting 
circuits, discriminators. Amplifiers, scalers, rate 
meters, integrating circuits, pulse height analysers, 
coincidence, and anticoincidence circuits. Contamination 
meters. Measurement of activity in air and liquids. 
Measurement techniques - collimation, shielding, secon-
dary radiation, background radiation, geometry, counting 
techniques, statistics, combination of errors, pre-
cision. Maintenance, testing and calibration. Sources 
of errors. 
80 h (1/3 laboratory experiments) 

Textbooks: G.F. Knoll: Radiation Detection and Measurement, 
Wiley, 1982. N . Tsoulfanidis.- Measurement and Detection 
of Radiation, McGraw-Hill, 1983. Georgi VII, VIII, XV, 
XVI, E P F L 4 . Belot: Electronique de puissance, ESE 

Refers to Editions Georgi - Traité d'électricité 
(20 volumes) used at and available from Ecole 
Polytechnique Fédérale de Lausanne (EPFL), Switzerland. 
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2876 et 2877, 1983. Techniques de l'Ingénieur: Génie 
Nucléaire. B7. - 3400 et seq., 1979. H.A. Enge: 
Introduction to Nuclear Physics, Addison-Wesley, 1966. 
D. Livingston, в. Blewett: Particle Accelerators, 
McGraw-Hill, 1962. W.J. Price: Nuclear Radiation 
Detection, McGraw-Hill, 1962. 

526. Nuclear Electronics 

Goal: To provide the student with a broader knowledge in 
electronics theory and its applications to: 

Methods for detecting nuclear particles and photons. 
Signals from detectors. Statistics of counting. Basic 
pulse circuits. Pulse shaping methods. Pulse shape and 
height discriminators. Resolution in spectroscopy 
systems; noise. Amplifiers. Semiconductor devices -
principles of operation, applications of diodes, 
transistors, thyristors. Timing circuits. Circuit 
design and application - analog circuits, digital 
circuits, logic circuits. Boolean algebra and binary 
arithmetic - combinational and sequential logic. 
Electronic equipment - signal generator, power supplies, 
oscilloscope. D/A and A/D converters, nuclear 
instrumentation, multichannel pulse height analysers. 
Computers - analog computers, digital computers, micro-
computers. Multiparameter and computer analysis. 
80 h (1/3 laboratory experiments) 

Textbooks: A.J. Diefendorfer: Principles of Electronic 

Instrumentation, 2nd Edn, Holt, Rinehart and Winston, 
1979. A.J. Bouwens: Digital Instrumentation, McGraw-
Hill, 1984. E. Kowalski: Nuclear Electronics, Springer-
Verlag, 1982. G.F. Knoll: Radiation Detection and 
Measurement, Wiley - Interscience, 1982. P.W. Nicolson: 
Nuclear Electronics, Wiley, 1974. A.E. Profio: 
Experimental Reactor Physics, Wiley, 1974. W.J. Price: 
Nuclear Radiation Detection, McGraw-Hill, 1964. 

527. Nuclear Power Plant Safety and Reliability 

Goal: To provide an understanding of how the risk and 

reliability of complex engineering systems can be 
analysed with particular application to accidents in 
nuclear reactors. 

Consideration of risk; principles of the methods of 

reliability analysis including fault trees, decision 
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trees and reliability block diagrams. Statistical 
analysis of required experience data. Principles of 
operating nuclear reactor systems in a safe and 
effective manner. Accident analysis. Familiarization 
with currently used computing codes; licensing and 
regulation. 
80 h (1/3 exercises) 

Textbooks: N.J. McCormick: Reliability and Risk Analysis -
Methods and Nuclear Power Applications, Academic Press, 
1981. R.C. Schwing, W.A. Albers, Jr., Eds: Societal 
Risk Assessment, Plenum, 1980. T.J. Thompson, 
J.G. Beckerley, Eds: The Technology of Nuclear Reactor 
Safety; Vol. 1. Reactor Physics and Control, MIT Press, 
1964. Roberts: Reliability Engineering. E.E. Lewis: 
Nuclear Power Reactor Safety, Wiley-Interscience, 1977. 
D . Smidt: Reaktorsicherheitstechnik; Sicherheitssysteme 
und Storfallanalyse für Leichtwasserreaktoren und 
Schnelle Briiter, Springer-Verlag, 1979. Koslov, 
Uschakov: Handbuch für Berechnung der Zuverlâssigkeit 
für Ingenieure. A. Alonso: Introduction a la Seguridad 
Nuclear. Vol. 1, II, III and IV. Instituto de Estudios 
Nucleares, Madrid. N.C. Rasmussen, S. Levine, Eds: The 
Reactor Safety Study. An Assessment of Accident Risks 
in U.S. Commercial Nuclear Power Plants, USNRC, 
WASH-1400, NUREG 75/014, 1975. A . Birkhoffer, Ed.: 
Deutsche Risikostudie. Eine Untersuchung zu dem durch 
Storfalle in Kernkraftwerken verursachten Risiko, Verlag 
TUV Rheinland, 1980. F.R. Farmer, Nuclear Reactor 
Safety, Academic Press, 1977. 

S28. Nuclear Power Plant Related Hydraulic and Pneumatic 
Engineering 

Goal: To introduce the student to the theory of turbines, 

their thermodynamic cycle and the principles and func-
tions of their components. 

Steam and gas turbines, thermodynamic cycles relating to 
gas turbines, analysis and performance of compression, 
pumps, single and multistage turbines. Principles and 
function of components such as accumulators, valves, 
pipes, hydraulic control devices, special hydraulic and 
pneumatic engineering devices for nuclear applications 
in the safety area. 
40 h (1/4 laboratory experiments) 

Textbooks: M.M. El-Wakil: Nuclear Heat Transport, American 
Nuclear Society, 1978. Techniques de l'Ingénieur: Génie 
Nucléaire, Ed. J. Guéron, 1984. 
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S29. Interaction of the Electrical Power Network with the 
Nuclear Power Plant 

Goal; To provide the student with knowledge needed for selec-
tion of the size and characteristics of nuclear power 
plant relative to the electric grid. 

Electric power system characteristics. Operational mode 
of nuclear power plants, influence of the grid on the 
nuclear power plants and influence of nuclear power 
plant on the grid. Improving the nuclear power plant/ 
grid interface. Size selection of nuclear power 
plants. Integration of nuclear power plants into the 
power system. 
80 h (1/4 exercises) 

Textbooks.* Techniques de l'Ingénieur, в 3920, 1980. Inter-
action of Grid Characteristics with Design and Mainten-
ance of Nuclear Power Plants.- A Guidebook, Technical 
Reports Series No. 224, IAEA, Vienna, 1983. Georgi IV, 
EPFL, Georgi V , 1983. Techniques de l'Ingénieur D 615, 
1964; 645, 1980 > 652, to be published. H.A. Enge: 
Introduction to Nuclear Physics, Addison-Wesley, 1966. 

S30. Nuclear Power Plant Instrumentation and Control 

Goal: To increase the student's knowledge of the theory and 
practice of measurement and control, with special 
reference to nuclear power facilities. 

Measuring instruments and actuators. Regulators and 
controlling devices (sensors, transducers, amplifiers, 
servomotors, controllers. P - , I - , and D-functions). 
Control theory applied to nuclear power plants and other 
nuclear-power-related facilities. Control systems for 
different reactor types and modes of operation. 
80 h (1/2 exercises and laboratory experiments) 

Textbooks: B.S. Dhillon: Reliability Engineering in Systems 
Design and Operation, Van Nostrand, 1983. M.L. Shooman; 
Probabilistic Reliability: an Engineering Approach, 
McGraw-Hill, 1968. J . Lewins: Nuclear Reactor Kinetics 
and Control, Pergamon, 1978. W . Fratzscher, H. Felke: 
Einführung in die Kernenergetik, VEB. Techniques de 
l'Ingénieur: Génie Nucléaire, В 3400 à 3490, 1978/79. 
Techniques de l'Ingénieur.- Génie Nucléaire 3400 et seq. 
Georgi XVII, EPFL. S. McLain, J.H. Martens; Reactor 
Handbook, Vol. IV, Interscience, 1964. L.E. Weaver: 
Reactor Dynamics and Control, Elsevier, 1968. 
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M.A. Schultz: Control of Nuclear Reactors and Power 
Plants, McGraw-Hill, 1961. T.J. Thompson, 
J.G. Beckerley: The Technology of Nuclear Reactor 
Safety, Vol. 1: Reactor Physics and Control, MIT Press, 
1964. J.M. Harrer, J.G. Beckerley: Nuclear Power 
Reactor Instrumentation Systems Handbook, U.S. AEC 
Reports TID 25952 (Pi), 1973, 25952 (P2), 1974. 
M.A. Schultz: Reactor Instrumentation and Control, 
McGraw-Hill, 1955. 

S31. Nuclear Fuel Cycle 

Goal: To upgrade the student's understanding of fuel cycle 
problems. 

Extraction of uranium and thorium from their ores; prin-
ciples of and processes for isotope separation with 
application to uranium enrichment and heavy water pro-
duction. Fuel cycles for nuclear reactors. Principles 
of fuel management in reactors; solvent extraction and 
ion exchange as applied to nuclear materials; applica-
tions in nuclear fuel reprocessing and purification of 
uranium. 

80 h (1/4 laboratory experiments) 

Textbooks: M . Benedict, T . Pigford, H. Levi: Nuclear Chemical 
Engineering, McGraw-Hill, 1981. G. Choppin, J. Rydberg: 
Nuclear Chemistry, Theory and Applications, Pergamon, 
1980. H.W. Graves: Nuclear Fuel Management, Wiley. 
G. Kessler: Nuclear Fission Reactors, Springer-Verlag, 
1983. J.K. Dawson, R.G. Sowden: Chemical Aspects of 
Nuclear Reactors, Vol. 1, Butterworths, 1963. 

S32. Radioactive Waste Management 

Goal: To provide information on handling low, medium and high 
level active waste produced in the nuclear fuel cycle, 
handling of spent reactor fuel, and on decontamination 
processes, transport and final storage of different 
waste categories. 

Sources of radioactive waste, waste classification. 
Review of chemical properties of fission products, 
actinides and induced activities. Wastes from reactor 
operation; effluent control. Decontamination and water 
purification. Transport of radioactive materials. High 
level waste (HLW) from reprocessing; solidification. 
Mechanical volume reduction; reduction by burning low 
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level waste. Fixation of low (LLW) and medium (MLW) 
level waste. Temporary storage of MLW, spent fuel and 
HLW. Heat generation from wastes. Disposal of radio-
active waste in geological formations. The London 
Convention. Future disposal methods; space, sea-bed, 
etc. Nuclear waste management regulations and costs. 
Processes governing radionuclide migration in the 
ground; future risk estimates. Natural analogues. 
80 h (1/4 exercises) 

Textbooks.* G. Choppin, J. Rydberg; Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. Scientific Basis for 
Nuclear Waste Management, Plenum, 1979 and later. 
Radioactive Waste Management (Proc. Symp. Seattle, 
1983), IAEA, Vienna, 1984. 

533. Dosimetry 

Goal.* To provide the student with a thorough knowledge of the 
calculation of radiation doses, their measurement and 
the associated uncertainties. 

Absorbed dose; kerma; exposure; dose. Organ doses and 
effective dose equivalent; ICRP weighting factors. Com-
mitted dose from intake of radionuclides. Collective 
dose. Dose calculations.* external and internal irradia-
tion. Metabolic behaviour, retention and elimination. 
Dose measurements. Integrating personal dosimeters. 
Dose rate meters. Energy dependence. Calibration of 
dosimeters. 

40 h (1/2 laboratory experiments) 

Textbooks: A.E. Profio: Radiation Shielding and Dosimetry, 
Wiley, 1979. H . Cember: introduction to Health Physics, 
Pergamon, 1983. K.R. Kase, W.R. Nelson: Concepts of 
Radiation Dosimetry, Adam Hilger, 1980. 

534. Operational Radiation Protection 

Goal: To describe the practical problems of organizing and 
maintaining radiation control. 

Authorities, regulations and responsibilities. Source 
control and inspection. Classification of work and 
working places. Controlled and supervised areas. 
Supervision. Records and reports. Methods of protec-
tion. Monitoring for external and internal exposure. 
Choice of instrumentation and methods. Whole-body 
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counters and equipment for analysis of excreta. Area 
monitoring for external exposure. Air monitoring. 
Surface monitoring. Choice of instruments. Radon 
monitoring in mines and buildings. Exposure of the 
public. Control of consumer products. Release limita-
tion.» definition of critical groups and critical path-
ways. Local, regional and global components of the 
collective dose commitment. Dispersion models via air. 
Hydrological models; dispersion in rivers, lakes and in 
the sea. Dose assessments: Models for dose assessment 
of individual and collective doses from radioactive 
contamination of the environment. Modes of exposure; 
immersion, inhalation, external exposure from deposits 
on the ground, ingestion with contaminated food. 
40 h (1/2 exercises and laboratory experiments) 

Textbooks: J. Shapiro: Radiation Protection, 2nd Edn, Harvard 
Univ. Press, 1981. D.C. Stewart: Handling Radio-
activity; A Practical Approach for Scientists and 
Engineers, Wiley-Interscience, 1981. K.Z. Morgan, 
J.E. Turner, Eds: Principles of Radiation Protection, 
Wiley, 1967. M . Eisenbud: Environmental Radioactivity, 
2nd Edn, 1973. E. Schrüfer: Strahlung und Strahlungs-
messtechnik in Kernkraftwerken, Elitera Verlag, 1974. 

S35. Radiation Biology 

Goal: To provide an outline of general biology and knowledge 
of the biological effects of radiation. 

Basic cytology and haematology. Thyroid function, bone 
physiology, respiratory system, digestive system, repro-
ductive system. Elementary genetics. Basic radiation 
chemistry. Basic water radiochemistry. Effects on 
DNA. Cellular radiobiology. Non-stochastic effects. 
Stochastic somatic effects. Risks. Hereditary 
effects. Elementary population genetics. Development 
effects on the embryo and the foetus. 
40 h (1/4 exercises and laboratory experiments) 

Textbooks: A.P. Casarett: Radiation Biology, Prentice-Hall, 
1966. D.J. Pizzarello, R.L. Wilcofski: Medical 
Radiation Biology, 2nd Edn, Lee and Febiger, 1982. 
H.E. Johns, V.A. Cunningham: The Physics of Radio-
biology, Charles Thomas, 1974. E.J. Hall: Radiobiology 
for Radiologists, Harper and Row, 1973. 
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3.3. Civil Engineering for Nuclear Power Projects 

To meet the requirements for quality, reliability and 
safety and to achieve a proper solution of any civil engineer-
ing problems which arise in the construction of a nuclear power 
project requires qualified personnel with solid knowledge of 
the principles of reactor theory and technology and a thorough 
familiarity with the state of the art in civil engineering. 
The quality of civil engineering work will also have a strong 
influence on the costs and schedule of the construction of a 
nuclear power project. Civil engineers working on the nuclear 
power project must, in particular, be well acquainted with all 
aspects of civil engineering which have an influence on the 
safety and reliability of nuclear power plant operations. 

The growing need for effective performance of certain 
civil construction tasks of a nuclear power project from the 
point of view of safety, quality and reliability is due to the 
special demands arising from the specific requirements and fea-
tures of the construction of a nuclear power project, especial-
ly the containment system, as well as the special materials 
(e.g. heavy concrete, special steels), technologies and QA/QC. 
All of these involve new and more demanding civil engineering 
and construction techniques. 

For most of the buildings of a nuclear power project it 
is possible to utilize construction methods, materials and 
technologies used in conventional industrial projects. The 
special features apply to a part of the nuclear power project -
especially the containment system - and concern radionuclide 
management features and the requirement of the energy manage-
ment features to limit internal pressures and temperatures, 
etc., as well as environmental requirements. In particular, 
the containment system must restrict, in conjunction with other 
safety systems, the radioactive releases to the environment 
from the reactor core and from the primary coolant system 
during and after accident conditions to acceptable limits. 
Secondary functions of the containment may be to provide 
shielding during operational states and accident conditions, to 
minimize radioactive release during operation and to protect 
the reactor against external events. 

To ensure good siting of a nuclear power plant, a civil 
engineer working on a nuclear power project must have adequate 
knowledge of the relevant areas of geology, meteorology, hydro-
logy, seismology, etc. These engineers must also be familiar 
with those aspects of safety analyses pertaining to their 
discipline, e.g. operational testing, escape measures. 

An example of a nuclear-oriented civil engineering pro-
gramme as developed by Czechoslovakia is given in Appendix II. 

40 



4. UNDERGRADUATE (U) AND POSTGRADUATE (P) PROGRAMMES IN 
NUCLEAR-ORIENTED MECHANICAL (Ul, Pi), 

ELECTRICAL (U2, P2) AND CHEMICAL (U3, P3) 
ENGINEERING AND POSTGRADUATE PROGRAMME IN 
NUCLEAR ENGINEERING (P4) FOR GRADUATES OF 

NUCLEAR-ORIENTED MECHANICAL AND 
ELECTRICAL UNDERGRADUATE PROGRAMMES 

4.1. Nuclear-Oriented Undergraduate Programmes 

Ul. UNDERGRADUATE PROGRAMME IN MECHANICAL ENGINEERING 

Goal: This undergraduate curriculum provides the student with 
the knowledge and practical skills considered essential 
for a mechanical engineer, as outlined below. In most 
countries additional courses are required to become a 
licensed engineer (e.g. Diplom-Ingenieur, M.S. in 
mechanical engineering), and these are given in the 
postgraduate programme in mechanical engineering. While 
the undergraduate courses contain only an introduction 
to nuclear energy and its potential hazards, they are 
oriented to provide an understanding of the high demands 
and standards that nuclear technology imposes on 
mechanical engineering (for designing devices and 
facilities). These high demands arise from the unique 
position which nuclear technology occupies, owing to the 
requirements of dealing with radiation and maintaining 
nuclear safety. 

Mechanical engineering education is intended to provide: 

- necessary background knowledge in mathematics, physics 
and chemistry 

- mathematical and numerical methods to be applied in 
fluid mechanics, heat transfer and thermodynamics 

- knowledge of power plant engineering with special 
reference to nuclear power plant engineering 

- knowledge of nuclear materials and technology 
- basic knowledge of nuclear theory and control of nuclear 

power plants and of radiological safety 
- knowledge of engineering graphics 
- basic knowledge of electrical engineering 
- capability to apply knowledge in practical work. 
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Ul.l. Mathematics 

Goal: To provide the student with sufficient mathematical 
skills to analyse engineering phenomena through dif-
ferential equations and probability. 

Series, limits. Derivatives, integrals. Ordinary and 
partial differential equations. Vector analysis. 
Introduction to tensor analysis. Matrix algebra. Func-
tional analysis. Special functions. Functions of a 
complex variable. Mathematical statistics. Probability 
theory. Numerical methods. Computer programming. 
Basic education is followed by special lectures in 
applied mathematics. 
600 h (1/3 practical exercises) 

Ul.2. Physics 

Goal; To provide the student with knowledge of the basic prin-
ciples of physics including atomic and nuclear physics. 

Mechanics. Heat. Optics. Electricity and magnetism. 
Acoustics. Introduction to modern physics and wave 
mechanics. Atomic physics. Nuclear physics. Experi-
ments in physics, methods and interpretation of results. 
500 h (1/3 laboratory experiments) 

Ul.3. Chemistry 

Goal; To provide the student with knowledge of the basic 

chemical principles of elements, analytical procedures 
and techniques of nuclear chemistry. Special reference 
should be made to nuclear materials, degradation of 
their properties via chemical influence and radiation 
and the problems of environmental protection. 

General chemistry. Inorganic chemistry. Physical 
chemistry. Analytical chemistry. Radiochemistry and 
radiation chemistry. Biochemistry. Chemical engineer-
ing. Environmental chemistry. 
200 h (1/3 laboratory experiments - standard chemistry 
laboratory plus equipment for radiochemistry and radia-
tion chemistry experiments) 

Textbook; G. Choppin, J. Rydberg; Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. 
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Ul.4. Materials 

Goal.- To establish an understanding of the structure of 

materials and the effects of the environment, including 
radiation, upon them. 

Solid state physics. Description of crystal structure, 
lattice vibration, specific heat, model of free elec-
trons in metals, electrical conductivity, metals and 
alloys, dislocations, state diagrams, semiconductors -
electrical and optical characteristics, statistics of 
semiconductors, dielectrics, magnetic properties of 
solid state, magnetic phenomena, superconductivity. 
Physics of metals. Materials structure and behaviour 
(including radiation effects). Mechanical properties 
and thermodynamics of metals and alloys. Perturbation 
of metallic systems. Materials strength, creep, stress 
rupture, corrosion. Testing methods (destructive and 
non-destructive). Technology of metals, alloys and 
ceramics. Quality assurance, quality control. Theory 
of physical models of plastic deformations, conditions 
for the plastic deformation localization (application to 
metals and non-metals). Stress-strain analysis, defor-
mation and creep. Dynamic behaviour of materials. 
200 h (1/3 laboratory experiments) 

Ul.5. Mechanical Drawing and Computer Graphics 

Goal г To acquaint the students with engineering drawing prac-
tices. 

Drawing standards. Materials specifications, fabrica-
tion instructions. Tolerances. Orthogonal and iso-
metric projections. 
50 h (1/2 exercises) 

Ul.6. Technology of Construction Materials, especially Metals 

Goal.* To introduce the subject of metallurgy with particular 
reference to welding technology. 

Basics of metallurgy - nature, origin and control of 
structure in metallic systems and the relation to mecha-
nical properties. Principles of welding - forming and 
heat treating, manual, semi-automatic and automatic 
welding, hot and cold forming, heat treatment of common 
alloys. -Principles of metal casting - principles of 
molding, core making, melting, casting metallurgy and 
casting design. Corrosion and tribology - principles 
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and forms of corrosion, preventive measures available to 
the engineer, designs which avoid corrosion, failure 
analysis, principles of tribology. 
150 h (1/3 laboratory experiments) 

Ul.7. Machine Elements and Design 

Goal: To introduce the student to the linkage systems for 

motion and power transmission. 

Mechanical design, specification of components such as 
shafts, bearings, and power transformers, optimal design 
for operational reliability, environmental and manu-
facturing requirements. Machine dynamics, force and 
motion relationships in constrained mechanisms, analysis 
of cam, gear, and linkage system for motion and power 
transmission. 
100 h (1/2 exercises) 

U1.8. Thermodynamics, Heat Transfer and Fluid Flow 

Goal: To provide the information to enable a student to under-

stand heat transfer, heat engines and fluid flow. 

Engineering thermodynamics, thermodynamic concepts and 
definitions, first and second laws of thermodynamics, 
properties of pure substances, thermodynamic cycles, 
Carnot cycle, thermodynamics of irreversible processes, 
principles and formalism of thermodynamics of near-
equilibrium states, phenomenological equations for ir-
reversible processes. Heat and mass transfer, fluid 
dynamics, heat generation and removal (single-phase as 
well as two-phase flow), thermal hydraulics. Fluid 
mechanics in nuclear reactors. Thermal measurements and 
their relation to the thermal fields in nuclear reac-
tors. Channel and subchannel analysis, boiling and 
two-phase flow. 

300 h (1/4 exercises and 1/4 laboratory experiments) 

Textbooks: A.E. Bergles, J.E. Collier, J.M. Delhaye, 

G.F. Hewitt, F . Mayinger; Two-Phase Flow and Heat 
Transfer in the Power and Process Industries, Hemisphere 
Publishing Corp., New York/London, 1981. M . M . El-Wakil: 
Nuclear Heat Transport, American Nuclear Society, 1978. 
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U1.9. Engineering Mechanics 

Goal: To provide knowledge regarding statics of coplanar force 
systems and dynamics of rotating machinery with 
particular reference to vibrations. 

Statics, equilibrium of coplanar force systems, analysis 
of frames and trusses, non-coplanar force systems, fric-
tion, centroide and moments of inertia. Dynamics, 
motion of particles, relative motion, kinetics of trans-
lation, rotation, plane motion, work-energy, impulse-
momentum. Free, damped and forced vibrations of 
systems, design for vibration isolation and absorption, 
shock and ground motion, synthesis of vibrating 
systems. Strength of materials, axial stress and 
strain, torsion, stresses in beams, elastic curves and 
deflection of beams, combined stress. Fracture 
mechanics, resistance of structural elements to fatigue 
and corrosion crack growth, terminating in structural 
failure. Fracture-resistant design concepts. 
150 h (1/2 exercises and laboratory experiments) 

U1.10. Electrical Engineering 

Goal: To acquaint the student with electrotechnical problems 
which will or might be encountered by a mechanical 
engineer, especially a nuclear-oriented mechanical 
engineer. 

Electrostatics, stationary electrical flow describing 
magnetostatics, movement of charged particles in an 
electromagnetic field, laws of electromagnetic induction 
and properties of electrical and magnetic fields in 
matter. Basics of electrical machines, circuits and 
their components, i.e. resistors, capacitors, inductors, 
rectifiers, switches, amplifiers (solid state). Digital 
and analog measuring methods. Methods of measurement of 
electrical circuits and systems parameters. Principles 
of measurement in electronics. Characteristics of 
dipoles and quadrupoles, properties and parameters of 
amplifiers, feedback, non-linear and logical circuits, 
digital and analog methods, noise in systems. Theory 
and techniques of devices used in electrical measure-
ment. Electrical circuits and components. 
100 h (1/2 laboratory experiments) 
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Ul.ll. Production Engineering 

Goal: To provide an introduction to the effective use of 

material resources in the production of high quality, 
reliable products. 

Selection of the most effective materials, tools and 
processes and the application of decision theory to 
product design. Selection of processes and machines, 
planning, optimization and economics of manufacturing 
systems, group technology, automated manufacturing 
systems. Quality control and reliability, application 
of statistical methods to the control of quality, 
sampling inspection/ reliability engineering. 
100 h (1/3 exercises) 

Ul.12. Instrumentation and Control Engineering 

Goal: To increase the knowledge of the theory of measurement 
and of electronics with special reference to data 
handling. 

Methods of dealing with signals in continuous and 
digital form. Theory of signals, theory of linear 
circuits. Sensors, signal conditioners, data processors 
and displays. Regulation stability, hunting, dead zones 
and control. Applications of pneumatic, hydraulic, 
mechanical and electrical instrumentation in control 
engineering. 

200 h (1/3 laboratory experiments) 

Ul.13. Power Plant Engineering 

Goal; To acquaint the student with power plants, their compo-
nents and dynamic behaviour. 

Energy conversion and conservation. Thermodynamic 
cycles and their use in power plants. Direct conversion 
of thermal energy to electric power. Dynamic properties 
of power plant components and their interactions. 
Dynamics of power plants. Construction of power plant 
components, their geometry, properties, technology, 
diagnostics and service. Internal combustion machines. 
Turbomachinery, condensers and other components, includ-
ing steam generators. 
300 h (1/3 exercises) 
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Ul.14. Hydraulics and Pneumatics Engineering 

Goal; To introduce the student to the theory of turbines, 

their thermodynamic cycles and the principles and func-
tions of their components. 

Steam and gas turbines, thermodynamic cycles relating to 
gas turbines, analysis and performance of compression 
pumps, single and multistage turbines. Principles and 
function of components such as accumulators, valves, 
pipes, hydraulic control devices, special hydraulic and 
pneumatic engineering devices for nuclear applications 
in the safety area. 
100 h (1/4 laboratory experiments) 

Ul.15. Industrial and Project Management 

Goal: To acquaint the student with the concepts of technical 
and economic analysis to ensure high-quality management 
of nuclear power plants and also to introduce the 
subject of human resources management. 

Production planning, organization and supervision. 
Quality assurance. Mechanical systems reliability. 
Cost/benefit analysis. Economics. Human resources. 
Project planning and management. 
100 h (1/4 practical work in seminars) 

Ul.16. Reactor Theory and Control 

Goal; To acquaint the students with the nuclear reactor theory 
- statics and dynamics. 

Properties of stable nuclei. Radioactivity, nuclear 
reactions. Transport of radiation through matter, 
sources and methods of detection of charged particles. 
Nuclear fission and fusion. Nuclear chain reactions. 
Neutron transport. Elementary diffusion equation. 
One-group reactor theory. Criticality. Slowing down of 
neutrons. Multigroup theory. Subcritical systems. 
Perturbation of the neutron flux distribution by 
absorbers. Delayed neutrons and photoneutrons. Time-
dependent equation for neutrons. Point kinetic equation 
with delayed neutrons. Spatial effects in nuclear 
reactor kinetics. Theory of control rods. Fission 
product poisoning. Production of plutonium and other 
transuranium nuclides. Fuel conversion. Nuclear fuel 
cycle. Fuel recycling. Accident analysis. 
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150 h (1/4 exercises, 1/3 laboratory experiments, 
including operation of a training reactor or small 
simulator) 

Textbooks; V.E. Levin; Yadernarya fizika i yadernye reaktory, 
Atomizdat, 1979. J.R. Lamarsh: Introduction to Nuclear 
Reactor Theory, Addison-Wesley, 1966. G.R. Keepin: 
Physics of Nuclear Kinetics, Addison-Wesley, 1965. 
J. Lewins: Nuclear Reactor Kinetics and Control, 
Pergamon Press, 1978. M.A. Schultz; Control of Nuclear 
Reactor and Power Plants, McGraw-Hill, 1961. 
S. Glasstone, M.C. Edlund; The Elements of Nuclear 
Reactor Theory, Van Nostrand, 1952. H.S. Isbin: Intro-
ductory Nuclear Reactor Theory, Reinhold, New York, 
1963. D. Smidt: Reaktortechnik, G. Braun, Karlsruhe, 
1971. Techniques de l'Ingénieur: Génie Nucléaire, Ed. 
J. Guéron, 1984. 

Ul.17. Nuclear Power Plant Engineering 

Goal: To acquaint the student with the engineering problems 

related to a nuclear power plant. 

Reactor systems and their components. Nuclear fuel 
materials; change of properties during operation. 
Cladding materials, neutron moderators, coolants, con-
struction materials for core components and neutron 
absorbing materials. Pressure vessel: role, materials, 
influence of radiation, diagnostics during operation, 
testing of properties, phenomena in reactor pressure 
vessel. Heat generation: source distribution and 
dynamics. Heat transfer and removal. One-channel 
analysis. Temperature distribution in the reactor. Hot 
channel and hot spot in multichannel analysis. One- and 
two-phase cooling. Boiling crisis. Stationary core 
cooling. Non-stationary phenomena. Types of nuclear 
reactors. Classification of nuclear reactors. Compo-
nents of a nuclear power plant. Primary circuit, 
instrumentation. Heat exchangers, pressurizers, 
secondary circuits, turbines and capacitors. Auxiliary 
components. Power and temperature coefficients of reac-
tivity. Power reactor operation. Limits and conditions 
for safe operation. Commissioning. Startup. 
200 h (1/2 exercises) 

Textbooks: R.L. Murray: Introduction to Nuclear Engineering, 
Prentice-Hall, 1961. A.R. Foster, R.L. Wright: Basic 
Nuclear Engineering, 4th Edn, Allyn, 1983. 
S. Glasstone, A. Sesonske: Nuclear Reactor Engineering, 

48 



Van Nostrand, 1980. J. Weismann: Elements of Nuclear 
Reactor Design, Elsevier, 1977. Techniques de 
l'Ingénieur.- Génie Nucléaire, Ed. J. Guéron, 1984. 
J.T.A. Roberts.- Structural Materials in Nuclear Power 
Technology, Plenum, 1981. J.G. Willis.- Nuclear Power 
Plant Technology, Wiley, 1967. A.V. New, Jr..- A 
Guidebook to Nuclear Power, University of California, 
1979. A. Sesonske.- Nuclear Power Plant Design Analysis, 
U.S. Atomic Energy Commission Rep. TID-26241, 1973. 
J.R. Lamarsh.- Introduction to Nuclear Engineering, 
Addison-Wesley, 1983. Techniques de l'Ingénieur (1) В 
3016 et seq. , 1980. M . Lott.- Thermique des réacteurs 
nucléaires, Collection Génie Atomique, Paris, 1983. 
J. Bussac, P. Reuss.- Physique et calcul des réacteurs 
nucléaires. Collection Enseignement de Sciences, 
Hermann, Paris, 1978. 

Ul.18. Radiological Protection and Environmental Effects 

Goal.- To understand radiation effects on biological systems, 
radiation doses and their measurements, shielding from 
radiation, and environmental protection problems related 
to nuclear power. 

Physical, chemical and biological effects of radiation. 
Radiation dose/ dosimetry. Methods of dose calculation 
in living organisms, neutron dosimetry. Personal and 
integral dosimetry. Dosimetry in nuclear power plant 
operation. Dosimetry related to the environment. 
Shielding design and optimization. Experimental 
methods. Disturbance of the ecosystems by human activi-
ties. Ecological problems related to raw materials and 
energy exploitation. Environmental protection. Speci-
fic effects of nuclear power on the environment. 
80 h (1/4 exercises and laboratory experiments) 

Textbooks: J. Shapiro.- Radiation Protection, 2nd Edn, Harvard 
Univ. Press, 1981. M. Eisenbud: Environmental Radio-
activity, 2nd Edn, Academic Press, 1973. K.Z. Morgan, 
J.E. Turner, Eds: Principles of Radiation Protection, 
Wiley, 1967. W.P. Price: Nuclear Radiation Protection, 
McGraw-Hill Book Co., 1964. E. Schrüfer.- Strahlung und 
Strahlungsmesstechnik in Kernkraftwerken, Elitera 
Verlag, 1974. P . Jockey: Radioprotection biologique. 
Techniques de l'Ingenieur В 3910, 1980. S. Glasstone, 
M . Sesonske.- Nuclear Reactor Engineering, Van Nostrand, 
1980. 
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Ul.19. Energy 

Goal: To provide an overview of present and possible future 
methods of generating energy, particularly electric 
power. 

Energy use in historical perspective. Current trends. 
Energy resources and reserves. Energy quality and end-
use efficiency. The role of electricity. Technical, 
economic and environmental aspects of fossil, nuclear, 
and solar energy sources. Energy and security. 
Production, rational utilization and conversion, regula-
tion conservation, environmental effects and social 
impact. Energy resources (fossil fuels, hydropower, 
nuclear power and other alternatives). Energy accumula-
tion and transmission. Comparison of energy systems 
including economic and social aspects and environmental 
impact. Economic aspects. 
100 h 

Textbooks: National literature on energy supply and demand, 

historical and future projections. Energy in Transition 
1985 - 2010: National Research Council, USA. 

Ul.20. Project Work 

Goal: independent, practical application of engineering 
knowledge and skills. 

One project per student 

150 h 

Ul.21. Practical Work 

Goal: To acquaint the student with the local environment in 
mechanical engineering work. 

Practical work at the craftsman level to become 
acquainted with the current practices in mechanical 
engineering and to get to know the work environment in 
the students' country, preferably at different places 
(e.g. workshops, repair shops, light- and 
heavy-components industry, maintenance shops, power 
plants or refineries). When nuclear facilities are 
available in the country, the students could spend the 
last period of practical work at such facilities, 
although this is not indispensable. 
3 - 5 weeks/year. 
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Ul.22. Technical Foreign Language 

Goal: To master a foreign language to the extent that techni-

cal information can be read and understood. 

One foreign language throughout the full education 

period. 
150 h 

Total hours.- 3680 

U2. UNDERGRADUATE PROGRAMME IN ELECTRICAL ENGINEERING 

Goal: This undergraduate curriculum provides the student with 
the knowledge and practical skills considered essential 
for an electrical engineer, as outlined below. In most 
countries additional courses are required to become a 
licensed engineer (e.g. Diplom-Ingenieur, M.S. in 
electrical engineering), and these are given in the 
postgraduate programme in electrical engineering. While 
the undergraduate courses contain only an introduction 
to nuclear energy and its potential hazards, they are 
oriented to provide an understanding of the high demands 
and standards that nuclear technology imposes on elec-
trical engineering. These high demands arise from the 
unique position which nuclear technology occupies, owing 
to the requirements of dealing with radiation and main-
taining nuclear safety. 

Electrical engineering education is intended to pro-
vide : 

- necessary background knowledge in mathematics, physics 

and chemistry; 

- knowledge of basic theory of electricity and electronics; 

- knowledge of laws of electrodynamics; 
- basic knowledge of nuclear theory and control of nuclear 

power plants and radiological safety; 
- knowledge of materials and their application to 

electrical technology; 
- introduction to computers; 

- ability to apply this knowledge to electrical phenomena 
of nuclear power plants/ 
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- ability to solve electrical problems of generation, 
transmission and distribution of electricity and of 
electrical machinery» 

- ability to understand reliability of electrical and 
electronic systems; 

- capability to apply knowledge in practical work. 

U2.1. Mathematics 

Goal: To provide the student with sufficient mathematical 
skills to analyse engineering phenomena through dif-
ferential equations and probability. 

Series, limits. Derivatives and integrals. Ordinary 
and partial differential equations. Vector analysis. 
Introduction to tensor analysis. Matrix algebra. Func-
tional analysis. Special functions. Functions of a 
complex variable. Mathematical statistics. Probability 
theory. Numerical methods. Computer programming. 
Basic education is followed by special lectures in 
applied mathematics. 
600 h (1/3 practical exercises) 

U2.2. Physics 

Goal: To provide the student with knowledge of the basic 

principles of physics including atomic and nuclear 

physics. 

Mechanics. Heat. Optics. Electricity and magnetism. 
Acoustics. Introduction to modern physics and wave 
mechanics. Atomic physics. Nuclear physics. Experi-
ments in physics, methods and interpretation of results. 
500 h (1/3 laboratory experiments) 

U2.3. Chemistry 

Goal: To provide the student with knowledge of the basic 

chemical principles of elements, analytical procedures 
and techniques of nuclear chemistry. Special reference 
should be made to nuclear materials, degradation of 
their properties via chemical influence and radiation 
and the problems of environmental protection. 

General chemistry. Inorganic chemistry. Physical 

chemistry. Analytical chemistry. Radiochemistry and 
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radiation chemistry. Biochemistry. Chemical engineer-
ing. Environmental chemistry. 
200 h (1/3 laboratory experiments - standard chemistry 
laboratory plus equipment for radiochemistry and radia-
tion chemistry experiments) 

Textbook: G. Choppin, J. Rydberg: Nuclear Chemistry, Theory 

and Applications, Pergamon, 1980. 

U2.4. Thermodynamics, Heat Transfer and Fluid Flow 

Goal; To provide the information to enable a student to 

understand heat transfer, heat engines and fluid flow. 

Engineering thermodynamics, thermodynamic concepts and 
definitions, first and second laws of thermodynamics, , 
properties of pure substances, thermodynamic cycles, 
Carnot cycle, thermodynamics of irreversible processes, 
principles and formalism of thermodynamics of near-
equilibrium states, phenomenological equations for ir-
reversible processes. Heat and mass transfer, fluid 
dynamics, heat generation and removal (single-phase as 
well as two-phase flow), thermal hydraulics. Fluid 
mechanics in nuclear reactors. Thermal measurements and 
their relation to the thermal fields in nuclear reac-
tors. Channel and subchannel analysis, boiling and 
two-phase flow. 

300 h (1/4 laboratory experiments - standard heat 
laboratory - and 1/4 exercises). 

Textbooks: A.E. Beagles, J.E. Collier, J.M. Dethaye, 

G.E. Hewitt, F. Mayinger: Two-Phase Flow and Heat Trans-
fer in the Power and Process Industries, Hemisphere 
Publishing Corp., New York/London, 1981. M.M. El-Wakil; 
Nuclear Heat Transport, American Nuclear Society, 1978. 

U2.5. Theory of Reliability of Electrical and Electronic 
Systems 

Goal: To acquaint the student with the basic theory of reli-

ability analysis of electrical elements and systems. 

Exponential law of reliability. Redundancy. Reli-
ability testing. System reliability, availability and 
safety. Reliability prediction for electronic equipment 
and systems. Reliability of electronic components. 
Maintainability engineering. Life-cycle costing. Reli-
ability, maintainability and quality management. 
50 h 

53 



U2.6. Technology of Electrotechnical Materials and Elements 

Goal: To provide a description of and enable the student to 
use materials in electrical systems. 

Types and properties of materials and the technologies 
for their preparation. Materials for electric and 
magnetic circuits. Technology of semiconductors. Prin-
ciples of integrated circuits. Properties of insulators 
and selection of insulating materials. Solid-state 
technology. 
50 h 

U2.7. Circuits and Electronics 

Goal: Introduction to electronics, electrical elements and 

circuits. 

Basic measurements in electronics. Fundamentals of 
lumped networks. Sinusoidal steady-state analysis. 
Dynamics of first- and second-order networks. Network 
equivalence theorems. 

100 h (1/4 exercises, 1/4 practical work) 

U2.8. Signals and Systems 
Goal: Introduction to signals and their applications. 

One-sided Laplace transform and its application to 
networks and electronic systems including feedback. 
Description of linear time-invariant systems in time and 
frequency domains; convolution, derivatives and 
integrals. Discrete time systems and signals. Applica-
tions to analog and digital filtering systems and 
modulation systems. 
50 h (1/4 exercises) 

U2.9. Electromagnetic Fields and Energy 

Goal: To introduce the student to static electric and magnetic 
fields and their engineering applications. 

Maxwell's equations and the Lorenz force law. Quasi-
static forms of Maxwell's equations. Steady conduction 
and polarization. Charge relaxation. Magneto-
quasistatic force derived from energy. Electromagnetic 
waves. Extensive use made of engineering examples. 
100 h (1/4 exercises, 1/4 practical work) 
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U2.10. Electrodynamics 

Goal.- To introduce the student to the laws of electrodynamics 
and their related phenomena. 

Basic subjects in electrodynamics, with emphasis on 
phenomena associated with wave propagation and radia-
tion. Plane waves. Guided electromagnetic waves on 
continuous transmission lines. Energy flow and im-
pedance matching. Natural frequencies and modes of 
closed electromagnetic structures; coupling to resonant 
structure, loaded and unloaded Qs. 
100 h (1/4 exercises, 1/4 practical work) 

U2.ll. Electrical Power Technology 

Goal: Introduction to electrical machines technology. 

Electromagnetic conversion of energy. Direct-current 
motors, rotating field motors, synchronous motors, 
induction motors. Technology of: AC and DC motors, 
generators, transformers, switch gears, transmission 
lines, power systems. Solid-state devices, integrated 
circuits. Electrical characteristics of power devices, 
including diodes, transistors and thyristors and their 
application to power conditioning, conversion and 
control. Examples drawn from linear and switched power 
amplifiers, transistor and thyristor inverters, and AC 
and DC motor drives. 

300 h (1/4 exercises, 1/4 practical work) 

U2.12. Measurements and Control 

Goal; To acquaint the student with units and standards, and 
methods of measuring electrical parameters. 
Theory and techniques of devices used in electrical 
measurements (ammeters, voltmeters, fluxmeters, radia-
tion instruments, etc.). 
50 h (1/4 practical work) 

U2.13. Mechanical Drawing and Computer Graphics 

Goal: To acquaint the student with engineering drawing prac-
tices. 

Drawing standards. Materials specifications, fabrica-
tion instructions. Tolerances. Orthogonal and iso-
metric projections. 
50 h (1/2 exercises) 
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U2.14. Materials 

Goal.- то establish an understanding of the structure of 

materials and the effects of the environment, including 
radiation, upon them. 

Solid state physics. Description of crystal structure, 
lattice vibration, specific heat, model of free elec-
trons in metals, electrical conductivity, metals and 
alloys, dislocations, state diagrams, semiconductors -
electrical and optical characteristics, statistics of 
semiconductors, dielectrics, magnetic properties of the 
solid state, magnetic phenomena, superconductivity. 
Physics of metals. Materials structure and behaviour 
(including radiation effects). Mechanical properties 
and thermodynamics of metals and alloys. Perturbation 
of metallic systems. Materials strength, creep, stress 
rupture, corrosion. Testing methods (destructive and 
non-destructive). Technology of metals, alloys and 
ceramics. Quality assurance, quality control. Theory 
of physical models of plastic deformations, conditions 
for the plastic deformation localization (application to 
metals and non-metals). Stress-strain analysis, defor-
mation and creep. Dynamic behaviour of materials. 
200 h (1/3 laboratory experiments) 

U2.15. Machine Elements and Design 

Goal; To introduce the student to the linkage systems for 
motion and power transmission. 

Mechanical design, specification of components such as 
shafts, bearings, and power transformers; optimal design 
for operational reliability, environmental and manufac-
turing requirements. Machine dynamics, force and motion 
relationships in constrained mechanisms, analysis of 
cam, gear, and linkage for motion and power transmission. 
100 h (1/2 exercises) 

U2.16. Engineering Mechanics 

Goal; To provide knowledge regarding statics of coplanar force 
systems and dynamics of rotating machinery with parti-
cular reference to vibrations. 

Statics, equilibrium of coplanar force systems, analysis 
of frames and trusses, non-coplanar force systems, fric-
tion, centroids and moments of inertia. Dynamics, 
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motion of particles, relative motion, kinetics of trans-
lation, rotation, plane motion, work-energy, impulse-
momentum. Free, damped and forced vibrations of 
systems, design for vibration isolation and absorption, 
shock and ground motion, synthesis of vibrating 
systems. Strength of materials, axial stress and 
strain, torsion, stresses in beams, elastic curves and 
deflection of beams, combined stress. Fracture 
mechanics, resistance of structural elements to fatigue 
and corrosion crack growth, terminating in structural 
failure. Fracture-resistant design concepts. 
150 h (1/2 exercises and laboratory experiments) 

U2.17. Electrical Networks 

Goal.- To introduce the student to the theory and practice of 
the transmission of electrical energy. 

Electric power system generation, transmission, and 
distribution in both individual and interconnected 
grids. Elements of electrical power systems: genera-
tors, transformers, lines, consumption systems. Normal 
regimes. Frequency and voltage regulation. Systems 
stability. Systems reliability. Protection of 
systems. User interaction and feedback. Integration of 
diverse physical, economic and social phenomena covering 
time frames ranging from seconds to years. Methods of 
control, analysis, design, and decision-making for such 
large-scale systems. Special consideration of the 
effects of small distribution grids on generation, 
rates, and load management. 
50 h 

U2.18. Automatic Control Engineering 

Goal.- Introduction to classical design of control systems. 

Introduction: definition and role of automatic control 
engineering; elementary control systems *- analog or 
digital; servomechanisms; controllers and stabilizers; 
concept of control and possibility of observation; defi-
nitions of accuracy. Study of transfer functions, 
mechanical, electromechanical and electrical systems; 
elementary thermal systems. Error and accuracy of 
control systems; Sonvection or course control of con-
trolled chains. Closed-loop control with carrier 
currents. Multidimensional systems. Selected informa-
tion on non-lineaïf control systems. 
100 h (1/4 exercises) 
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U2.19. Radiological Protection and Environmental Effects 

Goal; To understand radiation effects on biological systems, 
radiation doses and their measurements, shielding from 
radiation, and environmental protection problems related 
to nuclear power. 

Physical, chemical and biological effects of radiation. 
Radiation dose; dosimetry. Methods of dose calculation 
in living organisms, neutron dosimetry. Personal and 
integral dosimetry. Dosimetry in nuclear power plant 
operation. Dosimetry related to the environment. 
Shielding design and optimization. Experimental 
methods. Disturbance of the ecosystem by human activi-
ties. Ecological problems related to raw materials and 
energy exploitation. Environmental protection. Speci-
fic effects of nuclear power on the environment. 
80 h (1/4 exercises and laboratory experiments) 

Textbooks: J . Shapiro; Radiation Protection, 2nd Edn, Harvard 
Univ. Press, 1981. M . Eisenbud; Environmental Radioac-
tivity, 2nd Edn, Academic Press, 1973. K.Z. Morgan, 
J.E. Turner, Eds; Principles of Radiation Protection, 
Wiley, 1967. P . Jockey: Radioprotection biologique, 
Techniques de l'Ingénieur В 3910, 1980. E. Schríifer: 
Strahlung und Strahlungsmesstechnik in Kernkraftwerken, 
Elitera Verlag, 1974. S . Glasstone, M . Sesonske: 
Nuclear Reactor Engineering, Van Nostrand, 1980. 
W . P . Price: Nuclear Radiation Protection, McGraw-Hill 
Book Co., 1964. 

U2.20. Nuclear Power Plant Engineering 

Goal; To acquaint the student with the engineering problems 

related to a nuclear power plant. 

Reactor systems and their components. Nuclear fuel 
materials; change of properties during operation. 
Cladding materials, neutron moderators, coolants, 
construction materials for core components and neutron 
absorbing materials. Pressure vessel: role, materials, 
influence of radiation, diagnostics during operation, 
testing of properties, phenomena in reactor pressure 
vessel. Heat generation: source distribution and 
dynamics. Heat transfer and removal. One-channel 
analysis. Temperature distribution in the reactor. Hot 
channel and hot spot in multichannel analysis. One- and 
two-phase cooling. Boiling crisis. Stationary core 
cooling. Non-stationary phenomena. Types of nuclear 

58 



reactors. Classification of nuclear reactors. Compo-
nents of a nuclear power plant. Primary circuit, 
instrumentation. Heat exchangers, pressurizers, second-
ary circuits, turbines and capacitors. Auxiliary compo-
nents. Power and temperature coefficients of reac-
tivity. Power reactor operation. Limits and conditions 
for safe operation. Commissioning. Startup. 
200 h (1/2 exercises) 

Textbooks; R.L. Murray: Introduction to Nuclear Engineering, 
Prentice-Hall, 1961. A.R. Foster, R.L. Wright: Basic 
Nuclear Engineering, 4th Edn, Allyn, 1983. 
S. Glasstone, A. Sesonske: Nuclear Reactor Engineering, 
Van Nostrand, 1980. J. Weismann; Elements of Nuclear 
Reactor Design, Elsevier, 1977. Techniques de 
l'Ingénieur: Génie Nucléaire, Ed. J . Guéron, 1984. 
J.T.A. Roberts; Structural Materials in Nuclear Power 
Technology, Plenum, 1981. J.G. Willis: Nuclear Power 
Plant Technology, Wiley, 1967. A.V. New, Jr.: A 
Guidebook to Nuclear Power, university of California, 
1979. A. Sesonske: Nuclear Power Plant Design Analysis, 
U.S. Atomic Energy Commission Rep. TID-26241, 1973. 
J.R. Lamarsh: Introduction to Nuclear Engineering, 
Addison-Wesley, 1983. Techniques de l'Ingénieur (1) В 
3016 et seq., 1980. M . Lott: Thermique des réacteurs 
nucléaires. Collection Génie Atomique, Paris, 1983. 
J . Bussac, P. Reuss: Physique et calcul des réacteurs 
nucléaires, Collection Enseignement de Sciences, 
Hermann, Paris, 1978. 

U2.21. Reactor Theory and Control 

Goal: To acquaint the student with nuclear reactor theory -
statics and dynamics. 

Properties of stable nuclei. Radioactivity, nuclear 
reactions. Transport of radiation through matter, 
sources and methods of detection of charged particles. 
Nuclear fission and fusion. Nuclear chain reactions. 
Neutron transport. Elementary diffusion equation. 
One-group reactor theory. Criticality. Slowing down of 
neutrons. Multigroup theory. Subcritical systems. 
Perturbation of the neutron flux distribution by 
absorbers. Delayed neutrons and photoneutrons. Time-
dependent equation for neutrons. Point kinetic equation 
with delayed neutrons. Spatial effects in nuclear reac-
tor kinetics. Theory of control rods. Fission product 
poisoning. Production of plutonium and other trans-
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uranium nuclides. Fuel conversion. Nuclear fuel 
cycle. Fuel recycling. Accident analysis. 
150 h (1/3 laboratory work, including operation of a 
training reactor or small simulator, 1/4 exercises) 

Textbooks: V.E. Levin: Yadernarya fizika i yadernye reaktory, 
Atomizdat, Moscow, 1979. J.R. Lamarsh; Introduction to 
Nuclear Reactor Theory, Addison-Wesley, 1966. 
G.R. Keepin: Physics of Nuclear Kinetics, Addison-
Wesley, 1965. J . Lewins: Nuclear Reactor Kinetics and 
Control, Pergamon Press, 1978. M.A. Schultz: Control of 
Nuclear Reactor and Power Plants, McGraw-Hill, 1961. 
S. Glasstone, M.C. Edlund: The Elements of Nuclear 
Reactor Theory, Van Nostrand, 1952. H.S. Isbin: Intro-
ductory Nuclear Reactor Theory, Reinhold, New York, 
1963. D. Smidt: Reaktortechnik, G. Braun, Karlsruhe, 
1971. Techniques de l'Ingénieur: Génie Nucléaire, Ed. 
J . Guéron, 1984. 

U2.22. Industrial and Project Management 

Goal: To acquaint the student with the concepts of technical 
and economic analysis to ensure high-quality management 
of nuclear power plants and also to introduce the 
subject of human resources management. 

Production planning, organization and supervision. 
Quality assurance. Mechanical syétems reliability. 
Cost/benefit analysis. Economics. Human resources. 
Project planning and management. 
100 h (1/4 practical work in seminars) 

U2.23. Energy 

Goal: To provide an overview of present and possible future 
methods of generating energy, particularly electric 
power. 

Energy use in historical perspective. Current trends. 
Energy resources and reserves. Energy quality and end-
use efficiency. The role of electricity. Technical, 
economic and environmental aspects of fossil, nuclear, 
and solar energy sources. Energy and security. 
Production, rational utilization and conversion, regula-
tion consérvation, environmental effects and social 
impact. Energy resources (fossil fuels, hydropower, 
nucléar power and other alternatives). Energy accumula-
tion and transmission. Comparison of energy systems 
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including economic and social aspects and environmental 
impact. Economic aspects. 
100 h. 

Textbooks.- National literature on energy supply and demand, 
historical and future projections. Energy in Transition 
1985 - 2010.- National Research Council, USA. 

U2.24. Project Work 

Goal.- Independent, practical application of engineering 

knowledge and skills. 

One project per student. 

150 h 

U2.25. Practical Work 

Goal: To acquaint the student with the local environment in 

electrical engineering work. 

Practical work at the craftsman level to become 
acquainted with current practice in electrical engineer-
ing and to get to know the work environment in the 
student's country, preferably at different places (e.g. 
workshops, repair shops, lightand heavy-component 
industry, maintenance shops, power plants or 
refineries). When nuclear facilities are available in 
the country, the student could spend the last period of 
practical work at such facilities but this is not indis-
pensable. 
3-5 weeks/year 

U2.26. Technical Foreign Language 

Goal; To master a foreign language to the extent that tech-
nical information can be read and understood. 

One foreign language throughout the full education 
period. 
150 h 

Total hours; 3680 
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из. UNDERGRADUATE PROGRAMME IN CHEMICAL ENGINEERING 

Goal.- This undergraduate curriculum provides the student with 
the knowledge and practical skills considered essential 
for a chemical engineer, as outlined below. In most 
countries additional courses are required to become a 
licensed engineer (e.g. Diplom Ingenieur, M.S. in chemi-
cal engineering), and these are given in the post-
graduate programme in chemical engineering. While the 
undergraduate courses contain only an introduction to 
nuclear energy and its potential hazards, they are 
oriented to provide an understanding of the high demands 
and standards that nuclear technology imposes on chemi-
cal engineering. These high demands arise from the 
unique position which nuclear technology occupies, owing 
to the requirements of dealing with radiation and main-
taining nuclear safety. 

Chemical engineering education is intended to provide.-

- knowledge and ability required for working in chemical 
science and industry 

- ability to plan, perform and evaluate experiments on 
laboratory and industrial scales 

- ability to develop and apply chemical models and to 
understand their limits and applicability 

- ability to develop alternative reaction processes based 
on chemical, thermodynamic and kinetic knowledge 

- ability to select and develop production processes with 
consideration of material resources, energy, economic 
and environmental consequences 

- ability to scale equipment and processes 
- ability to control and operate chemical plants in a safe 

way 
- knowledge of materials and corrosion 

- general knowledge of energy resources and energy 
transformation processes 

- knowledge of the international chemical industry 
- basic knowledge of nuclear theory, control of nuclear 

power plants and radiobiological safety. 
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U3.1. Mathematics 

Goal: To provide the student with sufficient mathematical 
skills to analyse engineering phenomena through 
differential equations and probability. 

Series, limits. Derivatives, integrals. Ordinary and 
partial differential equations. Vector analysis. 
Introduction to tensor analysis. Matrix algebra. Func-
tional analysis. Special functions. Functions of a 
complex variable. Mathematical statistics. Probability 
theory. Numerical methods. Computer programming. 
Basic education is followed by special lectures in 
applied mathematics. 
500 h (1/3 practical exercises) 

U3.2. Physics 

Goal: To provide the student with knowledge of the basic prin-
ciples of physics including atomic and nuclear physics. 

Mechanics. Heat. Optics. Electricity and magnetism. 
Acoustics. Introduction to modern physics and wave 
mechanics. Atomic physics. Nuclear physics. Experi-
ments in physics, methods and interpretation of results. 
350 h (1/3 laboratory experiments) 

U3.3. Engineering Mechanics 

Goal; To provide the student with the necessary knowledge to 
make engineering calculations or estimates of tension, 
deformation and material strength of industrial chemical 
equipment. 

Statics, dynamics, friction, motion of particles (vibra-
tion, rotation, diffusion, etc.), strength of materials, 
physical properties (strength, elasticity, etc.) of 
materials (metals, ceramics, organic polymeres, etc.), 
surface physics. 
120 h (1/4 exercises) 

U3.4. Materials 

Goal: To establish an understanding of the structure of 

materials and the effects of the environment, including 
radiation, upon them. 
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Microstructure of engineering materials. Rate processes 
in metals.* phase equilibrium, phase transformation, dif-
fusion kinetics, corrosion and oxidation. Properties of 
metals and their behaviour under operating conditions: 
corrosion, stress action, temperature, vibration, radia-
tion effects. Methods for testing properties of 
materials. Emphasis on materials and operating con-
ditions involving advanced engineering systems. 
Materials for nuclear reactors: fuels, moderators, 
coolants, cladding materials, construction materials. 
Electrotechnical materials in reactor utilization. 
Technological applications of materials engineering, 
e.g. welding in nuclear technology. Tribology. 
12 0 h (1/3 laboratory experiments - standard materials 
engineering laboratory including sintering and special 
welding techniques) 

U3.5. Mechanical Drawing and Computer Graphics 

Goal: To acquaint the student with engineering drawing 

practices. 

Drawing standards. Materials specifications, fabrica-
tion instructions. Tolerances. Orthogonal and 
isometric projections. 
50 h (1/2 exercises) 

U3.6. Principles of Chemistry 

Goal: To provide the fundamentals of atomic structure and 
periodic chemical properties, as well as the physical 
properties for chemical bonding and interactions. The 
student learns to calculate concentrations based on 
chemical equilibrium in one- and two-phase systems, and 
in simple non-equilibrium systems. 

Chemical reaction formulas. Periodic system. Stoichio-
metry. Theory of the chemical bond. Concentration in 
mixtures and solutions. Electrolytes. Redox reac-
tions. Equilibrium and kinetics. Two-phase equilibria. 
250 h (1/3 exercises and 1/3 laboratory experiments) 

U3. 7. Chemical Analysis 

Goal: Qualitative and quantitative analyses of natural 

materials and industrial products are essential for the 
progress and development of chemistry. The student will 
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become acquainted with current, common techniques 

through lectures and experiments. 

Separation processes; precipitation, solvent extraction, 
chromatography (gas, ion exchange, etc.). Gravimetry. 
Protolytic titration. Redox titrations. Electrolysis. 
Conductometry and complexiometry. Spectroscopic 
methods: calorimetry, atomic absorption, UV-IR-spectra, 
nuclear magnetic resonance. 
100 h (2/3 laboratory experiments) 

U3.8. Inorganic Chemistry 

Goal: This is an expansion of course U3.6, and describes 

methods for determining chemical structure in the solid 
state, and the correlation between structure and the 
chemical and mechanical properties of materials. 

Systematic inorganic chemistry. Crystal structure; 
X-ray diffraction. Metals and alloys. Corrosion. 
Ceramics. Co-ordination compounds (atomic and orbital 
configurations). Corrosion chemistry, on the basis of 
electrochemical principles. 
100 h (1/2 laboratory experiments) 

U3.9. Machine Elements 

Goal; To understand the properties and limitations of mecha-
nical constructions of vessels, pipings, transport and 
control components in chemical factories well enough to 
be able to read or make conventional engineering draw-
ings . 

Rules of engineering drawing. Different machine ele-
ments (e.g. bearings, gears). Vibrations in rotating 
bodies. Piping components and pressure vessels. Weld-
ing technology and corrosion. 
50 h (1/2 exercises) 

U3.10. Fluid Mechanics 

Goal: The knowledge of the mechanics of fluid materials forms 
the physical background for chemical reaction engineer-
ing (U3.19) in the process industry. Most chemical 
reactions take place in the liquid state. 

General theory of mass flow with friction, including 

energy and impulse laws. Laminar and turbulent flow. 
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Boundary layers. Similarity laws between heat- and 
mass-flow. Heat and mass transfer coefficients in 
various geometries. 
90 h (1/2 exercises) 

U3.11. Organic Chemistry 

Goal; To give the student the ability to judge the stability 
and reaction potential of organic molecules, to formu-
late simple methods of synthesis, and to solve struc-
tural problems by spectroscopic means. 

The course deals mainly with simple organic compounds 
and their reaction mechanisms (substitution, etc.). 
Against this background the course describes important 
technical processes involving simple and rather compli-
cated molecules: Theories of formation of organic 
compounds; molecular orbitals. Methods of structural 
organic analysis. Nomenclature of organic chemistry. 
Physical properties of organic compounds. Chemical 
reactions and mechanisms (addition, substitution, elimi-
nation, rearrangement). Natural polymers (proteins, 
cellulose, nucleic acids). Synthetic polymers. Bio-
logical systems. 
200 h (1/3 laboratory experiments) 

U3.12. Physical Chemistry 

Goal; To present the fundamentals of thermodynamics related to 
the energy of chemical reactions both on the macroscopic 
and the molecular level. 

Fundamental laws and functions of chemical thermo-
dynamics, and their dependence on external variables 
(temperature, pressure, etc.). Electrochemistry. Reac-
tion kinetics. Photo- and radiation-chemistry. Sorp-
tion. Colloids. Aerosols. Introduction to quantum 
mechanics on the molecular level, and its application to 
a number of important chemical phenomena. Applications 
deal with two-phase equilibria (e.g. distillation, 
solvent extraction). 

320 h (1/3 exercises, 1/3 laboratory experiments) 

U3.13. Applied Electrical Engineering 

Goal; To provide knowledge on process machinery, as modern 

chemical industrial processes are run and controlled by 

electric and electronic devices. 
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Elementary electronics. Safety of electrical installa-
tions and work. Amplifiers (especially operational 
amplifiers). Electrostatics and electric installations 
in explosive environments. Electrical devices (trans-
formers, DC and AC motors). Measuring instruments. 
Data collection systems. 
50 h (1/4 demonstrations) 

U3.14. Process Control 

Goal: To provide knowledge in greater depth on control system-
atics, and its application to complicated coupled 
systems, such as occurs in industry. 

Mathematical models, differential equations for elements 
and combinations of elements, Laplace transforms and 
transfer functions. Typical control circuits and their 
properties (control principles, remaining control devia-
tion). Stability (criteria, frequency diagrams). 
Requirements on control systems (requirements in the 
time and frequency domains, connections between dif-
ferent requirements). Design of control systems (choice 
of controllers and their adjustment). Components of 
control systems (sensors, transducers, amplifiers, 
servomotors, controllers, P-, I- and D-functions). 
150 h (1/4 exercises, 1/4 experimental work) 

U3.15. Engineering Chemistry 

Goal: To provide overall knowledge on the chemical process 

industry and how it functions in relation to the physi-
cal environment and society. 

Industrial methods for production of chemical sub-
stances. The chemical process industry. Information 
and communication. Chemical unit process. Process 
selection. Corrosion in chemical plant. Waste treat-
ment and effects on the environment. 
160 h (1/3 laboratory experiments) 

U3.16. Applied Analytical Chemistry 

Goal: This is an expansion of course U3.7 and has direct 
applications to industry. 

Chromatographic and other instrumental methods for on-
and off-line measurements and control of chemical 
processes. 

100 h (1/2 laboratory experiments) 
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U3.17. Heat and Power Technology 

Goal: To provide the student with the theoretical knowledge 
required in the most important areas of energy con-
sumption and production of the chemical process 
industry. The course heavily relies upon U3.10 (Fluid 
Mechanics) and U3.12 (Physical Chemistry, thermodynamics 
part). The course stresses the applications of theory 
to industrial systems. 

Thermodynamics of gases and vapours. Power generating 
processes. Cooling processes. Combustion processes and 
technology. Boilers and associated equipment. Flow 
machines. Pumps. Heat exchangers. Operation and eco-
nomics of chemical plant. Energy resources. 
250 h (1/3 exercises, 1/3 laboratory experiments) 

U3.18. Chemical Engineering Design 

Goal: то acquaint the student with problems related to the 
special conditions of chemical equipment (usually 
involving high capital investments), its functioning, 
dimensioning, construction and economic operation. 

Practical and theoretical aspects of chemical unit 
operations (e.g. distillation, leaching, liquid-liquid 
extraction, flow through porous beds, mixing, milling, 
sedimentation, sieving). Dimensional analysis and 
dimensionless numbers. Transport processes. Estimation 
of unknown physico-chemical parameters. 
180 h (1/3 laboratory experiments, 1/3 group work on 
small design projects) 

U3.19. chemical Reaction Engineering 

Goal: To give the student knowledge to select and to dimension 
equipment (vessels, machinery, etc.) for chemical pro-
cesses and to decide upon means to control and operate 
the process in an optimal manner. 

Material and heat balances. Tank reactors. Tube reac-
tors. Adiabatic equilibrium processes. Capacity and 
yield. Stability. Mass- and heat-transport through 
phase boundaries and simultaneous chemical reaction. 
Cataly- sis. Flow and mixing in non-ideal reactors. 
200 h (1/3 laboratory experiments, 1/3 group work on a 
small design project) 
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U3.20. Industrial and Project Management 

To acquaint the student with the concepts of technical 
and economic analysis to ensure high-quality management 
of nuclear power plants and also to introduce the sub-
ject of human resources management. 

Production planning, organization and supervision. 
Quality assurance. Mechanical systems reliability. 
Cost/benefit analysis. Economics. Human resources. 
Project planning and management. 
100 h (1/4 practical work in seminars) 

Nuclear Chemistry and Radiation Protection 

To introduce the student briefly to nuclear reactions 

and radioactivity, nuclear power production, the fuel 

cycle and safety aspects. This course will be followed 

up in greater depth in several postgraduate (P3) courses. 

Nuclear transformation. Radioactivity. Radiation 
effects. Radiolysis. Physical, chemical and biological 
effects of radiation. Radiation dose concept; dosi-
metry. Nuclear power and the fuel cycle. Chemistry of 
uranium, important fission products and the actinides. 
Radwaste forms. 
150 h (1/3 exercises and 1/3 laboratory) 

Textbooks; G . Choppin, J . Rydberg: Nuclear Chemistry, Theory 
and Application, Pergamon, 1980. M . Benedict, 
T. Pigford, H. Levi; Nuclear Chemical Engineering, 
McGraw-Hill, 1981. J. Shapiro; Radiation Protection, 
Harvard University Press, 1981. U.J. Margulis; Atomyna 
energiya i radiacionnaya zashchita, Energoizdat, Moscow, 
1983. 

U3.22. Nuclear Power Plant Engineering 

Goal; To acquaint the student with the engineering problems 
related to a nuclear power plant. 

Reactor systems and their components. Nuclear fuel 
materials; change of properties during operation. 
Cladding materials, neutron moderators, coolants, 
construction materials for core components and neutron 
absorbing materials. Pressure vessel: role, materials, 
influence of radiation, diagnostics during operation, 
testing of properties, phenomena in reactor pressure 

Goal: 

U3.21. 

Goal; 
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vessel. Heat generation: source distribution and 
dynamics. Heat transfer and removal. One-channel 
analysis. Temperature distribution in the reactor. 
Hot-channel and hot-spot in multichannel analysis. One-
and two-phase cooling. Boiling crisis. Stationary core 
cooling. Non-stationary phenomena. Components of a 
nuclear power plant. Primary circuit, instrumentation. 
Heat exchangers, pressurizers, secondary circuits, 
turbines and capacitors. Auxiliary components. Power 
and temperature coefficients of reactivity. Power reac-
tor operation. Limits and conditions for safe opera-
tion. Commissioning. Startup. 
120 h (1/2 exercises) 

Textbooks: R.L. Murray: Introduction to Nuclear Engineering, 
Prentice-Hall, 1961. A.R. Foster, R.L. Wright: Basic 
Nuclear Engineering, 4th Edn, Allyn, 1983. 
S. Glasstone, A . Sesonske: Nuclear Reactor Engineering, 
Van Nostrand, 1980. J. Weismann: Elements of Nuclear 
Reactor Design, Elsevier, 1977. Techniques de 
l'Ingénieur: Génie Nucléaire, Ed. J. Guéron, 1984. 
J.T.A. Roberts: Structural Materials in Nuclear Power 
Technology, Plenum, 1981. J.G. Willis: Nuclear Power 
Plant Technology, Wiley, 1967. A.V. New, Jr.: A 
Guidebook to Nuclear Power, University of California, 
1979. A . Sesonske: Nuclear Power Plant Design Analysis, 
U.S. Atomic Energy Commission Rep. TID-26241, 1973. 
J.R. Lamarsh: Introduction to Nuclear Engineering, 
Addison-Wesley, 1983. Techniques de l'Ingénieur (1) В 
3016 et seq., 1980. M . Lott: Thermique des réacteurs 
nucléaires, Collection Génie Atomique, Paris, 1983. 
J . Bussac, P. Reuss: Physique et calcul des réacteurs 
nucléaires. Collection Enseignement de Sciences, 
Hermann, Paris, 1978. 

U3.23. Project Work 

Goal: Independent, practical application of engineering 
knowledge and skills. 

One project per student. 

150 h 

U3.24. Practical Work 

Goal: то acquaint the student with the local environment in 
chemical engineering work. 
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Practical work at the craftsman level in the chemical 
industry and at the technician level in a chemical 
laboratory to become acquainted with current practices 
in the student's country, preferably at different places. 
3-5 weeks/year 

U3.25. Technical Foreign Language 

Goal: To master a foreign language to the extent that techni-

cal information can be read and understood. 

One foreign language throughout the full education 

period. 
150 h 

Total hours: 3710 

4.2. Nuclear-Oriented Postgraduate Programmes 

Pi. POSTGRADUATE PROGRAMME IN MECHANICAL ENGINEERING 

Goal: This postgraduate programme is designed for a graduate 
in mechanical engineering, and therefore the prerequi-
sites are the knowledge and practical skills acquired in 
the undergraduate programme in mechanical engineering. 
The courses are aimed at increasing the level of 
knowledge of a graduate mechanical engineer so that he 
would be prepared to undertake more complex tasks in 
nuclear-oriented mechanical engineering, including 
research and development. Extensive access to large 
digital computers, libraries and research facilities 
(reactor, simulator, accelerator, instrumentation, 
laboratories) is highly recommended. 

Pl.l. Mathematical Methods and Numerical Solutions 

Goal: To provide advanced knowledge of applied mathematics 
with special reference to applied mathematical sta-
tistics . 

Mathematical modelling of known systems/ methods for 

theoretical investigation of systems not well known. 
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Advanced course in numerical analysis with examples of 
mechanical engineering problems. Application of numeri-
cal methods to the study of potential and viscous flow 
and to the conduction and convection of heat. 
100 h (1/2 exercises) 

Textbooks.» G.E. Forsythe, M.A. Malcolm, C.B. Meier.- Computer 
Methods for Mathematical Computations, Prentice-Hall, 
1977. G.D. Smith.- Numerical Solution of Partial 
Differential Equations: Finite Difference Methods, 
Clarendon Press, Oxford, 1978. 

PI.2. Heat and Mass Transfer (based on Ul.8) 

Goal: To provide the student with advanced information on heat 
and mass transfer. 

Review of conduction, convection, laminar and turbulent 
flow transfer. Forced convection heat exchange, bound-
ary layer analysis in convective laminar and turbulent 
flow, two-phase transfer processes (involving evapora-
tion, boiling, condensation). Heat- and mass-transfer 
instrumentation, measuring devices and methods. Nuclear 
thermohydraulics applications, discussion of blow-down 
and loss-of-coolant accident (LOCA). 
150 h (1/2 exercises and laboratory experiments) 

P1.3. Fluid Mechanics and Hydraulics (based on Ul.8) 

Goal: To introduce the student to advanced concepts of fluid 
mechanics and hydraulics and computerized modelling of 
fluid systems. 

Review of fluid mechanics, ideal, viscous, incompres-
sible and compressible fluid flow of two-phase flow 
problems and their mathematical solutions. Fluid 
mechanics instrumentation, measuring devices and control 
systems; computerized modelling of fluid systems and 
comparison with the experimentally determined behaviour. 
Incompressible and compressible fluid flow, fluid 
control sytems (modelling fluid systems and experimental 
determination of the actual behaviour). 
150 h (1/2 exercises and laboratory experiments) 

PI.4. Theory of Elasticity and Plasticity 

Goal; To acquaint the student with the theory of elasticity 
and plasticity with special reference to tensions and 
deformations. 
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Microscopic and macroscopic aspects of deformation. 
Tensions function; applications to thick-wall tubes, 
rotating discs and holes; three-dimensional problems; 
shell theory; general analysis of tensions and deforma-
tions; material classification; theory of plasticity; 
creep, creep rupture; bending and torsion; creep mecha-
nics; fracture mechanics. 
100 h (1/3 exercises) 

PI.5. Reactor Theory 

Goal; To broaden the student's knowledge of nuclear processes 
occurring in the reactor and in particular their in-
fluence on operating characteristics. 

Boltzmann equation for neutron transport; methods of 
solution. Integral form of the equation; its solution 
by Monte Carlo and first collision probability methods. 
Neutron thermalization. All calculations for hetero-
genous core. Influence of temperature, heat transfer, 
fluid flow and other phenomena related to power on reac-
tivity. In-core fuel management. Change of neutron 
flux and energy distribution during the operation of the 
reactor. Change of nuclide content and distribution. 
Replacement and repositioning of fuel. Change in opera-
tional characteristics. Spatial reactor kinetics. 
Important codes used for reactor nuclear analysis. 
100 h (1/3 laboratory experiments, 1/4 exercises) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 
Analysis, Wiley, 1976. A.D. Golanin; Teoriya 
Geterogennago Reactora, Atomizdat, Moscow. R. Caro: 
Fisica de Reactores Nucleares, JEN, MAdrid. A. Ziegler: 
Lehrbuch der Reaktortechnik, Springer-Verlag, 1984. 
D. Smidt: Reaktortechnik, G . Braun, Karlsruhe, 1971. 

Pl.6. Reactor Systems Engineering - Design Principles 

Goal; To introduce the student to the problem o£ nuclear 

reactor design and in particular of optimization prin-
ciples. 

Nuclear reactor core analysis. Reactor heat genera-
tion. Average and hot-channel temperature distribu-
tions. Forced convection - single-phase heat transfer. 
Boiling heat transfer. Thermal-hydraulic core analy-
sis. Thermodynamic cycles applied to nuclear power 
plants. Optimization principles and criteria in reactor 
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design. Fuel element design. Preliminary core design. 
Primary system design (pressurizer, steam generator, 
primary pumping). 

150 h (1/3 devoted to group design project practice) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 
Analysis, Part 4, Wiley, 1976. J. Weismann: Elements of 
Nuclear Reactor Design, Elsevier, 1977. A. Sensonske: 
Nuclear Power Plant Design Analysis, US Atomic Energy 
Commission, Rep. TID-26241, 1973. Techniques de 
l'Ingenieur: Génie Nucléaire, Ed. J. Guéron, 1984. 

Pl.7. Nuclear Power Plant Safety and Reliability 

Goal: To develop the concepts of risk, event trees, failure 
probability, and emergency procedures. 

Safety-related mathematics. Safety philosophy. Methods 
of evaluating safety and reliability, and mathematical 
methods of analysis. Methods related to very complex 
systems. Methods of improving safety and reliability. 
Testing of components and complex systems. Principles 
of operating power reactors in a safe and effective 
manner. Safety analysis report. Practical examples of 
solution. 

200 h (1/4 exercises) 

Textbooks: E.E. Lewis: Nuclear Power Reactor Safety, Wiley, 
1977. N . McCormick: Reliability and Risk Analysis -
Methods and Nuclear Power Application, Academic Press, 
1981. Safety Analysis Reports for a Nuclear Power 
Plant. Environmental Impact Statement for a Nuclear 
Power Plant. D. Smidt: Reaktorsicherheitstechnik, 
Sicherheitssysteme und Storfallanalyse für Leichtwasser-
reaktoren und Schnelle Briiter, Springer-Verlag, 1979. 
Koslov, Uschakov: Handbuch für Berechnung der Zuverlas-
sigkeit für Ingenieure. 

Pi.8. Power Plant System Design 

Goal: To introduce the student to engineering problems in the 
design of heavy equipment. 

Function, design and layout of pressure vessels, heat 
exchangers, turbines, condensers and related equipment 
(valves, pumps and piping) including consideration of 
engineering problems such as structural mechanics, heat 
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transfer, thermal stresses, fluid mechanics and thermo-
dynamics of the expansion processes. 
100 h (1/2 exercises organized as project-oriented group 
work) 

Textbook: J. Weismann: Elements of Nuclear Reactor Design, 

Elsevier, 1977. 

Pi.9. Project Management 

Goal: To introduce the student to methods of project monitor-
ing and control and to quality assurance concepts. 

Planning methods and tools (bar charts, PERT, CPM). 
Identification and allocation of resources. Organiza-
tion, management, reporting and control of activities 
and their results with regard to risks, time and costs. 
Organization of a quality assurance programme. 
100 h (1/4 exercises in interacting groups) 

PI.10. Economics and Business Administration (Option) 

Goal: To provide general information on basic economic 

criteria in connection with power generation costs. 

Understanding the business environment. Human behaviour 
and interpersonal relations. Management of functional 
areas: production, finance, marketing and personnel. 
Development of skills in public speaking, report writing 
and conference leadership. Decision-making processes 
and information systems. Understanding business policy 
and strategy. 
40 h 

Pl.11. Reactor Materials 

Goal: To acquaint the student with the unique properties of 

materials needed to function in high-level radiation and 
particle flux fields. 

Nuclear fuel: physical and chemical properties of 
uranium, thorium and plutonium and of their compounds 
used in nuclear reactors. UO2 fuel elements for 
thermal or fast reactors. Dispersing fuels; HTR fuel 
elements. Radiation effects on metallic structures. 
Steels: physical and chemical characteristics. Mate-
rials used for manufacturing reactor vessels/ vessel 
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calculation; fatigue of materials. Quality assurance. 
Checking during operation. Zirconium and graphiter Zinc 
and behaviour in nuclear reactors. 
80 h (1/3 exercises) 

Textbooks.* J.T.A. Roberts.- Structural Materials in Nuclear 
Power Systems, Plenum, 1981. B.R.T. Frost.- Nuclear Fuel 
Elements - Design, Fabrication and Performance, 
Pergamon, 1982. 

Pi.12. Introduction to the Nuclear Fuel Cycle 

Goal; To acquaint the student with the production of the basic 
materials needed by the nuclear industry, as well as the 
specific production of fuel elements. 

Uranium mining and milling. Uranium enrichment. Heavy 
water properties and production. In-core reactor fuel 
management. Fuel recycling. Radioactive waste manage-
ment and disposal. Spent fuel storage. 
40 h (1/4 laboratory, 1/4 exercises). 

Textbooks; M . Benedict, T. Pigford, H . Levi: Nuclear Chemical 

Engineering, 2nd Edn, McGraw-Hill, 1981. 

Pi.13. Nuclear Chemistry and Radiochemistry 

Goal: To provide knowledge of nuclear reactions, radioactive 
decay, radiation absorption and its effects on mate-
rials, methods for detection and measurement of radia-
tion, and important parts of the nuclear fuel cycle. 

Radiochemistry. Radiation chemistry. Coolant chemi-
stry. Reprocessing of irradiated fuel. Chemical prob-
lems during reactor operation; corrosion, migration, 
redox control, etc. Reliability and safety from the 
chemical point of view (degradation of chemical proper-
ties of materials). Radiation effects upon systems 
components (resins, filters, charcoal, etc.) 
40 h (1/3 laboratory work, 1/4 exercises) 

Textbook: G . Choppin, J. Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. 

Pi.14. Masters Project Work 

Goal; To give the student an opportunity to apply the 

engineering knowledge and skills acquired. 
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Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if pos-
sible. It is recommended that this project be carried 
out in an industrial organization or research institute, 
with the participation and supervision of the uni-
versity. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum. 

Total hours.- 1350 

P2. POSTGRADUATE PROGRAMME IN ELECTRICAL ENGINEERING 

Goal.- This postgraduate programme is designed for a graduate 
in electrical engineering, and therefore the pre-
requisites are the knowledge and practical skills 
acquired in the undergraduate programme in electrical 
engineering. The courses are aimed at increasing the 
level of knowledge of a graduate electrical engineer so 
that he would be prepared to undertake more complex 
tasks in nuclear-oriented electrical engineering, 
including research and development. Extensive access to 
large digital computers, libraries and research facili-
ties (reactor, simulator, accelerator, instrumentation, 
laboratories) is highly recommended. 

P2.1. Fundamentals of Power System Stability 

Goal: To acquaint the student with a power system and its 
interaction with a grid. 

Interaction of nuclear power station with grid. Power 
system and power plant control. Power system, voltage 
regulation. Power system analysis.- power system 
representation - single line diagram, sequence networks, 
graph, cut-set, tie-set and incidence matrices/ short-
circuit calculations - ohmic. Power system protection; 
transmission line protection (distance, a/c relays)/ 
station equipment and machinery protection (reactors, 
motors, generator). Synchronizing scheme, including 
load shedding. Introduction to switchgear equipment 
including generator and transformer. 
100 h (1/2 exercises) 
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P2.2. Linear Control Systems 

Goal; To introduce the basic concepts of linear systems for 
stability. 

Continuous and discrete-time linear control systems; 
state variable models; analytical design for deter-
ministic and random inputs. Time-varying systems 
stability. 

100 h (1/3 exercises) 

P2.3. Digital Systems 

Goal; To provide an introduction to direct digital control. 

Switching and sequential machine theory; advanced treat-
ment of switching and machine theory. Minimization of 
machines; state assignment, hazard analysis. 
100 h (1/3 exercises) 

P2.4. Network Analysis and Synthesis 

Goal: Mathematical study of networks. 

Positive real functions, realizability conditions. Syn-
thesis of driving point emittances, synthesis of two-
terminal pair network, transfer function synthesis. 
100 h (1/3 exercises) 

P2.5. Optimal Control 

Goal: To provide basic knowledge in deterministic and stocha-
stic optimal control. 

Variational methods in control system design, classical 
calculus of variations, dynamic programming, maximiza-
tion principle, optimal digital control systems, state 
estimation. 
80 h (1/3 exercises) 

P2.6. Statistical Theory of Communications 

Goal: To provide the concepts of this theory and its principal 

applications. 

Generalized harmonic analysis. Application of correla-
tion and convolution to the detection of signals in 
noise. Various applications to special topics. 
50 h (1/3 exercises) 
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P2.7. Detection Theory 

Goal: To study the conversion of a modulated detection signal 
and its relation to its original signal. 

Detection decision theory. Bayes and Neyman, Pearson 
criteria; optimal receivers; classical estimation 
theory. Signal-noise representations, optimum linear 
signal parameters estimation. 
50 h (1/3 exercises) 

P2.8. Information Theory 

Goal.» Introduction to the quantitative study of information 

with a view to efficient communication of data. 

Mathematical measurement of information/ information 
transfer in discrete systems; redundancy, efficiency and 
channel capacity; encoding systems. 
50 h (1/3 exercises) 

P2.9. Fault Detection in Digital Circuits 

Goal: To provide knowledge on advanced methods of detecting 
faults. 

Advanced treatment of fault detection; location and 
redundancy techniques. 
50 h (1/3 exercises) 

P2.10. Economics and Business Administration (Option) 

Goal.- To provide general information on basic economic 

criteria in relation to electricity generation costs. 

Understanding the business environment. Human behaviour 
and interpersonal relations. Management of functional 
areas; production, finance, marketing and personnel. 
Development of skills in public speaking, report writing 
and conference leadership. Decision-making processes 
and information systems. Understanding of business 
policy and strategy. 
40 h 

P2.ll. Nuclear Power plant Instrumentation and Control 

Goal; To increase the student's knowledge of the theory and 
practice of measurement and control, with special 
reference to nuclear power facilities. 
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Measuring instruments and actuators. Regulators and 
controlling devices (sensors, transducers, amplifiers, 
servomotors, controllers. P - , I- and D-functions). 
Control theory applied to nuclear power plants and other 
nuclear-power-related facilities. Control systems for 
different reactor types and modes of operation. 
80 h (1/3 laboratory experiments) 

Textbooks: B.S. Dhillon: Reliability Engineering in Systems 
Design and Operation, Van Nostrand, 1983. M.L. Shooman: 
Probabilistic Reliability: an Engineering Approach, 
McGraw-Hill, 1968. W . Fratzscher, H. Felke: Einführung 
in die Kernenergetik, VEB. Techniques de l'Ingénieur, 
Génie Nucléaire, В 3016 et seq. M . A . Schultz: Reactor 
Instrumentation and Control, McGraw-Hill, 1955. 

P2.12. Interaction of the Electrical Power Network with the 
Nuclear Power Plant 

Goal: To provide the student with knowledge needed for selec-
tion of the size and characteristics of nuclear power 
plant relative to the electric grid. 

Electric power system characteristics. Operational mode 
of nuclear power plants, influence of the grid on the 
nuclear power plants and influence of nuclear power 
plant on the grid. Improving the nuclear power plant/ 
grid interface. Size selection of nuclear power 
plants. Integration of nuclear power plants into the 
power system. 
80 h (1/3 exercises) 

Textbooks: Techniques de l'Ingénieur, Génie Nucléaire, В 3400 
et seq. J. Bussac, P. Reuss: Physique et calcul de 
réacteurs nucléaires, Collection Enseignement des 
Sciences, Hermann, Paris. 

P2.13. Computer Control of Power Systems 

Goal: To provide knowledge on how computers are used to 

control systems of a nuclear power plant. 

Introduction to real-time systems; analog subsystems; 
digital subsystems; computer control; direct control 
concepts such as level control; hierarchical control, 
sequential control. Operating systems for process 
control; load frequency control of power stations; 
sensitivity and security considerations; excitation 
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systems and governor control systems. Long-duration 
transient stability. 
50 h (1/3 exercises) 

P2.14. Nuclear Power Plant Safety and Reliability 

Goal.- To develop the concepts of risk, event trees, failure 

probability, and emergency procedures. 

Safety-related mathematics. Safety philosophy. Methods 
of evaluating safety and reliability, and mathematical 
methods of analysis. Methods related to very complex 
systems. Methods of improving safety and reliability. 
Testing of components and complex systems. Principles 
of operating power reactors in a safe and effective 
manner. Safety analysis report. Practical examples of 
solution. 
200 h (1/3 exercises) 

Textbooks.* E.E. Lewis.* Nuclear Power Reactor Safety, Wiley, 
1977. N . McCormickj Reliability and Risk Analysis -
Methods and Nuclear Power Applications, Academic Press, 
1981. Safety Analysis Reports for a Power Plant. 
Environmental Impact Statement for a Nuclear Power 
Plant. Techniques de l'Ingénieur.* Génie Nucléaire, 
В 3800 et seq., 1978. D . Smidt: Reaktorsicherheits-
technik, Sicherheitssysteme und Storfallanalyse für 
Leichtwasserreaktoren und Schnelle Brüter, 
Springer-Verlag, 1979. 

P2.15. Masters Project Work 

Goal.* To give the student an opportunity to apply the 
engineering knowledge and skills acquired. 

Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if pos-
sible. It is recommended that this project be carried 
out in an industrial organization or research institute, 
with the participation and supervision of the uni-
versity. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum 

Total hours: 1130 
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P3. POSTGRADUATE PROGRAMME IN CHEMICAL ENGINEERING 

Goal: This postgraduate programme is designed for a graduate 

in chemical engineering who plans to work in the nuclear 
engineering field. The prerequisites are the knowledge 
and practical skills acquired in the undergraduate pro-
gramme in chemical engineering. While the undergraduate 
course is a general chemical engineering course, the 
postgraduate course focuses the student on chemical and 
physico-chemical problems in the entire nuclear energy 
field. For those students who do not intend to work in 
the nuclear power industry, the postgraduate course 
forms an excellent basis for nuclear chemistry research 
or for application of radioisotopes and radiation in 
other fields. 

P3.1. Reactor Theory and Control 

Goal: To acquaint the student with nuclear reactor theory -

statics and dynamics. 

Properties of stable nuclei. Radioactivity, nuclear 
reactions. Transport of radiation through matter, 
sources and methods of detection of charged particles. 
Nuclear fission and fusion. Nuclear chain reactions. 
Neutron transport. Elementary diffusion equation. One-
group reactor theory. Criticality. Slowing down of 
neutrons. Multigroup theory. Subcritical systems. 
Perturbation of the neutron flux distribution by 
absorbers. Delayed neutrons and photoneutrons. Time-
dependent equation for neutrons. Point kinetic equation 
with delayed neutrons. Spatial effects in nuclear 
reactor kinetics. Theory of control rods. Fission pro-
duct poisoning. Production of plutonium and other 
transuranium nuclides. Fuel conversion. Fuel 
recycling. Accident analysis. 

120 h (1/3 laboratory work at training reactor or small 
simulator, 1/4 exercises) 

Textbooks: V.E. Levin: Yadernaya fizika i yadernye reaktory, 
Atomizdat, Moscow, 1979. J.R. Lamarsh: introduction to 
Nuclear Reactor Theory, Addison-Wesley, 1966. 
G.R. Keepin: physics of Nuclear Kinetics, Addison-
Wesley, 1965. J. Lewins: Nuclear Reactor Kinetics and 
Control, Pergamon Press, 1978. M.A. Schultz: Control of 
Nuclear Reactor and Power Plants, McGraw-Hill, 1961. 
S. Glasstone, M.C. Edlund: The Elements of Nuclear Reac-
tor Theory, Van Nostrand, 1952. H.S. Isbin: Introduc-
tory Nuclear Reactor Theory, Reinhold, New York, 1963. 
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D . Smidt: Reaktortechnik, G . Braun, Karlsruhe, 1971. 
Techniques de l'Ingénieur.» Génie Nucléaire, Ed. 
J . Guéron, 1984. 

P3.2. Nuclear Chemistry and Radiochemistry 

Goal: To provide a deeper knowledge of radiation absorption 
and its effects on materials, as well as methods for 
detection and measurement of nuclear radiation. This 
course also deals with some important parts of the 
nuclear fuel cycle. 

Short recapitulation of topics given in Nuclear Chemi-
stry (course U3.21). Nuclear energy resources and 
uranium production. Nuclear reactions. Production and 
use of radionuclei. Radiation chemistry. Detection of 
nuclear radiation. Isotope effects and isotope separa-
tion. Nuclear fuels and fuel cycles. Chemical problems 
during reactor operation. Composition and properties of 
fission products and actinides. Reprocessing. 
150 h (1/3 laboratory experiments, 1/4 exercises) 

Textbook: G . Choppin, J . Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. 

P3.3. Radiological Protection and Environmental Effects 

Goal: To understand radiation effects on biological systems, 
radiation doses and their measurements, shielding from 
radiation, and environmental protection problems related 
to nuclear power. 

Biological effects of radiation. Radiation dose; dosi-
metry. Methods of dose calculation in living organisms, 
neutron dosimetry. Personal and integral dosimetry. 
Dosimetry in nuclear power plant operation. Dosimetry 
related to the environment. Shielding design and opti-
mization. Experimental methods. Disturbance of the 
ecosystem by human activities. Ecological problems 
related to raw materials and energy exploitation. 
Environmental protection. Specific effects of nuclear 
power concerning the environment. 
80 h (1/4 exercises, 1/4 laboratory experiments) 

Textbooks: J . Shapiro: Radiation protection, 2nd Edn, Harvard 
Univ. Press, 1981. M . Eisenbud: Environmental Radio-
activity, 2nd Edn, Academic Press, 1973. K.Z. Morgan, 
J.E. Turner, Eds: Principles of Radiation Protection, 
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Wiley, 1967. H. Goldstein.* Fundamental Aspects of 
Reactor Shielding, Addison-Wesley, 1959. 

P3.4. Water Chemistry 

Goal: To understand the importance of water in a nuclear power 
plant, as a moderator, energy transport medium, for 
safety cooling, etc., and of keeping a high water 
quality throughout the entire power plant. 

Raw water supplies. Purification methods (filtering, 
precipitation, chlorination, aeration, etc.). High-
purity water production (distillation, ion exchange, 
osmosis). Analytical methods for water quality con-
trol. Water quality requirements and control (e.g. con-
ductivity, pH, redox potential). Radiolysis. Waste 
water treatment, cleanup and environmental effects. 
50 h (1/4 laboratory experiments) 

Textbook; water Chemistry of Nuclear Reactor Engineering, 

British Nuclear Energy Society, 1978. 

P3.5. Heat and Power Technology 

Goal: Advanced course based on U3.17, and focuses on the needs 

of a nuclear power plant. 

Economic optimization of heat-exchangers and condensers. 
Optimum economic flow velocities and insulation. 
Time-varying loads and selection of heat transfer 
equipment. Value of heat at different temperatures. 
Heat pumps. 

100 h (1/4 exercises, 1/4 laboratory experiments) 

P3.6. Chemical Engineering Design 

Goal: Advanced course based on U3.18, and focuses on computer-
aided design (CAD), choices between alternative designs 
and optimization with regard to economy, control and 
safety. 
Estimation of plant building costs. Plant layout. Net-
work planning. Comparison and choice between some 
different separation processes. Multicomponent distil-
lation. Construction materials. Mathematical models 
and optimization methods. Production planning using 
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linear programming. Process dynamics. Computers in 
process control. 
100 h (1/3 project work and computer calculations, e.g. 
design and costing of a small plant) 

P3.7. Solvent Extraction Chemistry 

Goal: To understand the importance of solvent extraction as a 
chemical separation procedure used in the nuclear energy 
field in the production of pure materials for fuel ele-
ments, and in reprocessing spent fuel for the remaining 
fission products from the uranium and plutonium. 

Two-phase solution equilibria and calculation methods. 
Extraction reagents and extraction reagent-solvent 
systems. Multistage extraction. Solvent-solvent 
extraction equipment. Coupled solvent extraction 
cycles. Dynamic modelling and simulation of counter-
current extraction. Applications in nuclear fuel 
reprocessing and purification of some metals, e.g. 
copper and uranium. 
100 h (1/4 exercises and computer calculations, 1/4 
laboratory experiments) 

P3.8. Work Science in Chemical Process Industry 

Goal: The nuclear chemical industry is especially hazardous 

because it deals with substances which are toxic, radio-
active and often flammable. The chemical engineer 
becomes acquainted with these serious risks in this 
course. 

Work medicine with chemical orientation. Biology. 
Physiology. General toxicology. Skin damage. Chemical 
factors and tumours. Exposure limits. Explosion 
risks. Handling of toxic and dangerous materials. Pol-
lution and environmental effects. Process design with 
regard to protection of workers, plant and environment. 
50 h (1/4 group work on a selected industrial problem, 
with written report and recommendations) 

P3.9. Chemical Reaction Engineering 

Goal: Advanced course based on U3.19, and deals with the dif-
ferent parts of a chemical engineering project, from the 
stage of planning and laboratory experiments, with 
evaluation of results to scaling up and optimization. 
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Short repetition of basic Chemical Reaction Engineering 
course (U3.19). Experiment planning. Scale-up (theory 
and limitations). Optimization (dynamic programming, 
economic and technical optimization of chemical 
reactions). 

50 h (1/4 exercises, 1/4 experiments) 

P3.10. Project Management 

Goalj Based on U3.20, and focuses on the practical problem of 

managing a specific project. 
Modern planning methods and tools (bar charts, PERT, 
CPM). Identification and allocation of resources. 
Organization, steering, reporting and control of activi-
ties and their results with regard to risks, time and 
costs. Organization of a quality assurance programme. 
100 h (1/4 exercises in interacting groups) 

P3.ll. Introduction to the Nuclear Fuel Cycle 

Goal: To acquaint the student with the production and proper-
ties of the basic materials needed by the nuclear 
industry, including isotope separation, reprocessing, 
and alternative fuel cycles. 

Uranium resources, mining and milling. Uranium enrich-
ment. Heavy water production and properties. Produc-
tion and properties of structural, control and moderat-
ing materials. Purity requirements. In-core reactor 
fuel management. Spent fuel storage. Reactor waste 
handling. Fuel reprocessing. Alternative fuel cycles. 
Survey of waste sources and handling. (To be followed 
by course: Radioactive Waste Management P3.12.) 
60 h (1/4 laboratory experiments, 1/4 exercises) 

Textbooks: M . Benedict, T. Pigford, H. Levi: Nuclear Chemical 
Engineering, 2nd Edn, McGraw-Hill, 1981. G. Choppin, 
J. Rydberg: Nuclear Chemistry, Theory and Applications, 
Pergamon, 1980. B.R.T. Frost: Nuclear Fuel Elements -
Design, Fabrication and Performance, Pergamon, 1982. 

P3.12. Radioactive Waste Management 

Goal: To provide information on handling low, medium and high 
level active waste produced in the nuclear fuel cycle, 
handling of spent reactor fuel, and on decontamination 
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processes, transport and final storage of different 
waste categories. 

Sources of radioactive waste, waste classification. 
Review of chemical properties of fission products, 
actinides and induced activities. Wastes from reactor 
operation; effluent control. Decontamination and water 
purification. Transport of radioactive materials. High 
level waste (HLW) from reprocessing; solidifica- tion. 
Mechanical volume reduction; reduction by burning low 
level waste. Fixation of low (LLW) and medium (MLW) 
level waste. Temporary storage of MLW, spent fuel and 
HLW. Heat generation from wastes. Disposal of radio-
active waste in geological formations. The London Con-
vention. Future disposal methods; space, sea-bed, 
etc. Nuclear waste management regulations and costs. 
Processes governing radionuclide migration in the 
ground; future risk estimates. Natural analogues. 
80 h (1/4 exercises) 

Textbooks.- G. Choppin, J . Rydberg.* Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. Scientific Basis for 
Nuclear Waste Management, Plenum, 1979 and later. 
Radioactive Waste Management (Proc. Conf. Seattle, 
1983), IAEA, Vienna, 1984. 

P3.13. Energy 

Goal: To provide an overview of present and possible future 
methods of generating energy, particularly electric 
power. 

Energy use in historical perspective. Current trends. 
Energy resources and reserves. Energy quality and end-
use efficiency. The role of electricity. Technical, 
economic and environmental aspects of fossil, nuclear, 
and solar energy sources. Energy and security. 
Production, rational utilization and conversion, regula-
tion conservation, environmental effects and social 
impact. Energy resources (fossil fuels, hydropower, 
nuclear power and other alternatives). Energy accumula-
tion and transmission. Comparison of energy systems, 
including economic and social aspects and environmental 
impact. 
50 h 

Textbooks: National literature on energy supply and demand, 

historical and future projections. Energy in Transition 
1985 - 2010: National Research Council, USA. 
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P3.14. Masters Project Work 

Goalj To give the student an opportunity to apply the 

engineering knowledge and skills acquired. 

Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if pos-
sible. It is recommended that this project be carried 
out in an industrial organization or research institute, 
with the participation and supervision of the uni-
versity. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum 

Total hours.- 1090 

P4. POSTGRADUATE PROGRAMME IN NUCLEAR ENGINEERING 

Goali This postgraduate programme is designed for a graduate 
in nuclear-oriented mechanical or electrical engineering 
(Programmes Ul and U2). The courses are aimed at 
enabling the graduate to qualify for activities requir-
ing high level nuclear engineering knowledge rather than 
additional knowledge in his original disciplines. Those 
who require both would follow postgraduate courses in 
nuclear-oriented mechanical or electrical engineering 
(Pi and P2). 

P4.1. Mathematical Methods and Numerical Solutions 

Goal.- To provide advanced knowledge of applied mathematics 
with special reference to applied mathematical 
statistics. 

Mathematical modelling of known systems; methods for 
theoretical investigation of systems not well known. 
Advanced course in numerical analysis with examples of 
mechanical, electrical and nuclear engineering problems. 
100 h (1/2 exercises) 

Textbooks.- G.E. Forsythe, M.A. Malcolm, C.B. Meier.- Computer 
Methods for Mathematical Computations, Prentice-Hall, 
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1977. G.D. Smith; Numerical Solution of Partial 
Differential Equations; Finite Difference Methods, 
Clarendon Press, Oxford, 1978. 

P4.2. Reactor Theory 

Goal; To broaden the student's knowledge of nuclear processes 
occurring in the reactor and in particular their 
influence on operating characteristics. 

Boltzmann equation for neutron transport; methods of 
solution. Integral form of the equation; its solution 
by Monte Carlo and first collision probability methods. 
Neutron thermalization. All calculations for hetero-
geneous core. Influence of temperature, heat transfer, 
fluid flow and other phenomena related to power on reac-
tivity. Change of neutron flux and energy distribution 
during the operation of the reactor. Change of nuclide 
content and distribution. Change in operational charac-
teristics. Spatial reactor kinetics. Important codes 
used for nuclear reactor analysis. 
100 h (1/3 laboratory experiments, 1/4 exercises) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 
Analysis, Wiley, 1976. A.D. Golanin: Teoriya 
Geterogennago Reactora, Atomizdat, Moscow. R. Caro: 
Fisica de Reactores Nucleares, JEN, Madrid. A . Ziegler; 
Lehrbuch der Reaktortechnik, Springer-Verlag, 1984. 
D . Smidt; Reaktortechnik, G. Braun, Karlsruhe, 1971. 

P4.3. Reactor Systems Engineering - Design Principles 

Goal: To introduce the student to the problem of nuclear 

reactor design and in particular of optimization prin-
ciples . 

Nuclear reactor core analysis. Reactor heat genera-
tion. Average and hot-channel temperature distribu-
tions. Forced convection - single-phase heat transfer. 
Boiling heat transfer. Thermal-hydraulic core analysis. 
Thermodynamic cycles applied to nuclear power plants. 
Optimization principles and criteria in reactor design. 
Fuel element design. Preliminary core design. Primary 
system design (pressurizer, steam generator, primary 
pumping). 
150 h (1/3 devoted to group design project practice) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 

Analysis, Part 4 , Wiley, 1976. A. Sesonske; Nuclear 
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Power Plant Design Analysis, US Atomic Energy Commission 
Rep. TID-26241, 1973. Techniques de l'Ingénieur.* Génie 
Nucléaire, Ed. I. Gueron, 1984. J . Weismann: Elements 
of Nuclear Reactor Design, Elsevier, 1977. 

P4.4. Nuclear Power Plant Safety and Reliability 

Goal.- To develop the concepts of risk, event trees, failure 
probability, and emergency procedures. 

Safety-related mathematics. Safety philosophy. Methods 
of evaluating safety and reliability, and mathematical 
methods of analysis. Methods related to very complex 
systems. Methods of improving safety and reliability. 
Testing of components and complex systems. Principles 
of operating power reactors in a safe and effective 
manner. Safety analysis report. Practical examples of 
solution. 

200 h (1/4 exercises) 

Textbooks; E.E. Lewis; Nuclear Power Reactor Safety, Wiley, 
1977. N . McCormick: Reliability and Risk Analysis -
Methods and Nuclear Power Application, Academic Press, 
1981. Safety Analysis Reports for a Nuclear Power 
Plant. Environmental Impact Statement for a Nuclear 
Power Plant. Techniques de l'Ingénieur; Génie 
Nucléaire, В 3800 et seq., 1978. D . Smidt; 
Reaktorsicherheits- technik, Sicherheitssysteme und 
Storfallanalyse für Leichtwasserreaktoren und Schnelle 
Briiter, Springer-Verlag, 1979. 

P4.5. Nuclear Fuel Management 

Goal; To acquaint the student with the in-pile part of the 

nuclear fuel cycle, as well as with the economic aspects 

of the fuel cycle as a whole. 

Change of nuclear composition of the reactor fuel with 
time. Replacement and repositioning of reactor fuel; 
optimization criteria. Economic aspects of the nuclear 
fuel throughout its cycle. Experimental methods for 
determination of burnup. Calculation techniques. 
100 h (1/4 exercises) 

Textbooks: H.W. Graves: Nuclear Fuel Management, Wiley, 1975. 
L'énergie nucléaire et son cycle du combustible, AEN, 
OCDE, 1982. 
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P4.6. Reactor Engineering Laboratory 

Goal: To enable the student to learn experimental techniques 

needed to put theoretical knowledge into practice. 

Laboratory experiments related to this course are shown 

in Section 6 of this Guidebook. 

120 h (laboratory experiments) 

Textbooks: A.E. Profio: Experimental Reactor Physics, Wiley, 
1976. D.D. Glower: Experimental Reactor Analysis and 
Radiation Measurements, McGraw-Hill, 1965. R.E. Uhrig: 
Random Noise Techniques in Nuclear Reactor Systems, 
Ronald Press, New York, 1970. 

P4.7. Reactor Dynamics and Control 

Goal: To bring the student's knowledge of these topics to a 
higher level. 

Spatial effect in reactor kinetics. Experimental deter-
mination of reactor kinetics parameters. Reactivity 
feedback and reactor dynamics. Control rods. Chemical 
poisoning. Reactor control systems for weak and strong 
negative feedbacks. Dynamics of nuclear power plants. 
Startup of nuclear power plants. Special considerations 
related to fast reactors. 
150 h (1/3 laboratory experiments) 

Textbooks: D.L. Hetrick: Dynamics of Nuclear Reactors, 

University of Chicago Press, 1971. M . Ash; Nuclear 
Reactor Kinetics, 2nd Edn, McGraw-Hill, 1979. 
W . Fratzscher, H. Felke: Einführung in die Kern-
energetik, VEB. D. Smidt; Reaktortechnik, G. Braun, 
Karlsruhe, 1971. D. Emmendorfer, K.-H. Hocker: Theorie 
der Kernreaktoren, Bibliographisches Institut Mannheim, 
B.I. wissenschaftsverlag, Wien/Zürich, 1982. 
A . Ziegler: Lehrbuch der Reaktortechnik, 
Springer-Verlag, 1984. 

P4.8. Radiological Safety 

Goal: To raise the level of the student's understanding of 

radiological safety and of practical ways and means for 
radiological protection. 

Biological effects of radiation; radiation dose calcula-

tion and techniques. Radiological protection methods 
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and measures. International and local regulations. 
Migration of radioactive materials through air, water 
and soil. Siting of nuclear installations, in parti-
cular of nuclear research reactors, nuclear power plants 
and nuclear fuel cycle plants. 

50 h (1/3 exercises and laboratory experiments) 

Textbooks.- H. Cemberr introduction to Health Physics, 

Pergamon, 1983. US Dept. of Health, Education and 
Welfare.- Radiological Health Handbook, US Government 
Printing Office. J. Shapiro.- Radiation Protection, 2nd 
Edn, Harvard Univ. Press, 1981. E . Schrufer.- Strahlung 
und Strahlungsmesstechnik in Kernkraftwerken, Elitera 
Verlag, 1974. 

P4.9. Nuclear Chemical and Metallurgical Engineering 

Goal: To acquaint the student with the out-of-pile nuclear 

fuel cycle and with chemical and metallurgical aspects 
of nuclear power. 

Nuclear fuel cycles, chemistry of uranium, plutonium, 
thorium, zirconium, fission products. Extraction and 
purification of uranium and thorium from their ores. 
Processing of irradiated nuclear fuel. Management of 
radioactive wastes. Isotope separation for heavy 
elements. Heavy-water production. Fuel element 
fabrication. Radiation damage in solids. 
100 h (1/3 exercises and laboratory experiments) 

Textbooks.- G. Friedlander, J.W. Kennedy, J.M. Miller.- Nuclear 
and Radiochemistry, Wiley-Interscience, 1981. 
G. Choppin, J. Rydberg: Nuclear Chemistry, Theory and 
Applications, Pergamon, 1980. M . Benedict, T. Pigford, 
H. Levi.- Nuclear Chemical Engineering, 2nd Edn, 
McGraw-Hill, 1981. 

P4.10. Radio- and Radiation Chemistry Principles 

Goal: To acquaint the student with radio- and radiation 
chemical problems related to nuclear reactors. 

Chemistry of radioactive materials; processing of 
irradiated nuclear fuel. Radiation chemistry processes 
related to reactor materials. Corrosion problems. 
Purification of fluids in the primary circuit. 
50 h (1/3 exercises and laboratory experiments) 

Textbooks: G. Friedlander, J.W. Kennedy, J.M. Miller; Nuclear 
and Radiochemistry, Wiley-Interscience, 1981. 

9 2 



G. Choppin, J. Rydberg: Nuclear Chemistry, Theory and 
Applications, Pergamon, 1980. 

P4.ll. Nuclear System Risk Assessment 

Goal; To acquaint the student with principles of reliability 
and risk analysis and to present the techniques for 
performing an assessment of the reliability, safety and 
risk associated with nuclear systems. 

Probability, Boolean algebra. Failure data collection 
and storage. Reliability of simple systems. 
Reliability and availability of reparable systems. 
Fault-tree analysis. Nuclear power risks. Risk-benefit 
assessment. Risk acceptance. Risk for various reactor 
types. Probabilistic analysis. 
100 h (1/3 exercises) 

Textbooks; N . McCormick; Reliability and Risk Analysis -
Methods and Nuclear Power Application, Academic Press, 
1981. E.E. Lewis: Nuclear Power Reactor Safety, Wiley, 
1977. N.C. Rasmussen, S. Levine, Eds; The Reactor 
Safety Study. An Assessment of Accident Risks in U.S. 
Commercial Nuclear Power Plants, USNRC, WASH-1400, NUREG 
75/014, 1975. A . Birkhoffer, Ed: Deutsche Risiko-
studie. Eine Untersuchung zu dem durch Storfalle in 
Kernkraftwerken verursachten Risiko, Verlag TÜV 
Rheinland, 1980. D. Smidt: Reaktorsicherheitstechnik, 
Sicherheitssysteme und Storfallanalyse für Leichtwasser-
reaktoren und Schnelle Brüter, Springer-Verlag, 1979. 
T.J. Thompson, J.G. Beckerley, Eds: The Technology of 
Nuclear Reactor Safety, MIT Press, 1973. Koslov, 
Uschakov: Handbuch für Berechnung der Zuverlassigkeit 
für Ingenieure. 

P4.12. Nuclear instrumentation 

Goal: To introduce the student to the advanced capabilities of 
large-scale integrated devices, particularly 
microprocessors and their interface families, with a 
view towards solving nuclear acquisition and 
computational problems. 

Radiation measurement and the use of microprocessors. 
Architecture and types of microprocessors. Construction 
of programmes. Computers and counters. Nuclear and time 
analysers. A/D conversion of reactor signals. 
50 h (1/3 laboratory experiments) 
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Textbooks.- R. Bishop.- Basic Microprocessors and the 6800, 
Hayden, 1979. G. Kaiser.' Reaktor-Instrumentierung, 
VDE-Verlag (also VDE Zentralseminar, Frankfurt, 
14-15 May 1981). 

P4.13. Radiation Shielding 

Goal.- To train the student to design biological shields for 
the various sources of radiation found in the nuclear 
industry and practice. 

Neutron and gamma ray sources in reactor systems, 
including intrinsic and other coolant activity. Gamma 
ray and neutron sources in other nuclear installations. 
Photon shielding - the point kernel method/ attenuation 
of photons/ buildup factors. Attenuation of neutrons/ 
removal cross-section. The Monte Carlo method/ the 
discrete method» the moment method. Heterogeneous 
shielding. 
50 h (1/3 laboratory experiments) 

Textbooks: H. Goldstein: Fundamental Aspects of Reactor 
Shielding, Addison-Wesley, 1959. E. Schrüfer; Strahlung 
und Strahlungsmesstechnik in Kernkraftwerken, Elitera 
Verlag, 1974. 

P4.14. Masters Project Work 

Goal: To give the student an opportunity to apply the 
engineering knowledge and skills acquired. 

Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if 
possible. It is recommended that this project be 
carried out in an industrial organization or research 
institute, with the participation and supervision of the 
university. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum 

Total hours: 1350 
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5. INTEGRATED UNDERGRADUATE (U) AND 
POSTGRADUATE (P) PROGRAMMES IN NUCLEAR ENGINEERING (U5, P5) 

AND RADIATION HEALTH PHYSICS (U6, P6) 

U5. UNDERGRADUATE PROGRAMME IN NUCLEAR ENGINEERING 

Goalt Nuclear engineering deals with the practical application 
of nuclear processes. In this curriculum emphasis is 
given to electrical power production from nuclear 
sources. Nuclear engineering is based upon the exten-
sive use of mathematics and physical principles. These 
principles are applied to radioactivity, nuclear inter-
actions and the interaction of radiation with materials. 
Further applications require the knowledge of energy 
removal and conversion, materials science, instrumenta-
tion and control and chemistry. The nuclear engineering 
undergraduate programme should enable a graduate to 
pursue higher education or to perform tasks and func-
tions for a nuclear power programme that require 
primarily nuclear-related qualifications, both in design 
and construction and in the operation of a nuclear power 
plant. 

Nuclear engineering education is intended to provide.* 

- necessary background knowledge in mathematics, physics 
and chemistry 

- knowledge of nuclear materials and technology 
- knowledge of thermodynamics, heat transfer and fluid 

flow with particular reference to nuclear power plants 
- background information on electrical engineering, 

electronics and instrumentation 
- knowledge of applied nuclear physics, nuclear reactor 

theory and plant dynamics, radioactivity and radiation 
interactions, radiological protection 

- knowledge of nuclear power plant design 
- knowledge of nuclear safety and reliability 
- knowledge of nuclear fuel cycle 
- capacity to apply knowledge to practical work. 
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U5.1. Mathematics 

Goals To provide the student with sufficient mathematical 
skills to analyse engineering phenomena through 
differential equations and probability. 

Series, limits. Derivatives, integrals. Ordinary and 
partial differential equations. Vector analysis. 
Introduction to tensor analysis. Matrix algebra. Func-
tional analysis. Special functions. Functions of a 
complex variable. Mathematical statistics. Probability 
theory. Numerical methods. Computer programming. 
Basic education is followed by special lectures in 
applied mathematics. 
600 h (1/3 practical exercises) 

U5.2. Physics 

Goal: To provide the student with knowledge of the basic prin-

ciples of physics including atomic and nuclear physics. 

Mechanics. Heat. Optics. Electricity and magnetism. 
Acoustics. Introduction to modern physics and wave 
mechanics. Atomic physics. Nuclear physics. Experi-
ments in physics, methods and interpretation of results. 
500 h (1/3 laboratory experiments) 

U5.3. Chemistry 

Goal: To provide the student with knowledge of the basic 

chemical principles of elements, analytical procedures 
and techniques of nuclear chemistry. Special reference 
should be made to nuclear materials, degradation of 
their properties via chemical influence and radiation 
and the problems of environmental protection. 

General chemistry. Inorganic chemistry. Physical 
chemistry. Analytical chemistry. Radiochemistry and 
radiation chemistry. Biochemistry. Chemical engineer-
ing. Environmental chemistry. 

200 h (1/3 laboratory experiments - standard chemistry 
laboratory plus equipment for radiochemistry and radia-
tion chemistry experiments) 

Textbook: G . Choppin, J . Rydberg: Nuclear Chemistry, Theory 

and Applications, Pergamon, 1980. 
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U5.4. Materials 

Goal: To establish an understanding of the structure of mate-
rials and the effects of the environment, including 
radiation, upon them. 

Solid state physicë. Description of crystal structure, 
lattice vibration, specific heat, model of free elec-
trons in metals, electrical conductivity, metals and 
alloys, dislocations, state diagrams, semiconductors -
electrical and optical characteristics, statistics of 
semiconductors, dielectrics, magnetic properties of 
solid state, magnetic phenomena, superconductivity. 
Physics of metals. Materials structure and behaviour 
(including radiation effects). Mechanical properties 
and thermodynamics of metals and alloys. Perturbation 
of metallic systems. Materials strength, creep, stress 
rupture, corrosion. Testing methods (destructive and 
non-destructive). Technology of metals, alloys and 
ceramics. Quality assurance, quality control. Theory 
of physical models of plastic deformations, conditions 
for the plastic deformation localization (application to 
metals and non-metals). Stress-strain analysis, 
deformation and creep. Dynamical behaviour of materials. 
200 h (1/3 laboratory experiments) 

Textbooks: T.J. Thompson, J.G. Beckerley: The Technology of 
Nuclear Reactor Safety, Vol. 2. Reactor Materials and 
Engineering, The MIT Press, 1973. 

Mechanical Drawing and Computer Graphics 

To acquaint the student with engineering drawing prac-
tices. 

Drawing standards. Materials specifications, fabrica-
tion instructions. Tolerances. Orthogonal and iso-
metric projections. 
50 h (1/2 exercises) 

Thermodynamics, Heat Transfer and Fluid Flow 

To provide the information to enable a student to 

understand heat transfer, heat engines and fluid flow. 

Engineering thermodynamics, thermodynamic concepts and 
definitions, first and second laws of thermodynamics, 
properties of pure substances, thermodynamic cycles, 
Carnot cycle, thermodynamics of irreversible processes, 

U5.5. 

Goal: 

U5.6. 

Goal : 
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principles and formalism of thermodynamics of near-
equilibrium states, phenomenological equations for ir-
reversible processes. Heat and mass transfer, fluid 
dynamics, heat generation and removal (single-phase as 
well as two-phase flow), thermal hydraulics. Fluid 
mechanics in nuclear reactors. Thermal measurements and 
their relation to the thermal fields in nuclear reac-
tors. Channel and subchannel analysis, boiling and 
two-phase flow. 

300 h (1/4 laboratory experiments - standard heat 
laboratory and 1/4 exercises) 

Textbooks! A.E. Bergles, J.E. Collier, J.M. Delhaye, 
G.F. Hewitt, F. Mayinger: Two-Phase Flow and Heat Trans-
fer in the Power and Process Industries, Hemisphere 
Publishing Corp., New York/London, 1981. M.M. El-Wakil, 
Nuclear Heat Transport, American Nuclear Society, 1978. 

U5.7. Electrical Engineering 

Goal: To acquaint the student with electrotechnical problems 
which will or might be encountered by an electrical 
engineer, especially a nuclear-oriented electrical 
engineer. 

Electrostatics, stationary electrical flow describing 
magnetostatics, movement of charged particles in 
electromagnetic fields, laws of electromagnetic induc-
tion and properties of electrical and magnetic fields in 
matter. Basics of electrical machines, circuits and 
their components, i.e. resistors, capacitors, recti-
fiers, switches, amplifiers (solid state). Digital and 
analog measuring methods. Methods of measurement of 
electrical circuits and systems parameters. Principles 
of measurement in electronics. Characteristics of 
dipoles and quadrupoles, properties and parameters of 
amplifiers, feedback, non-linear and logical circuits, 
digital and analog methods; noise in systems. Theory 
and techniques of devices used in electrical measure-
ment. Electrical circuits and components. 
100 h (1/2 laboratory experiments) 

U5.8. Instrumentation and Control Engineering 

Goal: To increase the knowledge of the theory of measurement 
and of electronics with special reference to data 
handling. 
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Methods of dealing with signals in continuous and 
digital form. Theory of signals, theory of linear 
circuits. Sensors, signal conditioners, data processors 
and displays. Regulation stability, hunting, dead zones 
and control. Applications of pneumatic, hydraulic, 
mechanical and electrical instrumentation in control 
engineering. 
200 h (1/3 laboratory experiments) 

U5.9. Applied Nuclear Physics 

Goal.- To acquaint the student with nuclear particles, forces 
and reactions including fission and fusion and with 
basic nuclear techniques and methods. 

Properties of atoms and their nuclei. Natural and arti-
ficially induced radioactivity. Nuclear radiation and 
its interaction with materials. Nuclear reactions with 
special regard to neutron-induced reactions. Nuclear 
models. Properties of nuclear fission and their rela-
tion to the feasibility of nuclear power and its prob-
lems. Thermonuclear reactions and the possibility of 
getting energy from nuclear fusion. Introduction to the 
detection of particles and to radiation dosimetry. 
200 h (1/3 laboratory experiments) 

Textbooks: G.G. Eichholz, J.W. Poston; Principles of Nuclear 
Radiation Detection, Ann Arbor Science, Ann Arbor, 
Mich., 1979. W.M. Stacy: Fusion and Technology, Wiley, 
1984. V.E. Levin; Yadernaya fizika i yadernye reaktory, 
Atomizdat, Moscow, 1979. G. Knoll: Radiation Detection 
and Measurement, Wiley-lnterscience, 1982. H.A. Enge; 
Introduction to Nuclear Physics, Addison-Wesley, 1966. 

U5.10. Nuclear Reactor Theory 

Goal: To provide the student with knowledge of the elementary 
concepts and relationships necessary to understand 
nuclear reactor core design from a nucleonic view point. 

Introduction to fission reactor physics covering 
neutron-induced reactions, nuclear fission, slowing 
down, thermalization, and diffusion of neutrons. 
Reactor types. Control rod, poisons, depletion pheno-
mena. Nuclear reactor kinetics. Multigroup formalism. 
Current methods for predicting neutron behaviour in 
complex geometrical and material configurations. 
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Boltzmann equation and methods of solution. Advanced 
models of nuclear reactors. 
400 h (1/4 laboratory experiments, 1/4 exercises) 

Textbooks: J.R. Lamarsh: Introduction to Nuclear Reactor 
Theory, Addison-Wesley, 1966. P.F. Zweifel: Reactor 
Physics, McGraw-Hill, 1973. H. S . Isbin: Introductory 
Nuclear Reactor Theory, Reinhold, New York, 1963. 

A . Ziegler: Lehrbuch der Reaktortechnik, Springer-
Verlag, 1984. D . Smidt: Reaktortechnik, G . Braun, 
Karlsruhe, 1971. D . Emmendorfer, K.-H. Hocker: Theorie 
der Kernreaktoren; Bibliographisches Institut Mannheim, 

B.I. Wissenschaftsverlag, Wien/Zürich, 1982. 

U5.ll. Nuclear Reactor and Plant Dynamics 

Goal: To provide an understanding of and capabilities for the 
analysis of time-dependent reactor and plant charac-
teristics. 

Formulation of nuclear plant dynamics and methods of 
analysis and control. Theoretical and experimental 
methods for establishing dynamic characteristics and 
control of reactor transients. Space-time formalism and 
numerical methods of analysis. Reactor instrumentation 
(in and out of core). Reactor control in normal and 
off-normal conditions. Characteristics of measuring 
devices and actuators. 

200 h (1/4 laboratory experiments, 1/4 exercises) 

Textbooks: M.S. Ash: Nuclear Reactor Kinetics, 2nd Edn, 
McGraw-Hill, 1979. M . Growstell, G.R. Keepin.- Physics 
of Nuclear Kinetics, Addison-Wesley, 1965. B.S. Dhillon: 
Reliability Engineering in Systems Design and Operation, 
Van Nostrand, 1983. M . L . Shooman: Probabilistic Reli-
ability: An Engineering Approach, McGraw-Hill, 1968. 
A.R. Foster, R.L. Wright: Basic Nuclear Engineering, 4th 
Edn, Allyn, 1983. A . Ziegler: Lehrbuch der Reaktor-
technik, Springer-Verlag, 1984. D . Smidt: Reaktor-
technik, G . Braun, Karlsruhe, 1971. D . Emmendorfer, 
K.-H. Hocker: Theorie der Kernreaktoren, Bibliographi-
sches Institut Mannheim, B.I. Wissenschaftsverlag, 
Wien/Zürich, 1982. G . Kaiser: Reaktor-Instrumentierung, 
VDE-Verlag (also VDE Zentralseminar, Frankfurt, 14-15 
May 1981). M . A . Schultz: Reactor Instrumentation and 
Control, McGraw-Hill, 1955. 
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U5.12. Nuclear Power Plant Engineering Design 

Goal} To acquaint the student with the engineering problems 

related to a nuclear power plant. 

Thermodynamic cycles and their use in nuclear power sta-
tions. Dynamics of nuclear power plant. Construction 
of power plant components, their geometry, properties, 
technology, diagnostics and service. Steam production 
and engineering. Reactor systems and their components. 
Neutron moderators, coolants, construction materials for 
core components and neutron absorbing materials and 
their properties. Pressure vessels role, materials, 
influence of radiation, diagnostics during operation, 
testing reactor pressure vessel. Heat generations 
source distribution and dynamics. Heat transfer. Heat 
removals One- and two-phase cooling. Boiling crisis. 
Stationary core cooling. Description of non-stationary 
phenomena. Types of nuclear reactors. Classification 
of nuclear reactors. Representative power reactors, 
their construction and properties; comparison. 
80 h (1/3 exercises) 

Textbooks: A.R. Foster, R.L. Wright: Basic Nuclear 
Engineering, 4th Edn, Allyn, 1983. A . Sesonske: Nuclear 
Power Plant Design Analysis, U.S. Atomic Energy Commis-
sion Report TID-26241, 1973. J.G. Wills: Nuclear Power 
Plant Technology, Wiley, 1967. J . Weismann: Elements of 
Nuclear Reactor Design, Elsevier, 1977. Techniques de 
l'Ingénieur: Génie Nucléaire, Ed. J . Guéron, 1984. 

U5.13. Nuclear Power Plant Safety and Reliability 

Goal: To develop the concepts of risk, event trees, failure 

probability, and emergency procedures. 

Safety-related mathematics. Safety philosophy. Methods 
of evaluating safety and reliability, and mathematical 
methods of analysis. Methods related to very complex 
systems. Methods of improving safety and reliability. 
Testing of components and complex systems. Principles 
of operating power reactors in a safe and effective 
manner. Safety analysis report. Practical examples of 
solution. 

200 h (1/4 exercises) 

Textbooks: E.E. Lewis: Nuclear Power Reactor Safety, Wiley, 
1977. N . McCormick: Reliability and Risk Analysis -
Methods and Nuclear Power Applications, Academic Press, 
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1981. Safety Analysis Reports for a Nuclear Power 
Plant. Environmental Impact Statement for a Nuclear 
Power Plant. D . Smidt: Reaktorsicherheitstechnik; 
Sicherheitssysteme und Storfallanalyse für Leichtwasser-
reaktoren und Schnelle Brüter, Springer-Verlag, 1979. 
Koslov, Uschakov: Handbuch für Berechnung der Zuverlas-
sigkeit für Ingenieure. A . Birkhoffer, Ed.: Deutsche 
Risikostudie. Eine Untersuchung zu dem durch Storfalle 
in Kernkraftwerken verursachten Risiko, Verlag TÜV 
Rheinland, 1980. 

U5.14. Radiological Protection and Environmental Effects 

Goal; To understand radiation effects on biological systems, 
radiation doses and their measurements, shielding from 
radiation, and environmental protection problems related 
to nuclear power. 

Physical, chemical and biological effects of radiation. 
Radiation dose; dosimetry. Methods of dose calculation 
in living organisms, neutron dosimetry. Personal and 
integral dosimetry. Dosimetry in nuclear power plant 
operation. Dosimetry related to the environment. 
Shielding design and optimization. Experimental 
methods. Disturbance of the ecosystem by human activi-
ties. Ecological problems related to raw materials and 
energy exploitation. Environmental protection. Speci-
fic effects of nuclear power on the environment. 
80 h (1/4 exercises and laboratory experiments) 

Textbooks: J . Shapiro: Radiation Protection, 2nd Edn, Harvard 
Univ. Press, 1981. M . Eisenbud: Environmental Radio-
activity, 2nd Edn, Academic Press, 1973. K.Z. Morgan, 
J.E. Turner, Eds: Principles of Radiation Protection, 
Wiley, 1967. E. Schrüfer: Strahlung und Strahlungsmess-
technik in Kernkraftwerken, Elitera Verlag, 1974. 
P. Jockey: Radioprotection biologique. Techniques de 
l'Ingénieur В 3910, 1980. S. Glasstone, M . Sesonske; 
Nuclear Reactor Engineering, Van Nostrand, 1980. 
W.P. Price; Nuclear Radiation Protection, McGraw-Hill 
Book Co., 1964. 

U5.15. Experimental Reactor Physics 

Goal; To enable the student to measure the unique parameters 
of nuclear systems such as particle flux, radiation, 
criticality in static and dynamic states. 
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Importance of physical measurements on safety, reli-
ability and economy. Flux measurement: detectors, 
methods, evaluation. Measurement of subcritical 
systems. Measurement of power levels. Pulsed and 
dynamic methods. Noise experiments. Treatment of data 
measured and their evaluation. Statistical and syste-
matic errors (testing). Correlation of theoretical 
calculations and measured values. 
200 h (1/2 laboratory experiments) 

Textbooks: A.E. Profio: Experimental Reactor Physics, Wiley, 
1976. D.D. Glower: Experimental Reactor Analysis and 
Radiation Measurements, McGraw-Hill, 1965. 
F.A. Valente: A Manual of Experiments in Reactor 
Physics, Macmillan, 1963. 

U5.16. Nuclear Fuel Cycle and Management 

Goal: To develop an understanding of the isotopic inventory 

and costs associated with each step of the nuclear fuel 
cycle. 

Space-time history of nuclear fuel. Uranium resources. 
Enrichment. Fuel fabrication, control, transport, 
safety and physical protection. Burnup. Fuel storage, 
reprocessing and waste disposal. Physical and material 
constraints upon fuels and their effects on fuel manage-
ment policies. Qualitative description of current 
methods of fuel management and areas of future develop-
ment. Fuel recycling. 
200 h (1/3 exercises and laboratory experiments) 

Textbooks: H.W. Graves: Nuclear Fuel Management, Wiley, 1975. 
M . Benedict, T. Pigford, H. Levi: Nuclear Chemical 
Engineering, 2nd Edn, McGraw-Hill, 1981. 

U5.17. Energy 

Goal: To provide an overview of present and possible future 
methods of generating energy, particularly electric 
power. 

Energy use in historical perspective. Current trends. 
Energy resources and reserves. Energy quality and end-
use efficiency. The role of electricity. Technical, 
economic and environmental aspects of fossil, nuclear, 
and solar energy sources. Energy and security. Produc-
tion, rational utilization and conversion, regulation 
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conservation, environmental effects and social impact. 
Energy resources (fossil fuels, hydropower, nuclear 
power and other alternatives). Energy accumulation and 
transmission. Comparison of energy systems including 
economic and social aspects and environmental impact. 
Economic aspects. 
100 h 

Textbooks.- National literature on energy supply and demand, 

historical and future projections. Energy in Transition 
1985 - 2010.- National Research Council, USA. 

U5.18. Industrial and Project Management 

Goal: To acquaint the student with the concepts of technical 
and economic analysis to ensure high-quality management 
of nuclear power plants and also to introduce the 
subject of human resources management. 

Production planning, organization and supervision. 
Quality assurance. Mechanical systems reliability. 
Cost/benefit analysis. Economics. Human resources. 
Project planning and management. 
100 h (1/4 practical work in seminars) 

U5.19. Project Work 

Goal: Independent, practical application of engineering 
knowledge and skills. 

One project per student. 

150 h 

U5.20. Practical Work 

Goal.- To give the student the opportunity to apply knowledge 

and skills acquired in undergraduate education. 

Work-to be performed in laboratories, or in a nuclear 
power project on design, construction and operation. 
Summer employment at a nuclear facility (i.e. labora-
tory, engineering company, power plant) with a topical 
paper. Close university faculty co-operation is 
necessary. 

At least 3-5 weeks/year 
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U5.21. Technical Foreign Language 

Goal г To master a foreign language to the extent that tech-

nical information can be read and understood. 

One foreign language throughout the full education 
period. 
150 h 

Total hours.- 3910 

P5. POSTGRADUATE PROGRAMME IN NUCLEAR ENGINEERING 

Goal: This postgraduate programme is designed for a graduate 
in nuclear engineering (U5), and therefore the pre-
requisites are the knowledge and practical skills 
acquired in the undergraduate programme in nuclear 
engineering. The courses are aimed at increasing the 
level of knowledge of a graduate nuclear engineer so 
that he would be prepared for undertaking more complex 
tasks in nuclear engineering, including research and 
development. Extensive access to large digital 
computers, libraries and research facilities (reactor 
simulator, accelerator, instrumentation, laboratories) 
is highly recommended. 

P5.1. Mathematical Methods and Numerical Solutions 

Goal: To provide advanced knowledge of applied mathematics 
with special reference to applied mathematical 
statistics. 

Mathematical modelling of known systems; methods for 
theoretical investigation of systems not well known. 
Advanced course in numerical analysis with examples of 
mechanical and nuclear engineering problems. 
100 h (1/3 exercises) 

Textbooks: G.E. Forsythe, M.A. Malcolm, C.B. Meier.- Computer 
Methods for Mathematical Computations; Prentice-Hall, 
1977. G.D. Smith: Numerical Solution of Partial 
Differential Equations: Finite Difference Methods, 
Clarendon Press, Oxford, 1978. 
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Advanced Reactor Analysis and Design 

To raise the student's knowledge of reactor analysis and 
design to a higher level. 

Temporal characteristics of reactor systems, reactivity 
and feedback phenomena; multigroup diffusion theory 
applications to thermal group constants for design and 
operating conditions. Thermalization of neutrons. Cell 
calculations for heterogeneous cores, numerical analysis 
and design techniques (excess reactivity, shutdown reac-
tivity, control rod worth, temperature, neutron poison 
variations, flow and Doppler coefficients, neutron flux 
distributions in space and time), safety analysis. 
150 h (1/3 exercises and laboratory experiments) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 
Analysis, Wiley, 1976. A.D. Galanin: Teoriya 
Geterogennogo Reaktora, Atomizdat, Moscow. R . Caro: 
Fisica de Reactores Nucleares, JEN, Madrid. J.H. Thie; 
Power Reactor Noise, Am. Nucí. Soc., 1981. D . Smidt: 
Reaktortechnik, G . Braun, Karlsruhe, 1971. 
D . Emmendorfer, К.-H. нбскег: Theorie der Kernreaktoren, 
Bibliographisches Institut Mannheim, B.I. Wissenschafts-
verlag, Wien/Zïirich, 1982. A. Ziegler: Lehrbuch der 
Reaktortechnik, Springer-Verlag, 1984. J . Weismann: 
Elements of Nuclear Reactor Design, Elsevier, 1977. 
M . Clark, K.F. Hansen: Numerical Methods of Reactor 
Analysis, Academic Press, 1964. 

P5.3. Neutron Transport Theory 

Goal: To introduce the student to the more precise approach to 
the analysis of neutron transport phenomena. 

Derivation of the differential Boltzmann transport equa-
tion for neutron and radiation transport. One-velocity 
approximations. Methods for solving spectrum-generating 
cases. Integral transport equation; methods for its 
solution. Monte Carlo method. Application to various 
reactor analysis problems. 
100 h (1/3 exercises) 
Laboratory: refer to P5.4 

Textbooks: S. Glasstone: Nuclear Reactor Theory, Van Nostrand-
Reinhold, 1979. J . Bassac, P . Reuss: Traité de 
neutronique à l'usage des neutroniciens, 1981; Physique 
et calcul des réacteurs nucléaires, Collection Enseigne-
ment des Sciences, Hermann, Paris. G.I. Marchuk, 
V . I . Lebedev: Cislennye Metody v Teorii Perenosa 

P5.2. 

Goal: 
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Neitronov, Atomizdat, Moscow, 1971. J.J. Duderstadt, 
W.R. Martin.- Neutron Transport Theory, Wiley, 1979. 
B . Davison.- Neutron Transport Theory, Clarendon Press, 
Oxford, 1958. 

P5.4. Reactor Engineering Laboratory 

Goal; To enable the student to learn experimental techniques 
needed to put theoretical knowledge into practice. 

60 h (The experiments to be developed will depend on the 

research facilities available). 

Textbooks.- A.E. Profio; Experimental Reactor Physics, Wiley, 
1976. D.D. Glower; Experimental Reactor Analysis and 
Radiation Measurements, McGraw-Hill, 1965. R.E. Uhrig; 
Random Noise Techniques in Nuclear Reactor Systems, The 
Ronald Press, New York, 1970. 

P5.5. Reactor System Engineering - Design Principles 

Goal; To introduce the student to the problem of nuclear reac-
tor design and in particular to optimization principles. 

Nuclear reactor core analysis. Reactor heat genera-
tion. Average and hot-channel temperature distribu-
tions. Forced convection - single-phase heat transfer. 
Boiling heat transfer. Thermal-hydraulic core ana-
lysis. Thermodynamic cycles applied to nuclear power 
plants. Optimization principles and criteria in reactor 
design. Fuel element design. Preliminary core design. 
Primary system design (pressurizer, steam generator, 
primary pumping). 

150 h (1/3 devoted to group design project practice) 

Textbooks: J.J. Duderstadt, L.J. Hamilton: Nuclear Reactor 
Analysis, Wiley, 1976. A . Sesonske: Nuclear Power Plant 
Design Analysis, US Atomic Energy Commission, Rep. 
TID-26241, 1973. Techniques de l'Ingenieur; Génie 
Nucléaire, Ed. J . Gueron, 1984. J . Weismann.- Elements 
of Nuclear Reactor Design, Elsevier, 1977. 

P5.6. Reactor Dynamics and Control 

Goal: To bring the student's knowledge of these topics to a 
higher level. 

Spatial effect in reactor kinetics. Experimental deter-

mination of reactor kinetics parameters. Reactivity 
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feedback and reactor dynamics. Control rods. Burnable 
poisons. Liquid poisons. Reactor control systems for 
weak and strong negative feedbacks. Dynamics of nuclear 
power plants. Startup of nuclear power plants. Special 
considerations related to fast reactors. Practice on 
small simulators. 

150 h (1/3 laboratory experiments) 

Textbooks; D.L. Hetrick: Dynamics of Nuclear Reactors, 

University of Chicago Press, 1971. M.S. Ash; Nuclear 
Reactor Kinetics, 2nd Edn, McGraw-Hill, 1979. 
W . Fratzscher, H. Felke; Einführung in die Kern-
energetik, VEB. D. Smidt: Reaktortechnik, G . Braun, 
Karlsruhe, 1971. D. Emmendorfer, K.-H. Hocker: Theorie 
der Kernreaktoren, Bibliographisches Institut Mannheim, 
B.I. Wissenschaftsverlag, Wien/Zürich, 1982. 
A . Ziegler; Lehrbuch der Reaktortechnik, 
Springer-Verlag, 1984. 

P5.7. Radiological Safety 

Goal: To raise the level of the student's understanding of 

radiological safety and of practical ways and means for 
radiological protection. 

Biological effects of radiation/ radiation dose calcula-
tion and techniques. Radiological protection methods 
and measures. International and local regulations. 
Migration of radioactive materials through air, water 
and soil. Siting of nuclear installations, in parti-
cular of nuclear research reactors, nuclear power plants 
and nuclear fuel cycle plants. 

50 h (1/3 exercises and laboratory experiments) 

Textbooks: H. Cember: Introduction to Health physics, 

Pergamon, 1983. US Dept. of Health, Education and 
Welfare; Radiological Health Handbook, us Government 
Printing Office. J.Shapiro: Radiation Protection, 2nd 
Edn, Harvard Univ. Press, 1981. E. Schrüfer; Strahlung 
und Strahlungsmesstechnik in Kernkraftwerken, Elitera 
Verlag, 1974. 

Nuclear Chemical and Metallurgical Engineering 

To acquaint the student with the out-of-pile nuclear 
fuel cycle and with chemical and metallurgical aspects 
of nuclear power. 

Nuclear fuel cycles, chemistry of uranium, plutonium, 

thorium, zirconium, fission products. Extraction and 

P5.8. 

Goal: 
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purification of uranium and thorium from their ores. 
Processing of irradiated nuclear fuel. Management of 
radioactive wastes. Isotope separation for heavy ele-
ments. Heavy-water production. Fuel element fabrica-
tion. Radiation damage in solids. 
100 h (1/3 exercises and laboratory experiments) 

Textbooks: G. Friedlander, J.W. Kennedy, J.M. Miller: Nuclear 

and Radiochemistry, Wiley-Interscience, 1981. 

G. Choppin, J . Rydberg: Nuclear Chemistry, Theory and 
Applications, Pergamon, 1980. M . Benedict, T . Pigford, 
H. Levi: Nuclear Chemical Engineering, 2nd Edn, 
McGraw-Hill, 1981. 

P5.9. Radio- and Radiation Chemistry Principles 

Goal: To acquaint the student with radio- and radiation 

chemical problems related to nuclear reactors. 

Chemistry of radioactive materials; processing of 
irradiated nuclear fuel. Radiation chemistry processes 
related to reactor materials. Corrosion problems. 
Purification of fluids in the primary circuit. 
50 h (1/3 laboratory experiments) 

Textbooks: G . Friedlander, J.W. Kennedy, J.M. Miller: Nuclear 
and Radiochemistry, Wiley-Interscience, 1981. 
G . Choppin, J . Rydberg; Nuclear Chemistry, Theory and 
Applications, Pergamon, 1980. 

P5.10. Nuclear System Risk Assessment 

Goal; To acquaint the student with principles of reliability 
and risk analysis and to present the techniques for 
performing an assessment of the reliability, safety and 
risk associated with nuclear systems. 

Probability, Boolean algebra. Failure data collection 
and storage. Reliability of simple systems. 
Reliability and availability of reparable systems. 
Fault-tree analysis. Nuclear power risks. Risk-benefit 
assessment. Risk acceptance. Risk for various reactor 
types. Probabilistic analysis. 
100 h (1/3 exercises) 

Textbook?: N . Mccormick: Reliability and Risk Analysis -

Methods and Nuclear Power Application, Academic Press, 
1981. E.E. Lewis: Nuclear Power Reactor Safety, Wiley, 
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1977. N.С. Rasmussen, S. Levine, Eds.- The Reactor 
Safety Study. An Assessment of Accident Risks in U.S. 
Commercial Nuclear Power Plants, USNRC, WASH-1400, NUREG 
75/014, 1975. A. Birkhoffer, Ed.- Deutsche Risikostudie 
- Eine Untersuchung zu dem durch Storfalle in Kernkraft-
werken verursachten Risiko, Verlag TÜV Rheinland, 1980. 
D. Smidti Reaktorsicherheitstechnik, Sicherheitssysteme 
und Storfallanalyse für Leichtwasserreaktoren und 
Schnelle Brüter, Springer-Verlag, 1979. T.J. Thompson, 
J.G. Beckerley, Eds.- The Technology of Nuclear Reactor 
Safety, MIT Press, 1973. Koslov, Uschakov.- Handbuch für 
Berechnung der Zuverlassigkeit für Ingenieure. 

P5.ll. Nuclear Instrumentation 

Goal.- To introduce the student to the advanced capabilities of 
large-scale integrated devices, particularly micro-
processors and their interface families, with a view 
towards solving nuclear acquisition and computational 
problems. 

Radiation measurement and the use of microprocessors. 
Architecture and types of microprocessors. Construction 
of programmes. Computers and counters. Nuclear and time 
analysers. A/D conversion of reactor signals. 
50 h (1/3 laboratory experiments) 

Textbooks: R. Bishop: Basic Microprocessors and the 6800, 
Hayden, 1979. G . Kaiser.- Reaktor-Instrumentierung, 
VDE-Verlag (also VDE Zentralseminar, Frankfurt, 
14-15 May 1981). 

P5.12. Radiation Shielding 

Goal: To train the student to design biological shields for 
the various sources of radiation found in the nuclear 
industry and practice. 

Neutron and gamma ray sources in reactor systems, 
including intrinsic and other coolant activity. Gamma 
ray and neutron sources in other nuclear installations. 
Photon shielding - the point kernel method/ attenuation 
of photonst buildup factors. Attenuation of neutrons» 
removal cross-section. The Monte Carlo method/ the 
discrete method/ the moment method. Heterogeneous 
shielding. 
50 h (1/3 laboratory experiments) 
Laboratory: refer to P5.4 
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Textbooks: H. Goldstein; Fundamental Aspects of Reactor 

Shielding, Addison-Wesley, 1959. E. Schrüfer: Strahlung 
und Strahlungsmesstechnik in Kernkraftwerken, Elitera 
Verlag, 1974. 

P5.13. Masters Project Work 

Goal; To give the student an opportunity to apply the 
engineering knowledge and skills acquired. 

Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if 
possible. It is recommended that this project be 
carried out in an industrial organization or research 
institute, with the participation and supervision of the 
university. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum 

Total hours: 1550 

U6. UNDERGRADUATE PROGRAMME IN RADIATION HEALTH PHYSICS 

Goal: To develop the student's knowledge: in basic sciences 

(mathematics, physics, chemistry and biology); on toxic 
substances and environmental hazards from non-nuclear 
industry (chemical, fossil fuel power, etc.); on radia-
tion sources, types of radiation, radiation absorption, 
dose calculations, and shielding design; on human physi-
ology, radiation effects on living matter, radiation 
treatment, and radiation regulation; on nuclear power 
industry, radioactive material, waste handling, deconta-
mination and nuclear ecology. 

The undergraduate radiation health physics programme is 
divided into two parts. The first part is two years in 
length with essentially the same basic courses as an 
engineering or a science student would take. The second 
part is 1-2 years in length and concentrates heavily 
upon health physics subjects. 
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U6.1. Mathematics 

Goal: To provide the student with sufficient mathematical 
skills to analyse engineering phenomena through dif-
ferential equations and probability. 

Series, limits. Derivatives, integrals. Ordinary and 
partial differential equations. Vector analysis. 
Introduction to tensor analysis. Matrix algebra. Func-
tional analysis. Special functions. Functions of a 
complex variable. Mathematical statistics. Probability 
theory. Numerical methods. Computer programming. 
Basic education is followed by special lectures in 
applied mathematics. 
600 h (1/3 practical exercises) 

U6.2. Physics 

Goal; To provide the student with knowledge of the basic prin-

ciples of physics including atomic and nuclear physics. 

Mechanics. Heat. Optics. Electricity and magnetism. 
Acoustics. Introduction to modern physics and wave 
mechanics. Atomic physics. Nuclear physics. Experi-
ments in physics, methods and interpretation of results. 
500 h (1/3 laboratory experiments) 

U6.3. Chemistry 

Goal; To provide the student with knowledge of the basic 

chemical principles of elements, analytical procedures 
and techniques of nuclear chemistry. Special reference 
should be made to nuclear materials, degradation of 
their properties via chemical influence and radiation 
and the problems of environmental protection. 

General chemistry. Inorganic chemistry. Physical 
chemistry. Analytical chemistry. Radiochemistry and 
radiation chemistry. Biochemistry. Chemical engineer-
ing. Environmental chemistry. 
200 h (1/3 laboratory experiments - standard chemistry 
laboratory plus equipment for radiochemistry and radia-
tion chemistry experiments) 

Textbook: G . Choppin, J. Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. 
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U6.4. Mechanical Drawing and Computer Graphics 

Goal: To acquaint the student with engineering drawing prac-
tices. 

Drawing standards. Materials specifications, fabrica-
tion instructions. Tolerances. Orthogonal and iso-
metric projections. 
50 h (1/2 exercises) 

U6.5. Engineering Design and Communication 

Goal: To provide skills for effective communication within the 
plant (workers, engineers, managers) and with the 
public, authorities, etc., using all modern information 
media, a requirement necessary considering the central 
and responsible role of a radiation health physicist. 

Engineering drawing standards. Projections. Materials 
specifications, fabrication instructions, tolerances. 
Communication levels and media. Report writing. Public 
information. Risk psychology. Communication psycho-
logy. Visual communication: prints, slides, video, 
computer graphics. 
60 h (1/2 exercises) 

U6.6. Applied Nuclear Physics 

Goal: To acquaint the student with nuclear particles, forces 
and reactions including fission and fusion and with 
basic nuclear techniques and methods. 

Properties of atoms and their nuclei. Natural and arti-
ficially induced radioactivity. Nuclear radiation and 
its interaction with materials. Nuclear reactions with 
special regard to neutron-induced reactions. Nuclear 
models. Properties of nuclear fission and their rela-
tion to the feasibility of nuclear power and its 
problems. Thermonuclear reactions and the possibility 
of getting energy from nuclear fusion. Introduction to 
the detection of particles and to radiation dosimetry. 
200 h (1/3 laboratory experiments) 

Textbooks: G.G. Eichholz, J.W. Poston: Principles of Nuclear 
Radiation Detection, Ann Arbor Science, Ann Arbor, 
Mich., 1979. W.M. Stacy: Fusion and Technology, Wiley, 
1984. V.E. Levin: Yadernaya fizika i yadernye reaktory, 
Atomizdat, Moscow, 1979. G. Knoll: Radiation Detection 
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and Measurement, Wiley-Interscience, 1982. H.A. Enge: 

Introduction to Nuclear Physics, Addison-Wesley, 1966. 

U6.7. Introduction to the Nuclear Fuel Cycle 

Goal: To acquaint the student with the production and proper-
ties of the basic materials needed by the nuclear 
industry, including isotope separation, reprocessing, 
and alternative fuel cycles. 

Uranium resources, mining and milling. Uranium enrich-
ment. Heavy water production and properties. Produc-
tion and properties of structural, control and moderat-
ing materials. Purity requirements. In-core reactor 
fuel management. Spent fuel storage. Reactor waste 
handling. Fuel reprocessing. Alternative fuel cycles. 
Survey of waste sources and handling. (To be followed 
by course: Radioactive Waste Management U6.21.) 
40 h (1/4 laboratory experiments, 1/4 exercises) 

Textbooks: M . Benedict, T . Pigford, H . Levi: Nuclear Chemical 
Engineering, McGraw-Hill, 1981. G . Choppin, J. Rydberg: 
Nuclear Chemistry, Theory and Applications, Pergamon, 
1980. B.R.T. Frost: Nuclear Fuel Elements - Design, 
Fabrication and Performance, Pergamon, 1982. 

U6.8. Radiation Sources and Applications of Ionizing Radiation 

Goal: To survey sources of high-energy radiation (photons and 
particles) and neutrons; use of the sources in industry 
and hospitals. 

Natural and artificially produced radionuclides. 
Accelerator-produced radiation; X-ray apparatus, linear 
accelerators, cyclotrons, betatrons, synchrotrons, etc. 
Neutron generators. Reactors as sources of neutrons and 
radionuclides. Application of radiation in science and 
in industry. Closed and open radioactive sources. 
Applications in radiology. Radionuclides and 
experimental devices in nuclear medicine. 
60 h (1/3 exercises) 

Textbooks: H.A. Enge: Introduction to Nuclear Physics, 
Addison-Wesley, 1966. D. Livingston, B. Blewett: 
Particle Accelerators, McGraw-Hill, 1962. H.E. Johns, 
V.A. Cunningham: The Physics of Radiology, Charles 
Thomas, 1983. 
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U6.9. Interaction of Radiation with Matter 

Goali то expand the student's understanding of physical prin-
ciples of nuclear radiation attenuation in matter. 

Modes of interaction.- ionization, excitation, elastic 
scattering, nuclear interaction. Specific ionization, 
stopping power, linear energy transfer. Interaction of 
alpha particles and electrons with matter; brems-
strahlung, Cerenkov radiation. Positron absorption; 
annihilation radiation. Bragg's law. Interaction of 
electromagnetic radiation; secondary radiation; spectral 
energy distribution. Interaction of neutrons.- scatter-
ing and absorption. induced radioactivity. 
160 h (1/3 laboratory experiments, 1/4 exercises) 

Textbooks.- R.D. Evans.- The Atomic Nucleus, McGraw-Hill, 1955; 

A. Foderaro: The Elements of Neutron Interaction Theory, 
MIT Press, 1971. H.A. Enge.- Introduction to Nuclear 
Physics, Addison-Wesley, 1966. Anderson.- Absorption of 
Ionizing Radiation, University Park Press, Baltimore, 
1983. 

U6.10. Radiation Detection and Measurement 

Goal.- A lecture/laboratory course providing theoretical and 

practical knowledge of the basic principles and charac-
teristics of detectors for nuclear radiation and the 
electronic systems associated with them. 

General principles. Detection by ionization. Detection 
by excitation. Neutron detection. Electronics for low 
current measurement, quenching circuits, pulse-counting 
circuits, discriminators. Amplifiers, scalers, rate 
meters, integrating circuits, pulse height analysers, 
coincidence and anticoincidence circuits. Contamination 
meters. Measurement of activity in air and liquids. 
Measurement techniques - collimation, shielding, second-
ary radiation, background radiation, geometry, counting 
techniques, statistics, combination of errors, pre-
cision. Maintenance, testing and calibration. Sources 
of errors. 

160 h (1/2 laboratory experiments) 

Textbooks: G.F. Knoll: Radiation Detection and Measurement, 
Wiley, 1982. N . Tsoulfanidis; Measurement and Detection 
of Radiation, McGraw-Hill, 1983. 
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U6.ll. Introduction to Electrical Engineering 

Goal: To acquaint the student with electrotechnical problems. 

Electrostatics, magnetostatics, movement of charged 
particles in electromagnetic and magnetic fields, 
electromagnetic induction properties of electrical and 
magnetic fields in matter. Basics of electrical 
machines, circuits and their components. Measurement of 
electrical parameters. Principles of electronics. 
Properties and parameters of amplifiers, feedback, 
non-linear and logical circuits, digital and analog 
methods, noise in systems. 
40 h (1/3 laboratory experiments) 

U6.12. Human Physiology and Metabolism 

Goal.- To acquaint the student with biological principles of 
interest for purposes of radiation protection. 

Principles of biology with special reference to mole-
cular mechanisms, structural organization of cells, 
physiological and morphological organization and 
evolution. Characteristics of the human body. Basic 
cytology. Basic haematology, thyroid function, bone 
physiology, respiratory system, digestive system, 
reproductive system. Theories of cancer induction» 
initiating and promoting events. Elementary genetics. 
80 h 

U6.13. Ecology 

Goal: To make the student aware of the broad long-term effects 
of industrial society on the environment and of the 
nuclear industry in this context. 

Ecosystems and their interactions, the nitrogen, carbon, 
oxygen and water cycles, time perspective on evolution 
and genetics. Man and environment: pollution and 
environmental destruction, emissions and imissions, 
legal aspects and authorities. Analytical methods for 
determination of pollution (instruments, methods of 
sampling, reliability). Effect of industry, means to 
reduce emissions. The S02~N0 X problem. Conse-
quences of radionuclides in the environment. Industrial 
hygiene. Field experiments. 
100 h 
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U6.14. Reactor Theory and Control 

Goal: To acquaint the student with nuclear reactor theory -

statics and dynamics. 

Properties of stable nuclei. Radioactivity, nuclear 
reactions. Transport of radiation through matter, 
sources and methods of detection of charged particles. 
Nuclear fission and fusion. Nuclear chain reactions. 
Neutron transport. Elementary diffusion equation. 
One-group reactor theory. Criticality. Slowing down of 
neutrons. Multigroup theory. Subcritical systems. 
Perturbation of the neutron flux distribution by 
absorbers. Delayed neutrons and photoneutrons. Time-
dependent equation for neutrons. Point kinetic equation 
with delayed neutrons. Spatial effects in nuclear 
reactor kinetics. Theory of control rods. Change of 
nuclide density during reactor operation. Fission 
product poisoning. Production of plutonium and other 
transuranium nuclides. Fuel conversion. Fuel 
recycling. Accident analysis. 

150 h (1/3 laboratory work at training reactor or small 
simulator, 1/4 exercises) 

Textbooks: V.E. Levin: Yadernaya fizika i yadernye reaktory, 
Atomizdat, Moscow, 1979. J.R. Lamarsh: Introduction to 
Nuclear Reactor Theory, Addison-Wesley, 1966. 
G.R. Keepin: Physics of Nuclear Kinetics, Addison-
Wesley, 1965. J . Lewins: Nuclear Reactor Kinetics and 
Control, Pergamon Press, 1978. M . A . Schultz: Control of 
Nuclear Reactor and Power Plants, McGraw-Hill, 1961. 
S. Glasstone, M.C. Edlund: The Elements of Nuclear 
Reactor Theory, Van Nostrand, 1952. H.S. Isbin: 
Introductory Nuclear Reactor Theory, Reinhold, New York, 
1963. D . Smidt: Reaktortechnik, G . Braun, Karlsruhe, 
1971. Techniques de l'Ingénieur: Génie Nucléaire, Ed. 
J . Guéron, 1984. 

U6.15. Dosimetry 

Goal: To provide the student with a thorough knowledge of the 
calculation of absorbed dose, its measurement and the 
associated uncertainties. 

Energy imparted, absorbed dose; kerma; exposure; dose 

equivalent and effective dose equivalent; ICRP weighting 

factors. Committed dose from intake of radionuclides. 

Dose commitment; collective dose. Mean absorbed dose in 

organs. Absorbed dose calculations and measurements: 
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external and internal irradiation. Metabolic behaviour, 
retention and elimination. Integrating personal dosi-
meters. Absorbed dose rate meters. Energy dependence. 
Calibration of dosimeters. 
60 h (1/2 laboratory experiments) 

Textbooks.* J.R. Greening; Fundamentals of Radiation Dosimetry, 
Hilger, 1981. A.E. Profio: Radiation Shielding and 
Dosimetry, Wiley, 1979. H. Cember: Introduction to 
Health Physics, Pergamon, 1983. K.R. Kase, W.R. Nelson: 
Concepts of Radiation Dosimetry, Adam Hilger, 1980. 
H.E. Johns, V.A. Cunningham: The Physics of Radiology, 
Charles Thomas, 1983. ICRP Report No. 33, Radiation 
Quantities and Units, 1980. 

U6.16. Radiological Protection and Environmental Effects 

Goal: To provide knowledge on radiological health philosophy, 
optimization of radiation shielding, radiological 
standards and rules. 

ICRP dose limits for stochastic and non-stochastic 
effects. Committed annual dose. Occupational dose 
limits. Secondary limits for external and internal 
exposures, the ALI and the dose equivalent index 
limits. Combined exposures. Derived limits, DAC. 
Authorized limits. Limits for members of the public, 
the critical group. Exposures from multiple sources. 
Control of future doses from continued practices; the 
truncated dose commitment. Authorized limits. 
Intervention levels for emergency situations. National 
regulations. Radiation health detriment. ALARA. 
Collective dose. Cost-benefit analysis. The regulatory 
body. Optimization of protection. Shielding calcula-
tions for gamma radiation, choice of material; buildup 
factors. Influence of source geometry: shielding for 
beta radiation, bremsstrahlung. Neutron shielding, 
scattering and absorption; activation of the shielding 
material. Monte Carlo and moments methods. Photon and 
neutron albedos. Heat effects. Optimization of shield-
ing: mechanical designs, measurements. 
150 h (1/3 laboratory experiments) 

Textbooks: A.E. Profio: Radiation Shielding and Dosimetry, 
Wiley, 1979. H. Cember.' Introduction to Health Physics, 
Pergamon, 1983. J. Shapiro: Radiation Protection, 2nd 
Edn, Harvard Univ. Press, 1981. K.Z. Morgan, 
J.E. Turner, Eds: Principles of Radiation Protection, 
Wiley, 1967. E.P. Blizard, L.S. Abbott; Reactor 
Handbook, Vol. Ill, Part B , Interscience, 1964. 
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U6.17. Radiation Biology 

Goal.- то provide knowledge of the biological effects of radia-

tion. 

Effects of ionizing radiation, ultraviolet radiation, 
and heat water on biological materials. Dose-response 
characteristics, acute effects (blood changes, etc.), 
delayed effects (cancer, leukaemia, hazard and toxicity, 
life-span reduction, etc.), genetic effects, dose 
dependence of radiation effects, partial-body and 
whole-body irradiation. Radiation effects by 
incorporated radionuclides, short-term and long-term 
incorporation. In vivo and in vitro mammalian systems 
examined in detail, and mathematical models for cell 
survival explored with particular emphasis on 
prediction. Microstructural damage to cell components 
such as membranes, organelles, enzymes, and DNA studied 
thoroughly. Radiation syndromes in man, mutagenesis, 
and carcinogenesis also investigated. Development 
effects on embryo and the foetus. Hormesis with 
radiation. 

100 h (1/3 exercises) 

Textbooks: E.P. Hall: Radiobiology for the Radiologists, 

Harper and Row, 1973. A.P. Casarett: Radiation Biology, 
Prentice-Hall, 1966. D.J. Pizzarello, R.L. Wilcofski.-
Medical Radiation Biology, 2nd Edn, Lee and Febiger, 
1982. H.E. Johns, V . A . Cunningham: The Physics of 
Radiobiology, Charles Thomas, 1974. 

U6.18. Toxicology 

Goal: To put radiation into the proper setting of health risks 
in the society, as well as to prepare the health radia-
tion physicist for health care/survey work outside the 
nuclear power field. 

Review of human physiology. Definition of toxic 
substances. Paths of inhalation and ingestion. Minimum 
lethal dose. Maximum permissible values. Physiological 
effects, symptons. Antidotes, counter-measures, treat-
ment. Toxic effects of radiation. Radiomimetic 
substances. Industrial hygiene. 
80 h (1/3 exercises) 

Textbooks: V . Volf: "Treatment of incorporated transuranium 
elements", in IAEA Technical Reports Series N o . 184, 
IAEA, Vienna, 1978. A . Catsch, A.E. Harmuth-Hoene; 
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"Pharmacology and therapeutic applications of agents 
used in heavy metal poisoning", Pharmaceutical Therapy 
A, 1976, pp. 1-118. J.M. Vaughan: The Effects of 
Irradiation on the Skeleton, Clarendon Press, Oxford, 
1973. V. Arena.- Ionising Radiation in Life, Kimpton, 
London, 1971. J.A. Timbrell.- Principles of Biochemical 
Toxicology. N.I. Sax, Ed..- Dangerous Properties of 
Industrial Materials, Van Nostrand-Reinhold, 1975. 

U6.19. Nuclear Power Plant Engineering 

Goal: To acquaint the student with the engineering problems 
related to a nuclear power plant. 

Reactor systems and their components. Nuclear fuel 
materials; change of properties during operation. 
Cladding materials, neutron moderators, coolants, 
construction materials for core components and neutron 
absorbing materials. Pressure vessel: role, materials, 
influence of radiation, diagnostics during operation, 
testing of properties, phenomena in reactor pressure 
vessel. Heat generation.- source distribution and 
dynamics. Heat transfer and removal. One-channel 
analysis. Temperature distribution in the reactor. Hot 
channel and hot spot in multichannel analysis. One- and 
two-phase cooling. Boiling crisis. Stationary core 
cooling. Non-stationary phenomena. Types and classifi-
cation of nuclear reactors. Components of a nuclear 
power plant. Primary circuit, instrumentation. Heat 
exchangers, pressurizers, secondary circuits, turbines 
and capacitors. Auxiliary components. Containment. 
Power reactor operation. Power and temperature coef-
ficients of reactivity. Limits and conditions for safe 
operation. Commissioning. Startup. 
200 h (1/2 exercises) 

Textbooks: R.L. Murray: Introduction to Nuclear Engineering, 
Prentice-Hall, 1961. A.R. Foster, R.L. Wright: Basic 
Nuclear Engineering, 4th Edn, Allyn, 1983. 
S. Glasstone, A . Sesonske; Nuclear Reactor Engineering, 
Van Nostrand, 1980. J . Weismann; Elements of Nuclear 
Reactor Design, Elsevier, 1977. Techniques de 
l'Ingénieur: Génie Nucléaire, Ed. J. Guéron, 1984. 
J.T.A. Roberts.- Structural Materials in Nuclear Power 
Technology, Plenum, 1981. J.G. Willis: Nuclear Power 
Plant Technology, Wiley, 1967. A.V. New, Jr.: A 
Guidebook to Nuclear Power, University of California, 
1979. A . Sesonske: Nuclear Power plant Design Analysis, 
U.S. Atomic Energy Commission Rep. TID-26241, 1973. 

1 2 0 



J.R. Lamarsh; Introduction to Nuclear Engineering, 
Addison-Wesley, 1983. Techniques de l'Ingénieur (1) В 
3016 et seq., 1980. M . Lott: Thermique des réacteurs 
nucléaires, Collection Génie Atomique, Paris, 1983. 
J . Bussac, P. Reuss.- Physique et calcul des réacteurs 
nucléaires, Collection Enseignement de Sciences, 
Hermann, Paris, 1978. 

U6.20. Applications of Ionizing Radiation 

Goal: To focus on industrial and hospital use of strong 
radiation sources. 

Applications of radiation in science and in industry. 
Closed and open radioactive sources. Applications in 
radiology - examples of applications will be selected 
from actual national cases. Radionuclides and 
experimental devices in nuclear medicine. 
100 h (1/2 exercises and laboratory experiments) 

Textbook.- industrial Applications of Radioisotopes and 

Radiation Technology (Proc. Conf. Grenoble, 28 Sep.-
2 Oct. 1981), IAEA, Vienna, 1982. 

U6.21. Radioactive Waste Management 

Goal.- To provide information on handling low, medium and high 
level active waste produced in the nuclear fuel cycle, 
handling of spent reactor fuel and decontamination pro-
cesses, transport and final storage of different waste 
categories. 

Sources of radioactive waste, waste classification. 
Review of chemical properties of fission products, 
actinides and induced activities. Wastes from reactor 
operation; effluent control. Decontamination and water 
purification. Transport of radioactive materials. High 
level waste (HLW) from reprocessing; solidification. 
Mechanical volume reduction; reduction by burning low 
level waste. Fixation of low-level waste (LLW) and 
medium level waste (MLW). Temporary storage of MLW, 
spent fuel and HLW. Heat generation from wastes. 
Disposal of radioactive waste in geological formations. 
The London Convention. Future disposal methods; space, 
sea-bed, etc. Nuclear waste management regulations and 
costs. Processes governing radionuclide migration in 
the ground; future risk estimates. Natural analogues. 
80 h (1/3 exercises) 
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Textbooks.- G. Choppin, J. Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. Scientific Basis for 
Nuclear Waste Management, Plenum, 1979 and later. 
Radioactive Waste Management (Proc. Conf. Seattle, 
1983), IAEA, Vienna, 1984. 

U6.22. Operational Radiation Protection 

Goals то describe the practical problems of organizing and 
maintaining radiation control. 

Authorities, regulations and responsibilities. Source 
control and inspection. Classification of work and 
working places. Controlled and supervised areas. 
Supervision. Records and reports. Methods of protec-
tion. Monitoring for external and internal exposure. 
Choice of instrumentation and methods. Whole-body 
counters. Equipment for analysis of excreta. Area 
monitoring for external exposure. Air monitoring. 
Surface monitoring. Choice of instruments. Radon 
monitoring in mines and buildings. Exposure of the 
public. Control of consumer products. Release limita-
tion.- definition of critical groups and critical 
pathways. Local, regional and global components of the 
collective dose commitment. Dispersion models via air. 
Hydrological models; dispersions in rivers and lakes and 
in the sea. Dose assessments: models for dose assess-
ment of individual and collective doses from radioactive 
contamination of the environment. Modes of exposure; 
immersion, inhalation, external exposure from deposits 
on the ground, ingestion with contaminated food. 
120 h (1/2 exercises and laboratory experiments) 

Textbook: E. Schriifer.- Strahlung und Strahlungsmesstechnik in 

Kernkraftwerken, Elitera Verlag, 1974. 

U6.23. Industrial Health Protection 

Goal: To provide a survey of the major physical and chemical 

hazards in the industrial environment emphasizing recog-
nition, monitoring technology, engineering control 
methodology, best practice, and current regulations. 

Work science. Mechanical risks in a factory. Safe 
transport. Light. Dust, fog, fumes, clean air. Tem-
perature. Leakages. Fire and explosions. Automatic 
production, robots. Electric hazards. Handling of sen-
sitive materials. 
40 h 
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U6.24. Energy 

Goal: To provide an overview of present and possible future 
methods of generating energy, particularly electric 
power. 

Energy use in historical perspective. Current trends. 
Energy resources and reserves. Energy quality and end-
use efficiency. The role of electricity. Technical, 
economic and environmental aspects of fossil, nuclear, 
and solar energy sources. Energy and security. Produc-
tion, rational utilization and conversion, regulation 
conservation, environmental effects and social impact. 
Energy resources (fossil fuels, hydropower, nuclear 
power and other alternatives). Energy accumulation and 
transmission. Comparison of energy systems including 
economic and social aspects and environmental impact. 
Economic aspects. 
100 h 

Textbooks: National literature on energy supply and demand, 
historical and future projections. Energy in Transition 
1985 - 2010,- National Research Council, USA. 

U6.25. Practical Work 

Goal: Training in presenting and evaluating radiation health 
physics problems and results. 

3-5 weeks/year 

U6.26. Project Work 

Goal: Independent, practical application of engineering 
knowledge and skills. 

One project per student. 
150 h 

U6.27. Technical Foreign Language 

Goal: To master a foreign language to the extent that 

technical information can be read and understood. 

One foreign language throughout the full education 

period. 
150 h 

Total hours: 3430 
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P6. POSTGRADUATE PROGRAMME IN RADIATION HEALTH PHYSICS 

Goal.- This programme has as a prerequisite the knowledge and 
practical skills acquired in the undergraduate programme 
in radiation health physics (U6). The postgraduate pro-
gramme broadens the knowledge of the student to provide 
the qualifications to cope with radiation protèction 
problems in nuclear power programme facilities, as well 
as in industrial and medical organizations utilizing 
nuclear radiation. It deepens the student's knowledge 
in important radiation protection areas, which also 
enables the student to understand and pursue scientific 
work in the radiation health physics field. This radia-
tion health physics programme has been designed to be 
applicable to a nuclear power programme. However, two 
courses, namely P6.6 and P6.7, are also included for 
completeness although they deal only with the applica-
tion of nuclear radiation. 

P6.1. Mathematical Methods and Numerical Solutions 

Goal; To provide advanced knowledge of applied mathematics 
with special reference to applied mathematical 
statistics. 

Mathematical modelling of known systems; methods for 
theoretical investigation of systems not well known. 
Advanced course in numerical analysis with examples of 
mechanical and nuclear engineering problems. 
100 h (1/3 exercises) 

Textbooks; G.E. Forsythe, M.A. Malcolm, C.B. Meier; Computer 
Methods for Mathematical Computations, Prentice-Hall, 
1977. G.D. Smith; Numerical Solution of Partial 
Differential Equations: Finite Difference Methods, 
Clarendon Press, Oxford, 1978. 

P6.2. Control Systems and Instrumentation 

Goal: To provide knowledge on control methods, systems and 
components. 

Mathematical models (differential equations for elements 
and combinations of elements, Laplace-transforms and 
transfer functions). Typical control circuits and their 
properties (control principles, remaining control devia-
tion). Stability (criteria, frequency diagrams). 
Requirements on control systems (requirements in the 
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time and frequency domains, connections between dif-
ferent requirements). Design of control systems (choice 
of controllers and their adjustment). Components of 
control systems (sensors, transducers, amplifiers, 
servomotors, controllers, P-, I- and D- functions). 
100 h (1/3 exercises) 

P6.3. Interaction of Radiation with Matter 

Goal; To introduce the student to the more fundamental theo-
retical aspects of the interaction of radiation with 
matter; to provide information on the macroscopic 
effects on matter such as metals and chemical compounds. 

Introduction to classical electrodynamics, quantum 
theory of radiation fields and time-dependent perturba-
tion theory. Emphasis on the development of transition 
probabilities and cross-sections describing interaction 
of various types of radiations with atomic systems. 
Applications include emission and absorption of light, 
theory of gas lasers, Rayleigh, Brillouin, and Raman 
scattering, X-ray diffraction, photoelectric effect, 
Compton scattering, pair production. Bremsstrahlung and 
interaction of intense light with plasma. The last part 
deals with the use of thermal neutron scattering as a 
tool in condensed matter research. Radiation effects on 
matter; metals, glasses, ceramics, organic compounds and 
aqueous solutions (radiation chemistry). Microscopic 
distribution of absorbed energy. 

150 h (1/2 exercises and laboratory experiments) 

Textbook: Roy, Reed: Interaction of Photons and Electrons with 

Metal. 

P6;4. Criticality Prevention 

Goal: Understanding the consequences of accidents, and the 

need for emergency planning for remedial action in case 
of an accident are mandatory safety aspects of a nuclear 
power plant and highly relevant to radiation protection. 

Criticality accidents prevention: 1. Parameters of 
critical systems. Criteria for the analysis of critical 
states. Initiation of a supercritical excursion. Con-
centration; dilution; addition of dispersion centres of 
moderation and of absorption. Level (degree) of modera-
tion. Interaction among stocks (piles). Isolation 
distance. Methods for the control of criticality. 
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Application of the standards. Design and layout of 
installations. Characteristics of a criticality excur-
sion. Associated risks of a criticality accident. 
40 h (1/3 exercises) 

Textbooks: D.C. Steward: Handling Radioactivity; A Practical 
Approach for Scientists and Engineers, Wiley-
Interscience, 1981. Criticality Control of Fissile 
Materials (Proc. Symp. Stockholm, 1965), IAEA, Vienna, 
1966. 

P6.5. Nuclear Power Plant Safety and Reliability 

Goal: To provide an understanding of how the risk and reli-
ability of complex engineering systems can be analysed 
with particular application to accidents in nuclear 
reactors. 

Consideration of risk/ principles of the methods of 
reliability analysis including fault trees, decision 
trees and reliability block diagrams. Statistical 
analysis of required experience data. Principles of 
operating nuclear reactor systems in a safe and effec-
tive manner. Accident analysis. Licensing and regula-
tion. 

40 h (1/3 exercises) 

Textbooks: N.J. McCormick: Reliability and Risk Analysis -

Methods and Nuclear Power Applications, Academic Press, 
1981. R.C. Schwing, W.A. Albers, Jr., Eds: Societal 
Risk Assessment, Plenum, 1980. T.J. Thompson, 
J.G. Beckerley, Eds: The Technology of Nuclear Reactor 
Safety, Vol. 1: Reactor Physics and Control, MIT press, 
1964. E.E. Lewis: Nuclear Power Reactor Safety, Wiley-
Interscience, 1977. D . Smidt: Reaktorsicherheits-
technik, Sicherheitssysteme und Storfallanalyse für 
Leichtwasserreaktoren und Schnelle Brüter, Springer-
Verlag, 1979. A . Alonso: Introducción a la Seguridad 
Nuclear, Vols I, II, III and IV, Instituto de Estudios 
Nucleares, Madrid. N.C. Rasmussen, S. Levine, Eds: The 
Reactor Safety Study. An Assessment of Accident Risks 
in U.S. Commercial Nuclear Power Plants, USNRC, 
WASH-1400, NUREG 75/014, 1975. A . Birkhoffer, Ed.: 
Deutsche Risikostudie. Eine Untersuchung zu dem durch 
Storfalle in Kernkraftwerken verursachten Risiko, Verlag 
TÜV Rheinland, 1980. 
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P 6 . 6 . Radioactive Tracer Methodology 

Goal: To teach the student the valuable tool of the radio-
active tracer technique including its extensive use. 

Introduction to radioactive tracer techniques for 
scientific and industrial applications in the biologi-
cal, physical, medical, and environmental sciences. 
60 h (1/2 laboratory experiments and exercises) 

Textbook: G. Choppin, J . Rydberg: Nuclear Chemistry, Theory 
and Applications, Pergamon, 1980. 

P6.7. Clinical Radiophysics 

Goal: To teach the student about equipment, daily work and 
responsibilities of a radiation health physicist in a 
hospital/clinic. 

X-ray equipment and spectra: radiation field in and 
outside body, attenuation of primary radiation and 
generation of secondary radiation. Detectors and their 
characteristics. Film sensitivity to X-rays and to 
light from amplifier screens, gamma values. Fluorescent 
detectors, amplifying screens and direct view screens. 
Picture amplifiers. Photofluorography. Contrast 
concept. Reduction of scattered radiation. Modulation 
transfer function and cause of information degradation. 
Picture processing. Tomography, absorbed dose to 
patients and personnel. Responsibilities of physicists/ 
technicians in an X-ray department. Radiation sources 
in radiotherapy.- Radiation fields. Absorbed dose 
distribution in homogeneous and inhomogeneous objects. 
Principles of internal and of external radiation treat-
ment. Dose planning. Absorbed dose measurements in 
patients. Protection of patient and personnel during 
radiation treatment. Investigation of organs and meta-
bolism by radionuclide tracers; Production of radio-
nuclides and radio-pharmaceuticals; control methods. 
Properties and functions of gamma camera, scintigraphs. 
Collimators. Evaluation of results. Picture pro-
cessing. Protection of patient and personnel during 
treatment with radionuclides. Emission tomography; NMR 
tomography. Whole-body measurements. Computer pro-
cessing of data. 

250 h (1/2 laboratory experiments and exercises) 

Textbooks: H.E. Johns, V.A. Cunningham; The Physics of 
Radiology, Charles Thomas, 1983. E.E. Christensen, 
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T.S. Curry, J.E. Dowdey, R.C. Murry; Christensen's 
Introduction to the Physics of Diagnostic Radiology, Lea 
and Febiger, 1984. 

P6.8. Remote Handling 

Goal: To teach the student the principles of handling highly 

radioactive materials. 

Remote handling - devices for remote handling: Master-
slaves. Shielding windows; periscopes, television, 
mirror systems. Special problems in hot cells; irradia-
tion facilities and containers for high-activity 
sources. Glove boxes. Ventilation. Safe storage: wet 
and dry, geometrical designs, poisoning, heat removal. 
Safe transport: basic design considerations; effects of 
density and thickness; specifications for transport 
packagings; IAEA regulations with reference to special 
fissionable material. 
40 h (1/2 exercises and laboratory experiments) 

Textbook: S. McLain, J.H. Martens: Reactor Handbook Vol. IV: 

Engineering, interscience, 1964. 

Methods of Experimental Research 

To acquire knowledge of important techniques for per-

forming, analysing and evaluating experimental research. 

Methods of dimensional and factorial analysis. Para-
metric statistical tests. Devices and technical means 
for the shaping and evaluation of output signals, 
application of nuclear measuring devices and instru-
ments. Theory of reliability (with application to 
reliability and safety of nuclear reactors and to work 
with radioactivity). Mathematical models and technical 
analysis. 

100 h (1/3 exercises) 

P6.10. Quality Assurance and Quality Control 

Goal: The nuclear industry puts more stringent requirements on 
equipment used than does any other industry. This 
course describes how these requirements can be met. 

Systems reliability, quality control and testing. 
40 h (1/3 exercises) 

P6. 9. 

Goal: 

DR 1(1 
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P6.ll. Engineering Mechanics 

Goal.- то provide the student with the necessary knowledge to 

review engineering calculations or estimates of tension, 

deformation and material strength of industrial 

equipment. 

Statics, dynamics, friction, motion of particles (vibra-
tion, rotation, diffusion, etc.), strength of materials, 
physical properties (strength, elasticity, etc.) of 
materials (metals, ceramics, organic polymers, etc.), 
surface physics. 
100 h (1/3 exercises) 

P6.12. Radionuclide Containment 

Goal.- To describe the containment of radioactive aerosols and 
gases. 

Chemical properties: fission products, actinides, 
induced activities. Aerosol properties and air purifi-
cation: Aerosols, medium aerodynamic diameter, deposi-
tion velocity, diffusion. Separation methods? 
mechanical and electrostatic filters. Ventilation. 
Special problems with radon. Optimization of ventila-
tion systems. Design of containment: Hot cells, glove 
boxes, containers. Chemistry and physics of core 
meltdown. Methods of reactor containment. Decontamina-
tion of material and equipment: methods; decontamination 
factors. Objectives of decontamination. 
80 h (1/2 exercises and laboratory experiments) 

Textbooks: J. Shapiro: Radiation Protection, 2nd Edn, Harvard 
University, 1981. A.E. Profio: Radiation Shielding and 
Dosimetry, Wiley, 1979. Engineering Compendium on 
Radiation Shielding, Springer-Verlag, 1975. 

P6.13. Masters Project Work 

Goal; To give the student an opportunity to apply the 
engineering knowledge and skills acquired. 

Under the supervision of a faculty advisor, an original 
piece of experimental research is performed or a unique 
concept is developed in a professional paper. The 
research should have interdisciplinary aspects if 
possible. It is recommended that this project be 
carried out in an industrial organization or research 
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institute, with the participation and supervision of the 
university. If nuclear facilities are available, the 
project work could be performed there. 
150 h minimum 

Total hours.- 1100 

I 
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6. BASIC NUCLEAR SCIENCE AND ENGINEERING LABORATORY 

6.1. List of Experiments 

Radiation Detection 

NL-1; Geiger-Miiller counter. Establishing the plateau,, effi-
ciency and dead time (NEq.-1,2,3)^. 

NL-2.» Proportional counters. Establishing the operational 

high voltage range of proportionality between particle 
energy and pulse height for alpha particles and neutrons 
for gas-filled and scintillation counters (NEq.-4,5,6,7). 

NL-3.* Ionization chambers. Measurement of the characteristics 
of an ionization chamber using alpha particles and of a 
differential chamber discriminating neutrons and gamma 
rays (NEq.-6,8,9). 

NL-4.- Solid state detectors. Determination of the 

characteristics of solid state detectors from alpha, 
beta and gamma rays (NEq.-2,5,8,11). 

NL-5J Absolute beta-counting using the beta-gamma coincidence 

method (NEq.-1,17,18,19). 

NL-6: Gamma-ray spectroscopy. Determination of energy and 
intensity of characteristic gamma lines from various 
radioactive sources (NEq.-8,17). 

Radioactivity 

NL-7; Statistical nature of radioactivity. Measurement of 
time gaps between successive radioactive processes 
(NEq.-2,1,26). 

NL-8; Artificial radioactivity. Buildup of radioactive nuclei 
in nuclear reactions induced by neutrons (NEq.-6,10,1). 

NL-9.- Radioactive decay. The follow-up of radioactivity of a 

mixture of radionuclides (NEq.-10,1,6). 

NL-10: Neutron detection through neutron-induced radio-
activity. Detection is performed by measuring the 
radioactivity of foils irradiated in the slow neutron 
flux leading to (n, gamma) reactions and in the fast 
neutron flux leading to (n,p) and (n, alpha) reactions 
(NEq.-1,6,10). 

5 NEq. = Nuclear Equipment as listed in Section 6.2. 
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Radiation Absorption 

NL-11; Transmission of beta rays through materials. Determina-

tion of the beta ray transparency as a function of the 

thickness of aluminium absorbers (NEq.-1,2,3,12,13). 

NL-12: Transmission of alpha rays and fission fragments through 
materials. Determination of the range of particles 
using nuclear photographic emulsions as detectors of 
nuclear particles, an alpha ray source, a source of 
fission fragments made of fissile material and of a 
neutron source, (NEq.-5,6,12,13). 

NL-13: Transmission of gamma rays through material. Determina-

tion of the attenuation factor for gamma rays in lead, 

iron and aluminium (NEq.-8,14,15). 

NL-14; Transmission of neutrons through materials. Determina-
tion of the attenuation factor and of the total cross-
section for thermal neutrons for uranium, nickel, etc. 
(NEq.-6,7,16). 

Neutron Physics 

NL-15: Neutron activation cross-section. Measurement of 

absolute beta activity of target material irradiated in 
a known neutron flux (NEq.-6,1,18,20). 

NL-16; Neutron resonance integral. Application of neutron 

detection foils with and without cadmium cover to obtain 
activation by resonance neutrons only (NEq.-l,6,20,21). 

NL-17; Fission cross-section using nuclear photographic 

emulsions for registering fissions induced in fissile 
material (NEq.-12,13,27). 

Reactor Physics 

NL-18: Thermal neutron diffusion length in moderator. Deter-
mination of the spatial distribution of thermal neutrons 
(NEq.-l,6,10,20). 

NL-19: The Fermi Age. Determination of the neutron thermaliza-

tion density spatial distribution using activation 

resonances (NEq.-6,10,20,21). 

NL-20: The thermal neutron diffusion coefficient determined by 
neutron waves (NEq.-11,20,22,23). 
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NL-21; Material buckling and critical size using a subcritical 

reactor. Determination of the thermal neutron spatial 

distribution inside the assembly (NEq.-l,6,24). 

NL-22: Thermal neutron utilization factor. Determination in a 

reactor cell of the spatial distribution of thermal and 

epithermal neutrons (NEq.-l,6,21,24). 

NL-23: Fast fission factor. Measurement of the fission product 
activities of uranium foils irradiated within a fuel 
element (NEq.-l,6,21,24). 

NL-24: Resonance escape probability. Measurement of the 

cadmium ratio for uranium-239 activity of uranium foils 
irradiated within a fuel element (NEq.-l,6,21,24). 

NL-25: Moderator nuclear parameters by pulsed neutron tech-
niques. Use of neutron pulses applied on moderator 
blocks of various sizes (NEq.-20,25,26). 

NL-26: Subcritical assembly nuclear parameters by pulsed 

neutron techniques. Use of neutron pulses applied on 
subcritical assemblies of various sizes 
(NEq.-7,24,25,26). 

NL-27: Approach to criticality of a nuclear reactor (NEq.-27). 

NL-28: Neutron flux mapping in a nuclear reactor. Establishing 
the spatial distribution of thermal, epithermal and fast 
neutrons in the reactor by neutron activation method 
(NEq.-27,10,1). 

NL— 29: Reactor power calibration. Using the beta-gamma 

coincidence method, establishing the absolute value of 
the activity of foils irradiated at the fuel elements 
(NEq.-27,10,1,14,18). 

Reactor Dynamics 

NL-30: Reactor response to reactivity changes. Establishing 

the time dependence of the neutron flux by changing the 
reactivity of the reactor or on a reactor simulator, 
without or with one or more feedback (NEq.-27,32). 

NL—31: Calibration of reactor control rods by asymptotic time 
constant (reactor period) and rod drop methods, using a 
reactor or simulator (NEq.-27,32). 

1 3 3 



NL-32: Void reactivity coefficient of a reactor. Measurement 
of the reactivity response to the introduction of voids 
in the reactor moderator (NEq.-27). 

NL-33: Xenon poisoning of a nuclear reactor. Using a reactor 
or a xenon poisoning simulator, establishing the 
influence of xenon-135 on reactor reactivity 
(NEq.-27,28). 

NL-34: Reactor frequency response. Measuring of the transfer 
function of a nuclear reactor using reactor oscillator 
(NEq.-27,29). 

NL-35: Reactor noise. Use of basic random-noise techniques for 
establishing autocorrelation and cross-correlation 
functions of the reactor (NEq.-27,30). 

Radiation Protection 

NL-36: Characteristics of radiation survey instruments 
(NEq.-34,35,36,37,2, 6, 8) . 

NL-37; Radiation fields around a gamma-ray emitter 
(NEq.-34,35,8,33). 

NL-38: Radiation fields around a neutron emitter (NEq.-36,6). 

NL-39: Detection of contaminating material (NEq.-34,35,2,5,8). 

NL-40г Buildup factor for gamma shields. By increasing the 

thickness of gamma shield, establishing the discrepancy 

from the exponential attenuation law (NEq.-8,14). 

NL-41: Streaming of gamma rays. Establishing the penetration 
of gamma rays through openings and gaps in the shield 
(NEq.-8,14). 

NL-42: Buildup factor for fast neutron shields. By increasing 
the thickness of the neutron shield, establishing the 
discrepancy from the exponential attenuation law 
(NEq.-6,14). 

NL-43: Streaming of fast neutrons. Establishing the penetra-

tion of neutrons through openings and gaps in the shield 

(NEq.-6,14). 
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Nuclear Chemistry and Metallurgy 

NL-44: Effect of radiation on chemical bonds and determination 

of dosage by irradiation of aqueous redox systems and 

organic substances (NEq.-8, chemical laboratory instru-

ments) . 

NL-45: Hot-cell work. Techniques for working with high 

activity gamma and alpha radiation sources 

(NEq.-39,31,5,8). 

NL-46; Radiation effects on solids detected by the change in 

electric properties (NEq.-27,38). 

6.2. List of Basic Nuclear Equipment 

NEq. -li End window Geiger-Müller counters with appropriate 
electronics and other equipment. 

NEq. - 2 ; Pure beta-emitters. 

NEq. -3: Beta-ray absorbers. 
NEq. -4: Gas flow proportional counter with appropriate elec-

tronics and other equipment. 

NEq. -5: Alpha-ray emitters. 
N E q . -6: Neutron source, bare or in moderator (water, paraffin, 

graphite ). 

NEq. -7; BF3 proportional counter with electronics and other 
equipment. 

N E q . -8; Gamma-ray sources. 
N E q . -9; Ionization chambers with appropriate electronics and 

other equipment. 

NEq. -10 i Neutron activation foils. 

N E q . -11: Solid-state detectors with appropriate electronics and 
other equipment. 

N E q . -12: Equipment for developing nuclear photographic 
emulsions. 

NEq. -13: Optical microscopes. 

N E q . -14; Scintillation counter with appropriate electronics and 
other equipment and phosphors. 

N E q . -15; Gamma-ray absorbers. 

NEq. -16; Neutron absorbers. 

NEq. -17: Gamma-ray multichannel analyser. 

NEq. -18: Beta-gamma coincidence apparatus. 
N E q . -19: Beta-gamma emitters. 
N E q . -20: Neutron moderator block. 
NEq. -21: Cadmium covers. 

NEq. -22; Oscillatory neutron source. 
NEq. -23: Oscilloscope with camera. 
N E q . -24: Subcritical assembly. 
NEq. -25; Pulsed neutron source. 

1 3 5 



NEq. -26: Time analyser. 
NEq. -27: Nuclear reactor with associated instrumentation. 

NEq. -28: Xenon poisoning simulator or reactor. 
NEq. -29: Reactor oscillator. 

NEq. -30: Reactor noise measuring equipment. 
NEq. -31: Glove box for alpha work. 

NEq. -32: Reactor dynamics simulator. 
NEq. -33: Thermal luminescence dosimeter. 

NEq. -34: Geiger-Müller survey instruments. 
NEq. -35: Ion chamber survey instruments. 

NEq. -36: Neutron detector survey instruments. 
NEq. -37: Scintillation detector survey instruments. 
NEq. -38: Electric conductivity meter. 
NEq. -39: Master-slave-type gamma facility. 

6.3. Assignment of Laboratory Experiments for Various Courses 
in the Specialization (S), Undergraduate (U) and 
Postgraduate (P) Programmes 

Suggested assignments of laboratory experiments for 
various courses in th S, U and P programmes are shown in 
Table II. 
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7. MEASURES FOR IMPLEMENTING AND IMPROVING ENGINEERING 
AND SCIENCE EDUCATION AND TRAINING CAPABILITIES 

FOR NUCLEAR POWER PERSONNEL 

7.1. The Role of Government. National Co-ordinating Mechanism 

There are certain activities of a nuclear power pro-
gramme for which full responsibility has to be borne by 
national organizations and which should be primarily executed 
by national manpower, whatever the contractual arrangements. 
These are considered "essential" activities for national parti-
cipation. Further, in those countries now introducing or in 
the process of implementing a nuclear power programme, the 
overall planning, co-ordination and control of the nuclear 
power programme and the national participation in this pro-
gramme, as well as of the overall manpower development 
programme, is fundamentally a governmental responsibility. The 
government may delegate to specific organizations under its 
control many of the tasks and functions involved, but will and 
must always retain the overall ultimate responsibility as well 
as the function of defining policies and strategies and of 
taking the final decisions. 

Governments, via the responsible governmental organiza-
tions, generally conclude bilateral and also multilateral 
agreements for nuclear co-operation and for nuclear supply and 
training. Bilateral agreements include scientific exchange 
arrangements between specified authorities which would aim at 
developing infrastructures including manpower development pro-
grammes and regulatory functions. Generally, national nuclear 
energy commissions or authorities, the nature of which depends 
on the national nuclear energy policy and programme, have 
constituted the basic governmental infrastructure and organiza-
tion for meeting the responsibilities and performing the func-
tions of governments regarding the planning and implementation 
of the nuclear power programme and the manpower development 
programme. These topics are discussed in more detail in the 
Guidebook on Manpower Development for Nuclear Power (pages 205, 
206, 210-213, 351). 

Measures which could be taken by governments for enhanc-
ing national engineering and science education capabilities for 
nuclear power include; 

- Establishing the necessary standards of accreditation 
for academic and non-academic programmes and faculty, 
and adequate levels of qualification and/or licensing 
for engineering and other professionals. 

- Improving, through the appropriate standards, support 
and incentives, the quality of courses, researchers and 
university faculty in the relevant engineering and 
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science programmes. This could be done through govern-
mental (and also industrial) support by providing 
fellowships, stipends, training facilities, research 
contracts, etc., and by appropriate funding of required 
improvements in curricula and laboratory/computer 
facilities and in R&D. Research and teaching staff may 
require improved conditions of employment (including 
higher salaries) to keep them from being drawn away into 
industry. 

- Improving, through appropriate examinations, qualifica-
tion requirements and incentives, the number and quality 
of students who choose to study and who complete 
nuclear-related science and engineering programmes at 
the undergraduate and graduate levels. 

- Reinforcing and utilizing increasingly the important 
role which industry does and should play in providing 
the necessary practical work and training component of 
education (as well as the needed experience) by inter 
alia providing legislation as well as financial 
incentives, contracts, etc., for industries to increase 
practical education, training and experience 
opportunities. 

- Investigating the possibilities for and advantages of 
providing and/or utilizing TCDC (Section 7.3). 

The advantages of a national co-ordinating mechanism 
(NCM) and focal point for human resources development for a 
nuclear power programme should be seriously considered. In 
co-operation with the organizations involved, this NCM would be 
responsible for assessing, co-ordinating and monitoring the 
national education and training capabilities, and proposing any 
necessary modifications and innovations (for example, in 
governmental organizations, laws and regulations) in order to 
provide qualified personnel for the nuclear power programme. 
Such an NCM would be responsible and serve as a focal point for 
the close co-ordination, co-operation and interaction on a 
regular basis among universities, industries, R&D institutions, 
nuclear training centres and government agencies, which is 
necessary in order to provide effective nuclear-related educa-
tion and training, and practical on-the-job training and 
experience. The Guidebook on Manpower Development for Nuclear 
Power discusses a national co-ordinating mechanism in more 
detail (pp. 347, 351). 
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7.2. The Role of Professional Engineering and Scientific 
Societies 

Professional engineering and scientific societies could 
contribute in a number of useful ways to the development of the 
national education and training infrastructure, in order to 
advance the development goals of a country. Since the intro-
duction of nuclear power can only be justified if it serves to 
further development, it is in this sense that professional 
societies in general and nuclear societies in particular should 
use their resources and activities to facilitate the education 
and training of engineers and scientists for nuclear power 
programmes. 

The role of professional engineering and scientific 
societies in engineering and science education could include 
providing advice and assistance on the ways and means to 
develop the national education infrastructure to provide the 
basic education/training and CEE required/ on possible regional 
centres and TCDC/ and on the accreditation of education 
curricula and programmes. Professional engineering and 
scientific societies could assist in establishing minimum 
standards for education and training programmes, including: 
curricula (level, quality, schedule)/ faculty (degrees, teach-
ing skills, professional registration, publications, industrial 
experience); and facilities (computers, library, academic 
environment). They could also provide advice on and assistance 
in the establishing and maintaining of qualification standards 
and licensing through examination (for engineers, health 
physicists and other technical professionals required for a 
nuclear power programme) to ensure that the necessary qualifi-
cations have been met before an individual practises his 
profession. 

Further possible roles and activities of engineering and 
scientific societies relevant to the development of an educa-
tion and training infrastructure for nuclear power could 
include: information collection and dissemination; publications 
(journals, etc.)/ meetings (seminars, symposia, conferences)/ 
and development of a network for exchanges and co-operation in 
education and training (among developing countries and between 
developed and developing countries). In addition, nuclear 
societies can play a useful role in sponsoring topical and 
general meetings, in education of the public in nuclear 
matters, and in recommending/producing nuclear standards to aid 
in the development of the nuclear industry. All of this would 
serve to create an environment which facilitates the successful 
implementation of both the nuclear power and manpower develop-
ment programmes. 

An important function of professional societies, and 
especially of a nuclear society, in a country having or 
planning a nuclear power programme would be supporting at the 
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high school level the introduction of a sufficient number of 
courses of the required standard in mathematics and science as 
well as on nuclear subjects, e.g. on the nature of radiation, 
on its beneficial uses as well as problems, and on the nature 
of risk (risk comparisons). Such courses are essential if high 
school graduates are to have the academic qualifications and 
interest for proceeding to a university-level programme in 
nuclear-related engineering and science. 

It is, therefore, recommended that professional socie-
ties have a role in the establishing and implementation of 
standards for both academic and non-academic education pro-
grammes, and that they upgrade, if necessary, the qualifica-
tions of certain members in order to have personnel competent 
to perform this function. 

7.3. Technical Co-operation between Developing 
Countries 

Unless a country has (or plans) a large nuclear power 
programme, it would generally not have the resources (or need) 
to provide locally all of the education and training needed to 
qualify professionals for performing tasks and functions in 
nuclear power programme/project activities. This limitation 
applies both to the education/training infrastructure and to 
the industrial infrastructure. Thus, the level and amount of 
education and training required as well as the time and 
economic restraints indicate that technical co-operation 
between developing countries (TCDC) could be a useful 
mechanism for providing some of the education and training for 
the nuclear power programme. 

Co-operation can best be realized between a developing 
country which has already assimilated nuclear technology and 
one or more developing countries which are considering, 
planning or in the process of implementing a nuclear power 
project. Possible areas for TCDC include university engineer-
ing and science programmes, nuclear specialization programmes, 
CEE and industrial programmes as well as co-operation in the 
establishment and/or utilization of nuclear training centres 
and nuclear research (reactor) centres. Effective TCDC should 
not only upgrade the receiving country's technical and scien-
tific education capabilities, but also those of the host 
country and in particular the host institution(s). 

While difficulties have been and will be encountered in 
TCDC, there are many potential advantages to such co-operative 
efforts, among which are; avoiding costly duplication of 
facilities; minimizing hard-currency outflow for training; 
improving the chances of manpower retention (decreasing brain 
drain to developed countries); and learning from the relevant 
experiences of developing countries which have recently dealt 
with and overcome problems in their nuclear power programmes. 
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7.4. Standards and Accreditation of Academic and Non-Academic 
programmes for Engineering and Science Education 

The main requirement for ensuring the necessary quality 
of education and training is to develop, maintain and implement 
sound criteria for an outside review, evaluation and accredita-
tion of university programmes leading to engineering and 
science degrees with a specialization in nuclear power and in 
related nuclear areas, in order to establish and maintain 
minimum standards of qualifications. A subsidiary but impor-
tant issue is the accreditation of non-degree nuclear speciali-
zation and other CEE programmes offered not only by universi-
ties but also by other institutions such as utilities, 
industries, national laboratories and nuclear training centres. 

National standards and accreditation should, therefore, 
be established and implemented for the academic and non-
academic education programmes (faculty, curricula, facilities) 
and for professionals (licensing of engineers, etc.). 
Standards will also be established by governmental bodies (e.g. 
nuclear regulatory authorities) for specific tasks and func-
tions such as licensing of reactor operators, nuclear safety 
personnel, etc. It is the responsibility of each country and 
its relevant organizations to establish and implement detailed 
standards of accreditation and qualification for its academic 
and non-academic programmes, as well as for professional 
licensing and for qualifications of certain personnel who are 
to work in the nuclear power programme. There should be uni-
formity in the quality of standards for academic and non-
academic (e.g. most CEE) programmes. 

A review of the quality of engineering education pro-
grammes is necessary to ensure that engineers can perform their 
tasks at the level of safety and reliability required for a 
nuclear power programme. Such reviews, or accreditation evalu-
ations, should be performed periodically, say every 5-8 years, 
with an emphasis on faculty, curricula and facilities. 

The accreditation function, which is also called 
"qualification" or "recognition", may be performed by accredi-
tation boards, education ministries, professional societies or 
other entities such as nuclear regulatory bodies. The 
examiners should be skilled personnel not associated with the 
programme being reviewed. In addition to the evaluation of 
entire academic programmes, consideration should be given to 
the concept of licensing engineers as professional engineers 
after candidates have taken certain specialized courses and 
passed licensing examinations. Such licensing is usually 
conducted by professional engineering societies or by an agency 
of the government. Accreditation criteria should be considered 
not as inflexible rules, but as useful guidelines for setting 
up engineering programmes which meet certain minimum levels of 
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quality for faculty, curricula and facilities, and for prepar-
ing programmes and curricula for evaluation. 

Accreditation criteria can be based on established and 
published national and international criteria and standards, 
for which academic programmes and curricula of universities and 
other organizations with well-established reputations in 
education/training in engineering and science for nuclear power 
can be useful. For academic accreditation, impartial examiners 
could be chosen from outside universities (e.g. heads of 
departments), while for professional licensing of engineers, 
examiners could be chosen from relevant professional engineer-
ing and scientific societies, industry, universities, govern-
ment agencies and national engineering academies. For the 
licensing of health physicists and other nuclear personnel, 
outside examiners would be selected from universities, regula-
tory bodies, industry and professional societies. 

To achieve and maintain adequate standards in nuclear-
related university engineering and science programmes implies 
that there must be a strong, dedicated faculty and adequate 
support for both instruction and research at universities, 
including laboratories, libraries, and computational facili-
ties. Beyond specific requirements, it is important that there 
be a long-term government commitment and public support of the 
nuclear power programme, as well as (and reflected in) a long-
term commitment by the university to nuclear-oriented engineer-
ing and science programmes. This will be essential for 
attracting students with high academic capabilities and for 
producing well-qualified graduates. The long-term supply of 
nuclear-trained personnel for the nuclear power programme 
requires strong (nuclear-oriented) engineering programmes in 
any country which intends to utilize nuclear power. 

This Guidebook presents curricula for undergraduate, 
graduate and nuclear specialization programmes which are recom-
mended as essential for nuclear-oriented engineering and 
science education. In this way this Guidebook aims to assist 
Member States, and in particular the developing countries, in 
defining, implementing, upgrading and evaluating accreditation 
standards for engineering and science education programmes for 
personnel who will be qualified to work in the nuclear power 
programme. 

While the rationale for accreditation and standards of 
academic curricula is well established in all countries, this 
is not generally the case for nuclear specialization programmes 
and CEE offered outside the university (non-academic pro-
grammes) . These tend to be much narrower in scope than 
academic programmes, and include not only practical-oriented 
education but also practical training, especially for the 
nuclear power programme activities. However, the need is the 
same; to ensure that the education (and training) programmes 
meet adequate standards of quality. Indeed, one might reason-
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ably argue that there is more at stake in building confidence 
that a nuclear power plant is run by a competent staff than in 
maintaining academic standards at a university; the conse-
quences of learning by one's mistakes in safety-related func-
tions at a nuclear plant may be extremely severe. For this 
reason, consideration should be given to setting up formal 
procedures for the systematic accreditation and evaluation of 
non-academic education and training programmes in nuclear 
specialization by a well-qualified and recognized body. 

7.5. Possible Ways and Means by which the IAEA could Assist 
its Member States in Developing Infrastructures for 
Engineering and Science Education for Nuclear Power 

The following assistance can be provided by the IAEA to 
Member States, upon request: 

- Additional information, on the basis of the recommended 
curricula, in connection with the establishment or 
upgrading of academic and non-academic engineering and 
science education programmes for nuclear power. 

- Through its technical co-operation and assistance 
programmes: expert assistance in setting up or upgrading 
laboratories and other teaching facilities/ qualified 
teachers for setting up and teaching nuclear-oriented 
engineering and science courses; expert missions to 
assess a country's needs in nuclear-oriented education 
and training; and student fellowships. Agency 
fellowships could also be used to train teachers. 
(Please see the Guidebook on Manpower Development for 
Nuclear Power, pages 376-378, for more information 
related to IAEA technical assistance activities.) 

An example of effective technical assistance in 
nuclear-oriented engineering education is the IAEA-UNDP 
project in Argentina's Centro Atomico Bariloche to 
develop postgraduate curricula and the associated 
laboratories and teaching facilities (see Appendix II). 
The IAEA is the technical co-ordinator of this project, 
which is financed by the UNDP. 

- Assessing the capabilities and interests of Member 
States and their institutions/organizations for TCDC in 
engineering and science education, as well the 
feasibility and usefulness of this. This would involve 
co-operation between the IAEA and the Member State in 
evaluating and, if needed, assisting selected 
institutions which have specific expertise in an 
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important area of nuclear-oriented engineering and 
science education. 

The Agency proposes to run a radiation protection course 
in various Member States. The proposed syllabus for 
this course is given in Appendix III. 



Appendix I 

N A T I O N A L E X P E R I E N C E S 

IN ENGINEERING A N D SCIENCE EDUCATION 

FOR N U C L E A R P O W E R 

A-I.1. Argentina 

A-I.2. Brazil 

A-I.3. Czechoslovakia 

A-I.4. France 

A-I.5. Germany, Federal Republic of 

A-I.6. India 

A-I.7. Korea, Republic of 

A-I.8. Spain 

A-I.9. Sweden 

A-I.10. United States of America 

A-I.11. Yugoslavia 



A - I . l . A R G E N T I N A 

NUCLEAR POWER PROGRAMME 

Argentina has two nuclear power plants in operation.-
Atucha I (CNA) since 1974, and Embalse (CNE) since 1983. 
A third one, Atucha II, is at present under construction. The 
authorities who are programming the new National Energy Plan 
have set the startup of commercial operation of Atucha II for 
1990, and are reconsidering the number of additional nuclear 
power plants to be installed within the next fifteen years. It 
is foreseen that the plan that was approved in 1979 will be 
reduced. That plan included the construction of four new power 
plants (a total of six) before the end of this century. Conse-
quently, the activities under way related to manpower training 
and development for nuclear power projects are largely suf-
ficient for the needs of the new plan. 

INFRASTRUCTURE FOR NUCLEAR EDUCATION IN ENGINEERING AND SCIENCE 

Owing to the above mentioned modifications in the 
nuclear power programme, there is a risk that manpower develop-
ment activities will be too great; however, from an analysis of 
their origin and evolution, it can be inferred that it would be 
possible to adjust them to the new circumstances. In this way 
a reduction of efficiency as well as an overproduction of 
trained personnel can be avoided. The first attempt to train 
the operating team for Atucha I in 1970 was made by hiring 
experienced staff from thermal power plants or industry. This 
method was not as successful as had been expected, and was not 
the one traditionally followed by the Comisión Nacional de 
Energía Atómica (CNEA), where, almost without exception, 
recently graduated personnel were recruited and trained. 
Therefore, since 1973 various steps have been taken, all of 
them based on CNEA's traditional methods and on the experience 
gained by the staff responsible for training specialists in the 
different nuclear fields. 

It cannot be said that the training and development of 
manpower for nuclear power projects in Argentina are the result 
of a unique plan conceived by the Nuclear Power Plants Depart-
ment to the exclusion of all the other CNEA sectors. On the 
contrary, they arose from the addition of new, specific activi-
ties to those already existing, which were restructured to meet 
the new needs, thus constituting a co-ordinated programme inti-
mately tied to the history of CNEA and to the experience of its 
personnel. 

The resulting set of activities can be considered as a 
"master plan" to ensure the availability of qualified manpower 
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to meet all the requirements of the different stages of a 
nuclear power project (as described in the Guidebook on Man-
power Development for Nuclear Power, IAEA, Vienna, 1980). 

This master plan includes activities in the following 

five main areas: 

- Postgraduate programme (M.S.) in nuclear engineering at 

the university 
- Specialization courses at the university 

- Training and updating at the nuclear power plants 
- Specialization courses at other CNEA divisions 
- Training abroad 

INSTITUTIONS AND METHODS INVOLVED IN THE EDUCATION AND TRAINING 

OF PERSONNEL FOR THE NUCLEAR POWER PROGRAMME 

(1) Postgraduate programme (M.S.) in nuclear engineering at 

the university. CNEA-UNC Balseiro Institute. 

Every year since 1981 between 8 and 15 nuclear engineers 
have received their degrees at the Balseiro Institute, 
and have been subsequently hired either by CNEA or by 
the nuclear industry. Since this programme is closely 
related to that for a Master of Science in physics of 
the same institute, the number of participants in either 
programme is modified according to actual needs. The 
faculty consists of CNEA specialists, nuclear power 
plant staff and foreign experts. 

(2) Specialization courses at the university: 

- Nuclear engineering (CNEA-UBA, School of Engineering) 

- Nuclear safety and radiological protection (IAEA, 
CNEA-UBA, School of Engineering, Public Health 
Secretariat) 

- Quality assurance (CNEA-UTN, Pacheco Branch). 

These are generally annual courses. Only the nuclear 
engineering course prepares specialists for specific 
work in the nuclear area (CNEA or industry). The 
nuclear safety and radiological protection course, on 
the other hand, is essential to provide the country with 
specially qualified professional staff in medicine, 
engineering, agronomy, veterinary medicine, etc., to 
ensure public protection and safety. This is absolutely 
necessary, independent of the importance of the 
country's nuclear power programme. The quality 
assurance course, although fundamental for professionals 
involved in the nuclear industry, is of the utmost 
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importance to improve the quality of industry in 
general, and it can be said that the nuclear power 
programme development in Argentina has greatly contri-
buted to this improvement. Although these courses are 
offered by the corresponding universities, a great 
number of CNEA specialists are members of the board of 
professors. CNEA also makes its facilities available 
for practical work. Thus, the universities have not 
been required to duplicate this equipment or manpower 
resources. 

(3) Training and updating at the nuclear power plants.-

Courses and on-the-job training on nuclear power plant 
operation, commissioning and maintenance, as well as on 
welding, materials, quality assurance, etc., are offered 
at the CNA and CNE. 

These courses are given.-

- for a routine recycling or updating of operations staff, 

both professionals and technicians, whenever necessary 
- for training and updating maintenance staff in scheduled 

overhauls, effective maintenance and in-service inspection 

- for instructing the staff before licensing 
- for training the staff who are promoted to new jobs, 

e.g. training of commissioning staff for a new nuclear 
power plant. 

The specialists in charge of these courses are not 
required to have special teaching abilities or pedagogic 
training, but they must have practical experience in the 
subjects to be taught in order to transfer such ex-
perience. The training departments or specially hired 
professors could, eventually, give complementary aid 
where the teaching abilities of the specialist are 
insufficient. In some cases these courses can be 
attended by professionals from industrial concerns 
working in the maintenance or construction of nuclear 
power plants. 

(4) Specialization courses at other CNEA divisions 

- Nuclear safety and radiological protection 
- Materials 
- Non-destructive testing 
- Others, on request. 

These courses, given to professionals and/or technicians 

in different sectors of CNEA even before the nuclear 
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power programme was started, are attended by personnel 
from CNEA and private industry. In some cases ad hoc 
courses can be organized at the request of nuclear power 
plants or industry. Additionally, courses are given for 
training the personnel of plants for heavy-water produc-
tion, fuel element fabrication and special alloys fabri-
cation. The faculty consists mainly of CNEA staff, 
together with foreign and domestic industry specialists. 

(5) Training abroad 

Training of nuclear power plant personnel is also 
carried out abroad in the installations of the supplier 
firms. Specialists are also trained through the exist-
ing agreements with different countries, mainly in the 
Federal Republic of Germany and in Canada. This has 
contributed to the development of the local capability 
for engineering design and of the nuclear and heavy 
components industry. 

From this brief description one can see that, although 
some activitiës are exclusively of interest to nuclear power 
plants, others offer training in related areas. If, however, 
the frequency, syllabus and number of participants of the 
courses varies, the training and qualification of specialists 
can be adapted to the requirements of a modified nuclear power 
plan without dismantling the activities of the master plan, 
which can be oriented to meet the needs of industry. 

Certain characteristics should be emphasized which made 
it possible to accomplish this programme; namely: that the 
master plan 

- has been encouraged and supported by the whole of CNEA 

- has used the experience and skills of each sector, 
incorporating the plans and not duplicating them in a 
new specific plan for nuclear power plants (this is the 
case with the courses on nuclear safety and radiological 
protection, materials, NDT, postgfâduate programme at 
Balseiro Institute, etc.) 

- has respected the principle determifting admission into 
CNEA since its inception: careful manpower selection on 
the basis of knowledge, capability, motivation and 
adaptability to working requirements at nuclear power 
plants 

- has been kept very flexible iñ order to respond to 
changes in the original schedule for the construction, 
commissioning and operation of the nuclear power plants 
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- has used this flexibility to develop, whenever neces-
sary, alternative jobs and a special esprit de corps of 
the staff, so as to minimize difficulties in periods 
when a qualified team was ready before the specific 
stage of the project for which they had been trained was 
reached. 

In conclusion, it can be said that the programme yielded 
the expected results, i.e. it has made available, in the 
required quantity and quality, the personnel necessary for the 
different activities of the nuclear power programme and has 
contributed to the development of a domestic nuclear industry. 

Duly adapted and updated in accordance with future 
energy plans, these education and training activities can 
continue to satisfy the corresponding requirements for quali-
fied manpower. 
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A - I . 2 . B R A Z I L 

INTRODUCTION 

The implementation of the Brazilian nuclear power 
programme did not require establishment of a specific infra-
structure for manpower development, owing to the various 
postgraduate (M.Sc.) programmes already available in. the dif-
ferent conventional engineering disciplines and in nuclear 
areas. The various universities and research centres involved 
proceeded to adapt curricula to meet the specific needs of the 
nuclear power programme. Significant financial resources were 
made available to support the institutions involved and for 
scholarships. 

ACTIVITIES 

In accordance with the priorities set forth, it was 
decided that the emphasis would be placed primarily on the 
education of graduate and postgraduate personnel rather than on 
technicians, because of the greater need for graduate, M.Sc. 
and Ph.D. engineers and scientists during the planning and 
project phases of the nuclear power programme. 

Consequently, specific curricula and thesis subjects 
were established under the supervision of CNEN and NUCLEBRAS 
experts, covering the following areas related to the nuclear 
sector; 

- Reactor Safety 
- Licensing 
- Nuclear Law 
- Reactor Analysis and Technology 
- Materials and Fuel 
- Control Systems and Instrumentation 
- Radiological Protection 
- Basic and Applied Research 
- Safeguards 

Taking into account the different academic levels, the 
education programme was structured as follows: 

Introduction to Nuclear Engineering 

An introduction to nuclear engineering was provided by 
the inclusion of some nuclear disciplines in the regular 
engineering programmes, and the requirement of a monograph on 
one of the following nuclear-related subjects as a prerequisite 

155 



for granting scholarships.- atomic physics, nuclear physics, 

basic nuclear engineering, radiological protection. 

M.Sc. in Nuclear Engineering 

Owing to the prior existence of five M . S c . programmes in 
nuclear engineering, no additional measures were necessary. 
The admittance to these programmes requires a university degree 
in engineering, physics or chemistry. 

M.Sc. in Conventional Engineering 

To meet the requirements for personnel who were to work 
in the nuclear sector, some additional nuclear disciplines 
became necessary in atomic physics, nuclear physics, nuclear 
engineering and radiological protection. These M.Sc. pro-
grammes also cover the following.- mechanical, electrical, 
electronics, civil, metallurgical, materials and chemical 
engineering, physics, chemistry, geology, meteorology and 
bioscience. 

Ph.D. 

Continuity was given to the existing programme for 
sending students abroad, concurrently with the implementation 
of a national programme in reactor engineering, reactor 
physics, reactor technology, fuel technology, radiological 
protection and materials science. 

Specialization Courses 

These courses are designed to upgrade knowledge in 

specific areas that were not sufficiently covered by the 

regular graduate and postgraduate courses. Among the most 

important courses supported by the PRONUCLEAR manpower develop-

ment programme are the Nuclear Technology Specialization Course 

for NUCLEBRAS, designed for university graduates to be hired by 

that company. That course corresponds to an M . S c . programme 

but does not require the monograph which other M . S c . programmes 

require. 

Co-operation with the Federal Republic of Germany 

This co-operation covers the following! 

- Information exchange on scientific research and techno-

logical development 

- On-the-job training and technical visits to the Federal 

Republic of Germany 

- Exchange of scientists, experts and technical personnel 
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- Simultaneous execution of research and development 
projects 

- Doctorate programmes in the Federal Republic of Germany 

Professionalization Courses 

The professionalization courses are designed for the 
on-the-job training of personnel coming from the programmes 
already mentioned. A second purpose of this programme is to 
limit, through the granting of special scholarships, losses of 
trained personnel not immediately hired by the organizations 
involved in the nuclear power programme. Consequently, it is 
possible to avoid investment losses and to meet the 
requirements of the nuclear power programme. 

Technicians 

Considering the high quality of the technical schools' 
performance, it was decided that only a 10-12 month training 
period in the institution involved in the nuclear power pro-
gramme should be provided. In those institutions the trainee, 
in addition to practical work and fulfilling the legal require-
ments for obtaining the course certificate, would have classes 
on the following subjects.» fundamentals of atomic and nuclear 
physics, radiological protection and dosimetry, fundamentals of 
reactor technology, radioisotopes and radiation applications, 
and other subjects, to be introduced by each institution. 
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A - 1 . 3 . C Z E C H O S L O V A K I A 

NUCLEAR POWER PROGRAMME 

The Czechoslovak nuclear power programme plans the 
operation of twelve W E R - 4 4 0 pressure water reactors in the 
period 1980-1990. Two of them are in operation, two are in the 
process of commissioning and the others are under construction. 
Four W E R - 1 0 0 0 reactors will come into operation after 1990. 
Czechoslovakia produces the equipment for the primary and 
secondary systems as well as other components. Industrial 
research is concentrated on construction and on the safe, 
reliable and economic operation of nuclear power plants. This 
research is undertaken in institutes for applied research as 
well as in institutes of the Czechoslovak Atomic Energy 
Commission and Czechoslovak Academy of Sciences. 

The goal of the nuclear power programme is to produce 
electricity from domestic fuel, to lower the demands on fossil 
fuels for the production of electrical energy, and in this way 
to contribute to improving environmental conditions. It is 
planned to utilize nuclear energy also for industrial and 
domestic heating. 

PROBLEMS ENCOUNTERED IN EDUCATION FOR NUCLEAR POWER 

The problems encountered in the education for nuclear 
power are; 

- The initially limited availability of experienced 
teachers and knowledge 

- The relevant experimental equipment is expensive and 
hence not available to all students; the limited amount 
of equipment and limited capacity to accommodate students 
for practical work 

- The training simulator did not go into operation until 
1984, and its location near the first power station 
provides limited opportunities for students to learn the 
full scale dynamics of a power station. This simulator 
is unable to accommodate the needs of all students 

- The permanent need for textbooks. 

EXISTING EDUCATIONAL INFRASTRUCTURE 

The students enter the university after the abitur (high 
school diploma with entrance examination) at the age of 
approximately 18. The period of study at technical univer-
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sities is five years. Education of professionals in 
engineering takes place at the faculties of mechanical, 
electrical, civil, chemical and nuclear and physical engineer-
ing. The course of study of theoretical and experimental work, 
whose scope and level is comparable to that at other advanced 
European technical universities, consists also of work in 
laboratories, short learning periods in industry, practical 
work and a diploma project. 

After completion of the study at the technical uni-
versity, the graduates (Diplom-Ingenieur) are employed by the 
utility and trained either in training centres or by working in 
other organizations. 

A small number of professionals return to the university 
to continue studying for an advanced science degree (equivalent 
to a Ph.D.) for a further five years. Candidates for this 
degree are educated for advanced research work in nuclear 
science or for solving technical problems arising in the 
nuclear industry. Individual work may lead to the degree of 
Doctor of Science, which is usually not earned before the age 
of forty. 

INSTITUTIONS INVOLVED 

Education at all levels (professionals, technicians, 
craftsmen) is provided in state schools. The numbers, fields 
and specializations are centrally planned on the basis of 
estimated demands in the construction, design, operation and 
other activities of the nuclear power programme. Professionals 
are educated at technical universities in mechanical, elec-
trical, chemical and nuclear engineering and at the univer-
sities in nuclear physics. 

In the past, the qualification of manpower for the 
nuclear power programme was done with the help of tèchniçal 
university specialization courses given to professionals 
educated in the classical fields of engineering. Nuclear-
oriented education is now well established at faculties of 
mechanical, electrical and chemical engineering and in overview 
lectures in civil engineering education. 

The advanced system of manpower qualification, including 
education and training, for the nuclear power programme was 
begun in 1975. After specialization education, training is 
provided in nuclear training centres of the utility in the 
areas of construction and operation of nuclear power plants. 
Co-operation between institutions for education and training 
contributes toг 

- shortening the training period because of a good 

background of theoretical and experimental knowledge 

acquired at universities 
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- attaining a higher quality of education because of the 
long period of study in a well-defined and specialized 
area 

- acquiring deeper knowledge and skills through practical 
work in industry during the period of study. The 
practical work for advanced students involves parti-
cipating in the design, construction and operation of 
nuclear power plants, and in research at nuclear 
research institutes. Project work is designed with 
regard to the future activity of the students. The 
members of the Council for Manpower Qualification in the 
Nuclear Power Programme, which is a body of the 
Czechoslovak Atomic Energy Commission, are specialists 
from universities, research and industry. This council 
provides consultant services and recommends changes in 
the education and training structure for all levels of 
qualification. Since 1975 three international con-
ferences have been held in the CSSR on manpower develop-
ment for nuclear power programmes. 

DEVELOPMENT GOALS OF THE NUCLEAR EDUCATION SYSTEM 

- To apply new theoretical knowledge and technological 
advances, e.g. the use of computers for instrumentation 
and control, 

- To respond to changes in the scope and direction of 
nuclear power programme activities (for example 
broadening of diagnostics and service of nuclear power 
plants), 

- To broaden the base of industrial experience. 

CONCLUSION 

Currently the education and training for nuclear power 
in Czechoslovakia is at a good level; it incorporates contri-
butions from all relevant disciplines and is evaluated 
continually. 
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A - I . 4 . F R A N C E 

The Commissariat à l'Energie Atomique was created in 
1945 and the decision to embark on research on the production 
of electricity from nuclear reactors was made in 1952. The 
education of nuclear scientists was conducted within the 
framework of a general education system based on a division 
between engineering schools and universities. 

It was necessary to train a wide variety of personnel in 
a number of disciplines to cover the design, construction, 
operation and maintenance of nuclear power reactors and nuclear 
fuel cycle facilities. The subsequent description concerns 
only the education of engineers and scientists. 

THE FRENCH EDUCATION SYSTEM 

At the end of secondary school a national examination, 
the "baccalauréat", permits access to higher studies, divided 
into two categories.» 

(1) Schools for engineers, who will ultimately be respon-
sible for the design, construction and operation of 
industrial plants. 

Two years after the "baccalauréat", a competition 
between some 20 000 students permits a selection of the 
10 000 who will be accepted into one of the 150 schools 
entitled to grant the degree of engineer. The best 
schools accept only 1 out of 10 candidates. After 
studying at these schools for three years, all students, 
with very few exceptions, receive the officially 
recognized degree of engineer, the value of which 
depends enormously on the school by which it has been 
granted. 

After graduating, engineers can still specialize in one 
particular discipline. 

(2) Universities, from which students who graduate will go 
ultimately into research or teaching. Access to the 
university is not subject to competition. General 
scientific background is provided in the first two 
years, which end with a "diplôme d'études universitaires 
générales". After another two years, students achieve a 
"licence ès sciences". One more year is necessary to 
get a "maîtrise ès sciences". A system of examinations 
at each step reduces considerably the number of students 
allowed to go on to the next step. 
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Those with a "maîtrise ès sciences" who desire to 
continue towards research activities may stand for a 
"diplôme d'études approfondies" (one year of study) in 
one particular field, before preparing a thesis for a 
doctorate (recently the time to prepare a thesis has 
been reduced to something between two and four years). 

NUCLEAR ENERGY TRAINING 

The training of specialists in nuclear energy immedi-
ately after the secondary school has never been contemplated 
(with very few exceptions concerning some categories of 
technicians), and this solution has been excluded for two 
reasons. 

Both the industry in charge of the construction of 
plants and facilities and the operator, Electricité de France 
(EDF), require very good specialists in all kinds of conven-
tional disciplines, e.g. electronics, physics, chemistry, etc. 
with as broad and complete a knowledge as possible of their own 
areas. It is valuable if they have, in addition, a good 
knowledge of the particular matters associated with the 
application of their area to the nuclear field. Education pro-
grammes limited to nuclear subjects would not meet the require-
ments of the nuclear industry or research laboratories. 

Engineers and/or scientists are interested in having the 
opportunity to choose between a wide range of possible activi-
ties, which is much more difficult if their basic education 
restricts them to one particular field. This consideration is 
still more important if the evolution of the nuclear power 
programme leads to variations in the numbers of those employed 
in this programme, since the reorientation of an engineer or a 
scientist is very difficult if his only field of competence is 
nuclear energy. 

The first course on nuclear engineering in France was 
given at Saclay Nuclear Research Centre in 1954, shortly after 
the decision was made by the Government to start the construc-
tion of the first two power plants at Marcoule. The partici-
pants of this course consisted of senior executives from the 
industrial firms which were to be involved in the construction 
of the plants and from EDF, the French public utility. The 
professors were younger engineers and scientists from the 
Commissariat à l'Energie Atomique (CEA), at that time the only 
people in France with a knowledge of nuclear energy and with 
the experience of constructing and operating nuclear research 
reactors. 

In 1956 the Institut National des Sciences et Techniques 
Nucléaires (INSTN) was created at Saclay, close to the Nuclear 
Research Centre, as a unit of the CEA and reporting at the same 
time to the National Education Ministry. 
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Its responsibility was to provide highly specialized 
education in all disciplines linked to nuclear energy. At the 
beginning this meant a nuclear engineering course for engineers 
who were to work in the production of electricity from nuclear 
power or on the construction and operation of the nuclear fuel 
cycle facilities. 

For a few years the nuclear engineering course continued 
to be attended by experienced engineers supported by their 
employers, namely industrial firms and EDF. Progressively, 
they were joined by young students just graduated from 
engineering schools, who became the majority after 10 to 
15 years and ultimately the only course participants. 

At the same time, after i960, courses on nuclear energy 
were progressively introduced into the programmes of the uni-
versities (as possible options in a curriculum for a licence ès 
sciences, a maîtrise ès sciences or a diplôme d'études appro-
fondies) and in the programme of some engineering schools. 

Simultaneously, the number of courses given at INSTN 
increased to cover all disciplines involved in the applications 
of nuclear energy and these courses were recognized by the 
National Education Ministry as leading to official degrees 
which permit the preparation of a thesis. 

NUCLEAR POWER PROGRAMME 

Between' 1970 and 1984, 56 reactors were ordered in 
France, totalling 58 860 MW(e). As of 31 December 1984, 
41 nuclear reactors, representing 33 248 MW(e), were connected 
to the grid, of which 36 (28 000 MW(e)) were in industrial 
operation. Twenty-one reactors (25 725 MW(e)) were under 
construction, and three more (3900 MW(e)) had been ordered. 

In 1984 181.8 TW-h were produced by nuclear power 
reactors (58.8% of the total electricity production). It is 
expected that in 1990 73% of the total electricity produced 
will be of nuclear origin. From 1985 to 2000 the number of 
additional orders should range from one reactor (1400 MW(e)) 
every two years to two reactors per year. 

As mentioned in the IAEA Technical Reports Series 
No. 200, "Manpower Development for Nuclear Power: A Guidebook", 
pages 255-273, the implementation of the construction programme 
required at its peak, around 1980, some 90 000 people (of which 
5% are management and professional engineers, 25% techni-
cians) . Operations required about 300 people per 2 x 900 MW(e) 
and 550 people per 4 x 900 MW(e), which means that EDF had to 
recruit about 10 000 people between 1976 and 1985. 

Training programmes for engineers, as well as techni-
cians and craftsmen, are provided by the operator or the 
industrial firm. The special training for engineers given by 
the utility complements the basic education provided by the 
general and specialized education systems. 
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PRESENT SITUATION 

In some 17 schools of engineering or institutes and at 
11 universities courses are organized on matters related to 
nuclear energy (most of the time in physics, sometimes in 
chemistry, uses of radioisotopes, or health physics and, in a 
few cases, nuclear engineering) and can be chosen by students 
from among those subjects which they have to take to receive a 
degree. 

The most important institution for specialization in 
nuclear energy remains the Institut National des Sciences et 
Techniques Nucléaires, which provides a highly specialized 
education to both engineers and students graduated from the 
university. 

To train the future specialized engineers, the nuclear 
engineering course has been, since 1982, divided into two parts.-

(1) In a first, one-year course organized at Grenoble and 
Toulouse, students with a maîtrise ès sciences with good 
grades are taught the basic techniques and disciplines 
which must be mastered by engineers. Each year some 40 
students take this course. 

(2) For the second year, access is limited to graduate 
engineers, students with a diplôme d'études approfondies 
in a limited number of disciplines, or to those who have 
successfully followed the first course. 

For the second year some 70 to 80 students are accepted 
each year at Saclay, Grenoble or Cadarache. (See Appendix II 
for the programme of this course.) 

Students who successfully pass the examinations are 
granted the degree of engineer, which is officially recognized 
and highly rated. 

Lectures are given by a few professors from the uni-
versities, but primarily by scientists or engineers from the 
CEA, from EDF or from industrial firms engaged in the imple-
mentation of the French nuclear power programme, and more 
generally by all those who can transmit the results of first-
hand experience. 

INSTN has access to a small research reactor, Ulysse 
(100 kw(th)), a Van de Graaff accelerator and simulators. 
Training is based, to a very large extent, on the important 
resources in scientists, research equipment and capabilities 
existing in the neighbouring nuclear research centres. 

The course is largely open to foreign students with 
sufficient scientific background and a perfect knowledge of the 
French language. 

For students wishing to orient their future activity 

towards research, a number of diplômes d'études approfondies 
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are organized which cover a large spectrum of activities 
related to nuclear energy and which permit, ultimately, the 
preparation of a thesis. In 1984 nine courses leading to the 
diplômes d'études approfondies were organized in the following 
disciplines: reactor physics, mechanics, metallurgy, analytical 
chemistry, electronics, robotics, management of innovation, 
economics in energy and solar energy. 

Other courses may be created in the future, while still 
others may be cancelled, to match the demand from students, 
research centres and industry. 

PROSPECTS FOR THE FUTURE 

The current system of education has been built progres-
sively and empirically through a permanent adjustment of 
education to the user's requirements. 

The system has proved to be sufficiently flexible to 
permit a quick response to the steep increase in the nuclear 
power programme in 1974-78; to train all specialists required 
for the design, construction and operation of facilities 
covering the whole range of the fuel cycle; to train a large 
number of experts in safety and health physics; and to permit a 
large research and development programme on fast breeder reac-
tors, advanced waste management processes and thermonuclear 
fusion. 

The wide variety of schools, universities and institutes 
makes it possible to provide a basic education for all cate-
gories of specialists from craftsmen to engineers and 
scientists, completed by a specific training provided by the 
industrial firms, and for which EDF has made a particularly 
important and successful effort. 

In all, the principles of the present education system 
will be maintained, namely the transfer of experience directly 
by those who are professionally engaged in a particular 
activity and the greatest possible flexibility to adjust the 
programmes to the introduction of new technologies and to the 
evolution of research. 
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A - I . 5 . F E D E R A L R E P U B L I C O F G E R M A N Y 

NUCLEAR POWER PROGRAMME 

The nuclear power programme in the Federal Republic of 
Germany started in 1955 and aimed at the establishment of 
research and development in the nuclear field, the development 
of manpower, and the planning and development of nuclear 
research and power reactors. 

By the end of 1984, 18 nuclear power stations were in 
operation with a total net output of 15 000 MW(e). Apart from 
three smaller prototypes, the stations are equipped with pres-
surized and boiling water reactors whose net output lies 
between 328 and 1294 MW(e). Eight more stations are under 
construction, including a 300 MW(e) high temperature reactor 
(HTR) and a 280 MW(e) fast breeder (FBR) prototype. 

By the end of 1984 nuclear power stations accounted for 
28% of the total electricity production in the Federal Republic 
of Germany. By the end of the 1980s they will contribute about 
35% of the electricity production capacity. 

The nuclear industry in the Federal Republic of Germany 
covers all important nuclear areas including the nuclear fuel 
cycle. Two important industrial groups act as nuclear power 
plant (NPP) vendors. One builds nuclear power stations of the 
boiling, pressurized and heavy water types. Advanced reactor 
systems (FBR and HTR) are built and developed by other 
industrial groups. The nuclear fuel cycle industry provides 
all the necessary goods and services including uranium pro-
curement and enrichment, fuel element fabrication, reproces-
sing, transportation and waste handling. 

By the end of 1984 the number of personnel employed in 
the nuclear industry amounted to some 40 000, including some 
5000 persons working at nuclear power plants. Another 10 000 
people are employed in the nuclear research centres. Together 
with some 100 000 people working more or less directly for 
nuclear power, the number of persons engaged directly or 
indirectly in nuclear power totals some 150 000. 

INFRASTRUCTURE FOR NUCLEAR ENGINEERING AND SCIENCE EDUCATION 

Engineering and science education for nuclear power has 
a tradition of almost 30 years in the Federal Republic of 
Germany. Education and training efforts started in nuclear 
research centres, which provided specialized courses in various 
nuclear disciplines. These education activities have been 
transferred step by step to universities, which have integrated 
the nuclear subjects into their engineering curricula and built 
up nuclear engineering and science departments. Fortunately, 
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the existing educational infrastructure was well grounded and 
highly suited to adapt and develop this new technology. 

Since the national infrastructure for the education of 
engineers and scientists is a very important basis for estab-
lishing nuclear engineering and science education, it is 
described here in some detail. 

Universities and comparable educational institutions are 
almost self-governing with respect to curriculum structuring 
and research. However, the overall legislative responsibility 
for education, including the universities, lies with the 
governments of the 11 states of the Federal Republic of 
Germany. Owing to the federal structure of the country, the 
federal government has some responsibility only for providing 
guidance on general principles. 

A commission for educational planning, in which repre-
sentatives of the federal government and the governments of the 
states work together (Bund-Lander-Kommission), elaborates a 
long-term skeleton plan for the overall educational activities 
(including universities), permanently adapts this plan and cal-
culates the budget for education. This commission is respon-
sible for the overall education planning. 

The universities have close connections with industry 
(including the nuclear industry) because.-

- Most of the professors (in the engineering faculties) 
worked in industry before entering the university, and 
maintain contact with their former organizations. 

- Practical work in industry (on-the-job training) of 
students as prescribed by the universities, diploma work 
and doctoral theses initiated by problems of industrial 
firms and sometimes performed in industry, leads to 
co-operation. 

- The universities carry out contract research for 
industry, including research in nuclear areas. 

- Scientists from industry teach at universities as guest 
lecturers. 

The universities and their faculty members maintain 
close contact with professional associations to keep informed 
about current developments in the various engineering branches 
and about the manpower and qualifications required. The uni-
versities may be involved in training activities initiated and 
controlled by professional associations. 

The Nuclear Society of the Federal Republic of Germany 
(Kerntechnische Gesellschaft), for example, has its own section 
for promoting education and training activities. 

The close co-operation between the nuclear-oriented 
departments of universities and the nuclear research centres 
results in.-
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- One and the same professor heading, in many cases, both 

the university and the research centre institutes and 

laboratories 

- Joint seminars, lectures, laboratory work 

- Much diploma work being performed and many doctoral 

theses being prepared at the nuclear research centres 

- University teaching engagements of scientists from 

nuclear research centres 

- Joint research, joint utilization of experimental and 

data processing facilities, etc. 

Fortunately, owing to their close contacts with 
industry, professional associations, research centres, etc., 
the universities are capable of adapting their educational 
programmes to actual needs by developing and establishing new 
training and research disciplines, by restructuring curricula, 
and other measures. 

MAIN NUCLEAR EDUCATION AND INSTITUTIONS INVOLVED 

Education in nuclear subjects is provided by 
(1) universities, (2) engineering colleges (Fachhochschulen) 
and (3) special institutes. 

(1) Almost all universities in the Federal Republic of 

Germany offer courses in nuclear areas. However, there 
is no autonomous course of studies leading to a degree 
in nuclear engineering as is common in some other 
countries, such as the USA. In the Federal Republic of 
Germany, nuclear subjects are integrated into mechani-
cal, electrical or chemical engineering curricula, for 
example. Most nuclear-oriented university graduates 
obtain final qualifications as mechanical or electrical 
engineers. Besides the purely nuclear subjects, which 
account for not more than 20% of the total length of 
study, non-nuclear areas such as fluid mechanics, heat 
and mass transfer, structural mechanics, materials 
science, numerical methods and data processing are very 
important for nuclear-oriented mechanical engineers. 
The Universities of Aachen, Berlin, Braunschweig, 
Darmstadt, Hanover, Karlsruhe, Munich and Stuttgart 
provide courses in nuclear power plant engineering, such 
as reactor physics, thermohydraulics, core design, power 
plant construction, reactor safety and reactor 
materials. Courses in nuclear chemistry and the nuclear 
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fuel cycle are given in Aachen, Berlin, Darmstadt, 

Heidelberg, Karlsruhe, Mainz and Munich. Radioprotec-

tion and health physics are taught at the Universities 

of Berlin, Erlangen, Nürnberg, Giessen, Gottingen, 

Hamburg, Heidelberg, Karlsruhe, Kiel, Cologne, Mainz and 

Saarbrücken-Homburg. The courses include practical 

(laboratory) work at accelerators, training and research 

reactors, loops, nuclear chemistry laboratories, 

radiation sources and other facilities. 

Nuclear subjects constitute an important part of the 
programmes of most engineering colleges (Fachhoch-
schulen). Several colleges offer a one- or two-term 
course of additional training in nuclear technology for 
qualified engineers. Other colleges have integrated the 
nuclear areas into their engineering curricula. A 
special college (Berufsakademie) offers a comprehensive 
curriculum for the education of radioprotection and 
health physics engineers. 

The co-operation of some of these colleges with nuclear 
research centres gives the colleges the opportunity to 
provide good practical training by using the research 
centres' facilities. In some colleges a training 
reactor is available. 

The main features of some special nuclear education and 

training institutes are as follows.-

Special institutes for nuclear education and training 
have neither the status of a university nor that of an 
engineering college. Some of these institutes do not 
offer education or training for specific professions, 
but rather specialized knowledge in various fields of 
nuclear science and technology in a short and concen-
trated form. University graduates, engineers, and 
technicians will find an opportunity to develop their 
knowledge in accordance with their basic education, i.e. 
advanced training for adults. The other institutes are , 
state-recognized schools and their courses are completed 
with an examination which leads eventually towards a 
specific profession. 

All institutes conduct their programmes by means of 
lectures, seminars, and practical courses; attendance is 
confirmed either by a certificate of attendance or by a 
completion certificate. seme institutes operate 
research or training reactors and use them occasionally 
for their training courses. 
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The two-week courses at the Hahn-Meitner-Institut für 
Kernforschung Berlin GmbH (nuclear research centre) are 
given in subjects such as radioisotopes application, 
radiation physics, biophysics, radiation protection, 
radiation chemistry, nuclear chemistry, nuclear 
engineering, and the handling of nuclear materials. The 
courses include practical training at some facilities of 
the research centre (accelerators, research reactor, 
isotope and radiation laboratories). 

Kraftwerksschule e.V. (KWS) Essen provides some 
1500 hours of theoretical and practical education for 
nuclear power plant chief operators. The education is 
completed by a recognized examination which leads to the 
profession of a licensed chief operator. The Kraft-
werksschule offers reactor-simulator training. Simula-
tors for both pressurized and boiling water reactor 
types are available. 

Schule für Kerntechnik Karlsruhe offers courses on 
various nuclear engineering subjects such as reactor 
technology, nuclear safety, radiation protection, 
application of radionuclides, nuclear fuel cycle and 
waste handling. The courses are given at the 
engineers', scientists', technicians' and craftmen's 
levels. They take normally one to three weeks; a 
special course for nuclear power plant operators, which 
imparts a broad basis of nuclear technology, lasts 
11 weeks. The courses comprise lectures, seminars and 
practical (laboratory) exercises. The Schule für 
Kerntechnik is provided with nuclear facilities such as 
a training reactor, a thermal subcritical facility, 
neutron generators, nuclear chemical laboratories and 
radiaton protection measurement equipment. 

FUTURE DEVELOPMENT OF NUCLEAR EDUCATION 

For the time being there is no need to extend or develop 
the nuclear education system. The capacity of institutions 
involved in the education and training of personnel for nuclear 
power is adequate for the demand. However, the number of 
students studying nuclear engineering and science has been 
decreasing for some years. There is a tendency to devote some 
university nuclear engineering departments to education in 
non-nuclear areas. This may be a danger for future manpower 
development for nuclear power and must be watched very care-
fully, because an adequate number of university departments 
engaged in nuclear R&D and education is indispensable. 
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A - I . 6 . INDIA 

INTRODUCTION 

The nuclear power industry in India developed from the 
nuclear R&D organization, namely, Bhabha Atomic Research Centre 
(BARC), Bombay. This R&D organization has formed the core of 
manpower development as well as all other activities connected 
with nuclear energy. 

When India decided to enter the atomic age in the mid-
19503 there were several science and engineering colleges in 
India affiliated with different universities. These gave 
degree courses in mechanical, electrical, civil and chemical 
engineering. The course duration was 5 years, after 11 years 
in school. e 

It was realized that science and engineering graduates 
passing through these universities did not possess, apart from 
their own subjects, the necessary knowledge of other disci-
plines which is essential for the nuclear power programme. It 
was, therefore, decided to remove this lacuna through a train-
ing programme. 

For this purpose a training school was set up in BARC in 
1957. Since then, about 150-200 graduates in engineering and 
M.Sc. in science have been recruited annually and given 
specialized theoretical and practical training in various areas 
of nuclear science and technology. University graduates 
belonging to the following disciplines are admitted to the 
Training School; mechanical engineering, electrical engineer-
ing, chemical engineering, electronics engineering, instrument 
technology, metallurgy, physics and chemistry. 

COURSES IN THE BARC TRAINING SCHOOL 

Table A—I.6—1 shows the number of lectures given for 
engineering professionals in the different courses at the BARC 
Training School. 

The aims of the training programme are primarily to 
impart advanced knowledge to the trainees in basic subjects and 
to give them interdisciplinary training, as the nuclear power 
programme requires an overall knowledge of various disci-
plines. The courses shown in Table A-I.6-1 can thus be 
classified under five headings as follows: 

(1) Upgrading the trainees' knowledge of science funda-

mentals and engineering (serial Nos 1 to 6). 
(2) Providing such interdisciplinary knowledge as may be 

required to orient the trainee to nuclear engineering 
(serial Nos 7 to 12). 
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(3) Introducing nuclear engineering (serial Nos 13 to 17). 

(4) Enhancing knowledge in the trainee's own discipline 
(serial Nos 18 to 27). 

(5) Specializing in some areas of nuclear technology (serial 
Nos 28 to 33). 

From Table A-l.6-1, it can be seen that the engineering 
graduates in different disciplines are given different combina-
tions of courses to meet the above aims. All the trainees 
perform laboratory work to acquaint themselves with nuclear 
engineering. All trainees are given a project to work on for a 
period of four weeks and also are given a one-week introduction 
to administrative practices. 

BARC was able to undertake such a programme because of 
the large number of senior scientists and engineers who could 
teach with an interdisciplinary approach. About 300 senior 
scientists and engineers in BARC and other units of the 
Department of Atomic Energy (DAE) take part in the teaching 
work of the Training School every year. 

Trainees have to take written examinations at the end of 
each course, two oral examinations and obtain a certain grade 
before they are found suitable for absorption into the DAE. 

The Training School has been the main source of manpower 
for the various units under DAE. The graduates of the Training 
School over these years constitute 65% of the scientists and 
engineers in BARC and other units and projects of DAE and are 
playing a key role in applying modern technology to India's 
growth, especially in the field of nuclear energy. 

OTHER TRAINING PROGRAMMES 

There is considerable effort involved in training 
personnel for proper control of the use of radiation and for 
helping to expand the use of radioactive sources in industry, 
medicine and research. For the operation and maintenance of 
power stations of the PHWR type, which is the system adopted in 
India, the Nuclear Training Centre (NTC) was set up. The 
training programmes at the NTC are designed to ensure that a 
person acquires the competence required to fill a particular 
position. The training is programmed at different levels to 
cater to the needs of the power stations. The operational 
engineers undergo a qualification programme consisting of 
written examinations, a field tour and an interview, before 
they are licensed to operate the nuclear power stations as 
shift-supervisor engineers. The training of craftsmen places 
considerable emphasis on skills. The operators are mainly 
trained on plant systems. The training programme for engineers 
and scientists is given below. 
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TRAINING PROGRAMME FOR ENGINEERS AND SCIENTISTS AT THE NUCLEAR 
TRAINING CENTRE 

The objectives of the training programme are to train.-

(a) engineers for the posts of (1) shift-supervisor 
engineers, (2) mechanical, electrical and instrument 
maintenance engineers, and (3) operations and main-
tenance engineers for the fuelling machines/ 

(b) physicists and chemists to carry out the duties of 

station physicists and station chemists. 

The training programme is divided into various phases as 
indicated below and is common to all the categories of trainees 
mentioned above. While detailed training programmes under the 
three phases have been worked out for the operations engineers 
and scientists, similar schemes for Phase II and III training 
of maintenance engineers are being evolved. 

The trainees should be graduates in engineering for 
categories in (a) above, and graduates in physics or chemistry 
for category (b). The engineers should preferably have some 
experience in operations and maintenance in a conventional or 
nuclear power plant. 

PHASE Is Theoretical and NTC Shop Training (Durations 
б months) 

The course consists of a series of lectures in various 
subjects and, at the end of the lectures, the trainees have to 
take written and oral examinations. As part of the training, 
candidates also undergo practical training in NTC's training 
shops. The various subjects covered during this training are 
given below. 

- Nuclear theory 
- Materials 

- Sites and buildings for nuclear power stations 
- Reactor boiler and auxiliaries 
- Turbine generator and auxiliaries 
- Reactor boiler and auxiliaries systems 
- Turbine generator and auxiliaries systems 
- Common processes systems 
- Instrumentation and control systems 
- Electrical systems 
- Radiation protection training (RPT) 
- RPT procedures 
- Standard protection code 
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PHASE II: Field Training at the Station (Duration: 
12 to 18 months) 

As part of field training, the trainee operations 
engineers are required to work in the following areas: 

- Shift operation 

- Fuel engineering 
- Fuelling machines 
- Technical unit 
- Planning unit 

At the end of field training in each of the areas listed 
above, the degree of proficiency attained by the trainees is 
assessed with the use of the field check lists. The trainees 
have to get all the items in the check lists signed out by a 
qualified operations engineer after an appropriate oral test. 

PHASE III: Qualification (Duration: about 2 weeks) 

A trainee operations engineer is deemed to have quali-
fied for the post of an assistant shift-supervisor engineer 
upon the successful completion of the required training, having 
the field check-lists signed and passing the relevant written 
and oral examinations and interview. 

- A trainee operations engineer is considered eligible to 
take the qualifying examination only after he has spent 
six months or more in a shift crew of the operating 
power station 

- Oral examination in field 
- Interview 

CONCLUSIONS 

The method of setting up separate institutes to develop 
the specialized manpower required for the nuclear power pro-
gramme has been quite satisfactory and it is proposed to 
continue the same method for India's future nuclear power 
programme, which foresees the installing of a nuclear capacity 
of 10 000 MW(e) by the year 2000 as compared with the present 
nuclear capacity of a little over 1000 MW(e). 
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A - 1 . 7 . REPUBLIC OF KOREA 

NUCLEAR POWER PROGRAMME 

As of March 1985 there were four nuclear power units in 
operation and five units under construction in the Republic of 
Korea. The units comprise eight PWRs and one PHWR, of which 
six are Westinghouse units, two are FRAMATOME units and one 
unit is from AECL. There are three 600 MW(e) units and six of 
the 3-loop 900 MW(e) class. The total capacity of the operat-
ing nuclear power plants will be 7616 MW(e) as of 1989, and 
will then constitute about one-third of the entire national 
power grid. 

The diversification of reactor types and suppliers is 
based on special considerations of the nation's energy policy, 
that is, the diversification of energy sources and suppliers. 
Such diversification has resulted in considerable difficulties 
in the training of reactor operators, maintenance crew and 
technical staff compared with having a single reactor type and 
supplier. 

As a countermeasure, the government is making every 
possible endeavour to overcome this problem by the standardiza-
tion of the nuclear power plants suitable to the circumstances 
in the Republic of Korea. The standardization policy of 
nuclear plants will be actively implemented, preferably com-
mencing from the Korean nuclear units 11 and 12. 

As a nation lacking domestic energy resources, the 
long-term power development programme of the Republic of Korea 
will emphasize the construction of nuclear power and coal-fired 
plants (half nuclear and half coal) together with a gradual 
interest in the fast breeder reactor. 

INFRASTRUCTURE FOR NUCLEAR EDUCATION IN ENGINEERING AND SCIENCE 

The educational system in the Republic of Korea is 
basically a 6-3-3-4 year structure, which is similar to the 
educational system in the USA, i.e. primary school for 6 years, 
middle and high schools for 3 years each, university for 4 
years and junior college for 2 years. 

In 1958 the first nuclear engineering department was 
established in Hanyang University, and was followed by Seoul 
National University also introducing a nuclear engineering 
department in 1959. At the same time the Korea Advanced Energy 
Research institute (KAERI) was established in 1959 to enhance 
nuclear research and development (See Fig. A-I.7-1.). 

In the meanwhile the first graduates of the nuclear 
engineering department amounted to 60-70 in 1962. Only some 
10 of these were given an opportunity to work in the nuclear 
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Ministry of 
Energy and Resources 

Korea Electric 
Power Corporat ion 

K O R I 
Nuclear Training Centre 

Ministry of 
Science and 
Technology 

Korea Advanced 
Energy Research 
Insti tute 

Ministry of 
Education 

Sudo Electrical 
Technology High School 

K A E R I 
Nuclear Training Centre 

1982 Korea Advanced Inst i tute of 
Science and Technology 

1959 Seoul National University 

1958 Hanyang University 

1979 Kyunghee University 

1985 Chosen University 

1984 Jeju University 
(radioisotope ut i l izat ion only) 

1981 Ulsan Junior College of 
Technology 

* Establishment of the 
Nuclear Engineering Department. 

Fig. A-I.7-1. Nuclear training centres and nuclear-related 
universities in the Republic of Korea (as of Feb. 1985). 

sector, which was then solely at the Korea Advanced (at that 
time Atomic) Energy Research Institute, and the remainder were 
obliged to be scattered among various non-nuclear fields. As a 
remedial breakthrough, some ambitious and farsighted graduates 
went abroad to continue their academic career, leading to 
advanced degrees, thus inevitably resulting in a "brain 
drain". This brain drain phenomenon continued until the middle 
of the 1970s, when the nuclear power programme in the Republic 
of Korea began on a full scale. The active implementation of 
such an ambitious nuclear power programme has lured many of 
those Korean graduates from abroad, and most of them are now 
playing key roles in many areas of the nuclear sector in the 
Republic of Korea. 

Construction of the first nuclear power plant, Korea 
Nuclear Unit 1 (KNU 1) or Kori No. 1, started in 1970. The 
construction work on KNU 2 and KNU 3 began in 1974 and 1975, 
respectively, right after the first world oil crisis. As these 
nuclear power plants were built under turnkey contracts, 
domestic participation was limited to field erection and civil 
construction. Ât that time, the participation of nuclear 
engineering graduates from the Republic of Korea in the nuclear 
power projects was, unfortunately, not at all prevalent. 

The non-turnkey contract system which began with KNU 5 
and 6 turned the tide, so as to encourage the maximum domestic 
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participation in every aspect of the software and hardware 
areas, i.e. architect-engineering work, component manufac-
turing, erection, construction, etc. As a result, a shortage 
of qualified manpower, especially in the fields of nuclear-
oriented mechanical, electrical, structural, chemical, civil 
engineering and the like, has focused the attention of all the 
nuclear industries as the most impending issue for carrying out 
the nuclear power projects. 

To solve this problem, the Nuclear Training Centre of 
KAERI began to offer more than 20 introductory and specialized 
nuclear courses, and has trained more than 2600 persons since 
1979. The Korea Advanced Institute of Science and Technology 
(KAIST) established a nuclear engineering department to provide 
graduates with an education leading to a Master's degree and a 
Doctor's degree. These training and educational systems are 
considered to have contributed significantly to upgrading the 
capability of technical manpower in the nuclear sector. 

As of 1985, there were six universities and one junior 
college in the Republic of Korea that were engaged in nuclear 
engineering education. Each year about 150 nuclear engineers 
graduate from these universities and this college with bachelor 
or lower degrees, while each year about 40 graduate with 
Master's degrees from 4 universities. 

Especially the nuclear engineering department of Ulsan 
Junior College of Technology is closely related to the control 
room operator training, because the Korea Electric Power 
Corporation (KEPCO) selects 40 students annually from the Sudo 
Electrical Technology High School and sends them to the Ulsan 
Junior College of Technology. 

The undergraduate curricula of the nuclear engineering 
departments of Seoul National University and Hanyang Univer-
sity, as well as the postgraduate curricula for the nuclear 
engineering departments of KAIST, Seoul National University and 
Hanyang University, are given in Appendix II of this Guidebook. 

NUCLEAR TRAINING OF NUCLEAR POWER PLANT PERSONNEL 

There are two nuclear training centres in the Republic 
of Korea.- the Kori Nuclear Training Centre (Kori NTC) under the 
framework of the Korea Electric Power Corporation (KEPCO), 
which is the sole electric utility in the Republic of Korea; 
and the Nuclear Training Centre under the Korea Advanced Energy 
Research Institute (KAERI NTC), which is a corporate body but 
sponsored by the government. KEPCO is under the Ministry of 
Energy and Resources, whereas KAERI reports to the Ministry of 
Science and Technology. 

Kori NTC was established in 1978 when the first nuclear 
power plant, Kori Unit 1, began commercial operation, and has 
been operated as an in-house training centre for control room 
operators, maintenance crew and construction management staff. 
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On the other hand, KAERI NTC was established in i960 for 
training outsiders mainly for radioisotope utilization 
techniques including health physics in the areas of industry, 
agriculture and medicine. From the middle of the 1970s the 
centre's training courses were reinforced to include nuclear 
power topics in an attempt to cope with the nation's nuclear 
power development programme. 

KAERI NTC operates training courses not only for the 
KAERI staff but also for the trainees from the utility, 
architect-engineering companies, manufacturers and construction 
firms. In addition, the Centre offers other training courses, 
for example for those engaged in nuclear regulatory and 
licensing work; it also offers a reactor experiment course for 
university students and retraining courses for the reactor 
operator licence holders. 
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A - I . 8 . S P A I N 

NUCLEAR POWER PROGRAMME 

The Spanish experience in engineering and science educa-
tion for nuclear power has to be viewed against the charac-
teristics of its nuclear power programme. The first generation 
of nuclear power plants, three units, was put into service 
between 1968 and 1972 and the first operating crews for those 
plants were trained by the main suppliers, following the 
practice of the time. Subsequent personnel were trained in 
situ within the operator's organization. The performance of 
these personnel has been highly satisfactory. The three units 
were of different types - PWR, BWR and GCR - and came from the 
USA and France. 

The second generation of power plants consists of six 
LWR units, three of which are already operational. The remain-
ing three are at an advanced stage of construction and it is 
planned to put them into operation in the course of 1985. These 
second-generation plants are manned by personnel trained on an 
almost exclusively national basis. As a result of the 
continuing efforts to increase their own participation in all 
phases of the operation of their power plants, Spanish 
utilities have gained broad experience in training operating 
staff. 

Through its nuclear power programme Spain intends to 
meet the demand for power with a reasonable degree of 
diversification and sufficient assurance that electric energy 
will be supplied at competitive prices and without excessive 
expenditure of foreign currency. Consistent with the essential 
condition that the nuclear power plants operated in Spain must 
meet the safety and quality requirements prevailing 
internationally and that the cost of generated power must be 
competitive, it is also intended to attain a high degree of 
national participation in manufacturing and services, in order 
both to reduce the dependence on the foreign market and to 
raise the technological level in Spanish industry. 

INFRASTRUCTURE FOR ENGINEERING AND SCIENCE EDUCATION FOR 
NUCLEAR POWER 

The key factor in the nuclear power programme has been 
the Junta de Energía Nuclear (JEN) created in 1951. The three 
main functions assigned to JEN at that time were scientific 
research and technological development, radioactive mineral 
prospecting and the training of personnel. When nuclear 
activities started in Spain a small group of persons were 
trained abroad and then became the heads of the different 
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working groups at the laboratories created at that time. Once 
the first working nucleus had been formed, more and more 
complicated techniques were developed and the training policy 
was changed up to the creation in 1964 of the Instituto de 
Estudios Nucleares (IEN), which was assigned the responsibility 
of training personnel within the JEN. 

IEN responsibilities are carried out in the following 
manner.-

- Scholarships for postgraduate training in a particular 
speciality at JEN's laboratories. 

- Courses which can be classified as follows, according to 
their purpose: 

- Nuclear Engineering: To provide the student with the 

knowledge and skills needed to acquire qualifications 

for performing strongly nuclear-oriented tasks and 

functions in a nuclear power programme, such as 

project engineering and management, construction and 

operation of nuclear power plants. (Duration: 
10 months.) 

- Basic Nuclear Training.- To provide the student with 
knowledge of nuclear engineering, especially for 
nuclear power plant operations, in the first phase of 
his training. (Duration: 4 months.) 

- Training courses for personnel using or handling 
radioactive materials. 

- Courses in radiation health physics. 

- Special non-regular courses. These courses are 
organized either at the request of other bodies or when 
IEN detects the need for them in the country. 

There are also courses on nuclear engineering in the 
engineering faculties of Spanish universities, and it is con-
sidered advantageous that curricula and courses in nuclear 
technology as required by the nuclear power programme be 
introduced into universities and technical colleges. In Spain, 
nuclear technology and nuclear safety, as well as nuclear 
physics, reactor theory, etc., are studied in the polytechnic 
universities. 

With a view to achieving maximum national participation 
in the training of operating staff for Spanish nuclear power 
stations, the TECNATOM Engineering Company Ltd was formed in 
1972 with the participation of the seven electric utilities 
having nuclear power programmes. At present this company has 
two full-scale simulators (FWR and BWR). Besides training 
operating staff for nuclear power stations, TECNATOM is engaged 
in activities relating to in-service inspection and to the 
training of technicians in non-destructive testing. 
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SUMMARIZING REMARKS 

Spain can be described as a country engaged in an 
important nuclear power programme. It has not developed a 
reactor technology of its own, but has made, with success, 
great efforts to have important national participation in the 
provision of equipment and services, including training in 
nuclear engineering. The fact of having started nuclear 
activities about 15 years before beginning the first nuclear 
power project has been decisive for the progress of the Spanish 
nuclear power programme. 

The qualification of manpower for the nuclear power 
programme is related to the diversity of plant types and 
principal suppliers, a high level of domestic participation in 
the design and construction of plants and, most importantly, 
complete responsibility for all phases of operation. The 
education at all levels is provided by the Instituto de 
Estudios Nucleares, technical universities and TECNATOM. 
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A-I.9. SWEDEN 

NUCLEAR POWER PROGRAMME 

Power Plants 

The Swedish nuclear power plants' basic data are 

summarized in Table A-I.9-1. 

TABLE A-I.9-1. SWEDISH NUCLEAR POWER PLANTS 

Electrical 
Thermal output Commercial 

Nuclear output gross/net operation 
power plant Reactor type (MW) (MW) (year) 

Barseback 1 BWR, ASEA-ATOM 1700 590/570 1975 
Barseback 2 BWR, ASEA-ATOM 1700 590/570 1977 
Forsmark 1 BWR, ASEA-ATOM 2711 934/900 1981 
Forsmark 2 BWR, ASEA-ATOM 2711 934/900 1981 
Forsmark 3 BWR, ASEA-ATOM 3000 1100/1060 1985 

Oskarshamn 1 BWR, ASEA-ATOM 1375 460/440 1972 
Oskarshamn 2 BWR, ASEA-ATOM 1800 615/595 1975 
Oskarshamn 3 BWR, ASEA-ATOM 3000 1100/1060 1985 
Ringhals 1 BWR, ASEA-ATOM 2270 780/750 1976 

Ringhals 2 PWR, Westinghouse 2440 840/800 1975 

Ringhals 3 PWR, Westinghouse 2783 960/915 1981 

Ringhals 4 PWR, Westinghouse 2783 960/915 1983 

Nuclear Power Utilities 

The 12-reactor power programme is operated by four 
different utilities, as indicated in Table A-I.9-2. 

TABLE A-I.9-2. UTILITIES OPERATING SWEDISH POWER PLANTS 

Name of utility Number of people 
(plant name) 

OKG 

(Oskarshamnsverket) 

Sydkraft 

(Barseback) 

Forsmarksbolaget 

(Forsmark) 

State Power Board 

(Ringhals) 

Total 

185 

750 

330 

750 

1100 
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Organizations Related to the Nuclear Power Plants 

Other organizations related to Swedish nuclear power 

plants are shown in Table A-I.9-3. 

TABLE A-I.9-3. ORGANIZATIONS RELATED TO SWEDISH NUCLEAR POWER 

PLANTS 

Name of organization 

(main activity) 

Number of people 

ASEA-ATOM 1200 

(construction, fuel manufacturing) 

Studsvik Energiteknik 200 

(R&D) 

Nuclear Inspectorate 70 

(state authority) 

Radiation Protection Institute 20 

(state authority) 

Others 100 

Total 1590 

BACKGROUND AND FUTURE OF THE SWEDISH NUCLEAR POWER PLANTS 

Background 

Development of nuclear power started in about 1950 in 
Sweden. By that time an organization, the Atomic Energy 
Company, was formed to perform research and development in 
order to make use of the fission process for energy produc-
tion. During the 1950s and 1960s research facilities were set 
up and personnel qualification increased continuously. 

Education in a more organized manner started in 1962 
when nuclear engineering departments were established at some 
universities, i.e. at the institutes of Technology in Stockholm 
and Gothenburg. A national power reactor programme was 
developed, at first with heavy water reactors and later with 
light water reactors. The HWR programme was abandoned in 1970 
and the start of the present nuclear power programme took place 
in 1968 with the formation of the ASEA-ATOM company (within the 
ASEA company). Construction of commercial nuclear power plants 
(NPPs) started in 1968 with Oskarshamn 1. This was followed by 
another 9 BWRs and 3 PWRs. Two BWRs have been exported to 
Finland. It should be mentioned that Sweden has its own 
domestic BWR and fuel design (not originating under US 
licence). Thus, there is a solid competence over the whole 
nuclear power field within the country. 
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Future 

Because of a political decision in 1980 based on a 
public referendum, no more nuclear power plants will be built 
in Sweden and the existing plants may be used up to the year 
2010. As long as this political decision is valid, the future 
is naturally relatively simple to survey. 

Manpower needed in the future will be about the same as 
today. Hence, the demand for education and personnel recruit-
ing is relatively predictable. Therefore, no drastic changes 
can be foreseen in the present educational system. 

INFRASTRUCTURE FOR NUCLEAR EDUCATION IN ENGINEERING AND SCIENCE 

Orientation of Education 

In the course of the development, construction and 

operation of Sweden's NPPs the structure for nuclear education 

and training has been modified continuously. The tendency in 

education and training has changed from being R&D-oriented to 

operations-oriented, as shown schematically in Fig. A-I.9-1. 

Fig. A-I.9-1. Nuclear education and training trends in Sweden. 

Institutions and Methods Involved in Education and Training 

The general educational system in Sweden which forms the 
basis for the education for the nuclear power programme is 
shown in Fig. A-I.9-2. 

Traditionally, education for nuclear engineering has 
been handled essentially in the same way as for other 
engineering fields. Companies have employed persons with an 
academic education from universities and institutes of techno-
logy. Only a few students have specialized in nuclear 
engineering during their graduate studies. Therefore, the 
nuclear industry has, since the beginning of the 1970s, taken a 
more active part in education. Academic education is arranged 
by the nuclear utilities in order to maintain a high level of 
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Fig. A-I.9-2. General education system in Sweden. 

education of their staff. This is a substantial complement to 
the education given by the universities. 

At the technical universities in Stockholm and 
Gothenburg there have been, since 1962, departments for reactor 
physics, reactor technology, nuclear chemistry and reactor 
materials (only Stockholm). These departments are within 
different faculties, i.e. technical physics, mechanical 
engineering, chemistry and mining technology. This splitting 
up of the subjects is a drawback for students who want to 
specialize in nuclear engineering $nd very few students get a 
solid education in nuclear power. 

A new measure regarding education was taken in 1980 when 
the utilities formed a special organization, RKS (the Nuclear 
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Safety Board of the Swedish Utilities). One of the tasks of 
this organization is education and training. During the past 
few years a new type of education has been arranged by RKS 
which can be characterized as advanced education in nuclear 
engineering. Education is given on the basis of the demands of 
the utilities and other organizations. Accordingly, nuclear 
specialization courses are given, as shown in Table A-I.9-4. 

TABLE A-I.9-4. NUCLEAR SPECIALIZATION COURSES 

Name of course Length of course 
(weeks) 

1. Advanced Nuclear Engineering 
for Shift Supervisors 

3 

2. Nuclear Engineering, Graduate 
Course 

5 

3. Radiation Protection 2 

4. Management of Radioactive Waste 1 

5. Reactor Core Calculations 3 

6. Probabilistic Risk Assessment 1 

The total number of course weeks given in one year 
amounts to about 20-25. A listing of course subjects in 
Course 2 is given as an example in Appendix II of this 
Guidebook. 

Characteristics of the Education System and Methods 

The positive features of the education system used in 
Sweden are : 

- Flexibility.- Balance of demand and supply is obtained 

- High quality г Specialists in different subjects can be 
used 

- Relevant information.- Information directly related to 

the NPPs can be presented 
- General efficiency: Close contacts between the education 

organizer and organizations making use of education 
- Modern pedagogic methods.- e.g. computer-based material 

has been developed. 

As far as can be seen today, there is no reason for any 
drastic changes in the system in the near future. Improvement 
is continuously going on, as well as investigation into the 
future needs for education. One of the difficulties in 
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education is to find qualified persons who are interested in 
and suited for teaching. Owing to the flexibility in the 
system for nuclear education (nuclear specialization courses), 
there is, however, the freedom to utilize persons who are best 
able to meet the requirements. 
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A-I.10. UNITED STATES OF AMERICA 

Higher education in the United States of America is 
provided by a system of independent private and public colleges 
and universities which are responsive to the varying demand for 
educational programmes in particular disciplines (e.g. the 
recent rapid growth of such programmes in computer science and 
engineering). In addition to their normal degree-granting 
curricula, these institutions - as well as numerous affiliated 
and independent institutes, laboratories, centres, and private 
industry - provide supplementary opportunities for education 
and training in science and engineering. These usually take 
the form of intensive courses and on-the-job training directed 
towards the acquisition of specific skills. The availability 
of specialized equipment, not normally found on college or 
university campuses, at such institutes, laboratories, etc., 
also provides important opportunities for thesis and project 
research. 

This educational system, together with the inherent 
flexibility of engineering personnel within US industry, was 
able to respond effectively to the manpower needs of a nuclear 
industry which grew rapidly following the passage of the US 
Atomic Energy Act in 1954 and the convening in the following 
year of the first Geneva Conference on the Peaceful Uses of 
Atomic Energy. 

In 1957, when the 90 MW(e) Shippingport Reactor was 
commissioned, nuclear engineering was a discipline new to the 
US educational community. At that time, essentially all of the 
technical personnel hired by the nuclear industry received 
their degrees in one of the physical sciences or traditional 
areas of engineering. However, by 1964, 54 universities in the 
USA were offering nuclear-related engineering degree pro-
grammes, although many of these degrees were granted as an 
option in some other degree programme rather than in a separate 
department of nuclear engineering. By the early 1980s 
30 institutions were offering degree programmes specifically in 
nuclear engineering while another 30 have nuclear engineering 
options within other degree programmes. 

Mention has been made of the autonomous character of the 
US system of higher education. It is important to recognize, 
however, the need for long-range national planning and support 
of education and training as an essential element in the 
development of a nuclear power programme. In the USA, this 
role was largely played by the united States Atomic Energy 
Commission (USAEC), founded in 1945 and disbanded in 1974. 
During its existence, the AEC provided generous support for the 
purchase of special equipment by universities which were 
setting up nuclear engineering laboratories, as well as 
financial aid in the form of fellowships and traineeships 
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provided directly to students for graduate nuclear-related 
education. 

Other AEC support included the Oak Ridge School of 
Reactor Technology, the Argonne International School of Nuclear 
Science and Engineering, where many foreign nationals received 
their basic instruction in nuclear engineering, and the Labora-
tory Coop Programmes which have provided the opportunity for 
both university faculty and graduate students to conduct 
nuclear research at one of the AEC National Laboratories. Some 
of these programmes have been continued under the sponsorship 
of the AEC successor agencies, the Energy Research and 
Development Administration (ERDA) and the Department of Energy 
(DOE). 

It is clear that US Government support for nuclear-
related education and training has been a key factor in 
assuring the availability of the necessary skilled manpower, 
especially during the initial stages of nuclear power 
development. 

The mix of required manpower has changed with the 
evolution of the nuclear industry from one of research and 
development to one with increasing emphasis on operation and 
production. In the 1960s most nuclear engineering graduates 
found employment with nuclear reactor manufacturers and at 
government-owned and contractor-operated facilities. As 
commercial power stations began operation, the electric utility 
companies.absorbed an increasing fraction of the growing number 
of nuclear engineering graduates. Then, as orders for nuclear 
power plants began to increase in the 1970s, architect-
engineering firms began hiring increasing numbers of nuclear 
engineering graduates. 

In recent years the employment situation has been driven 
by several factors; the accident at the Three Mile Island (TMI) 
reactor in 1979, the large cost overruns at several nuclear 
plants under construction, and the relatively low rate of 
growth of demand for electric power compared with the situation 
before 1973. As a result, there has been a substantial reduc-
tion in the growth of installed nuclear capacity, combined with 
an increased emphasis on the safe and efficient operation of 
the plants currently on-line. The manpower implications of 
these trends are a reduced need for nuclear plant architect-
engineers, coupled with a significant increase in employment 
opportunities with the service industries supporting the 
electric utilities as well as in the utilities themselves, 
particularly for highly trained reactor operators, and for 
quality assurance and radiation protection personnel. 

Today the nuclear education system and the nuclear 
industry in the USA confront a major challenge; to attract 
highly qualified and motivated people to a profession which 
faces an uncertain future. To meet this challenge, a strong 
co-operative effort among universities, government and industry 
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will be required. Several positive steps have already been 
taken. In particular, the Institute of Nuclear Power Opera-
tions (INPO), established by the electric utility industry in 
the aftermath of the TMI accident, is taking a leadership role 
in evaluating procedures at nuclear plants and developing and 
promulgating training standards. INPO has also established 
both a graduate fellowship programme in nuclear engineering and 
health physics, and an undergraduate scholarship programme with 
several hundred scholarships awarded each year. 

Still, serious problems remain. In particular, 
university nuclear engineering programmes have suffered of late 
from faculty attrition, declining enrolments at both the under-
graduate and graduate levels, and obsolescence of laboratory 
facilities, which discourages graduate students with an 
interest in research careers. The ultimate result may be a 
diminished quality of nuclear engineering education at the very 
time when maintaining high standards is a prerequisite for 
keeping a future nuclear power option open in the USA. As 
previously noted, the educational system in the USA is 
inherently flexible, responsive to changing patterns of supply 
and demand. However, universities cannot respond effectively 
without the prospect of long-term support; at bottom, such 
support derives from the perception that an important societal 
need will be satisfied by programmes to train manpower in 
particular disciplines. A societal consensus on the need for 
nuclear p o w e r , developed and nurtured by the A E C , was a key 
element in the birth and rapid' development of the nuclear power 
industry in the USA; similar leadership will be required if 
nuclear power in the USA is to move forward from its current 
impasse. 
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A-I.il. YUGOSLAVIA 

NUCLEAR POWER PROGRAMME 

A strong interest in nuclear power arose in Yugoslavia 
quite early. Five research institutes dealing only or 
primarily with nuclear energy already existed in the 1950s. 
The number of organizations using nuclear radiation in 
medicine, industry, agriculture and other fields of activity 
increased steadily, which contributed to a general increase in 
the level of nuclear technology in the country. In 1981 the 
first nuclear power plant in the country (Kriko, 664 MW(e)) was 
put into operation. The second one (Prevlaka, about 
1000 MW(e)) is planned for the mid-1990s, while others may 
follow shortly afterwards. 

INFRASTRUCTURE AND INSTITUTIONS FOR NUCLEAR EDUCATION IN 
ENGINEERING AND SCIENCE 

These activities have required nuclear training and 
education. Initially, training was done only abroad, but soon 
it started in the country as well. Courses on various subjects 
and of various durations have been held. Education at the 
postgraduate and undergraduate levels at universities started 
early, in the late 1950s. 

The present status of nuclear-oriented education in 
Yugoslavia is the following. 

Every republic or autonomous province in Yugoslavia has 
its own university education system. However, these systems do 
not differ much.* the studies last four to five years for a B.S. 
with an additional two years for an M.S. Prior education 
includes eight years in primary and four years in secondary 
schools. The secondary schools, in addition to providing basic 
education, also specialize in one of many subjects (including 
nuclear engineering). 

A national system does not exist for the education of 
engineers and scientists for nuclear power. However, at many 
universities (Belgrade, Zagreb, Ljubljana, Skopje, Sarajevo and 
Novi Sad) subjects in nuclear power are taught, usually in the 
departments of power at faculties for electrical and/or 
mechanical engineering, where one or two courses (compulsory or 
optional) on nuclear power subjects are given (e.g. nuclear 
power, nuclear technology, nuclear reactor technology, nuclear 
reactors, nuclear power plants, etc.). However, the faculties 
for electrical engineering in Belgrade and Zagreb have 
departments of nuclear engineering where students receive an 
education in nuclear power such that they could be considered 
nuclear engineers. For example, in Zagreb students of nuclear 
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engineering at the Faculty of Electrical Engineering are taught 
the following, apart from other non-nuclear subjects.-

- Introduction to nuclear physics (2-2)1 
- Kinetics and dynamics of nuclear reactors (6-3) 

- Heat transfer in reactors (2-1) 
- Nuclear engineering laboratory (0-3) 
- Nuclear fuel cycles (2-1) 
- Reactor materials (2-1) 
- Safety and regulation (3-1) 
- Nuclear electric power plants (3-2) 
- Control and regulation in nuclear power plants (3-2) 
- Reactor safety systems (2-1) 
- Radiation effects and protection (2-1) 

A Master of Science in nuclear-oriented engineering has 
so far been obtainable only at the universities of Belgrade 
(Faculty of Electrical Engineering and Faculty of Mechanical 
Engineering) and Zagreb (Faculty of Electrical Engineering). 
Because of the small number of students and of the versatility 
of the education required, curricula are tailored individually 
to each student while the lectures are replaced by 
consultations with professors. 

In 1983 a graduate programme in nuclear-oriented 
engineering started also at the Technical Faculty of the 
University of Maribor. The curricula include topics related to 
the construction and operation of nuclear power plants. 

A programme for postgraduate studies in nuclear 
engineering was adopted in Slovenia in 1983, and is to be 
started in 1985/1986 by the Jozef Stefan Institute (Ljubljana) 
jointly with several faculties. The programme includes: 

- Systems components, regulation and simulation 
- Reactor and its core 
- Nuclear fuel and materials 

- Radioecology and radiation protection. 

Recently a Nuclear Training Centre to serve the country 
was started at the Jozef Stefan Institute in Ljubljana. Before 
1981, staff for the Krsko nuclear power plant in Yugoslavia 
were trained partly at the Jozef Stefan Institute and partly at 
the vendor of the plant. However, since 1981, only training at 
the full-scope simulator and in some specialized subjects has 
been performed outside the country. 

The Yugoslav authorities require a licence qualifying 
personnel to deal with nuclear radiation, including radiation 

The first number indicates the hours of lectures per 
week and the second the hours of exercises per week, all 
reduced to one semester. 
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protection. For that purpose a special school operates as part 

of the Boris Kidric Institute of Nuclear Science in 

Vinca-Belgrade. 

Regulations also require that all personnel directly 

related to the safe operation of nuclear power plants (Kr£ko) 

must hold a valid reactor operator or senior reactor operator 

licence. The licence is issued following a prescribed training 

programme and a thorough written and oral examination by a 

government-appointed Operator Licensing Board. 
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Appendix II 

EXAMPLES OF ENGINEERING AND SCIENCE EDUCATION 

FOR NUCLEAR POWER PROGRAMMES 

A—II.1. Argentina; Postgraduate (M.S.) Programme in 

Nuclear Engineering. 

A-II.2. Czechoslovakia; Postgraduate (M.S.) Programme in 

Radiation Health Physics. 

Practical Exercises and Laboratory 

Experiments in Radiation Health 

Physics. 

Specialization Course - Civil 

Engineering for Nuclear Power 

Plants. 

A—II. 3. France.- Specialization Programme in Nuclear 

Engineering. 

A-II.4. Germany, Federal Nuclear-Related Mechanical 
Republic of; Engineering Programme 

(Diplom-Ingenieur). 

Undergraduate Programme for Health 

Physics Engineers. 

A-II.5. Korea, Undergraduate Programme in Nuclear 

Republic of; Engineering. 

Postgraduate Programme in Nuclear 

Engineering. 

A-II.6. Spain; Specialization Programme in Nuclear 

Engineering. 

A-II.7. Sweden.- Specialization Course in Nuclear 

Engineering. 

Undergraduate Programme in Chemical 

Engineering. 
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A-II.8. United States of Typical Undergraduate Curriculum 
America} in Nuclear Engineering.- Fission 

Option. 

Typical Undergraduate Curriculum 
in Nuclear Engineering.-
Radiological Sciences Option. 

Postgraduate (M.S.) Programme in 
Nuclear Engineering with 
Specialization in Radiation Health 
Physics. 

Postgraduate (M.S.) Programme in 
Nuclear Engineering with 
Specialization in Radiation Health 
Physics. Detailed Course Outline 
for Health Physics II - Nuclear 
Reactor Related. 
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A-II.l. ARGENTINA 

EXAMPLE (ARGENTINA).- POSTGRADUATE (M.S.) PROGRAMME 

IN NUCLEAR ENGINEERING 

(CNEA-UNC, Instituto Balseiro) 

1. General Information 

The programme of study leading to the Nuclear Engineer 

Degree at the Instituto Balseiro was designed to cover the fol-

lowing requirements: 

(a) Objectives. To produce engineers trained not only for 
applications to different topics related to the use of 
nuclear energy but also for research, development and 
design, according to the Argentine Nuclear Power Plan. 

(b) Areas. The main areas defined are; 

- nuclear reactors 
- project management and design 
- nuclear materials and fuels 
- radiation protection and safety 
- instrumentation and control 
- nuclear installations.- thermal aspects 

(c) Characteristics. The programme is oriented to providing 
a broad knowledge on nuclear engineering. To enter the 
Institute, each student must successfully pass a special 
examination, and then receives a fellowship from the 
Comisión Nacional de Energía Atómica for the duration of 
the programme. The student must show rather high 
qualifications for each subject. 

To pursue the degree programme, the required background 
for entering students should include at least two 
previous years of university studies covering the fol-
lowing subjects.- Mechanics, Heat, Optics, Electricity, 
Magnetism and Mathematics. 

The programme is divided into semesters/ each programme 
includes four subjects. Lectures are given for four 
months; each subject is given twice a week ( ~ 4 h each); 
one month is dedicated to examinations. 

In the development of the different subjects it was 

decided to devote a large percentage ( ~ 50%) of the time 

to solving practical problems and to performing 
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experimental work. Fully equipped laboratories are 
available at the Centro Atómico Bariloche to support the 
experimental requirements, and they cover the main areas 
cited. 

To fulfil the programme requirements in order to receive 
the degree, each student must complete an engineer's 
thesis (or project work). This consists of special 
studies on some topic related to material in the pro-
gramme and must be completed in a period equivalent to 
six subjects. 

At present a four-year programme is given. For prac-

tical reasons, the first two semesters are common to the Master 
of Science in the Physics degree programme at the Institute, 
which has been given since 1955. 

Improvements to the present version of the programme are 

continuously analysed for future implementation. For example, 
a three and a half year programme is being considered. It is 
derived from the present one, reducing the specific subjects 
which are too closely related to physics and including changes 
in the subject programme in order to improve the development of 
different topics. This proposal could be a temporary solution 
until the necessary faculty and staff are available to imple-
ment a more complete programme. Both are independent of the 
Physics programme. 

2. The Programme 

EXAMPLE (ARGENTINA).- POSTGRADUATE PROGRAMME (M.S.) 
IN NUCLEAR ENGINEERING 

Semester Subject No. Subject 

(a) Common to Master of Science 
in Physics degree programme; 

1st 
1. 
2. 
3. 
4. 

Classical Mechanics 
Mathematics I 
Experimental Physics I 
Drafting 

2nd 
5. 
6. 
7. 
8. 

Electromagnetism 
Mathematics II 
Experimental Physics II 
Chemistry 
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Semester Subject N o . Subject 

(b) Nuclear Engineering 

special part 

9. Metallurgy 

3rd 10. Thermodynamics 
11. Numerical Calculus 

12. Nuclear Physics 

13. Fluids 

4th 14. Nuclear Materials 

15. Nuclear Reactor Theory 
16. Neutron Measurements Laboratory 

17. Nuclear Reactor Analysis 

5th 18. Electrical and Thermal Machines 

19. Nuclear Reactor Thermal Aspects 
20. Nuclear Fuels 

21. Nuclear Engineering Seminars 

6th 22. Instrumentation and Control 
23. Radiation Protection and Safety 

24. Nuclear Reactors 

7th 25. Nuclear Projects 

(21) Nuclear Engineering Seminars 

Project work 

26. Nuclear Reactor Design 

8th (21) Nuclear Engineering Seminars 
Project work 

1. Classical Mechanics 

Principles of mechanics. Variational principles. 

Lagrange and Hamilton equations. Central forces. Rigid 

bodies. Introduction to special relativity. 

2. Mathematics I 

Functions of complex variable. Differential equations. 

Special functions. Elements of linear algebra. 

3. Experimental Physics I 

Theory of measurements and error, data fitting. Elec-

tronics.* direct current circuits. Circuits with 
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capacitors, resistors and inductances. Linear cir-
cuits. Diodes and transistors. Experiments in elec-
tronics, mechanics, fluids, thermodynamics, electricity, 
optics and elasticity. 

4. Drafting 

Introduction to techniques and principles of drafting. 
Projections. Perspective. Interpretation of charts and 
graphs. Curved surfaces. Intersections. Sectional 
views. Standards. 

5. Electromagnetism 

Electrostatics, Green's functions, electric and magnetic 
fields. Electrodynamics in vacuum and material media. 
Waves. Dipoles. 

6. Mathematics II 

Vector spaces, transformation and linear forms. Eigen-
values and eigenfunctions. Other spaces. Linear func-
tions and operators. 

7. Experimental Physics II 

Optics and sound. Experiments in modern physics. Elec-
tronics Í operational amplifiers, digital circuits, 
modern components, feedback circuits, linear and logic 
systems. 

8. Chemistry 

Solutions. Electrolytic equilibrium. Thermodynamics 
and chemical potentials. Oxidation-reduction and 
corrosion. Kinetics. Radiation effects. Physical 
chemistry of surfaces. Nuclear material chemistry. 

9. Metallurgy 

Types of materials. Properties. Internal structure. 
Chemical binding. Mechanical, electrical, magnetic and 
thermal properties. Equilibrium of materials, pro-
cesses, steels and alloys. Corrosion. Fabrication 
methods. 

10. Thermodynamics 

Basic concepts. Equilibrium and stability conditions. 

Thermodynamic machines and potentials. Heterogeneous 

202 



equilibria. 3rd Law. Chemical thermodynamics and 
irreversible processes. Technological applications. 
Heat transfer. Phase diagrams. Thermal machines. 

11. Numerical Calculus 

Basic concepts of statistics and probability. Numerical 

calculus and matrix algebra, integration, differentia-

tion, finite difference equations, linear systems. 

Elementary programming using FORTRAN IV. 

12. Nuclear physics 

Principles of quantum mechanics. Static properties of 
nuclei. Isotopes. Nuclear forces. Natural and induced 
radioactivity, oc-, and 7 - d e c a y . Nuclear reactions. 
Cross-sections. Nuclear models. Liquid-drop and shell 
models. Methods to detect gamma radiation, neutrons and 
charged particles. Experiments with different kinds of 
detectors. Radiation attenuation. Study of nuclear 
reactions. Instrumentation.- detectors, amplifiers, 
single channel analyser, logic circuits, coincidence 
methods, data processing. 

13. Fluids 

General properties of fluids. Basic equations. Viscous 

fluids. Non-dimensional analysis. Laminar and turbu-

lent flow. Free convection. Heat transfer. 

14. Nuclear Materials 

Principal materials used in nuclear installations. 
Obtention, physical and chemical properties. Strength 
of materials. Elasticity and plasticity theory. 
Steels, zirconium alloys. Welding processes and 
control. Technology and processes of fabrication. 
Testing. Corrosion. 

15. Nuclear Reactor Theory 

Energy sources. Types of nuclear plants. Specific 
problems of nuclear installations. Neutron interaction 
with matter. Fission. Neutron cross-sections. Neutron 
fields. Boltzmann equation. Approximations. Diffusion 
theory. Moderation. Age theory. Time dependence. 
Thermal neutrons. Neutron thermalization. Homogeneous 
and heterogeneous reactors. Reflector effects. 
Resonance absorption. Principles of power reactors. 
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16. Neutron Measurements Laboratory 

Production and detection of neutrons. Thermal, epi-
thermal and fast activation. Properties of thermalized 
fields. Techniques and methods to measure different 
functions and neutron parameters. Use of stationary, 
non-stationary, differential and integral methods. 
Spectrometry and transmission experiments by time-of-
flight method. Pulsed source and activation methods. 
Nuclear instrumentation. 

17. Nuclear Reactor Analysis 

Reactor kinetics. Reactor control. Principal para-
meters, their dependence on temperature and poisoning. 
Reactor calculations, transport equation, approximations 
(PN' SN' BN' multigroup, etc.), adjoint equation, 
perturbation theory. Code systems, nuclear data libra-
ries. Advanced programming methods, collision proba-
bility, and Monte Carlo and nodal methods. Group and 
shell constants calculations. 

18. Electrical and Thermal Machines 

Electronics. Medium- and high-power amplification. 
Logic and protective circuits. Hardware. Electrical 
machines, transformers, sensors and transmitters. 
Thermal cycles. Wet air. Heat exchangers. Steam 
generators, turbines.* operation and regulation. Other 
auxiliary installations. 

19. Nuclear Reactor Thermal Aspects 

Heat and power in the reactor. Temperature distribu-
tion. Heat conduction and convection. Heat flow and 
transmission to the coolant. Coolant materials. Ther-
mal radiation. Liquid boiling, two phases, limits. 
Thermal design. Accidents. Experimental techniques. 

20. Nuclear Fuels 

Fuel materials. Heat generation, temperature distribu-
tion, fuel element behaviour. Mechanical and chemical 
interactions, stability, performance. Loss-of-coolant 
accidents. Fuel element design, fabrication processes, 
and cost analysis. Fuel cycles, irradiated fuel ele-
ments, costs. 
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21. Nuclear Engineering seminars 

Short courses and seminars on different topics related 
to the principal problems of nuclear engineering. 

22. Instrumentation and control 

* Basic concepts. Frequency analysis. Feedback control 

and servo-mechanisms. Process control. Reactor control 
theory. Automatic control. Control of nuclear instal-
lations. Technology and components. 

23. Radiation Protection and Safety 

Biological effects of radiation, units, standards. 
Dosimetry. Basic criteria of radiation protection. 
Monitoring. Protection systems. Contamination and 
decontamination. Radioactive waste; management, 
effluents, transportation safety and short- and long-
term storage. Nuclear safety, inventories, nuclear 
reactor safety, siting, risk analysis, quality control. 

24. Nuclear Reactors 

Theory; Nuclear power plants, components, auxiliary and 
complementary installations. Internal fuel cycle, 
circuits and systems. Nuclear components. Power 
plants; behaviour under loading conditions, mechanical 
and electrical operation, inspection and quality 
control. Irradiation facilities for research purposes, 
energy production, calibration, testing and hot cells. 

Experiments (in the reactor and subcritical facility): 
neutron flux measurements, criticality, control rod 
worth, power, neutron spectra and other reactor para-
meters. Operating concepts, startup, power operation, 
shutdown, scram and control. Measurement of properties 
of materials under irradiation. 

25. Nuclear Projects 

Utilization and applications of nuclear energy, general 
outlook of the national energy programme (interconnected 
network, demands), economic aspects of energy, electri-
cal systems. Nuclear installations projects: organiza-
tion, administration, feasibility and siting studies, 
project design (critical path). Inspections, control 
and quality assurance, testing. Economic aspects: 
contracts and costs. Legislation and nuclear standards, 
priorities and responsibilities, accidents involving 
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other parties. International relations, safeguards. 
Licensing: requirements and procedures. 

Nuclear Reactor Design 

Reactor specifications and principal parameters (type, 
power, etc.). General requirements (mechanical> struc-
tural, thermal, nuclear, siting). Core design, thermo-
dynamic criteria, neutronic calculation and enrichment 
determination, core optimization, startup core, equi-
librium and burnup, control rod worth, control systems. 
Basic concepts of design for conventional parts. Design 
of peripheral installations. Basic concepts of compo-
nents design, circuits, heat exchangers, etc. Different 
types of commercial reactors. 

Languages 

Apart from the above-mentioned subjects, English is 
taught during the first three years in order to acquire 
proficiency in reading and conversation. During the 
last year German is taught in order to be able to read 
technical papers. 



A — I I . 2 . C Z E C H O S L O V A K I A 

EXAMPLE (CSSR)Î POSTGRADUATE (M.S.) PROGRAMME 

IN RADIATION HEALTH PHYSICS 

In the CSSR radiation health physics is considered to be 
a specialized field of nuclear engineering. The Faculty of 
Nuclear and Physical Engineering at the Technical University of 
Prague offers four main fields for studies at the M.S. level: 
nuclear engineering, physical engineering, nuclear chemical 
engineering and mathematical engineering. 

In general, nuclear engineering deals with education on 
the level of an M.S. in the fields related to the technical 
applications of nuclear sciences, especially with regard to 
nuclear energy (theory and technology of nuclear reactors) and 
nuclear radiation (dosimetry and use of nuclear radiation) in 
industry, biology and medicine. 

The following curricula deal with the applications of 
radiation and radiation dosimetry for an M.S. specialization in 
radiation health physics. The duration of study is 5 years 
(10 semesters)» each semester (sem.) lasts 15 weeks. 

Year Lectures, seminars, Examinations Practical State examinations 
exercises (h/week) (No.) (weeks) (No.) 

1 30 8 

2 29 8 - -

3 27 8 6 -

4 30 8 3 -

5 28 4 4 

CURRICULA 1 

Mathematical Analysis I - IV 

245 h (1), 225 h (s) 

1st sem. 4/4, 2nd sem. 4/4, 3rd sem. 3/3, 4th sem. 5/4 
Theoretical basis for the study of mathematical, physical and 
technical disciplines. Mathematical logic, theory of groups, 
series of real and complex numbers, real and complex functions 
of real and complex variables, differential calculus of real 
functions of one real variable, integrals, functional series, 

1 = lectures, s = seminars, a/b = hours of lectures per 

week/hours of exercises per week. 
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topology of metric spaces, differential calculus of more than 
one variable, integral calculus of real functions of more than 
one variable, external differential and integral calculus. 

Algebra and Geometry 

60 h (1), 60 h (s) 

1st sem. 2/2, 2nd sem. 2/2 
Basics of linear and analytical geometry. Vector spaces, 
dimensions, bases, subspaces, linear functionals, linear 
operators, isomorphisms, matrices, systems of linear equations, 
linear variables, determinants of operators and matrices 
(k-linear forms), eigenvectors and eigenvalues of linear opera-
tors and matrices, Hermitian and quadratic forms, scalar 
product, theory of normal operators in spaces with scalar 
product, geometry in Euclidean space. 

Functions of Complex Variables 

30 h (1), 15 h (s) 
3rd sem. 2/1 

Mathematical analysis of complex variables. Generalized series, 
continuous and holomorphic functions, curve integrals and 
methods for their calculation, integral evaluation of holo-
morphic functions, singularities, meromorphic functions, 
residuum, conformai representation. 

Mathematical Physics 

90 h (1), 54 h (s) 
5th sem. 3/1, 6th sem. 3/2 
Modern mathematical methods for solving physical and technical 
problems. Operators in Hilbert space, spectral theory of linear 
operators, eigenvalues, differential equations in complex 
calculus, special functions, Cauchy problem, theory of poten-
tials, introduction to integral and integrodifferential equa-
tions, variational calculus and its applications. 

Theory of Probability and Mathematical Statistics 

30 h (1), 15 h (s) 
5th sem. 2/1 

Methods of mathematical statistics and their applications in 
various fields. Theory of probability, basic problems of 
mathematical statistics, theory of estimation, testing of 
statistical hypotheses, many-dimensional random variables, 
correlation and regression, tests of independence of random 
variables, statistical induction in linear models, regression 
analysis, analysis of variance and covariance, theory of 
experiments, sequence analysis, random processes. 
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Numerical Mathematics 

60 h (1), 45 h (s) 

7th sem. 2/1, 8th sem. 2/2 
Basic knowledge of the most efficient numerical methods. Solu-
tion of systems of linear algebraic equations, matrix inversion, 
finite and iterational methods, solution of partial and full 
problem of eigenvalues, solution of non-linear algebraic and 
transcendental equations and their systems, interpolation, 
numerical derivation, numerical quadrature, approximate solution 
of differential equations. 

Programming 

30 h (1), 15 h (s) 

6th sem. 2/1 

FORTRAN and the basics of working with computers. Block 

schematics, programming languages (general), applications of 

algorithms to tasks, detailed description of FORTRAN IV, 

description of implementation on a given computer, some elements 

of ALGOL 60, role of computers. 

Mechanics 

60 h (1), 30 h (s) 
1st sem. 4/2 

Newtonian mechanics and the vector description of interactions 
with special regard to gravitational interactions; basics of 
special and general theory of relativity; mechanics of the 
continuum with applications to fluid mechanics. 

Electricity and Magnetism 

60 h (1), 30 h (s) 
2nd sem. 4/2 

Basic experimental phenomena in electricity and magnetism and 
their theoretical interpretation via inductive derivation of 
Maxwell equations. Electrostatics, charged particles in an 
electromagnetic field, electromagnetic induction and alternating 
currents, properties of electric and magnetic fields in space 
with matter. 

Optics and Atomic Physics 

60 h (1), 30 h (s) 
3rd sem. 4/2 

Properties of waves and oscillations; wave and geometrical 
optics; main experimental techniques of atomic physics. Oscil-
lations of systems of points, waves in non-dispersing space, 
energy of waves, reflection, electromagnetic waves, polariza-
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tion, interference and diffraction, geometrical optics; quantum 
of energy, corpuscular character of light, wave aspects of 
particles, quantum character of the energetic states of atoms, 
Bohr's model of the atom. 

Statistical physics and Thermodynamics 

60 h (1), 30 h (s) 
4th sem. 4/2 

Fundamentals of thermodynamics on the basis of the thermodynamic 
and kinetic theory of gases. Theory of non-equilibrium pro-
cesses, main principles of thermodynamics, thermodynamic 
description of systems, entropy, thermodynamic potential, 
irreversible processes, phase transients, kinetic theory of 
matter, Boltzmann equation, statistical systems, Fermi gas. 

Experimental Physics I, II 

60 h (1), 90 h (measurements) 

Experimental methods and devices in physics. Errors of 
measurement, measurement of space, time, mechanical, thermal, 
electrical, optical properties; experiments in atomic and 
nuclear physics. Thirty practical measurements are made in 
laboratories. 

General and Physical Chemistry 

Basics of chemistry and physical chemistry with applications to 
nuclear materials, materials in technical physics, and to 
questions of corrosion and environmental protection. Properties 
of elements and compounds; theory of chemical coupling; thermo-
dynamic and kinetic aspects. 

Introduction to Engineering 

30 h (1) 
1st sem. 2/0 

Basic aspects of engineering projects including management, 
technologies and technical characteristics; role of physical 
engineering. 

Theoretical Physics 

90 h (1), 45 h (s) 

3rd sem. 2/1, 4th sem. 4/2 
Principles and methods of non-quantum theoretical physics. 
Analytical mechanics (Lagrange and Hamiltonian formalism), 
mechanics of the continuum (tensors), theory of electromagnetic 
fields, mathematical methods of special theory of relativity. 
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Quantum Mechanics 

60 h (1), 15 h (s) 

5th sem. 4/1 
Description of micro-objects and their behaviour, methods of 
solution of the Schrodinger equation. Basic concepts and 
postulates of quantum mechanics, quantum description of simple 
systems, approximate solution of the Schrodinger equation, 
problems of many particles. 

Nuclear Physics 

45 h (1), 30 h (s) 
5th sem. 3/2 

Experimental nuclear physics and the theoretical interpretation 
of experiments, applications to physics and technical problems. 
Properties of stable nuclei, models of atomic nuclei, radio-
activity, nuclear reactions, transport of nuclear radiation 
through matter, sources and methods of detection of charged 
particles, physics of elementary particles, cosmic rays. 

Solid-state Physics 

45 h (1), 15 h (s) 

5th sem. 3/1 

Properties and phenomena of the solid state. Basic concepts, 
theory of crystal structures, lattice oscillations, specific 
heat, free electrons in metals, electrical conductivity, metals 
and alloys, dislocations, phase diagrams, semiconductors, elec-
trical and optical properties of solid materials, resonance 
phenomena, superconductors; radiation effects. 

Electronics 

30 h (1), 45 h (s) 
5th sem. 2/3 

Electronic circuits and systems. Electronics measurements; 
linear circuits; characteristics of dipoles and quadrupoles 
(active and passive), amplifiers, non-linear and logic circuits, 
numerical and analogous methods; noise. 

Theory of Environmental Protection 

30 h (1) 

8th sem. 2/0 
Role of complex solutions to problems of industrial development 
in modern society. Equilibrium of ecosystems - their perturba-
tions and ways of improvement; ecological problems associated 
with raw materials and energy sources. Environmental protec-
tion. international aspects of environmental protection 
regarding specific features of nuclear energy. 
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Economics and Management 

90 h (1), 60 h (s) 

9th sem. 2/2, 10th sem. 4/2 
Modern methods of management. Formulation and solution of eco-
nomic problems and their relation to management of technical 
processes and projects; role of computers; construction and 
theory of databases; decision methods. 

Physics of Ionizing Radiation 

120 h (1), 60 h (s) 

6th sem. 4/2, 7th sem. 4/2 
Properties and sources of ionizing radiation. Interaction of 
radiation with matter, interaction of charged particles, inter-
actions of indirect ionizing radiation, neutron and reactor 
physics; sources, detection, moderation and diffusion of 
neutrons. 

Basic Dosimetry 

120 h (1), 60 h (s) 
6th sem. 
Principles of dosimetry, role of dosimetry in research and 
industry; physical origin of dosimetric functions; radiation 
protection; methods of dose calculation; neutron dosimetry. 

Dosimetry of Ionizing Radiation 

90 h (1), 60 h (s) 
7th sem. 2/2, 8th sem. 4/2 

Applications of dosimetry in nuclear energy. Personal dosi-
metry; environmental dosimetry; individual and integral 
dosimetry, film dosimetry, chamber dosimetry, changes in the 
solid state using dosimetry, integral neutron dosimeters; 
management of dosimetry; dosimetry in nuclear energy complex; 
safety of a nuclear power station; dosimetry of technological 
circuits; waste problems; accident analysis; influence of 
radiation on living organisms; radiation protection; physics of 
shielding. 

Measurement of Ionizing Radiation 

90 h (1), 60 h (lab.) 

7th sem. 2/1, 8th sem. 2/1, 9th sem. 2/2 
Physical principles and methods of measurement of ionizing 
radiation. Detectors; evolution, statistics of detection, 
registration; properties of detectors; devices for evaluation of 
signals; application of nuclear measurement techniques; measure-
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ment of ionizing radiation and radionuclides; measurement 
characteristics of ionizing radiation. 

Applications of Ionizing Radiation 

90 h (1), 60 h (s and lab.) 
8th sem. 4/2, 9th sem. 2/2 
Applications of ionizing radiation in different fields of 
science and technology. Devices and methods; closed and open 
sources; applications in medicine, clinical radiology; radio-
biology; radionuclides and technical devices in nuclear 
medicine; diagnostic use of radionuclides, therapeutic use of 
ionizing radiation; clinical dosimetry; use of computers in 
medicine; biological aspects and influence of radiation on 
living organisms. 

Special Practical Measurements in Dosimetry 

60 h (lab.) 

6th sem. 0/4 

Practical experimental methods utilizing principal techniques 

and aspects of laboratory and industrial measurements. 

Reliability in Nuclear Technology 

30 h (1) 
9th sem. 2/0 

Reliability and safety and their quantification, means of 
improving safety and reliability. Statistical theory of safety 
and reliability; mathematical theory; philosophy of safety 
management; quality assurance and quality control. 

Additional subjects include: 

- Research work (30 h) 
- Work on a given problem in field of specialization (120 h) 

- Project work (diploma work) (450 h , in 9th and 10th sem.) 
- Two foreign languages 
- Practical work outside the university (factories, 

laboratories, institutes). 

Proposed new subject: 

Experiments in a Nuclear Power Station 

Methods of experimental research in nuclear engineering; com-
missioning; experiments during licensing, zero power, full power 
and operation; special importance of experiments and services. 
Evaluation of measured values; theory of experiments; role of 
computers. 
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EXAMPLE (CSSR)Í PRACTICAL EXERCISES AND LABORATORY EXPERIMENTS 
IN RADIATION HEALTH PHYSICS 

List of Experiments 

- Experimental investigation of gamma radiation attenuation 
in different media. 

- Transport of electrons through materials. 

- Calibration of the gamma radiation field in collimated 
f l u x . 

- Measurement of efficiency of scintillation detectors for 
gamma radiation. 

- Energy and direction dependence of scintillation 
detectors for gamma radiation. 

- Use of absorption to measure thickness. 

- Scintillation detector calibration and dose rate 
measurement. 

- Fast flux neutron field mapping with the help of 
dosimetrical diodes. 

- Study of influence of detectors in measurement using 
methods of gamma backscattering. 

- Measurement of thickness of coating (layers) by the 
backscattering of beta radiation. 

- Dose measurement with Fricke dosimeter. 

- Calibration of transportable radiometer and the 

dependence on proton energy. 

- Measurement of efficiency of Ge(Li) detectors. 

- Dependence of volume of Nal(Tl) on response. 

t 

- Transport of alpha particles through medium. 

- Semiconductor spectrometry. 

- Scintillation spectrometry. 

- Measurement of statistical characteristics of radioactive 

decay, accuracy of measurements. 
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- Spectrum of backscattered gamma radiation. 

- Measurement of emission of neutrons from Ra-Be source 

with the help of a manganese bath. 

- Dead time of Geiger-Müller counters. 

- Linearity of spectrometers. 

- Properties of radionuclidic level detectors. 

- Methods of integral dosimetry. 

- Rontgen fluorescent methods of analysis. 

- Thermoluminescent dosimetry. 

- Comparison of thermoluminescence curves of different 
materials. Calculation of activation energy and dose 
measurement using thermoluminescence. 

- Thermal dependence of detectors. 

Devices and Equipment 

- Detectors of different types. 

- Equipment needed for detection (CAMAC) (source, 
preamplifier, amplifier, shaping, counting, one-channel 
spectrometer). 

- Laboratory devices for measurement. 

- Sources of radiation ( 1 3 7 C s ,
 6 0 C o , 2 2 6 R a , 2 5 2 C f , 

2 4 1 A m ) . 

- Multichannel analyser. 

- Manganese bath. 

- Transportable dosimetric devices. 

- Secondary standards. 

- Dosimetric (Si) diodes and devices for evaluation of 

measurement. 

- Calorimeters. 

- One-channel analyser. 
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- Thermoluminescent device. 

- Shielding. 

- Auxiliary devices. 

- Pulse generators. 

- Computers. 

- Microtron laboratory. 

- Experimental reactor laboratory. 

- Neutron spectrometry laboratory. 

- Geiger-Müller counters. 

EXAMPLE (CSSR): SPECIALIZATION COURSE -

CIVIL ENGINEERING FOR NUCLEAR POWER PLANTS 

This specialization course is given to graduates of the 
faculty of civil engineering who, after successfully completing 
a specialization course including practical work, will be 
employed in nuclear power plant civil engineering. The number 
of hours and structure of the course (e.g. work-study pro-
grammes) are flexible. A modular approach is generally used. 

1. Applied Mathematics 

- Applied mathematics required to solve technical and 
managerial problems in civil construction of nuclear 
power plants. 

- Convex programming, linear parametrical programming; 
mathematical statistics, theory of probability, statisti-
cal evaluation of distribution parameters, tests of 
significance, theory of graphs. 

- Basic information on systems engineering. 

- Operations analysis, methods of structural analysis, 
optimal allocation of finite resources. 

- Numerical methods, theory of games, storage models, 

theory of on-site construction services, sequence 

modelling. 

216 



- Computer techniques used in the process of construction, 

design and other civil engineering activities. 

Notes Applied mathematics is taught here in an overview 

fashion. 

2. Nuclear Reactor physics and Nuclear Power Plant 

Construction 

- Microstructure of matter, radioactivity, properties of 
elementary particles, nuclear reactions and their energy 
yield, fusion of nuclei, radiation shielding, radiation 
effects, dosimetry. 

- Basic theory of nuclear reactors, types of reactors, 
design of power reactors, W E R - t y p e of nuclear power 
plants, heat transfer in the reactor core, control of 
reactivity, fuel elements and their handling. 

- Function and design of primary and secondary circuits. 

- Technological components of nuclear power plants.-
mechanical equipment; electrical equipment; systems for 
measurement, regulation and control. 

- Fuel cycles, fuel element fabrication, uranium enrich-

ment, fuel storage, reprocessing, waste management. 

3. Nuclear Power Development 

- Overview of nuclear power plant construction, sources of 
raw materials and their exploration, enrichment and 
reprocessing plants, waste disposal in the USSR, CSSR and 
in other countries; present situation and future 
prospects. 

- Economics of nuclear power. 

- Management of nuclear power plant civil construction.-
partners in the construction and their relationships, 
role of governmental organizations, domestic regulation, 
international agreements of co-operation where needed or 
useful. 

- Pre-construction period (overview). 

- Methods and rules for project documentation preparation. 

- Reliability and safety in nuclear power; role of the 

IAEA; nuclear power plant safety; radiation protection; 
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biological shielding calculations, construction, design 
and materials. 

Research work for the nuclear power programme, overview 
of the tasks and requirements, responsibility of persons 
and institutions, scientific co-operation. 

The flow of information in a nuclear power programme, 
relation to INIS, modern means of information storage, 
database, bibliography, information systems. 

Civil Construction of Nuclear power Plants 

Site selection and evaluation, basic requirementsг 
seismicity, hydrology, meteorological conditions, 
environmental impacts; methods for relevant data 
collection. 

Examples of civil engineering design of nuclear power 
plants in the world and in the CSSR, spatial configura-
tion of nuclear power plant systems and of auxiliary and 
safety systems, energy sources. 

Cooling methods! once-through cooling, cooling pools, 
cooling towers, influence of cooling on design. Problems 
of transport and communications. Auxiliary civil 
engineering projects. Energy, transport, water supply 
and their costs. Examples. 

Design of civil engineering components. Influence of 
radiation and nuclear safety on the design. Reactor 
building, hermeticity problems, containments (including 
their classification). Statics of the containment. 
Buildings for auxiliary systems, emergency cooling 
systems. 

Facilities for radioactive waste handling, storage of 
spent fuel and radioactive waste. 

Design of other projects, turbo-generator building (with 
special emphasis on the turbo-generator foundation), 
cooling water design, water systems. 

Administration buildings, workshops, storage facilities, 

auxiliary power sources, physical protection. 

Civil engineering structures, systems of piping for 

emergency cooling, cable channels and bridges. 

Influence of seismicity on design of various buildings. 

Overview of relevant laws and standards. 



Civil Construction Management of Nuclear Power Plants 

Time schedule of civil construction, laws and 
requirements, quality assurance and quality control and 
their relation to technology and management. 

Optimal management and scheduling, source analysis. 

Interaction between management and design groups. Heavy 
equipment installation. Technology of monolithic blocks. 

Basic technologies and their influence on management of 
on-site construction, overview of most important tech-
niques, special technologies. 

Basic technologies and their influence on time sequence, 
different variants for the design of auxiliary objects. 

Methods of civil engineering design, sequence of work. 

Continuous methods of nuclear power plant construction. 

Role of computers, methods used for management. 

Balancing of: capacity, space-time relations, materials, 
energy, manpower demands, means of transport , machines 
and devices. 

Examples of world experience. 

Support management. 

Techniques for computing, transferring, signalling and 
dispatching. 

Technology of Nuclear Power Plants 

Technology of the most important components, concrete 
elements, steel claddings, prestressing, polar crane 
installation, surface technologies, special materials and 
technologies. 

Heavy préfabrication technology for the turbo-generator 
foundation, transport problems, including channels and 
bridges. 

Nuclear-related components: testing, hermeticity control, 
materials ageing, influence of radiation on construction, 
safety rules and requirements. 
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Geodetical work during nuclear power plant construction, 
basic points stabilization, tolerances and their measure-
ment, use of computers. 

Examples of technologies in the CSSR and in other 
countries. 

Special Materials for Civil Engineering 

Radiation effects on materials. 

Special steels and their properties, technologies of 
welding, steel cladding. 

Special concretes, heavy concrete, fluid concretes, 
plastic forming agents. 

Plastics, stabilizers and components required for 
achieving necessary properties of plastics. 

Surface protection of steel as well as concrete 
metallization, paints. 

Isolation: hydro, thermal, sound, radiation, and chemical. 

Testing of materials: methods, rules, devices and instru-

ments, requirements and tests. 

Specialization course Work, Laboratory Activity, 
Practical Work 

Content of specialization course work is selected after 
consultation with student's employer. 

Every student has an advisor who is responsible for the 

level of the work. 



A—II.3. FRANCE 

EXAMPLE (FRANCE): SPECIALIZATION PROGRAMME IN NUCLEAR ENGINEERING 

(1983-1984 SYLLABUS) 

(National Institute of Nuclear Science and Technology, Saclay) 

I. BASIC COURSES 

I.A. BASIC COURSE FOR ALL OPTIONS 

I. Introduction to the Basic Courses 

(a) General introduction and basic concepts relating to 
nuclear physics (2) 2 

Principles of radioactivity, nuclear reactions, 
fission and fission products. 

(b) Principles of reactor operation (5) 

Thermal reactors. Fast reactors. Elements of 
kinetics. Xenon and samarium effects. Temperature 
effects. Different types of reactors: introduction 
to the main types of nuclear power plant. The fuel 
cycle. 

(c) Introduction to pressurized light-water reactors (2) 
Description of the nuclear steam supply system 
(NSSS). Principles of operation. Role of the main 
auxiliary circuits. Radioactive effluents and 
wastes. General introduction to problems of safety. 

(d) Introduction to fast reactors - the Superphénix 
reactor (2) 
Description of the NSSS. Loading and unloading of 
fuel. Radioactive effluents and wastes. General 
introduction to problems of safety. Particular 
problems relating to sodium. 

(e) Films on different nuclear reactor types (2) 

II. Nuclear Physics 

(a) Basic course (5) 

Nuclei: Composition, nuclear and Coulomb forces. 
Binding energy. Separation energy. Excited levels. 
Stability region. Radioactivity. Nuclear reactions: 

The number in parentheses indicates the number of 
sessions. The duration of. one session is 1 1/2 hours. 
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Laws of conservation, artificially radioactive 
nuclei. Fusion, fission. Principles of the fission 
chain reaction. Neutron-induced reactions. 
Resonances. Cross-sections.» Microscopic and 
macroscopic cross-sections. Mean free path. Reac-
tion rate and flux. Resonant reactions, 1/v law. 
Fission: Mechanism, fission products, fast neutrons, 
delayed neutrons. Energy balance. 

(b) Exercises (5) 

III. Heat Studies 

(a) Course (14) 

Introduction: Necessity of removing the heat produced 
in a reactor. Thermohydraulic limitations: Basic 
calculation tools. Operation and safety. Some 
orders of magnitude. Conduction-Convection-Radiation. 

Conductions Fourier's Law - Equation of heat 
conduction. Special cases. Contact resistance. 
Integral of conductivity. 

Convection - General Introductions Free and forced 
convections Basic principles (non-mathematical form); 
Transport equation: application to a fixed volume 
and a "material" volume; Differential form (and 
necessary mathematical theorems); Basic principles 
(mathematical form) E,H,T; Sonic and convection 
terms, sources and fluxes; Stress-strain relationship 
(Newtonian fluids): viscosity; Variations in time; 
Averages. Induced fluxes: Form of time-averaged 
basic principles; Spatial variations - Averages -
Induced fluxes; Form of space-averaged basic prin-
ciples; One-, two- and three-dimensional flows; 
Friction and heat transfer; Single-phase and 
two-phase flows. 

One-dimensional single-phase forced convection: 
Laminar and turbulent flows - Reynold's number -
Orders of magnitude. Laminar and turbulent friction 
(with simplified assumptions). Calculation of Др in 
a channel. Laminar and turbulent heat transfer. 
Calculation of ATgg and Tp-Tf in a channel. 

Simplified calculation of a reactor core for a 
single-phase liquid; Limiting conditions (lattice, 
flow patterns); simplified assumptions. Calculation 
of temperatures (liquid, wall, fuel) - Limitations. 
Calculation of pressures - Pumping power. Orders of 
magnitude. Thermal calculation of a heat exchanger. 
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Physics of boiling. Two-phase flow calculations: 
The physical parameters - Principles and equations -
Difficulties relating to application. Flow patterns 
(static description, description in a heated channel, 
development as a function of the flux, charts). The 
homogeneous model: assumptions, form of equations. 
Generalized homogeneous models ("drift-flux", relaxa-
tion models). Friction and heat transfer in 
two-phase flow. Study of two instabilities.-
Redistribution of flow rate. Boiling crisis. 

(b) Exercises (7) 

Materials 

(a) General metallurgy (8) 

Pure metals? Structure on different scales: crystal 
systems, allotropie modifications, polycrystalline 
aggregate. Solidification: formation of dendrites. 
Ingot metal, its structure and faults (shrinkage 
faults and microflaws). 

Alloys: Definition of solid solutions: interstitial 
and substitutional solutions, ordinates. The 
equilibrium diagram: variance rule, complete mutual 
solid solutions, the lever arm law, limited solid 
solutions (eutectics, eutectoids, intermetallic 
compounds). Application to zirconium and steel 
alloys (carbon steels, ferritic steels, austenitic 
steels). Solidification in alloys and its conse-
quences; heterogeneity, segregation, etc. Non-
equilibrium phases: phenomena induced by hardening, 
tempering (return to the state of equilibrium), TTC, 
TRC and TRI diagrams. Application to steels and some 
zirconium and aluminium alloys. 

The cold-worked, restored and recrystallized states: 
Cold-working and its consequences, points relating to 
faults in metals, deformation mechanisms. Recovery 
and recrystallization: description of effects» 
germination and growth. Application to practical 
cases, relation to the mechanical properties of 
metals and alloys (especially traction and hardness). 

(b) Nuclear materials (10) 

Fuel cycle. Properties of uranium. Utilization of 
uranium. Plutonium, thorium. UC>2 fuel elements 
for PWRs. UC>2 fuel elements for fast reactors. 
Dispersion of nuclear fuel into aluminium plates. 
HTR fuel elements. Fuel element balance. Metal 
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structure. Effects of radiation. Metal casing. 
Concrete casing. Zirconium and graphite. Changes in 
and characteristics of reactor materials. Heat 
transfer (fuel elements). 

(c) Exercises (3) 

V . Study of the Reactor Types 

Pressurized water reactors (5). Fast reactors (5). 

Other types of reactor (5). Visit to a nuclear power 

plant (1 day). Recapitulation (2). 

VI. The Economics of Nuclear Energy (5) 

Economic criteria; Updating/ The updated balance. Cost 

components per kW•h; Investments; Operation; Fuels. The 
economics of fissile materials: Enriched uranium; 

Reprocessing; Plutonium. Energy needs and resources. 
Economic aspects of fast-reactor power plants. 

VII. Fuel Cycle (4) 

Uranium from the mine to enrichment. Enrichment. 

Fabrication of fuel elements. Reprocessing. Transport 

at each stage of the cycle. Waste; conditioning, storage. 

VIII. Miscellaneous (5) 

A number of lectures will be given under this heading on 
topics such as the following: International nuclear 
energy policies; Military aspects; Industrial appli-
cations of radioisotopes; Thermonuclear fusion; 
Elementary particles, etc. 
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I.В. BASIC COURSE SPECIFIC TO THE OPTIONS "CORE PHYSICS" 

AND "REACTOR TECHNOLOGY AND OPERATION" 

I. Nuclear Physics 

(a) Detection (3) 

Radiation-matter interaction (charged particles and 

photons); Ionization and scintillation detectors. 

(b) Practical work (4) 

II. Neutron Physics 

(a) Basic course (14) 

Neutron moderation and scattering: Basic 
definitions: а, £,Х,т?, Ф, JR. Fick's law. Scattering 
equation (monokinetic). Moderation and thermaliza-
tion - general background. Specific cases of elastic 
moderation in an infinite medium. Moderation and 
scattering - Fermi age. Concepts relating to multi-
group models. 

Theory of reactors in the steady state: Introduction; 
chain reactions - principles of reactor operation. 
Critical size - Basic mode. Theory of the homo-
geneous bare reactor (monokinetic and multigroup). 
Homogeneous multiregion reactors - Reflector effects, 
flattening. Heterogeneous reactors - Reactor cell -

- Four-factor formula, T , L 2 - General balance in the 
reactor. Conversion and breeding ratio. 

Theory of nuclear reactors in the non-steady state: 

General introduction to reactor kinetics. Point 
kinetics - Nordheim's relation and flux behaviour 
after a reactivity step. Kinetic coefficients -
Doppler effect - Effects of moderator temperature and 
density - Effects related to the thermal spectrum. 
Geometric effects. Fuel development and poisoning. 
Development of reactivity in an operating reactor. 
Reactor control; Control rods - Burnable poison -
Soluble poison. 

(b) Exercises (14) 

(c) Practical work (5) 
Ulysse I - presentation of the reactor/ subcritical 
approach. Ulysse II - Calibration of a rod by criti-
cality and subcriticality. Analog calculation 1 -
Reactor kinetics. Analog calculation 2 - Effects of 
poisoning. Study of the BF3 counter. 
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III. Control Regulation 

(a) Servo-system concepts (4) 

Laplace transform; Transfer functions - Graphic 
representation; Systems stability. 
Exercises (2) 

(b) Instrumentation and control (8) 

Role of instrumentation and controls operation, 
availability, safety. Operating conditions in the 
different types of nuclear reactor - Role of regula-
tion. Means of controls absorbent poisons, reacti-
vity balance, neutron flux flattening. Neutron 
control instrumentation. Special instrumentation for 
thermodynamic measurements - Instrumentation for 
monitoring fuel behaviour and the cleanness of the 
primary circuit. Safety assemblies. Dynamics and 
regulation of reactors and NSSS. Experimental 
reactors, propulsion steam systems, nuclear power 
plants. 
Exercises (2) 

IV. Nuclear Safety 

Radiation protection (6-8) 

Safety (6-8) 

I.C. BASIC COURSE SPECIFIC TO THE OPTION "STRUCTURAL MECHANICS" 

I. Neutron Physics 

Basic course (5). Exercises (2). Practical work (3)* 
Ulysse Is Presentation of the reactor; Subcritical 
approach. Analog calculation Is Reactor kinetics. 
Analog calculation lis Reactor poisoning. 

II. Safety Considerations in Design 

Safety considerations in designing structures in water 
reactors (1). Safety considerations in designing 
structures in fast reactors (1). Quality assurance in 
design (procedures) (1). 

III. Properties of Materials 

(a) Characteristics of the principal materials used for 

nuclear energy purposes. Physical mechanisms of 
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deformation and fracture. Different mechanical 
properties of materials. Mechanical behaviour of 
welds. Metal ageing, action of fluids, effects of 
irradiation. Mechanical characteristics specified 
for calculation - origin and establishment (12). 

(b) Supervised studies (1). 

(c) Practical work (2). 

IV. Mechanical Behaviour of Structures 

Plastic or microplastic flow criteria or three-
dimensional situations (1+lE.S.) 3. Ductility 
(1+lE.S.). Excessive deformation, plastic and elasto-
plastic instability (1+lE.S.). Plastic adaptation and 
accommodation, cyclic deformation concentration, low-
cycle fatigue (2+2E.S.). Thermal stress ratchet 
(1+2E.S.). Fracture mechanics: linear mechanism, crack 
propagation criterion, plastic instability (3+3E.S.). 
Deformation and creep rupture (2+4E.S.). Mechanical 
behaviour of fuel and cladding materials. Destruction of 
fuel elements; mechanical behaviour of fuel assemblies 
(3+2E.S.). 

V . Structural Analysis Methods 

Introduction to structural loading in nuclear reactors 
(1+lE.S.). Traditional analysis by means of calculation 
(3+2E.S.). Brief recapitulation of the finite-element 
calculation method (5+3E.S.): Boundary conditions; 
Simulation - interpretation of results; Supervised 
studies. 

VI. Structure Dimensioning Codes and Criteria 

General introduction to the codes (1). French 
regulations on pressurized devices: general picture; 
regulations specifically applicable to the primary 
circuit of NSSS (1). The most widespread codes of 
general practice (3). 

E.S. refers to sessions involving supervised exercises. 
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IX. OPTIONS PROGRAMME 

II.A. "CORE PHYSICS" OPTION 

I. Numerical Calculation Methods (6) 

II. Neutron Physics 

(a) The physics of thermal neutron reactors (14) 
Theoretical sectionг Multigroup theories» 
Introduction to transport theory (integral-
differential and integral form); Perturbation theory. 
Physical section: The effects of development and 
control on reactor cell parameters and critical 
parameters - Cell optimization (choice of means of 
control, consideration of non-neutronic constraints). 
Spatial phenomena» Flattening of spatial power 
distributions» Influence of fuel depletion and 
control on spatial distributions; Optimization of 
spatial distributions (Haling 1s criteria); Study of 
local power distribution failure; On-site fuel 
management. Neutron properties of the industrial PWR 
core. 

(b) Physics of fast neutron reactors (6). 

(c) Supervised studies (7). 

(d) Protection (4) 

Protection calculations, shielding. Application of 
the Monte Carlo method. 

III. Heat Physics 

(a) Heat physics of water-cooled reactors (8) 

Natural convection. Thermal codes of practice: Core 
calculations - multichannel codes (equations, 
numerical methods); Operation calculations; Safety 
calculations. Two-phase physics; balanced and 
"frozen" speed of sound - Critical flow. 

(b) Heat physics of sodium-cooled reactors (3). 

(c) Heat physics of gas reactors (2). 

(d) Calculations relating to heat exchangers (2). 

(e) Supervised studies (4). 
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IV. Control 

(a) PWR control and instrumentation (3) 
Reactivity control - Effects to be considered; 
Regulating devices; Difficulties and possible 
solutions. General outline of power plant control 
and instrumentation. Reactor protection diagram. 

(b) Description of various reactor control and 

instrumentation systems (2). 

(c) Fast-reactor control and instrumentation (2). 

II. В. "REACTOR TECHNOLOGY AND OPERATION" OPTION 

I. Control 

(a) Control and instrumentation of PWRs (3) 
Reactivity control - Effects to be considered; 
Regulating devices; Difficulties and possible 
solutions. General outline of power plant control 
and instrumentation. Reactor protection diagram. 

(b) Description of various reactor control and 

instrumentation systems (3). 

(c) Fast-reactor control and instrumentation (2). 

II. General Technological problems 

(a) The mechanics of rupture (elements) (2). 

(b) Resistance of materials 
Problems of vibration - Vibration resistance (1); 
Earthquakes (1); Water corrosion (1). 

(c) Welds 
Joining of materials and welding (1); Specifications 
and inspection procedures (2). 

III. Technology and Operation of Different Types 

(a) Pressurized water reactors 

Technology (16); Instrumentation - Fuel management 
(4); Operation - Instrumentation and control (8). 

(b) Fast reactors (12). 

(c) GCR reactors (8). 
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U . C . "STRUCTURAL MECHANICS" OPTION 

I. Main Structural Loads 

(a) Dynamic mechanical loads 

Vibration (6)г Random functions, random field of 
pressure; experimental methods and signal processing; 
fluid-structure interaction. Supervised studies 
(6). Practical work* Modal analysis of a structure (2). 

Earthquakes (4) s Definitions, scales, sources; 
response of structures and buildings; ground-
foundation interaction; experimental techniques. 
Supervised studies (3). Practical works experimental 
techniques (1). 

Special transient effectss Depressurization and 
whipping of pipes (1). Missile drop (1). Analysis 
of accidental transients (1). 

(b) Heat loads 

PWR reactors.- Steady-state and transient phenomena 
associated with operation (1). Accidental thermal 
transients (1). 

Fast reactors (3)» Steady-state and transient pheno-

mena associated with operation; accidental thermal 

transients. 

II. Structural Analysis Methods 

(a) Computer-assisted analysis 

Dynamic calculations (4)г Mass matrix calculation; 
consideration of fluid-structure interaction; appli-
cation to vibration calculations; application to 
seismic calculations. Supervised studies (6). 

Geometric linearity and behaviour of materials 
(5+5E.S.)i Plasticity, incremental methods; different 
tensors; hulls; dynamics. Practical work (1). 

Programme architecture; input-output (1+lE.S.). 
Thermal calculations (3+5E.S.). 

(b) Experimental techniques 
Photoelasticimetry (2). Holography and the moire 
effect (1). Practical work relating to 
photoelasticimetry (1). 
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III. Dimensioning Codes and Criteria 

(a) Codes applicable to the main components of nuclear 
boilers. Historical background - Presentation -
Structure of the ASME code (1). Organization of 
Section III (1). Rules applicable to behaviour 
analysis (2). Rules specific to the design of con-
tainment vessels, pumps and valve mechanisms (1). 
Rules specific to the design of pipe systems (1). 
Other rules devised in Section III (1). Main annexes 
to Section i n (1). Transposition and patterns of 
change in the construction of PWR boilers in France 

(2). Apparatus operating at high temperatures -
Principles governing design rules (1). 

(b) Codes relating to equipment other than pressurized 
apparatus (2). Civil engineering; Iron and steel 
structural work. 
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A-II.4. FEDERAL REPUBLIC OF GERMANY 

EXAMPLE (FEDERAL REPUBLIC OF GERMANY): NUCLEAR-RELATED 

MECHANICAL ENGINEERING PROGRAMME (DIPLOM-INGENIEUR) 

(Technical university Karlsruhe) 

Entrance Requirements: "Abitur" (school-leaving final examina-
tion). Eight weeks industrial on-the-job 
training (for details see 2.1) 

Duration: Six to 6.5 years on the average 

Examinations: "Vordiplom" (pre-examination) after 2 to 
2.5 years 
"Hauptdiplom" (final examination) 

Note: There is no prescribed fixed curriculum. 

The curriculum includes compulsory and 
optional subjects (lectures, seminars, 
exercises and laboratory work). Optional 
subjects must comprise a minimum number 
of hours; they can be chosen by the 
student out of proposed subjects, and the 
curriculum has to be approved by a uni-
versity board. 

In the following curriculum, 1.1 to 2.11 
and 2.19 are compulsory, while the other 
(optional) subjects can be replaced by 
areas such as energy systems, reactor 
instrumentation, breeder technology, 
fusion technology, finite elements, 
stress and breakdown behaviour of 
materials, etc. The optional subjects 
must comprise the number of hours 
corresponding to 2.12 to 2.18. 
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EXAMPLE (FEDERAL REPUBLIC OF GERMANY): 

UNDERGRADUATE PROGRAMME FOR HEALTH PHYSICS ENGINEERS 

(Berufsakademie Baden-Württemberg) 

The three-year course comprises 1.5 years of theoretical 
education at a special college ("Berufsakademie") and 1.5 years 
of on-the-job training in industry or a nuclear research 
centre. This sandwich-structured curriculum imparts an ade-
quate, balanced practical and theoretical education. Both the 
curriculum of the college education and the on-the-job training 
subjects are given. 

SYLLABUS FOR SPECIALIZATION IN RADIATION PROTECTION - BASICS 

1. Mathematics 

Vector calculation (10) 4. Linear systems of equations, 
determinants (6). Matrices (6). Complex numbers (11). 
Differential and integral calculus (23). Ordinary dif-
ferential equations (10). Differential and integral 
calculus of functions with several independent variables, 
partial differential equations, Fourier series (27). 
Probability theory (14). Statistics (12). 

2. Physics/Atomic and Nuclear Physics 

Technical mechanics? Kinematics (4). Kinetics (18). 
Fundamentals of the statics of rigid bodies (in exer-
cises) (1). Fundamentals of elastomechanics (6). Funda-
mentals of hydromechanics (6). Thermodynamics г Kinetic 
theory (10). Principles of thermodynamics (9). Wave 
theory: General wave theory (3). Acoustics (6). Geo-
metrical optics (3). Wave optics (12). Atomic and 
nuclear physics: Wave-particle dualism (8). Physics of 
the atomic electron shell (14). Physics of the atomic 
nucleus (16). Solid-state physics (6). 

3. Chemistry/Radiochemistry 

General chemistry; Fundamentals of chemistry (13). 
Basic laws of chemistry and stoichiometry (20). 
Inorganic chemistry: Chemistry of elements in the main 
periodic groups (13). Chemistry of d and f elements (16). 

Number of lecture hours. 
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Important materials in chemistry (4). Radiochemistry: 
Structure and decay of radioactive isotopes; measurement 
techniques (10). Applications of radiochemistry in 
nuclear technology (12). Applications of radiochemistry 
in analysis (18). Further applications of radio-
chemistry (4). 

4. Fundamentals of Electrical Engineering 

Introductory remarks on the division of the subject into 
different topics - electrical quantities and SI units 
(2). Summary of the main basic concepts and laws of the 
DC circuit. General relationships in the DC circuit (12). 
The steady-state electrical field (2). The electrostatic 
field (10). The steady-state magnetic field (8). The 
effects of magnetic fields on moving charges (2). The 
effects of variable magnetic fields (6). Energy in the 
magnetic field (2). Linear circuits with steady-state, 
sinusoidal alternating current (13). Power and energy in 
the AC circuit (2). The symmetrical three-phase AC 
system (3). Switching (2). Linear circuits with 
periodic, non-sinusoidal AC (2). 

5. Electronics 

Basic physics of semiconductors (2). Semiconductor 
components without barrier layers (2). Semiconductor 
diodes (6). The bipolar transistor (6). Basic analog 
circuits, e.g. stabilized current source, voltage stabi-
lizers, Darlington circuit, setting of the operating 
point with small-signal amplifiers (8). Principle of the 
small-signal amplifier (2). The transistor as a switch* 
saturation, anti-saturation diode, inductive load, 
recovery diode, Darlington circuit (3). The field effect 
transistor (7). Integrated circuits (2). The opera-
tional amplifier (8). Opto-electronic components (8). 
Power semiconductors (6). 

6. Methods of Representing Components, Component Groups, 
Machines and Systems 

Technical drawing and standards (10). Types of connec-
tion (6). Flow charts (6). 

7. Electrical Measurement Techniques I 

Introduction (11). Measuring instruments (8). 

Recorders (4). The oscilloscope (4). 
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8. Radiation Chemistry in Aqueous Systems/Radiobiology 

Radiation chemistry in aqueous systems? General radiation 
chemistry (8)t The concept of radiation chemistry. 
Theoretical basis for radiation chemistry. Detection of 
radiation reactions in aqueous systems. Radiation 
chemistry of water. Primary reactions of water, (dif-
ferences between types of radiation, linear energy 
transfer (LET)). Influence of the oxygen effect. 
Organic radiation chemistry (14): General aspects of the 
reactions of radiation with organic molecules in water. 
CH compounds. Alcohols, aldehydes, acids. Amines and 
aminoacids. Other important types of substance. 
Radiation-induced changes in macro-molecules (oxygen 
effect, protective substances), proteins, nucleic acids 
and nucleoproteins, polysaccharides, important enzyme 
systems in man, influence of radiation on enzymes. 

Radiobiology (1): Objectives, tasks, division into 
subject areas and development of radiobiology. General 
survey of the state of the art (5). Fundamentals of cell 
biology (10): Microscopy. Size and shape of the cell. 
Mitosis, meiosis, metabolism. General histology (11): 
Epithelial tissue. Connective and supporting tissue. 
Muscle tissue. Nerve tissue. Special histology (6): 
Skin and epidermal appendages. Gut. Gonads. 

Pathological histology (6)» Disturbances in cell 
multiplication and cell metabolism. Atrophy and 
necrosis. Regeneration, hypertrophy and metaplasia. 
Fundamental biophysics of radiobiology and the theory of 
the sensitive volume (2). Dose-effect relationships (2). 
Parameters modifying the effects of radiation (6): 
Oxygen effect, LET-RBE, time effect. Scavengers (radia-
tion protection substances). Sensitizers. Biological 
repair. The biological effect of incorporated radio-
nuclides (4): Transmutation, recoil energy, Auger 
effect. Resorption, distribution, radiotoxicity (physi-
cal and biological half-lives). Genetically relevant 
radiation damage (5): Natural and radiation-induced 
mutations. The maximum acceptable risk (antagonisms, 
synergisms). Radiopathology of cells and tissues (4): 
General principles. Special histopathology (haemato-
poietic organs, skin, digestive tract, gonads). 
Effects of radiation on the embryo. Results of 
international studies of the radiation burden on man 
(UNSCEAR Report) (4). 
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Medicine/Radiation Medicine I 

Survey of medicine as a whole and of the position of 
radiology within medicine (with tour of a radiological 
department) (3). Anatomy (3): General survey of anatomy 
with discussion of commonly accepted divisions of the 
body into areas, descriptions of locations and orienta-
tions . Anatomy in organic and functional units (27): 
Bones and ligaments. Musculature and muscle physiology. 
Circulatory organs and circulatory physiology. Respira-
tory system and respiratory physiology. Digestive system 
and physiology of digestion. Glands with internal secre-
tion and physiology. Urogenital system and renal physi-
ology. Nervous system, sensory organs and neuro-
physiology. Topographical anatomy and radiological 
anatomy. 

Pathology and pathophysiology: General pathology (6). 
Pathology of the respiratory organs and pathophysiology 
(3). Pathology of the circulatory organs and patho-
physiology (3). Pathology of the digestive organs and 
metabolic disorders (3). Inflammations (3). Interaction, 
host/parasite (3). Tumours (9). Damaging external effects 
and the body's reaction (3). 

Radiation medicine: X-ray diagnosis (12): Technical and 
methodological foundations. Organ diagnosis, X-ray 
diagnosis. Radiation protection in X-ray diagnosis. 
Nuclear medicine (16): Technical and methodological 
foundations. Diagnosis with isotopes. Therapy with open 
radioactive substances. Radiation protection in nuclear 
medicine. Radiotherapy (16): Technical and metho-
dological foundations. Clinical and biological founda-
tions. Special radiation treatment. Radiotherapy, 
schedules. 

Nuclear Engineering I 

Fundamentals of nuclear physics (6): Structure and 
transmutation of atomic nuclei. Neutron yield, energy 
transfer (binding energy). Neutron reactions (genera-
tion, moderation, absorption). Cross-sections and 
implications. Fundamentals of reactor technology (12): 
Chain reaction and conditions of criticality. Fission 
products and residual heat. Time behaviour of nuclear 
fission, implications. Multiplication constants, reac-
tivity. Conversion and breeding. Temperatures and 
currents. Reactor materials (fuels, cladding materials, 
coolants). Reactor types, mode of operation, 
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categories (10): BWRs, PWRs. Gas-cooled reactors (high-
temperature reactors). Sodium-cooled reactors. Special 
types (research reactors). Reactor safety (5): Opera-
tion in conformity with specifications. Hypothetical 
consideration of accidents. Inherent and engineered 
safety measures. 

Fuel cycle (10)г Nuclear fuels, enrichment processes. 
Fuel elements (fuel balances). Reprocessing (PUREX). 
Conditioning and final disposal. Nuclear fusion (2): 
Accelerators (6): Basic physics. Design and operation. 
Types of accelerator, categories. Production of isotopes 
for medicine and technology (4): Areas of application. 
Production sites (reactors, accelerators). 

Fundamentals of Radiation Protection/Radiation Protection 

Measurement Techniques 

Fundamentals of radiation protection (6)г Concepts and 
units. Units of radioactivity (curie, becquerel). Dose 
units (rontgen, rad, gray, rem, sievert, kerma, dose 
indices). Medical dose concepts. Interactions between 
charged particles and matter (4): Excitation. Ioniza-
tion. Bremsstrahlung. Cerenkov radiation. Interaction 
between electromagnetic radiation and matter (4): Photo-
electric effect. Compton effect. Pair production 
effect. Interaction between neutrons and matter (4)î 
Potential scattering, resonance scattering. Inelastic 
scattering. Nuclear reactions. Shielding: Shielding 
against alpha radiation. Shielding against beta radia-
tion, taking bremsstrahlung into account. Shielding 
against electromagnetic radiation (X-rays), half-value 
depth, buildup factor. Radiotoxicity (5); Effective 
half-life. Dose commitment, 50-year committed dose. 

Radiation protection measurement techniques: The purpose 
of radiation protection measurement techniques (6): 
Activities for the protection of occupationally exposed 
persons. Activities for the protection of the public. 
Activities in the event of accidents and disasters. 
Basic physics of radiation protection measurement 
technology (lef: Gas ionization detectors. Scintil-
lation detectors. Semiconductor detectors. Special 
detectors (Cerenkov counters, activation detectors). 

Dosimeters and dosimetry (16): Dosimeters (ionization 
chamber dosimeters, film dosimeters, radiophoto-
luminescence dosimeters, thermoluminescence dosimeters, 
neutron dosimeters). Local dosimetry. Personnel 



dosimetry. Activity measurements, spectroscopy (12); 
Measuring the radioactivity in air, water and biological 
material. Alpha spectroscopy, gamma spectroscopy. Dose 
measurement procedures with a phantom and with 
patients (5)г Idealized phantom, anatomical phantom with 
exercises. Dose measurements on the skin and in body 
cavities with exercises. Work-place monitoring (10)г 
Where open radioactive substances are handled. Where 
sealed radioactive substances and other radiation sources 
are handled. Preparation of work plans for special 
tasks. Ambient monitoring (10)г Methods and possibili-
ties for direct measurement of radiation. Methods and 
possibilities for sampling, sample preparation and 
measurement. Monitoring of incorporation (13)» Methods 
and possibilities for direct measurement of incorpora-
tion. Methods and possibilities of excretion measurement 
to determine incorporation. Compartment models, dose 
calculations after incorporation. 

12. Atomic and Radiation Protection Legislation I 

Legal basis (4)г Nuclear laws. Radiation protection 
regulations (10). X-ray regulations (2). Regulations 
for the transport of radioactive materials (dangerous 
goods regulations). Other legal provisions relating to 
radiation protection. Recommendations and guidelines (4). 

13. Medical Physics I 

Basic concepts of the physics of ionizing radiation (4). 
Clinical dosimetry with exercises (12). Radiotherapy 
schedules with practical exercises (8). Radiation 
sources in therapy (9). 

14. Radiation Protection Planning I 

Fundamentals of radiation protection planning (3)г 
Theory of shielding calculations. Standards. General 
aspects of construction and equipment-related radiation 
protection (3): Construction-related radiation protection 
in radiotherapy (5). At medical accelerators. At gamma 
irradiation facilities (3). At conventional X-ray 
therapy facilities (2). Construction-related radiation 
protection in nuclear medicine (4). 
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Courses 

Materials Science 

Structure of matter (2). Alloy formation and phase 
diagrams (2). The iron-carbon system (4). Influence of 
alloy elements on steels (5). Non-ferrous metals (5). 
Corrosion and corrosion protection of metals (4). 

Introduction to Data Processing 

Basic concepts of information theory (2). Structure and 
mode of operation of a computer (4). Representation of 
data in the working memory and on data carriers (2). 
Machine commands (4). Command and program operation 
(2). Programming languages (2). Basic approach to 
solving problems with computers (2). Operating system and 
operating forms (2). Examples of computer applications 
in radiation protection (2). 

Radiation Protection Medicine 

Contamination-decontamination (2). Incorporation-
decorporation (2). Overexposure, acute radiation damage, 
protracted radiation damage, late effects, first aid (2). 
Estimation in the case of incidents - excretion analysis 
after incorporation incidents (4). Natural radiation 
load (2). Respiratory protection (2). Application of 
the radiation protection regulations from a medical point 
of view (2). Emergency planning from a medical point of 
view (2). Medical surveillance of persons exposed to 
radiation (2). Personnel decontamination (2). 

Waste Management 

Fundamentals of waste management (6). Management of 
liquid radioactive wastes (8). Management of solid 
radioactive wastes and combustible liquid wastes (8). 

SYLLABUS FOR SPECIALIZATION IN RADIATION PROTECTION - NUCLEAR 
FACILITIES 

15. Electrical Measurement Techniques II 

Supplement to oscilloscope measurement technology (3). 
Digital measurement technology (2). Resistance measure-
ments (3). Broad-band and selective voltage measure-
ments, wobble measurement and frequency analysis (3). 
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Power and energy measurements (1). Mathematical treat-
ment of measurement results (2). Electrical measurement 
of non-electrical quantities (8). Processing and 
conversion of measured values (8). Recording of measure-
ments ( 3 ). 

16. Digital Technology I 

Basic concepts (1). Numerical systems (2). Codes (2). 
Logic operations (2). Carrying out the basic operations 
with electronic components (2). Circuit algebra (4). 
Circuit networks (3). Flip-flops (bistable multivibra-
tors ) (2). Counters (4). 

Recording circuits (2). Integrated multivibrators (4). 
Matching circuits (level converters) (1). Analog/digital 
and digital/analog converters (3). Semiconductor 
memories (3). Calculators (2). BUS systems (1). 
Microprocessors (3). Microcomputers (4). Peripherals 
for input and output (3). Aids for system development and 
debugging (3). Interfaces (4). Examples of applications 
(in exercises). 

17. Automatic Control Technology 

Introduction, concepts (3). Transfer element. Dynamic 
behaviour of transfer elements (6). Block diagram 
representation of control circuits (4). Selection of 
controllers (5). Stability of control loops (2). 
Fundamentals of optimization (2). 

18. Safety at Work, Labour Protection Legislation 

Fundamentals of labour protection legislation -
survey (2). Tasks of works doctors and specialists in 
safety at work (1). Extra-organizational institutions 
for labour protection (2). Accident prevention regula-
tions (1). Fundamentals of the ergonomie design of work-
place, working environment and working processes (1). 
Hazards of electricity (1). Organization of safety at 
work (1). Identification of particular hazards (2). 
Motivation (1). Working materials hazardous to health 
(1). Intra-organizational transport and traffic (1). 
Fire and explosion hazards (1). Personal protective 
equipment (1). Work-place monitoring and preventive 
occupational medical examinations (1). Handling of 
harmful substances (4). 
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19. Radioecology 

Inventory and problems (4). Releases of radioactive 
substances into the biosphere (4). Transport of radio-
active substances in air, water and soil (6). Uptake of 
radioactive substances by living organisms and food-
chains (8). Uptake of radioactive substances by man and 
their distribution in man (2). Dose calculations for 
external and internal exposure (8). Radioecology of 
important individual nuclides (12). 

20. Shielding Technology, Construction-Related Radiation 
Protection 

Purpose of shielding (2). Basic radiation physics (9): 
Shielding against photon radiation. Shielding against 
neutron radiation. Attenuation of beta and alpha 
radiation. Planning and design of shielding (15): 
Photon radiation shields. Beta radiation shields. 
Neutron radiation shields. Heat sources in shields. 
Activation of materials in shields. Effects lessening 
shielding effectiveness (2). Special structural and 
engineering aspects of shielding design (3). Special 
shielding problems in radiation measurement tech-
nology (2). 

21. Ventilation Technology 

Ventilation systems (3). Ventilation components (8). 
Filtering of air impurities (10)г Aerosol filters. 
Sorption filters. Filter systems. Measurement tech-
nology (8). Effects (4). 

22. Atomic and Radiation Protection Law IX/Environmental 
Protection Legislation 

Radiation protection provisions: Equipment and operation 
of radiochemical nuclear medicine laboratories (3). 
Environmental monitoring for radioactive substances (3). 
Protective measures in the handling of radioactive 
substances (3). Licensing procedures for the handling of 
nuclear fuels and other radioactive substances (4). 
Incorporation of radioactive substances and physical 
radiation protection monitoring (4). Radioactive waste 
and disposal (2). Environmental protection provisions (3). 
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23. Radiation Protection Planning Il/Emergency Protection 
Planning 

Radiation protection planning? Administrative 
foundations (3). Delineation of radiation protection 
areas (1). Organization, radiation protection 
instructions (2). Emergency protection planning (8). 

24. Reactor Engineering 

Fundamentals (1). Reactivity balance, reactivity coef-
ficients (1). Heat transfer in nuclear reactors (2). 
Reactor materials (2). Instrumentation and monitoring of 
the reactor (3). Chemistry of the nuclear circuits (3). 
Startup and shutdown procedures, power variations (1). 
Reactor safety technology (4). Production and release of 
radioactive substances in the reactor (3). Residual heat 
and its removal/emergency cooling (1). Reactor 
protection (1). 

25. Nuclear Engineering II (Mechanical Engineering Systems 

and Components in Nuclear Power Plants) 

Reactor pressure vessel and primary piping (6). Main 
coolant pumps (PWR) and forced-circulation pumps (BWR) 
(3). Steam generators (PWR), preheaters and intermediate 
superheaters (BWR) (3). Residual heat removal and 
emergency cooling systems, pressure reduction system 
(BWR) (3). Coolant decontamination and storage (3). 
Off-gas system (3). Effluent treatment and deconta-
mination (3). Turbo-set (BWR) (3). Sealing problems (6). 

26. Nuclear Engineering III (Nuclear Process Engineering 

Components and Systems) 

The fuel cycle - fuel utilization strategy (4). Thorium 
and uranium resources (4). Ore processing (4). Fuel 
element fabrication (6). Hot cells (6). Irradiation 
facilities (1). Chemical and mechanical reprocessing 
technology (8). 

Computer Programming 

Overview of procedures in programming (3). Flow 
diagram (1). Overview of the structure of a high level 
programming language (1). Elements and key-words of a 
programming language (1). Arithmetic statements/ 
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operations (1). Simple input and output statements (1). 
1. Computer programming laboratory (developing a simple 
programme and testing it in a computer) (1). Flow 
control statements (1). 2. Computer programming 
laboratory (1). Loop statement (1). 3. Computer 
programming laboratory (1). Subroutines (1). 
4. Computer programming laboratory (1). Further 
specifications, input, output statements (1). 

ON-THE-JOB TRAINING SUBJECTS 

SUBJECTS OF INSTRUCTION 

- Personnel dosimetry (glass, film, solid-state ionization 
dosimeters) [1st-4th semesters, approx. 4 weeks] 

- Incorporation measurements (whole- and partial-body 
cells, excretion measurements) [lst-4th semesters, 
approx. 4 weeks] 

- Environmental monitoring (radioactivity measurements, 
local dose monitoring, radionuclide measurements, 
sampling and sample preparation) 

[lst-4th semester, approx. 4 weeks] 
- Emission monitoring (air and water monitoring, sampling, 

automatic monitoring) [lst-4th semesters, approx. 4 weeks] 
- Work-place monitoring and waste management in medicineг 

. X-ray Diagnosis Department (X-ray photography unit; 
X-ray examination unit; special techniques) [lst-4th 
semesters, approx. 2 weeks] 

. Radiotherapy (irradiation devices, adjustment of 
radiation fields, radiotherapy schedules) [lst-4th 
semesters, approx. 4-6 weeks] 

. Nuclear Medicine Department (handling of open 
radioactive materials, adjustment techniques, 
functional examinations) [2nd-4th semesters, approx. 
4-6 weeks] 

- Work-place monitoring and waste management in« 
. Nuclear facilities (recurring measurements, circuit 

monitoring, local dose monitoring) [lst-4th semesters, 
approx. 6-8 weeks] 

. Radiochemistry laboratories or fuel element 

fabrication, reprocessing or decontamination (open 
activities, protective measures against contamination, 
incorporation) [lst-4th semesters, approx. 6-8 weeks] 

. Radiation protection administration (compliance with 
regulations, requirements, guidelines/ transport and 
waste disposal) [lst-4th semesters, approx. 6-8 weeks] 
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Familiarization with engineering systems and 
relationships? independent performance of parts of 
simple tasks under the supervision of an expert 
[5th semester, 12 weeks] 
Preparation of a diploma paper? subject will be set by 
the training establishment; it can be experimental 
and/or theoretical and/or design-related [6th semester, 
12 weeks]. 
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A-II.6. SPAIN 

EXAMPLE ( SPAIN).* SPECIALIZATION PROGRAMME 

IN NUCLEAR ENGINEERING 

Spanish experience in nuclear specialization programmes 
has to be viewed against the characteristics of its nuclear 
power programme. The first generation of nuclear power plants, 
three units, was put into service between 1968 and 1972 and the 
first operating crews for those plants were trained by the main 
suppliers. The training of the operating crews for the second 
generation of nuclear power plants, scheduled for operation 
between 1982 and 1984, is in the process of being completed, 
with a large and increasing national participation. 

When nuclear power programme activities started in Spain, 
a small group was trained abroad and then became the heads of 
the various working groups at the laboratories created at that 
time. Once the first working nucleus was formed, the training 
policy continued to change up to the creation in 1964 of the 
Instituto de Estudios Nucleares (IEN), which was assigned the 
responsibility of training personnel within the Junta de 
Energía Nuclear (JEN). 

The principal courses related to nuclear engineering, and 
organized by the IEN, are the following: 

Nuclear Engineering 

Goal: To provide the student with the knowledge and skills 

needed to acquire qualifications for performing strongly 
nuclear-oriented tasks and functions in a nuclear power 
programme, such as project engineering and management, 
construction and operation of nuclear power plants. 
(Duration: 10 months.) 

Seventeen courses have been given in all, and they have 
been attended by 330 people with M.S. or Ph.D. degrees. 
Typical course contents and time schedule are given in 
Fig. A-II.6-1. 

Basic Nuclear Training 

Goal: To provide the student with knowledge of nuclear 
engineering, especially for nuclear power plant 
operations, in the first phase of his training. 
(Duration: 4 months.) 

Twenty-one courses have been given which have been 
attended by 350 students. Typical course contents and 
time schedule are given in Fig. A-II.6-2. 
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Weeks 

|l|2|3|4|s|6|7|8|9 |l0|n|l2|U|l4|l5|l6|l7|l8|l9|20|21|22|23|24|25|26|27|28|29|30|3l|32|33|a4|35|36|37|â^9| 

Nuclear Phytics (45)' 

^ Thermohydraulic (45) 

Nuclear Power Plant Systems (55) 

t Reactor Physics (70) 

Reactor Control and Instrumentation (60) 

Nuclear Safety (70) 

NOTE: Each person works about Q.A. (15) 

Reactor Materials (35) 

100 hours in the different 

laboratories and nuclear reactors. 

In the project work, each person 

works about 60 hours. 
. . , , . . . Radiological Protection (25) 

* Number in ( ) denotes class hours. | | 

Project Work 

Fig. A—II—1. Nuclear engineerings course contents and time 
schedule. 

Weeks 

I 1 | 2 I 3 I 4 I S I 6 I 7 I 8 I 9 I 10 I 11 I 12 | 13 | 14 | 15 | 16 | 17 | 

Nuclear Physics (40)' 

Nuclear Power Plant Systems (35) 

Thermohydraulic (35) 

Reactor Physics (45) 
i 

Reactor Control and Instrumentation (35) 
I 

Nuclear Safety (30) 

NOTE: Each person works about Radiological Protection (201 
100 hours in the different 1 1 

laboratories and nuclear reactors. 

* Number in ( ) denotes class hours. 

Fig. A-II-2. Basic nuclear trainings course contents and time 
schedule. 
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The IEN is also responsible for: 

- Training courses for personnel using or handling 

radioactive materials. 

- Courses in radiation health physics. 

- Special non-regular courses. These courses are 
organized either at the request of other bodies or when 
IEN detects the need for them in the country. 

There are also courses on nuclear engineering in the 
engineering faculties of Spanish universities, and it is 
considered advantageous that curricula and courses in nuclear 
technology as required by the nuclear power programme be 
introduced into universities and technical colleges. In 
Spanish universities nuclear physics is studied in the 
faculties of sciences (chemistry and physics) and nuclear 
technology in the polytechnic universities, in addition to 
nuclear physics. 

The nuclear technology course includes three phases 

whose curricula are summarized briefly as follows; 

Nuclear Technology (Part I) 

- Focuses on a broad background in nuclear physics and 

nuclear radiation. 

- The fission process: cross-sections, energy release, 
fission fragments, delayed neutrons, etc. 

- Nuclear fuel cycle; uranium mining, the physical and 
mechanical properties of nuclear materials and the 
effects of radiation, uranium enrichment, plutonium, 
thorium, fuel reprocessing, nuclear waste, etc. 

- Description of reactors; graphite-gas, heavy water, PWR, 

BWR. 

Nuclear Technology (Part II) 

- Introduction to neutronics; nuclear reactions with 

special regard to neutron-induced chain reactions, 
.cross-sections. 

- Slowing-down and diffusion: thermal neutron diffusion 
length, elastic collisions, inelastic collisions, 
spectrum of neutrons, slowing-down power, resonance 
integral, Fermi age, etc. 
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- Reactor theory: homogeneous and heterogeneous reactors, 
geometric and material buckling, critical mass, critical 
size, equivalent cell, four-factor formula, multigroup 
theory, reflectors, reactors, kinetics, reactivity, 
temperature, stability, undermoderated reactor, trans-
port equations, perturbation theory 

- Irradiation and depletion of fuels poisoning, nuclear 
conversion, burnup, swelling, etc. 

- Powers fission product decay heat and its removal, 
thermohydraulics of core, etc. 

- Economy: cycles, refuelling, burnup, maintenance, 

in-service inspection, repayment, etc. 

- Description of advanced reactors: high-temperature 
gas-cooled, fast reactors. 

Nuclear Safety 

- Fundamental aspects: introduction, reports WASH-740 and 
WASH-1400, reliability, environmental aspects, etc. 

- Radioactive products: fission products, corrosion 

products, release of radioactivity, nuclear damage, etc. 

- Siting, design, construction and operation: evaluation, 
engineered safety in different systems, quality control, 
quality assurance during the different phases, safety 
during the different phases. 

- Analysis of accidents: different types of accidents, 
transients, power excursions, instability, loss of 
coolant, criticality, startup, reactivity. 

- Legal aspects: regulations and licensing of nuclear 
power plants, the final safety analysis report (FSAR). 
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A—II.7. SWEDEN 

EXAMPLE (SWEDEN): SPECIALIZATION COURSE IN NUCLEAR ENGINEERING 

(RKS» Nuclear Safety Board of the Swedish Utilities) 

PART ONE: General Nuclear Engineering (3.5 weeks) 

I. REACTOR PHYSICS 

Fundamentals. Atomic physics. Nuclear physics. 
Fission, relation to fuel fabrication. Nuclear aspects 
of core construction. Neutron physics. Physical 
aspects of core and systems. 

Reactor Physics Calculations. Neutron transport. 
Neutron transport in space. Neutron transport in 
energy. Applications for fuel pins and assemblies. 
Applications for core. Time-dependent phenomena, xenon 
poisoning, burnup. 

Fuel Management. Operational and safety aspects. 
Neutron economy. Fuel efficiency. Discontinuous 
loading. Temperature and power coefficients. 

Radiation Shielding. Neutrons. Gamma sources. 

Attenuation of gamma rays. Absorption of gamma rays. 

Shielding. 

II. THERMAL HYDRAULICS 

Thermodynamics. Classical thermodynamics. Nuclear 

power applications. 

Heat Transport. Heat transfer. Heat conduction. Heat 
transport in fuel pins. Convection. Radiation. 
Critical heat flux. 

Hydraulics. Basic equations. Single-phase flow. 
Two-phase flow. Critical flow. Stability. 

Systems and Calculations. BWR applications. PWR 
applications. 

Emergency Core Cooling. Requirements for core cooling. 

BWR applications. PWR applications. 
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III. PLANT DYNAMICS 

Reactor Dynamics. Neutron kinetics. Point kinetics. 
Delayed neutrons. Solutions to dynamics equations. 
Space- and time-dependent dynamics. Poisoning. Reac-
tivity feedback. Feedback coefficients. Power 
control. Computer codes. 

Plant Dynamics, BWR. Plant overview. Control prin-
ciples. Turbine system. Auxiliary power. Normal 
operation. Startup, shutdown. Plant control. Core 
control. Transients, power reduction - scram. Reactor 
isolation. Turbine protection. Malfunctions in 
auxiliary power. 

Plant Dynamics, PWR. Main systems for PWR control. 

IV. FUEL TECHNOLOGY 

Fuel construction. Fuel performance during operation. 
Quality control. 

V . REACTOR MATERIALS 

Principles for materials selection. Pressure vessel. 
Internals. Primary system. PWR heat exchangers. 
Secondary systems. Turbine. 

Types of Materials; Properties, Requirements and 
Experience. Carbon steel and low alloy steels. Stain-
less steels and nickel alloys. Welding materials. 
High-strength materials. Copper alloys, Al-alloys, 
etc. Non-metallic materials. 

Other Subjects. Thermal fatigue. Control. 

VI. REACTOR CHEMISTRY 

Fundamentals. Water chemistry. Ion exchangers. 

Radiation chemistry. Analysis. 

Chemistry; Cladding. Heat and mass transport. 
Corrosion products - deposition chemistry. BWR 
applications. PWR applications. 

Chemistry; Radiation. Radioactivity and neutron 
activation. Transport of radioactivity. BWR 
applications. PWR applications. 
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Chemistryt Materials. Corrosion. Local corrosion. 

BWR. PWR. 

Chemical Process Systems. Water purification systems. 
Off-gas systems. Waste systems. Chemical systems. 

VII. SAFETY 

General Functions 

Safety Functions 

Safety Systems. BWR. PWR. 

Regulations and Construction Principles. Event 
classes. Safety classes. Quality requirements. 

Accidents and Releases. BWR. PWR. 

Emergency Preparedness. Internal. External. 

Power Plant Licensing 

Probabilistic Risk Assessment 

PART TWO» Computer Analyses of Different Problems in Nuclear 

Engineering (1.5 weeks). 
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EXAMPLE (SWEDEN)г UNDERGRADUATE PROGRAMME 

IN CHEMICAL ENGINEERING 

(Chalmers University of Technology, Gothenburg) 

General Information on Nuclear Education 

In Sweden all technical universities comprise schools of 
engineering. At Chalmers University of Technology there are 
six schools of engineering.* chemical, technical physics, 
mechanical, electrical, civil and architecture. Within the 
chemical engineering school there are 10 different departments, 
each headed by a full professor and with a staff of 10-15 
people. In Sweden there are no university schools (departments 
in the US system) devoted to education in nuclear subjects. 

The student who desires to enter a nuclear career has to 
choose a main "conventional" subject, either at a classical 
university (e.g. University of Gothenburg) or at a technical 
university (e.g. Chalmers University of Technology). At the 
end of the basic training (third year at the university, fourth 
year at the technical university) containing the compulsory 
courses, the student has to choose elective courses, e.g. 
nuclear courses taught by the nuclear departments (see list). 
Higher studies are then conducted within the nuclear depart-
ments, leading in two years to a Licentiat degree, or in four 
to five years to a Doctor of Philosophy degree, at the univer-
sity, or Doctor of Technology degree, at the technical university. 

Basic Education 

The 120 points (about three years) for a B.S. (e.g. in 
Chemistry) and 160 points (about four years) for an M.S. (e.g. 
in Chemical Engineering) are obtained by taking courses, each 
corresponding to a certain number of points, according to a 
fixed scheme (curriculum) which contains compulsory and elec-
tive courses. Usually the first years contain only compulsory 
courses, while elected courses are selected in the last year 
from an accepted list of courses at the Faculty. If the 
student desires to take courses from other faculties, this has 
to be approved by the main Dean of Faculty (in this example, 
the Dean of Chemistry). 

CHEMICAL ENGINEERING CURRICULUM AT CHALMERS UNIVERSITY OF 
TECHNOLOGY 

The curriculum below is divided into compulsory courses 
and elective courses. The compulsory courses cover three years 
of study and are taken in the given order, though some courses 
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cover several years. Some of the courses also run in paral-
lel. The number of points is given after each course and, in 
parentheses, the total number of work hours. The work hours 
consist of lectures, calculation seminars, laboratory experi-
ments and home study hours. The home study hours normally 
amount to about 1/3 of the total number of hours. 

Compulsory Courses 

1. Mathematics. Series, limits. Derivatives, integrals. 
Ordinary and partial differential equations. Vector 
analysis. Introduction to tensor analysis. Matrix 
algebra. Functional analysis. Functions of a complex 
variable. Mathematical statistics. Probability 
theory. Numerical mathematics. 13.5 (474 h). 

2. Inorganic Chemistry. Stoichiometry. Phase equilibria, 
solubility, complex formation, proton and electron 
equilibria, gas equilibria. Binding and structures. 
Solid state. Periodic system; properties of chemical 
elements. Inorganic materials. Ion properties. 
Co-ordination compounds. Quantitative analysis 
(titrations, precipitations, electrometric methods). 
Computer calculations. 11.9 (417 h). 

3. Physics. Mechanics. Heat. Optics. Electricity and 
magnetism. Acoustics. Introduction to modern physics 
and wave mechanics. Atomic physics. Nuclear physics. 
Basic theoretical physics. Experiments in physics, 
methods and interpretation of results. 

5.5 (193 h). 

4. Engineering Mechanics. Statics, dynamics, friction, 
motion of particles (vibration, rotation, diffusion, 
etc.), strength of materials, physical properties 
(strength, elasticity, etc.) of materials (metals, 
ceramics, organic polymers, etc.), surface physics. 
2.5 (88 h). 

5. Numerical Methods and Computer Programming. Tools and 
general principles of numerical calculations. Approxi-
mation, interpolation, derivation and integration. 
Numerical solution of equations and systems of linear 
equations. Solution of ordinary differential equa-
tions. Approximation of functions. Fortran, library 
subroutines, orientation on operating systems. 

4.3 (157 ,h). 

6. Quantum Chemistry and Molecular Spectroscopy. 

Schrodinger equation. Molecular orbital theory. MO 
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(Molecular Orbital method) -LCAO. Bond types. Hybrid 

orbitale. Hiickel approximation. Intermolecular 

forces. Molecular moments. Infrared ultraviolet. 

Nuclear magnetic resonance. 2.2 (77 h). 

7. Fundamentals of Thermodynamics. Energy forms. Laws of 
thermodynamics. Thermodynamic functions/ pressure, tem-
perature and volume in closed and open stationary and 
flowing systems. Equilibrium between different aggrega-
tion forms. The Clayperon equation. Construction and 
use of thermodynamic diagrams. 5.2 (182 h). 

8. Organic Chemistry. Chemical bond and molecular orbi-
tals. Nomenclature. Physical properties of organic 
compounds. Stereoisomerism. Spectroscopic methods. 
Reactions and mechanisms/ addition, substitution, 
elimination, rearrangement. Natural polymers. 
8.9 (316 h). 

9. Fluid Mechanics. (Most chemical reactions take place in 
the liquid state. The mechanics of fluid materials 
forms the physical background for chemical reaction 
engineering (U3.19) in the process industry). General 
theory of mass flow with friction, including energy and 
impulse laws. Laminar and turbulent flow. Boundary 
layers. Similarity laws between heat- and mass-flow. 
Heat- and mass-transfer coefficients in various geo-
metries. 3.0 (105 h). 

10. Physical Chemistry, classical chemical thermodynamics 
(phase mixtures, partial quantities, phase diagrams, 
activity factors, chemical equilibrium). Statistical 
thermodynamics. Thermodynamic electro-chemistry. Reac-
tion kinetics (types of reaction, steady state, dynamics 
of molecular reactions, adsorption, catalysis, photo-
chemical reactions). Electrochemical transport, 
Arrhenius equation, diffusion. Electrode kinetics 
(double layer, electrode potentials, metal precipita-
tion, fuel cells, corrosion). 9.4 (328 h). 

11. Polymer Technology. Molecular structure, size and 
form. Solid, glass, crystalline states/ transforma-
tions. Stepwise and chain polymerization/ radical and 
ion mechanisms. Polymer reactions and degradation. 
Polymer technology. 2.0 (70 h). 

12. Mechanical Drawing and Computer Graphics. Drawing 
standards. Materials specifications, fabrication 
instructions. Tolerances. Orthogonal and isometric 
projections. 5.8 (203 h). 
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13. Energy Technology. Energy resources. Energy balances. 
Energy distribution. Technical applications of thermo-
dynamics and heat-power machines. Single- and two-phase 
flows. Heat exchangers. Combustion theory. Steam 
plants. Flow machines (pumps, fans, compressors, 
turbines). Heat pumps. Optimizations. Use of waste 
heat. 7.2 (252 h). 

14. Biochemistry. Proteins and enzymes? properties and 
preparation. Biological membranes. Principles of 
metabolism. Glycose-citric acid cycle. Oxidative 
phosphorylation. Sugar metabolism. Amino acid-urea 
cycle. Biosynthesis of special cell components. Mole-
cular genetics. Hormone effects. Viruses. Membrane 
transport. Polysaccharides. Enzyme kinetics. Bio-
logical spectroscopy (NMR, EPR, CD). Determination of 
nucleic acids. Photosynthesis. Cell cycle processes. 
Function of membrane receptors. X-ray diffraction. 8.0 
(280 h). 

15. Engineering Chemistry. Chemical industry. Information 
and communication. Product chemistry and user techno-
logy. Heavy chemicals. Unit processes in the chemical 
industry. Process design. 6.9 (241 h). 

16. Chemical Engineering Design. Step operations. 
Dimensioning of separation equipment. Unit operations? 
distillation, extraction, leaching, drying. Separation 
equipment design (solid-liquid, filtering, sedimenta-
tion, centrifugation, flotation). Particle technology 

(fluidization, crushing, grinding, mixing, etc.). 
Transport operations (dimensioning of separation and 
contacting equipment; mass, heat and momentum transport; 
applications to unit operations). Methods for estima-
tion of physico-chemical data. Numerical and graphical 
solution of heat and material balances. 14.9 (522 h). 

17. Applied Electrical Engineering. Elementary 
electronics. Safety of electrical installations and 
work. Amplifiers. Electrostatics and electric instal-
lations in explosive environments. Electrical devices 
(transformers, DC- and AC-motors). Measuring instru-
ments. Data collection systems. 3.0 (101 h). 

18. Chemical Reaction Engineering. Materials and heat 
balances. Ideal tank and tubular reactors. Adiabatic 
equilibrium processes. Reactor stability. Material and 
energy transfer in reactors. Catalysis in process 
design. Flow and mixing conditions in ideal and 
non-ideal reactors. 8.4 (294 h). 
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19. Analytical Chemistry. Automatic wet analysis, modern 
separation methods, instrumental analysis, analytical 
methods in industrial processes. 2.6 (105 h). 

20. Chemistry and Environment. Ecological concepts. 
Biogeochemical cycle. Ecotoxicology. Environmental 
pollution and poisons. Chemical health hazards. 
Protection methods. Analytical methods for environ-
mental measurements. 1.0 (35 h). 

21. Industrial Management. Industrial organization and 
administration. Industrial economy. Industrial psycho-
logy and protection of workers. Industrial safety. 7.2 
(252 h). 

22. Project Work. A problem, limited and well defined in 
scope and adapted to the topics of this undergraduate 
programme, is to be solved by the student on his own 
responsibility in a definite period of time, under the 
supervision of an instructor. This provides the oppor-
tunity to apply engineering knowledge and methods in a 
practical way, e.g. measurements in connection with 
calculations, programming applications. The problem 
selected should have interdisciplinary aspects. It is 
recommended that the project work be carried out in an 
industrial organization or research institute, with the 
participation and supervision of the university. If 
nuclear facilities are available, the project work could 
be performed there. The results should be presented as 
a written report. One project per student. (150 h). 

23. Practical Work, practical work at the craftsman level 
in the chemical industry and at the technician level in 
a chemical laboratory to acquaint the student with cur-
rent practices in his country, preferably at different 
places. 4 (4 weeks/year). 
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Elective Courses 

- Cellulose Technology 4.0 (140 h) 
- Nuclear Chemistry 4.0 (140 h) 
- Applied Nuclear Chemistry 3.6 (126 h) 
- Basic Food Science 4.0 (140 h) 
- Corrosion Chemistry 3.2 (112 h) 
- Applied Organic Molecular Spectroscopy 2.0 ( 70 h) 

- Extraction Chemistry 2.5 ( 87 h) 
- Chemistry of Ceramics 2.8 ( 98 h) 
- Organic Synthesis 2.8 ( 98 h) 
- Catalytic Materials 4.0 (140 h) 
- Work Science in Chemical Industry 2.6 ( 91 h) 
- Heat and Power Technology 4.0 (140 h) 

- Microbiology 3.6 (126 h) 
- Food Chemistry 4.0 (140 h) 
- National Economy 3.2 (112 h) 
- Microcomputer Applications 3.3 (116 h) 
- Business Laws 3.2 (112 h) 
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A—II.8. UNITED STATES OF AMERICA 

EXAMPLE (USA): TYPICAL UNDERGRADUATE CURRICULUM 

IN NUCLEAR ENGINEERING: FISSION OPTION 

(Massachusetts Institute of Technology) 

Course Credit units 

First Semester 

Introduction to Solid State Chemistry 5-0-7* 

Basic Physics I 5-1-6 

Calculus I 5-0-7 

Course in Humanities, Arts, 9** 
or Social Sciences (HASS) 

Second Semester 

Basic Physics II 5-1-6 

Calculus II 5-0-7 

HASS 9 

Unrestricted Elective *** 12 

Third Semester 

Basic Physics III 5-1-6 

Introduction to Applied Nuclear Physics 3-0-9 

HASS 9 

Mechanics of Solids 4-0-8 

Seminar in Nuclear Engineering 2-0-4 

Fourth Semester 

Differential Equations 4-0-8 

Fluid Mechanics 4-0-8 

Thermodynamics 3-0-9 

HASS 9 
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Course Credit units 

Fifth Semester 

HASS 9 

Heat and Mass Transfer 3-0-9 

Engineering Design of Nuclear Power Systems 3-0-9 

Energy 3-0-9 

Sixth Semester 

HASS 9 

Introductory Nuclear Measurements Laboratory 2-6-4 

Unrestricted Electives (2) 24 

Seventh Semester 

HASS 9 

Computer Models of Physical 3-0-9 

and Engineering Systems 

Nuclear Reactor Physics 4-0-8 

Engineering of Nuclear Reactors 3-0-9 

Eighth Semester 

HASS 9 

Nuclear Systems Design project 2-6-4 

Thesis 12 

Unrestricted Elective 12 

* (a-b-c) = hours per week of classroom lectures - hours per 
week of laboratory work - hours of preparation. 
(a+b+c)x 14 = hours per semester. 

** Indicates total hours, which may be split in various ways, 
e.g. 4-0-5 or 3-0-6. 

*** Appropriate choices of unrestricted electives includet 
Materials for Nuclear Applications (3-0-9) and Physical 
Metallurgy Principles for Engineers (3-0-9), for a back-
ground in reactor materials; Introduction to Engineering 
Economics (3-0-9), and/or Quantum Physics I (5-0-7) and 
Advanced Calculus for Engineers I and II (3-0-9) for 
physics and mathematics preparation for those who 
anticipate graduate study in Nuclear Engineering at MIT. 
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EXAMPLE (USA): TYPICAL UNDERGRADUATE CURRICULUM 

IN NUCLEAR ENGINEERING: RADIOLOGICAL SCIENCES OPTION 

(Massachusetts Institute of Technology) 

Course Credit units 

First Semester 

Principles of Chemical Science 5-0-7* 

Basic Physics I 5-1-6 

Calculus I 5-0-7 

HASS 9** 

Second Semester 

Basic Physics II 5-1-6 

Calculus II 5-0-7 

HASS 9 

Introduction to Computers and 3-1-8 
Engineering Problem-Solving 

Third Semester 

Basic Physics III 5-1-6 

Differential Equations 4-0-8 

HASS 9 

Mechanics of Solids 4-0-8 

Fourth Semester 

Fluid Mechanics 4-0-8 

Thermodynamics 3-0-9 

HASS 9 

Quantum Physics I 5-0-7 
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Course Credit units 

Fifth Semester 

Introduction to Applied 3-0-9 
Nuclear Physics 

HASS 9 

Heat and Mass Transfer 3-0-9 

Seminar in Nuclear Engineering 2-0-4 

Unrestricted Elective *** 12 

Sixth Semester 

HASS 9 

Introductory Nuclear 2-6-4 
Measurements Laboratory 

General Biochemistry 5-0-7 

Radiation Effects and Uses 2-1-9 

Seventh Semester 

HASS 9 

Nuclear Reactor Physics 4-0-8 

Unrestricted Electives (2) 24 

Eighth Semester 

HASS 9 

Cell and Developmental Biology 4-0-8 

Thesis 12 

Unrestricted Elective 12 

* As in Fission Option. 
** As in Fission Option. 
*** Appropriate choices of unrestricted electives include 

additional preparation in applied mathematics, e.g. 
Advanced Calculus for Engineers I and II. 
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EXAMPLE (USA): POSTGRADUATE (M.S.) PROGRAMME 
IN NUCLEAR ENGINEERING 

WITH SPECIALIZATION IN RADIATION HEALTH PHYSICS 

(Massachusetts Institute of Technology (MIT)) 

CURRICULUM (required courses*, recommended courses+) 

First Semester (Fall) 

1. Health Physics I - General+ (HSPH) (3-0-9 credit 
units **) 
Lectures, demonstrations. One 2-hour and one 1-hour 
session each week. Covers laboratory, industrial, and 
environmental sources of radiation/ the interaction of 
ionizing particles with matter/ the concept of radiation 
dose from external and internal sources/ radiation 
measurements; radiation protection standards and regula-
tions/ and methods of environmental and occupational 
radiation protection. 

2. Introduction to Applied Nuclear Physics* (3-0-9) 
Fundamentals of nuclear physics for engineering 
students. Basic properties of the nucleus and nuclear 
radiations. Elementary quantum mechanical calculations 
of bound states and barrier transmission probability. 
Nuclear shell model. Binding energy and nuclear stabi-
lity. Interactions of charged particles, neutrons and 
gamma rays with matter. Radioactive decay. Energetics 
and general cross-section behaviour in nuclear reactions. 

3. Elective (12) 

4. Elective (12) 

Total credit units = 48 

** (a-b-c) = hours per week of classroom lectures - hours per 
week of laboratory work - hours per week of preparation, 
(a+b+c) x 14 = hours per semester. 

HSPH = Course given at Harvard University's School of Public 

Health. 
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Second Semester (Spring) 

1. Health Physics II - Nuclear Reactor Related* (2-4-9) 
This course makes use of the 5-MW MIT Research Reactor 
and associated infrastructure to provide the students 
with relevant experience in radiation management and 
control. The course includes a review of the Code of 
Federal Regulations, Parts 19 and 20, Title 10, Ch. 1 
Regulations, Safety Analysis Report and Technical 
Specifications. It also covers calibration and use of 
radiation detectors - theory, function, portable a , 

/3, y y 7] solid-state spectrometers, scintillators 
for 7 -ray spectroscopy, gas counters, liquid 
scintillation, whole body, reactor instrumentation, 
environmental monitoring, personal monitoring. Shield-
ing, preparation and handling of radioactive materials, 
analysis and design of radiation protection systems and 
procedures and radiation protection in other applica-
tions such as medical, accelerators and power reactors. 

2. Radiobiology4- (HSPH) (3-0-9) 

Lectures. Three 1-hour sessions each week. This course 
is divided into two parts» cellular and mammalian radio-
biology. The first includes radiation chemistry; cell 
survival, transformation, and mutagenesis; cytogenic 
effects; UV-photobiology/ and cellular and molecular 
repair processes. The second covers effects of radia-
tion in man and characteristics of internal and external 
human exposure. The biological basis of the acute radia-
tion syndrome, and the human epidemiological data for 
radiation carcinogenesis, are emphasized. Prerequisite» 
university-level course in biology. 

3. Nuclear Measurements Laboratory* (2-6-4) 
Basic principles of interaction of nuclear radiations 
with matter. Principles underlying instrumental methods 
for detection and energy determination of gamma rays, 
neutrons and charged particles. Applications to applied 
radiation physics, health physics and reactor techno-
logy. Laboratory experiments on gas-filled, scintilla-
tion and semiconductor detectors/ nuclear electronics 
such as pulse amplifiers, multichannel analysers and 
coincidence techniques/ applications to neutron activa-
tion analysis, X-ray fluorescence measurement, thermal 
neutron cross-sections, radiation dosimetry, decay 
scheme determination, pulse neutron experiments, and 
subcritical assembly measurement. 

4. Elective (12) 

Total credit units = 48 
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Summer 

Thesis or specialized educational experiences 

Third Semester (Fall) 

Thesis (12) 

Electives (25-38) 

Total credit units = 37-50 

Fourth Semester (Fall) 

Thesis (12) 
Electives (13-38) 

Total credit units = 25-50 

SUGGESTED ELECTIVES 

1. Human Physiology (HSPH) (3-0-9) 

Lectures, conferences, demonstrations. Two 1-hour and 
one 2-hour sessions each week. Students lacking a 
background in biology are offered an intensive intro-
duction to biological principles and to the physiology 
of cells, organ systems, and organisms. Some patho-
physiology and a number of laboratory exercises are 
included. Prerequisites University-level courses in 
physics, chemistry, and mathematics. 

2. Biological and Medical Applications of Radiation and 
Radioisotopes (4-0-8) 
Principles of radiation production and interactions. 
Radiation dosimetry with emphasis on applications and 
health hazards. Shielding of beta, gamma, and neutron 
radiation from isotope and machine sources. Detection 
and spectroscopy of beta, gamma, and neutron radiation. 
Neutron activation analysis. Production of radioisotopes 
and radiopharmaceuticals. Principles of nuclear 
medicine. A comprehensive term paper and presentation 
are required. 

3. Radiation Interactions and Applications (3-0-9) 
Basic principles of interaction of electromagnetic 
radiation, thermal neutrons, and charged particles with 
matter. Introduction to classical electrodynamics, 
quantum theory of radiation field and time-dependent 
perturbation theory. Emphasis on the development of 
transition probabilities and cross-sections describing 
interaction of various radiations with atomic systems. 
Applications include emission and absorption of light, 
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theory of gas lasers, Rayleigh, Brillouin, and Raman 
scattering, X-ray diffraction, photoelectric effect, 
Compton scattering. Bremsstrahlung and interaction of 
intense light with plasma. The last part deals with the 
use of thermal neutron scattering as a tool in condensed 
matter research. 

4. Nuclear Reactor Operations and Safety (3-5-4) 
Principles of operating nuclear reactor systems in a 
safe and effective manner. Emphasizes light water 
reactor systems including transient response studies ; 
concept simulation; control and control improvements; 
and degraded core recognition, mitigation, and analysis. 
Special lectures included on consequence analysis and 
risk assessment. All topics combined with reactor 
safety. Past accident experience discussed in terms of 
lessons learned. Review of reactor licensing and NRC 
regulations. Demonstrations include operation of the MIT 
Research Reactor and use of a concept simulator. 
Optional laboratory section involves a project at the 
Nuclear Reactor Laboratory. 

5. Environmental Impact of Electric Power Production (3-0-9) 
An assessment of the various environmental impacts of 
producing thermal and electric power with currently 
available technology. Impacts compared throughout both 
the fossil and nuclear fuel cycles. Topics include fuel 
resources and extraction, power station effluents, waste 
heat disposal, reactor safety, and radioactive waste 
disposal. 

6. Radiation Biophysics (3-0-9) 
Effects of ionizing radiation, ultraviolet radiation, 
and heat on biological materials, cells and tissues of 
mammals. In vivo and in vitro mammalian systems examined 
in detail, and mathematical models for cell survival 
explored with particular emphasis on prediction. Micro-
structural damage to cell components such as membranes, 
organelles, enzymes, and DNA studied thoroughly. Radia-
tion syndromes in man, mutagenesis, and carcinogenesis 
also investigated. Concludes with discussion on new 
directions for cancer therapy using heavy ion radiation. 

7. Radiological Sciences Seminar (1-0-0/semester) 

Total Course Units 

Required and recommended course units 96 
Thesis 24 

Electives 38- 76 
158-196 
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EXAMPLE (USA)» POSTGRADUATE (M.S.) PROGRAMME 
IN NUCLEAR ENGINEERING 

WITH SPECIALIZATION IN RADIATION HEALTH PHYSICS -
Detailed Course Outline 

for Health Physics II - Nuclear Reactor Related 

(Massachusetts Institute of Technology (MIT)) 

I. Review of Regulations, SAR, Technical Specifications, 
followed by an Audit of Radiation Protection Records at 
the MIT Reactor (MITR-II). (2 to 2.5 weeks) 

A . Review the following codes of Federal Regulations; 

10 CFR 19: Notices, Instructions and Reports to Workers 

10 CFR 20» Standards for Protection Against Radiation 

10 CFR 50: Domestic Licensing of Production and 
Utilization Facilities 

10 CFR 70» Domestic Licensing of Special Nuclear 
Material 

Special study, emphasis, and discussion on 10 CFR 19 

and especially 10 CFR 20. 

B. Review the Safety Analysis Report for the MITR-II. 

C . Review the Technical Specifications for the reactor. 

D. Audit the Radiation Protection Office records» 

1. Examine records. Become familiar with routine 

smears and samplings, why they are important. 

2. Examine records of non-routine activity. 

3. Accompany reactor technicians on a typical Friday 
survey - taking smears, doing filter changes. 

4. Become familiar with annual éffluent release 

records in the Reactor Operations Office. 

5. Overall, co-ordinate how the records indicate 
compliance with the rules and regulations imposed 
by A through С above. 

E . MIT Regulations » 

1. Become familiar with the workings of MIT's 

Radiation Protection Office (RPO) - how does it 
differ from that at the reactor? 
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2. Accompany technicians from MIT-RPO on surveys 
of MIT laboratories that use radioactive 
materials. 

F . Become familiar with the following publications; know 

what information is contained in each, and where the 

publications can be located. 

ICRP Publications» 

No. 10: "Evaluation of Radiation Doses to Body 

Tissues from Internal Contamination Due to 

Occupational Exposure" 

No. 17: "Protection of the Patient in Radionuclide 

Investigations" 

No. 21: "Data for Protection Against Ionizing 
Radiation from External Sources" 

NCRP Reports: 

No. 39: "Basic Radiation Protection Criteria" 

No. 57: "Instrumentation and Monitoring Methods for 

Radiation Protection" 

No. 58: "A Handbook of Radioactivity Measurements 

Procedures" 

No. 64: "Influence of Dose and Its Distribution in 
Time on Dose-Response Relationships for 
Low-LET Radiations" 

No. 65: "Management of Persons Accidentally 
Contaminated with Radionuclides". 

Calibration and Use of Detectors (4 weeks) 

A . Textbook theory: 

Readings and problems from Measurement and Detection 
of Radiation by Tsoulfanidis. 

1. Chapter 5: Gas-filled detectors. 
2. Chapter 6: Scintillation detectors. 
3. Chapter 7: Semiconductor detectors. 

B . Laboratory work: 

1. Sampling of core purge gas and primary coolant 
from the MITR-II. 
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2. Analyses» 
a. Germanium detector 
b. Sodium iodide detector 

c. Proportional counter 
d. Scintillation counter 

3. Written report of laboratory work. 

C . Hand-held detectors : 

1. Review operation and operating principles of a 
variety of detectors» those at the reactor RPO and 
at MIT-RPO (including neutron detectors) 

2. Hands-on experience in calibration with the radium 
source in MIT Building 20. 

3. Read handouts. 

D . Reactor instrumentation; 

1. Handout. 

2. Discussion with expert. 

E. Whole-body counting; 

1. Familiarization with the whole-body counter at 

MIT-RPO. 

2. Calibration of a thyroid phantom with the whole-
body counter. 

F. Miscellaneous; environmental monitoring, personnel 

monitoring; 

1. Readings. 

2. Discussions with experts. 
3. Calibration and reading of thermoluminescence 

dosimeters at the Bates Accelerator. 

III. Shielding (1.5 to 2 weeks) 

A . Applied theory; 
1. Readings from Radiation Shielding and Dosimetry. 

2. Problems (not from the text). 
B . Laboratory work; 

1. Experiments with practical applications. 

IV. Preparation and Handling of Radioactive Materials and 

Isotopes (1 week) 

A . Discussion. 

B. Familiarization with regulations (federal and MIT) 
including transportation rules. 

C. Tour of hot laboratory; observation of experimental 
work in progress involving tritium. 
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V. Analysis and Design of Radiation Protection Systems and 

Procedures (2 weeks) 

A . Review of new EPA proposal to limit radioactive 
emissions to the air. 

B. Write paper to discuss proposal as it pertains to the 
M I T R - I I . 

C. Discussion/readings involving emergency planning at 
the MITR-IIг 

1. ANS emergency plan 
2. NRC "Emergency Plans for Test Reactors" 
3. MITR-II Emergency Plan, Report No. MITNRL-011. 

VI. Radiation Protection in Other Applications (2 weeks) 

A . Medical: tours of health physics facilities at small 
local hospitals. 

B . Bates Accelerator tour? discussions with radiation 
protection personnel, emphasis on high-energy particle 
and neutron problems. 

C . Power reactor tour; visit to an operating nuclear 
power reactor. 
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A p p e n d i x I I I 

PROPOSED SYLLABUS FOR STANDING TRAINING COURSES IN 

RADIATION PROTECTION 

The following syllabus is designed as a guide to the sub-
jects which should be included in a training course in radia-
tion protection. This is primarily recommended for Agency 
sponsored courses and the suggested duration of training is at 
least one university semester (5 1/2 months) including 
practical exercises. 

1. BASIC FOUNDATIONS 

1.1. Mathematics. Introductory calculus. Exponential 
functions. Elements of probability theory. Distri-
butions, central values (mean, mode, median), 
dispersion, standard deviation, standard error. 
Binomial distribution, Poisson distribution, normal 
distribution, log-normal distribution. Regression, 
correlation. 

1.2. Biology. Brief outline of general biology of 
interest for purposes of radiation protection. 
Basic cytology. Basic haematology, thyroid func-
tion, bone physiology, respiratory system, digestive 
system, reproductive system. Theories of cancer 
induction; initiating and promoting events. 
Elementary genetics. 

2. INTRODUCTORY ATOMIC AND NUCLEAR PHYSICS 

Basic atomic and nuclear physics. Structure of the atom, 
periodic table. Excitation and ionization. The nucleus, 
elementary particles. Mass and energy, isotopes, stable 
and unstable nuclei. Radioactivity, modes of radioactive 
disintegration, law of radioactive decay, decay constant, 
half-life, mean life. Activity units (becquerel, curie). 
Decay chains, activity of the nucleus in a chain. Natural 
radioactive series. Table of nuclides. 

Nuclear reactions; nuclear models, basic wave mechanics. 
Examples of various reactions. Energy considerations. 
Reaction cross-section; calculations of induced activity. 
Fission, fission yield. Calculation of activity of fission 
products. Heat released by mixtures of fission products. 
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Electromagnetic and corpuscular radiation. Alpha, beta and 
gamma radiation. Accelerated particles. Characteristic 
X-rays and bremsstrahlung. Auger electrons. Energies, 
spectra. Wavelength and photon energy for electromagnetic 
radiation. 

3. RADIATION SOURCES 

Natural and artificially produced radionuclides. 
Accelerator-produced radiation; X-ray apparatus, linear 
accelerators, cyclotrons, betatrons, synchrotrons, etc. 
Neutron generators, cosmic radiation. Reactors, 
radionuclides in the nuclear fuel cycle. 

4. INTERACTION OF RADIATION WITH MATTER 

Modes of interaction.- ionization, excitation, elastic 
scattering, nuclear interaction. Specific ionization, 
stopping power, linear energy transfer, mean path length. 
Interaction of directly ionizing radiations alpha radia-
tion, range, energy and scattering, specific ionization. 
Electrons, range, energy and scattering, specific ioniza-
tion. Bremsstrahlung. Cerenkov radiation. Positron 
absorption, annihilation radiation. Microscopic distri-
bution of energy. Bragg*s law. Interaction of electro-
magnetic radiations Compton scattering, photoelectric 
absorption, pair production. Secondary radiation, 
dependence on primary energy, direction and atomic number. 
Buildup of secondary radiation. Spectral distribution. 
Neutron interaction, scattering and nuclear absorption. 
Induced activity, radionuclide production. 

5. NEUTRONS AND NUCLEAR REACTORS 

Elements of neutron and reactor physics.- Neutron diffusion; 
boundary conditions; point source; plane source; modera-
tion; reference systems; moderating power and relation to 
moderation; lethargy. 

Moderation in infinite medium; continuous moderation/ Fermi 
age model/ moderation and diffusion length. 

Criticality conditions/ four-factor formula/ 1-group 
theory/ 2-group theory/ diffusion-age method/ stability 
probability/ k-effective; critical mass. 

Homogeneous reactors; calculation of critical mass; 
heterogeneous reactors/ optimum grid; experimental 
determination of critical mass. 
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Reactor control; neutron life; fraction of delayed 
neutrons; reactivity period; effect of temperature; void 
effect; Xe and Sm poisoning; reactivity balance; reactor 
control rods; poison injection. 

6. RADIATION DETECTION AND MEASUREMENT 

6.1. General Principles. Detection of ionization. 
Ionization in gases, ionization chambers, condensor 
chambers, pressure ionization chambers. Propor-
tional chambers, GM-tubes. Semiconductor detec-
tors. Detection by excitation.- Scintillation 
detectors, solid and liquid. Photographic emul-
sions. Neutron detection by (n, a ) or (n,p) 
reactions or by activation. 

6.2. Instrumentations. Electronics for low current 
measurements, quenching circuits, pulse-counting 
circuits, discriminators. Amplifiers, scalers, 
ratemeters, integrating circuits, pulse-height 
analysers, coincidence and anticoincidence circuits, 
amplification of direct current, electrometers. 
Practical design of detectors mentioned above. 

6.3. Measurement Techniques. Collimation, shielding, 
secondary radiation, background radiation, geometry, 
counting techniques, statistics, combination of 
errors, precision. Maintenance.- Battery supplies, 
storage requirements, humidity, heat, light, pre-
venting of contamination. Testing and calibration. 

7. DOSIMETRY 

7.1. General Concepts, Quantities and Units. Energy and 
particle flux density, fluence and fluence rate. 
Collision stopping power (I a ). Bragg-Gray cavity 
principle. Absorbed dose, units (J/kg, gray and 
rad), absorbed dose rate. Kerma, unit (J/kg, gray, 
rad). Concepts of microdosimetry. Exposure, unit 
(J/kg, sievert and rem). Receptor-free conditions.-
absorbed dose index and dose equivalent index. 
Organ doses and effective dose equivalent; ICRP 
weighting factors. Committed dose from intake of 
radionuclides. Collective dose. Dose commitment 
and collective dose commitment; relation to future 
maximum dose rate in the case of a continued 
practice. 
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7.2. Dose Calculations 

7.2.1. Alpha, Beta and Gamma Radiation (X-rays). 
Electron equilibrium. Attenuation and 
absorption coefficients. Attenuation of 
primary radiation. Buildup from secondary 
radiation. Absorption and scattering in air 
and in the body, depth doses. Influence of 
field size. Kerma and absorbed dose. Ther-
mal and fast neutrons. Geometrical factors; 
point sources, plane sources and volume 
sources. The reciprocity theorem. 

7.2.2. Internal Radiations. Modes of intake: 
inhalation, ingestion, absorption through 
skin or wounds. Metabolic behaviour; uptake 
in blood and transport to various organs. 
Retention and elimination. Biological 
half-life and effective half-life. Non-
exponential retention. Metabolic models 
used by ICRP. Committed dose per unit 
intake. Reference man and differences 
depending upon age and sex. 

7.3. Dose Measurements. What a detector measures. 
Calibration of dosimeters. Integrating personnel 
dosimeters (TL dosimeters, film badges, etc.). Dose 
ratemeters. Energy dependence. Calibration of 
dosimeters. 

8. BIOLOGICAL EFFECTS 

8.1. Effects at the Cellular Level 

8.1.1. Basic Radiation Chemistry. Breaks of 
molecular bonds, indirect effects by free 
radicals. Basic water radiochemistry, 
production of H', OHi, and е-ад. Effects 
on DNA. 

8.1.2. Cellular Radiobiology. Point mutations, 
chromosome breaks, mitotic dysfunction, cell 
death. Cell death as reason for non-
stochastic effects: changes in the cell's 
genetic code as basis for stochastic 
effects. Cell division and sensitivity. 
Mutation and cancer. Mutation in germ 
cells, hereditary effects. Cell killing, 
microscopic energy distribution, micro-
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dosimetric concepts, target theory. Quanti-
tative models for cell survival and mutation 
induction. Chromosome aberrations in 
somatic cells as a biological indicator of 
radiation exposure. 

8.2. Non-Stochastic Effects. Skin reaction, erythema, 
ulceration; dependence on radiation quality, depth 
dose distribution, damage to vascular system. 
Whole-body exposure, the radiation syndrome; 
haematopoietic effects, effects on the GIT, effects 
on the CNS, clinical symptoms, prognosis. Effect on 
the lung, radiation pneumonitis. Effects on the 
thyroid, on the eye, on the gonads. Dose-effect 
relations, threshold doses. Effect of fractionation 
and dose distribution in time. Review of some 
accidental exposures. 

8.3. Stochastic Somatic Effects. Dose-response rela-
tions. Epidemiological studies; statistical limita-
tions, relevance of reference populations. Relevance 
of research on animals. Existing quantitative 
information on the risk of leukaemia and cancers of 
skin, lung, breast, thyroid, bone and other organs. 
Risk of cancer induction for in utero exposures. 
Significance for radiation protection of the assump-
tion of proportionality between dose and response. 

8.4. Hereditary Effects (Stochastic). Elementary popula-
tion genetics. Clinical consequences of point 
mutations and chromosome aberrations. Relation' 
between mutation rate and expressed hereditary harm, 
equilibrium situation. Present data on the total 
frequency of hereditary defects. Commitment of 
future harm if the mutation rate is increased in one 
generation, expected time distribution of the 
expression of various types of hereditary harm. 
Statistical requirements for epidemiological 
studies. Upper limits of risk derived from zero 
observations. Conclusions from animal experiments; 
the direct method and the doubling dose method. 

8.5. Developmental Effects on the Embryo and the Foetus. 
The embryo and the foetus at various times after 
conception. The pre-implantation period; the period 
of organogenesis. The significance of cell destruc-
tion at stages of few cells, the influence of the 
stage of development. Dose-response relations. The 
developing brain and mental retardation. 
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9. FUNDAMENTALS OF RADIATION PROTECTION 

9.1. General Objectives. ICRP recommendations. Objec-
tives. Protection of the individual and control of 
the total impact of a source or practice. The 
concepts of justification, optimization and indi-
vidual risk limitation. The concepts of risk and 
detriment; radiation health detriment; other 
components of detriment. 

9.2. Justification of a Practice. In the justification of 
a practice, the radiation detriment has to be con-
sidered. Justification is essentially a decision 
process once this input is available. The decisions 
are often taken outside the field of radiation 
protection. Examples. 

9.3. Optimization of Protection. Objective. Optimization 
= "ALARA". Relevance of the collective dose equi-
valent as an indicator of the health detriment. 
Other components of detriment. Costing the detri-
ment. Differential cost-benefit analysis. Tech-
niques. Simple cases and complex systems. Case of 
independence of protective systems. Practical 
examples. Problems with doses in the distant 
future. Optimization at various levels; the regula-
tory body, the designer, the operating radiation 
protection officer. 

9.4. Individual Dose Limitation. Objective. ICRP dose 
limits for stochastic and non-stochastic effects. 
Limitation of the committed annual dose rather than 
the actual annual dose. Occupational dose limits. 
Secondary limits for external and internal 
exposures, the ALI and the dose equivalent index 
limits. Combined exposures. Derived limits, DAC. 
Authorized limits. Exposure of women. Abnormal 
situations. Limits for members of the public, the 
critical group; prolonged exposures. Exposures from 
multiple sources, upper bounds related to specified 
sources. Control of future doses from continued 
practices, the truncated dose commitment from a year 
of practice. Authorized limits based on either 
optimization results or upper bounds. Intervention 
levels for emergency situations. The objective of 
intervention levels as distinguished from dose 
limits. 
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OPERATIONAL RADIATION PROTECTION 

10.1. General. Competent Authorities and Regulations. 
Various national organizational structures. 
Regulations may define responsibilities. Source 
control and inspection. Some basic operational 
principles. 

10.2. Occupational Exposure 

10.2.1. Organization. Classification of work and 
work places. Controlled and supervised 
areas. Requirements on monitoring and 
medical supervision. Record keeping and 
reporting. 

10.2.2. Methods of Protection. Methods based on 
installed features and methods based on 
operational features. 

10.2.3. Monitoring. ICRP Publ. 35. Purposes of 
monitoring: to assess doses, to show 
compliance or to detect unexpected condi-
tions. Individual monitoring for external 
exposure, interpretation of results. 
Monitoring for internal exposure; relation 
between intakes, retained quantities and 
excreted quantities. Choice of instru-
mentation and methods; film badges, TLD, 
pocket dosimeters, finger-ring dosimeters, 
personal dose ratemeters. Whole-body 
counters and equipment for analysis of 
excreta. Area monitoring for external 
exposure. Air monitoring. Surface moni-
toring. Interpretation of results. Choice 
of instruments. Radon monitoring in mines 
and buildings, special problems.- degree of 
equilibrium, dose factor. Instrumentation. 

10.3. Exposure of the Public 

10.3.1. Organization. Responsibilities, regulations, 
competent authorities, source control and 
inspection. Requirement on monitoring and 
reporting. Control of consumer products. 

10.3.2. Release Limitation. Definition of critical 
groups and critical pathways in pre-
operational studies. Optimization of 
retention systems. Local, regional and 
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global components of the collective dose 
commitment. Incomplete dose commitment as a 
tool to assess the maximum future dose 
rates. Setting upper bounds, considering 
other and future sources. Setting 
authorized limits for releases. 

10.3.3. Dispersion Models. Meteorological models; 
Pasquill weather classes, examples for 
various weather conditions. Instantaneous 
and prolonged releases. Hydrological 
models; dispersions in rivers and lakes and 
in the sea. Distance for homogeneous 
mixing. Models for time-dependent and 
integrated quantities. 

10.3.4. Dose Assessments. Models for dose assessment 
of individual and collective doses from 
radioactive contamination of the environ-
ment. Modes of exposure; immersion, inhala-
tion, external exposure from deposits on the 
ground, ingestion with contaminated food. 
Models for time-dependent transport and 
models for integrated transport of radio-
nuclides. Methods for assessing the 
collective dose without knowledge of 
individual doses. 

10.3.5. Monitoring. Objectives.- Detect unexpected 
conditions, show compliance with authorized 
limits and to permit dose assessments. 
Release monitoring and environmental 
monitoring. Interpretation of results; dose 
assessments or improvement of dispersion 
models. 

11. TECHNOLOGICAL ASPECTS 

11.1. Shielding. Shielding calculations for gamma radia-
tions; choice of material; primary and secondary 
radiation. Influence of source geometry; channels 
and mazes. Shielding for beta radiation, brems-
strahlung. Neutron shielding, scattering and 
absorption, activation of the shielding material. 
Heat effects. Optimization of shielding. 

11.2. Remote Handling. Devices for remoteê handling. 
Shielded windows; periscopes, television, mirror 
systems. Special problems in hot Sêlls, irradiation 
facilities and containers for high»âttivity sources. 
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11.3. Protection Against Contamination 

11.3.1. Aerosol Properties and Air Purification. 
Aerosols, medium aerodynamic diameter, 
deposition velocity, diffusion. Separation 
methods; mechanical and electrostatic 
filters. Ventilation. Special problems 
with radon. Optimization of ventilation 
systems. 

11.3.2. Design of Containments. Hot cells, glove 
boxes, containers. Notions of reactor 
containment. 

11.3.3. Decontamination of Material and Equipment. 
Methods; decontamination factors. 
Objectives of decontamination. 

11.4. Effluent Control and Waste Management. Waste and 
effluents, terminology. Waste arising from 
decontamination and purification of effluents. 
Systems for decontamination and purification of 
effluents. Examples from nuclear power stations. 
Optimization. Waste in form of used radiation 
sources, contaminated material or activated 
material. High-level waste in form of fission 
products in spent reactor fuel. Classification of 
waste. Principles of concentration and dilution. 
Ground disposal versus sea disposal. The London 
Convention. Disposal of high-level waste in geo-
logical formations. Radiation characteristics of 
high-level waste as a function of time. Heat 
dissipation as a function of time. Methods for 
concentrating waste (volume reduction), liquids, 
solids. Mechanical volume reduction, reduction by 
burning. Temporary storage of short-lived 
radionuclides for decay. 

12. CRITICALITY AND REACTOR ACCIDENTS 

Although nuclear safety is not within the scope of the 
syllabus, the consequences of accidents and emergency 
planning for remedial action in case of an accident are 
relevant to radiation protection. 

12.1. Criticality Accidents Prevention 

12.1.1. Analysis of Parameters of Critical Systems. 

Nuclear constants, macro- and microscopic. 
Types of neutron interaction with matter. 
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Partial and total cross-section. Criteria 
for the analysis of critical states as a 
function of.- (i) the multiplication factor, 
and (ii) the k-effective (used in reactor 
theory). Self-distribution. Initiation of 
a supercritical excursion. Parameters that 
affect the criticality of a system; geo-
metry, mass, relations between critical mass 
and critical volume. Law of density pro-
portionality; applications to distinct 
geometries; concentration; dilution; addi-
tion of dispersion centres, of moderation 
and of absorption. Level (degree) of 
moderation. Homogeneity. Interaction. 

12.1.2. Interaction and Storage. Grids. Interaction 
among stocks (piles). Definition of 
interaction parameters. Use and properties 
of interaction parameters. Isolation 
distance. "Oak Ridge" approximation. 
Estimating of interaction parameters for the 
spacing of stocks (piles). Solid angle 
method. Method of the interaction para-
meter. Example problems of interaction. 

12.1.3. Analysis of Practical Problems in Criti-
cality Prevention. Safety of isolated units 
and of groups of units, assessed using the 
criteria of interaction parameters. Safety 
of units in isolation and in group based on 
k-effective. General method for the control 
of criticality; single and multiple 
control. Principle of two out of three 
events. Application of the standards. 
Design and layout of installations from the 
point of view of criticality control. 

12.1.4. Characteristics of a Criticality Excursion. 
Magnitude of the excursion; exposures. 
Associated risks of a criticality accident. 
Dosimetry. 

12.1.5. Safe Transport of Special Fissionable 
Material. Basic design considerations; 
effects of density and thickness; speci-
fications for transport packagings; IAEA 
regulations with reference to special 
fissionable material. 
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12.2. Reactor Accidents 

12.2.1. Radioactive Inventory and Potential for 
Release. Total activity and activity of 
significant radionuclides in a reactor. 
Assessment of activity, relation to reactor 
power (short-lived nuclides) and energy 
production (long-lived fission products). 
Noble gases, iodine and volatile fission 
products. Caesium-137 and potential 
long-term environmental contamination. 
Types of accidents and modes of escape 
(release) of radioactive material. 

12.2.2. Reactor Accidents Involving the Public. 
Classification of accidents. Weather 
conditions. Other factors influencing the 
consequences; precipitation, wind velocity, 
height of release, thermal energy release. 
Exposure modes: cloud exposure, inhalation, 
exposure from the ground, exposure from 
contaminated food. The relative importance 
of the exposure modes and their significance 
in time. Acute effects and stochastic 
effects, risks to the foetus. 

12.3. Remedial Actions. Reduction of dose from cloud 
exposure and inhalation by being indoors and using 
simple means of avoiding inhalation of radioactive 
material. Reducing dose from ground exposure by 
evacuation after activity deposition. Reducing 
thyroid doses from radioactive iodine by taking 
stable iodine pills. 

12.4. Emergency Planning. Alarm criteria. Identification 
of responsibilities. Data collection: release 
monitoring, dose measurements at critical locations, 
monitoring of ground deposit, establishing the 
contaminated area. Organization of monitoring and 
data reporting. Organization of instrument 
availability. Supplies of iodine pills. Identi-
fication of remedial actions. Training of all 
persons involved in remedial actions. Information 
to the public. Methods for alerting the public. 
Intervention levels. Means of communicating. 
Establishment of an emergency control centre. Late 
phase, food restrictions, decontamination of land. 
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Appendix IV 

C O M P A R A T I V E SUMMARY O F U N D E R G R A D U A T E ( U ) 

A N D P O S T G R A D U A T E ( P ) C O U R S E S 
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