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FOREWORD 

Some of the most critical and costly problems which have been encountered 
in the course of implementing nuclear power programmes and operating and main-
taining nuclear power plants have resulted from having insufficient numbers of, and 
insufficiently qualified, technicians. There is a growing awareness of the importance 
of highly qualified, well trained technicians for the safe and reliable utilization of 
nuclear power. 

The IAEA Guidebook on the Education and Training of Technicians for 
Nuclear Power aims to assist Member States, especially the developing countries 
which are in the process of implementing, or intending to implement, a nuclear 
power programme, to understand and meet their requirements for qualified techni-
cians in the most effective and efficient manner. It specifically seeks to assist policy 
makers and planners, as well as those designing and implementing education and 
training programmes. In this Guidebook, technician level occupations include those 
filled by technicians and higher level technicians (techniciens superieurs or technolo-
gists) and also by non-graduate engineers. The Guidebook complements the IAEA 
Guidebook on Manpower Development for Nuclear Power, as well as the IAEA 
Guidebook on the Qualification of Nuclear Power Plant Operations Personnel. 

The key objectives of this Guidebook are to describe: (1) the level and content 
of conventional education and training which a technician must have before nuclear 
oriented education and training can begin; (2) the level and content of nuclear 
oriented education and training; (3) measures to bridge the gap between the educa-
tion and training acquired by technicians in the national technical schools (i.e. the 
level attained before upgrading) and the level of education and training qualifications 
needed for technicians to work in the nuclear power programme (i.e. the level 
attained after completion of nuclear oriented education and training). 

Valuable information on the national experiences of IAEA Member States 
in the education and training of technicians for nuclear power, as well as examples 
of such education and training from various Member States, are included in 
IAEA-TECDOC-526, which should be read in conjunction with the present text. 

This Guidebook was prepared following an Advisory Group Meeting in Vienna 
in December 1985. A draft was then prepared by a group of consultants, which held 
two meetings, between which the draft was reviewed by a second Advisory Group 
Meeting in Paluel, France, in December 1986. Altogether, eight consultants from 
six countries contributed to the final draft, in addition to the IAEA staff involved, 
whilst ten experts from six countries contributed to the Advisory Group Meetings. 



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 

Some of the most critical and costly problems which have been encountered 
in the course of implementing nuclear power programmes and operating and main-
taining nuclear power plants have resulted from having insufficient numbers of, and 
insufficiently qualified, technicians. This situation is due in part to a lack of 
awareness of the importance of highly qualified, well trained technicians to ensure 
safe and reliable nuclear power. Another cause is the lower economic and social 
status and recognition' accorded to such occupations in some countries, which 
reduces their attractiveness and often leads good technicians to seek junior profes-
sional posts. 

This phenomenon is also a reflection of the situation of nuclear power itself, 
and of the position it occupies in some countries as a symbol of high technology 
achievement and industrial development. Thus, countries planning and implementing 
a nuclear power programme tend to associate its success with the engagement of 
qualified professional technical and administrative personnel, not that of qualified 
technicians, especially high level ones. But it is to meet the need for such technicians 
that a country must seek to upgrade its education and training (E&T) capabilities, 
utilizing also its relevant industrial institutions and infrastructure, as education and 
training abroad is, rarely an option for most personnel at the technician level. 

It has become apparent to many countries that more should and can be done 
to ensure the availability of qualified technicians for nuclear power — by providing 
adequate conventional education and training, by upgrading this where necessary, 
and by providing nuclear specialization education and training. This must be a 
co-operative effort utilizing the relevant parts and resources of a country's education 
and training infrastructure, and'its industrial institutions. Suppliers' contracts (for the 
transfer of technology and'know-how should cater for the training of indigenous 
manpower, and bilateral and multilateral technical assistance and co-operation can 
also play a part. 

This Guidebook aims to assist Member States, especially the developing 
countries, which are in the process of implementing, or intending to implement, a 
nuclear power programme, to understand their requirements for qualified technicians 
and to meet these requirements effectively and efficiently. It specifically seeks to 
assist policy makers and planners, as well as those designing and implementing 
education and training programmes. In this Guidebook, the occupations considered 
include those filled by technicians and higher level technicians ('techniciens 
superieurs' in French or technologists) and also by non-graduate engineers. The 
Guidebook complements the IAEA Guidebook on Manpower Development for 
Nuclear Power [1], which has found wide acceptance and has provided a yardstick 
for assessing the requirements and availability of qualified manpower, and a basis 
for formulating a' development programme needed to bridge the gap between the 
supply of and demand for qualified nuclear power personnel. This Guidebook also 
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complements the Guidebook on the Qualification of Nuclear Power Plant Operations 
Personnel, in particular Chapter 5 on Establishing Competence [2]. 

To date, the greatest attention has been paid to the education and training of 
engineers and other professional level personnel needed for a nuclear power 
programme, which is in many ways understandable, as these personnel are involved 
in the formulation, implementation and management of the major tasks and functions 
of the various nuclear power activities and, increasingly, directing the tasks and 
activities of technicians. This subject has been dealt with in the IAEA Guidebook on 
Engineering and Science Education for Nuclear Power. The need for qualified 
professionals can be met to some extent by specialized education and training abroad 
or by foreign experts. The quality and quantity of technicians available, however, 
is primarily dependent on a country's level of economic and industrial development, 
its education and training infrastructure, and its appreciation of the importance of, 
and implementation of, hands-on technical training and experience. The time lag 
between industry's needs and the response of the education and training system 
means that, in countries which are in the process of industrialization, this system is 
not likely to be well adapted to the country's requirements, especially for education 
and training below the professional levels. The same kind of time lag, but smaller, 
can be found in industrialized countries, where technologies and industry's needs are 
changing very rapidly. 

The introduction or upgrading of capabilities in certain key areas, e.g. a quality 
assurance (QA) organization and QA skills and procedures, is essential not only for 
safe, reliable and economic nuclear power, but is also required for the successful 
introduction and utilization of other high technology projects and methods. Thus, the 
education and training of highly qualified technicians and other personnel can 
provide useful and cost effective spin-off for other high technology industries and 
thus for the overall industrial and economic development of a country. 

It is therefore essential that a mechanism exist for close and fruitful 
co-operation between industry and the system for the education and training of 
technicians. This will ensure that the technicians produced by this system can be used 
by industry, and that they have received practical industrial training and have 
acquired the necessary theoretical and experimental knowledge. 

Another critical problem concerns the retention of qualified technicians in the 
jobs for which they have been trained. This is a serious socioeconomic problem and 
has proved difficult to deal with, involving, as it does, the incentives and recognition, 
or lack thereof, associated with the status and occupation of technicians, especially 
in some developing countries. Furthermore, in these countries, nuclear power 
projects tend to be public sector enterprises with government level pay scales, and 
highly qualified technicians are lured to the private sector or even abroad by the 
opportunity for higher pay and other incentives. 

In many developing countries far too little importance is placed on the need 
to develop practical skills, to work in laboratories with essential equipment, to gain 

2 



FIG. 1. An approach to technician education and training (E&T) for nuclear power. 
For control room operators: specific, individualized, highly controlled E&T, which follows 
the same system. Contents of E&T oriented to control room functions; emphasis is on post-
level-II E&T. 
Performed, for example, in a nuclear training centre or in relevant industries. 

+ Performed in relevant industries. 
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experimental practice, hands-on experience and on-the-job training. Also, some 
cultural attitudes place a premium on avoidance of manual labour, which constitutes 
a subtle but very real barrier to attracting good people, to providing them with the 
necessary education, training and experience, and to keeping them employed and 
satisfied as technicians. These problems and attitudes must be addressed if the educa-
tion and training of technicians is to be efficient and effective. It will also be 
necessary to give adequate attention and resources to the training" of the teachers of 
technicians, and to the providing of sufficient and adequate practical training facili-
ties, laboratory equipment, etc. 

Thus, in many ways the task of providing qualified technicians is more 
formidable, and the problems more intractable, than the task of providing the profes-
sional engineers and scientists who are to work in nuclear power. 

One of the basic problems of a Guidebook such as this concerns the wide scope 
it must cover: (1) as regards the levels of technicians (from junior to higher techni-
cians and engineering technicians to non-professional (or non-graduate) engineers); 
(2) as regards the range of tasks and functions performed by technicians in a nuclear 
power programme; and (3) as regards the variety of E&T systems and capabilities 
of the various countries. 

The critical point is that in all countries which plan to implement a nuclear 
power programme, the technicians who are to work in this programme must attain 
beforehand a certain level of knowledge and skills, via the upgrading of their basic 
E&T, to enable them to undergo nuclear-oriented specialization which will qualify 
them to perform tasks and functions in the nuclear power programme. Comparable 
levels of nuclear-oriented E&T qualifications to perform a given task/function must 
be achieved by technicians in each country with a nuclear power programme. It is 
the function/task which determines the level of qualifications required to perform it 
independently of which country it is performed in and of the job title or grade of the 
performer. 

Thus, some key objectives of this Guidebook are (a) to describe measures to 
bridge the gap between the E&T acquired by technicians in the national technical 
schools (i.e. Level 0) and the level at which specifically nuclear training can begin, 
i.e. the conventional E&T needed to upgrade a technician's knowledge and skills to 
a point where he could begin Level I E&T; (b) to describe the content of nuclear-
oriented training, i.e. basic and specialized courses and on-the-job training (Levels I 
to III); and (c) to describe how to attain the levels needed by technicians to perform 
tasks and functions in the nuclear power programme, i.e. completion of nuclear and 
nuclear-oriented training (Level IV or Level V) (see Fig. 1). 

In some countries, the level of the graduates from technical schools is high 
enough to permit going directly to nuclear power E&T without passing through 
upgrading conventional E&T. 
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Chapter 1 

DEFINITION OF TECHNICIANS 

Technicians work in occupations requiring levels of knowledge of technology 
and related sciences which lie between that of a craftsman (skilled worker) and that 
of a graduate or professional engineer. Occupations at the technician level require 
qualifications to perform such tasks as inspection, operations and maintenance, 
supervision of production work, instrumentation and control, and construction. 
Technicians are broadly knowledgeable in such disciplines as mechanical, chemical, 
electrical and electronics technology, and have specialized knowledge and or capa-
bilities in specific fields such as instrumentation, measurement techniques, materials 
testing, quality control, process control and radiological protection. 

The definition of a technician working in engineering related areas, adopted 
by the Conference of the Engineering Societies of Western Europe and the USA, is 
as follows: 

"A ... technician is one who can apply in a responsible manner proven 
techniques which are commonly understood by those who are expert in a 
branch of engineering, or those techniques specially prescribed by professional 
engineers. 

Under general professional engineering direction, or following established 
engineering techniques, he is capable of carrying out [his] duties... 

In carrying out many of these duties, competent supervision of the work of 
skilled craftsmen will be necessary. The techniques employed demand 
acquired experience and knowledge of a particular branch of engineering, 
combined with the ability to work out the details of a task in the light of a well 
established practice. 

A ... technician requires an education and training sufficient to enable him to 
understand the reasons for and purposes of the operation for which he is 
responsible. 

The following duties are typical of those carried out by ... technicians: 

Working on the development of engineering plant and structures; erecting and 
commissioning of engineering equipment and structures; engineering 
drawings; estimating, inspecting and testing engineering construction and 
equipment; use of surveying instruments; operating, maintaining and repairing 
engineering machinery, plant and engineering services and locating defects 
therein; activities connected with research and development, and testing of 
materials and components." 
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In some cases, technicians who have higher level responsibilities will require 
E&T that enables them not only to comprehend but also to evaluate the tasks and 
functions they are performing (cf. Section 1.1). 

1.1. TECHNICIAN QUALIFICATIONS AND CHARACTERISTICS 

' Owing to the broad spread in the qualification levels of technicians, and to 
distinguish them clearly from skilled craftsmen arid technical professionals 
(engineers), some information is given below on the general characteristics of educa-
tional qualifications for technicians. This information comprises qualification 
requirements in terms of knowledge, intellectual, manual and social skills. 

Education and training leading to a qualification imparts information and 
develops intellectual and manual skills. 

The information imparted can be defined by: 

— the scope, i.e. the range of technical subjects covered, which can be broad or 
specialized; 

— the level, i.e. the complexity, of the information. 

It is useful to distinguish four levels of intellectual skill, of increasing 
complexity [2] 

— recall, i.e. the ability to recall factual information; 
— comprehension, i.e. the ability to use knowledge by translating it into a 

different form, by interpreting it (summarizing, generalizing, inferring) and by 
• extrapolating it (estimating and predicting on the basis of trends); 
— application, i.e. the ability to apply knowledge to new situations; 
— evaluation, i.e. the ability to analyse, synthesize and evaluate information and 

to derive new relationships and concepts. 

Manual skills involve the co-ordination of hand movements in response to 
information received through the eyes or other senses (e.g. welding; operating a 
control valve to maintain an instrument reading at a predetermined value). 

When the scheme of characterization outlined above is applied to the three 
main types of technical educational qualifications, the important differences between 
them are clarified. 

Craftsman: 

Scope of knowledge — specialized; 

Level of knowledge — descriptive; 
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Intellectual skill — predominantly at the level of recall, but some development at the 
higher level of comprehension; 

Manual skill — highly developed. 

Technician: 
Scope of knowledge — usually a limited scope of applied technology; 

Level of knowledge — profound, especially at the higher levels of technician 
qualifications; 

Intellectual skill — the higher levels of technician skills at the application level and 
some skills at the highest level of evaluation; the lower levels of technician 
qualifications fully develop skills at the level of comprehension and develop 
skills to some extent at the level of applications; 

Manual skill — the objective is usually to understand the possibilities and limitations 
of craftsman techniques, but not to acquire craftsman skills; however, many 
technicians have developed manual skills to a higher level than craftsmen. 

Professional: 

Scope of knowledge — a broad base of general science and technology; principal 
subjects may be treated broadly or. in a specialized way; 

Level of knowledge — profound, especially the subjects which are 'given a 
specialized scope; 

Intellectual skill — all professional qualifications aim to develop skills at the highest 
level of evaluation; 

Manual skill — not usually developed. ' 

The most important characteristic which distinguishes one type of educational 
qualification from another is the level of intellectual skill which is required. The 
levels required by the different types of qualifications are. illustrated in Fig. 2. 

Since both manual and intellectual skills are important for technicians, the 
technicians' E&T qualifications require that the theoretical and practical parts be 
adequately balanced. To develop skills, the theoretical courses must be followed by 
practical applications to actual situations. The practical training must contain training 
'by doing' (with small groups of trainees, supervised by an instructor, in workshops, 
machine shops, laboratories) for a significant portion of the total training time! 
Depending on the starting point of the programme, practical training may be signifi-
cantly longer than classroom training, and the amount depends on which technician 
position the individual is being trained for. . ... 
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Level of 
intellectual skill 

Type of 
qual i f icat ion 

Recall Comprehension Appl ica t ion Evaluation 

Craftsman 

Technician 
- lower levels 
— higher levels 

Professional 

Craftsman 

Technician 
- lower levels 
— higher levels 

Professional 

Craftsman 

Technician 
- lower levels 
— higher levels 

Professional 

Craftsman 

Technician 
- lower levels 
— higher levels 

Professional 

Craftsman 

Technician 
- lower levels 
— higher levels 

Professional 

• 

FIG. 2. Some general characteristics of technical education and training qualifications. 
(Based on Ref. [2], p. 49.) 

: highly developed; 
: developed to a limited extent. 

It is obvious that the technical schools must be staffed with adequately trained 
teaching personnel and that the equipment and other facilities (laboratories, machine 
shops) must be up-to-date and appropriate for training. 

It is indispensable for technicians to become acquainted, through practical 
training, with the industrial environment during their education and training. For this 
reason, there should be adequate links between technical schools and industry, also 
to ensure that the knowledge and skills imparted by E&T are in accordance with 
industrial requirements. Such links will provide practical experience in technical 
work and in the necessary social skills. Some of the most important social skills 
which will be required by technicians in performing their tasks and functions for the 
nuclear power programme are proven abilities (for supervisor-technicians) in leader-
ship, organization, communication, personal authority, persuasion and conciliation; 
(for all technicians) in communication, responsiveness, teamwork and work 
discipline. • 

1.2. TECHNICIAN EDUCATION AND TRAINING SYSTEMS 

The structure of the technical educational systems of most countries is similar, 
and has the form shown in Fig. 3. 
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FIG. 3. General features of technical educational systems [2], The primary plus secondary 
education usually lasts 12 years (range 10-14). The total education time up to the first univer-
sity degree (bachelor) level is usually 16-17 years (range 15-20). There are variations in the 
definitions of technician and craftsman level qualifications. Generally, the total education of 
technicians extends from the primary plus secondary education time period to the primary plus 
secondary education period plus 2 or 3 years; the total education time of craftsmen is close 
to the primary plus secondary education time. 

Examples of technicians' E&T systems which are used in various countries are 
given in Figs 4-11. A comparison of these E&T systems is given in Fig. 12 and 
various paths to develop qualified nuclear power technicians are given in Fig. 13 
(Ref. [1], pp. 384-398). 
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FIG. 5. Technician education and training system in Finland (basic level). 

For the first few years, school education is-general. After about nine years of 
general education, students may enter a vocational.school or a technical institution, 
or they may stay at secondary school. Those who stay may finish their formal educa-
tion after a total of about twelve years, perhaps with specialization in the sciences 
during the last year or two; they may then enter university. 

The holders of qualifications from a technical institute are able to practise as 
technicians. The courses put emphasis on applied technology rather than basic 
science, and usually include a large amount of practical work, often with some time 
being spent in industry. The total duration of education is two or three years more 
than the time spent to qualify as a craftsman. 
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TECHNICIANS 

(C) Technicians wi th good basic knowledge able to apply a wide range of skills 
in one of the fields mentioned below: 
• Electricity 
• Mechanics 
• Electronics 
• Chemistry 

(D) Technicians able to work as assistant engineers in specialist fields such as: 
• Electric energy operation 
• Electric energy transmission and distributions -
• Electric instrumentation 
• Chemistry 
• Industrial drawings ' 

(E) Technicians with good general and technological knowledge in a wide range of 
skills in one of the fields mentioned below, and able to supervise work of others: 
• Electricity r • 
• Mechanics 
• Chemistry ' 
• Thermal installations • : 

• Physical measurements 

FIG. 6. Technician education and training system in France. 
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FIG. 7. Technician education and training system in the Federal Republic of Germany. 

The technical educational systems of most countries are more complicated than 
the simple scheme shown in Fig. 3. The greater the degree of industrialization, the 
more complicated is the system. 

In many countries technical school education directly follows primary and 
secondary schooling. Sometimes this school education is followed by one year of 
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practical training in industry, which is obligatory in some countries, e.g. Brazil. In 
some countries, for example the Federal Republic of Germany, the requirement for 
admission to a technical school is the successful completion of three to three and a 
half years of vocational training and two years of experience in the trade learned. 
In other countries, e.g. in the United Kingdom, the education of a technician has a 
'sandwich' form, alternating periods of technical.school and practical experience. 
Other training approaches integrate technician training directly into general secon-
dary schooling (as in Yugoslavia). 

Generally, there is no clear boundary between general, technical and voca-
tional education, because the various educational branches overlap. This is the 
reason for the variety of qualification levels of technicians' occupations. In some 
educational systems (secondary and vocational schools) the level for qualification of 
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skilled craftsmen approaches the level of technicians. On the other hand, some 
outstanding technical schools provide higher technological education which results 
in a higher level technician's qualification approaching that of a graduate engineer. 

Because of the different possible ways of educating technicians, which vary 
significantly from country to country owing to the' strong interdependence between 
technicians' education and training, the national E&T system and the level of indus-
trial development of a country, it is not possible to develop detailed curricula for 
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technicians E&T which could be used by all technical schools in all countries and 
could define the level of basic E&T qualifications. However, the level of knowledge 
and capabilities required for technicians in advanced industrial and technological 
projects such ras a nuclear power project will be elaborated in more detail in 
Section 7, which describes the capabilities and levels needed in key areas of the 
various disciplines: in which technicians should receive E&T. 
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1.3. TECHNICIANS IN A NUCLEAR POWER PROGRAMME 

Technicians are deployed across the whole spectrum of the nuclear industry in 
a wide variety of tasks, ranging from assisting professional engineers in research and 
development design, through manufacture and construction to operation and 
maintenance. All these tasks are essentially concerned with the production and use 
of safe, efficient and reliable hardware. The following are the main areas in which 
technicians are needed [3]. 

Research and development assistants 

Technicians are employed in the construction and operation of experimental 
equipment, test rigs and the like, and in the evaluation of the results obtained. This 
field of work demands flexibility and ingenuity in producing and modifying 
experimental apparatus to meet the requirements of scientists and researchers 
quickly, and frequently within the constraints imposed by the limited resources of 
a laboratory workshop. 

Manufacture 

Manufacturing industry provides a great deal of scope for the technician. He 
may be engaged in applying manufacturing techniques, in implementing production 
processes, and in directly controlling the activities of craftsmen and others engaged 
in the manufacture of very high-quality plant and equipment. 

Construction 

The environment of a construction site places heavy demands on the practical 
abilities of the technician, whatever his discipline. He will frequently be in direct 
control of labour and his qualities of leadership and organizational abilities will have 
a direct impact on the execution of the construction programme. 

Operation 

In some countries, reactor operator tasks and functions are performed by 
higher technicians. There are also many other operations functions for technicians 
in the nuclear power programme, such as control of chemical and other processes 
in nuclear fuel cycle plants. 
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Maintenance 

The high capital costs and large unit sizes of nuclear power plants place a very 
high premium on availability. Ensuring safe operation and minimizing outage times 
call for strict preventive maintenance schemes linked to planned shutdowns, and fast 
reaction to unplanned stoppages and failures. The role of the technician in this field 
is to understand and implement maintenance procedures and schedules drawn up by 
professional engineers, and to certify that work is carried out in accordance with 
QA/QC requirements. This will require inter alia the ability to supervise and lead 
maintenance teams, to supervise testing operations of various components, to 
perform demanding hands-on tasks and inspections, to ensure that manufacturers' 
maintenance procedures are followed, and to take certain components (which have 
to undergo repair while the plant is in operation) out of operation in such a way as 
to ensure safe maintenance. Highly specialized work, particularly in electronics and 
instrumentation, will be personally undertaken by technicians, so an understanding 
of the design and functioning of equipment is an essential feature of their training. 

Quality control 

The control of the quality of materials, of fabrication processes, and of the 
operation of fuel cycle plants involves a wide range of chemical, physical and metal-
lurgical measurements. The technician in the control laboratory must select an 
appropriate technique and interpret the measurements. This work calls for wide 
practical experience and a thorough understanding of the techniques being used. 

The areas of work outlined demand technicians of high calibre who have a 
practical orientation based on a broad technical education which is a judicious blend 
of theory and practice. They must be trained to comply strictly with the procedures 
laid down by their supervisors (professional engineers), which will have a significant 
influence on the successful construction and operation of nuclear power facilities. 

According to the Guidebook on Manpower Development for Nuclear Power, 
(Ref. [1], pp. 133-184), technicians are needed with high qualifications in the 
following nuclear oriented areas: 

QA/QC; testing inspection; materials testing, especially non-destructive 
examination (NDE); instrumentation and control; radiation protection; power 
plant construction; operations and maintenance; analytical chemistry; radio-
chemistry; radioactive materials handling; nuclear waste treatment; high 
standard welding, etc. 
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Chapter 2 

PLANNING AND IMPLEMENTING THE E&T 
OF TECHNICIANS FOR NUCLEAR POWER 

Planning and implementing the E&T of technicians represents an important 
part of the overall planning and implementation of a nuclear power programme and 
in particular of the manpower development for such a programme. Because 
manpower development cannot be speeded up at will beyond natural learning speed, 
the E&T activities should start well before the personnel are expected to perform 
activities in the nuclear power programme. In practice, the E&T should start as soon 
as the nuclear power programme is defined in general terms. 

The availability of, or capabilities and resources for, E&T for nuclear power 
depends on whether or not there are existing nuclear activities in a country. It should 
be emphasized that it requires a relatively long time to qualify people for education 
and training work. The teachers and trainers must be much more educated and 
trained than those they are going to teach and train. In countries where nuclear power 
R&D has existed for some time, there is a solid base for the recruitment of teachers 
and trainers.. ' 

The measures which have to, be taken to establish a relevant E&T programme 
depend very much on the existing technical institutes; and on nuclear-related organi-
zations, industries, etc. in the country. 

In all cases it is necessary that the country at an early stage considers the long 
time it takes to qualify technicians. This will determine how necessary knowledge 
and skills can be imparted and applied through E&T programmes. 

The approach to provide efficient and effective E&T for technicians should 
include: . 

— Developing procedures and criteria for the testing and selection of capable 
individuals for nuclear E&T. This is discussed in more detail in Ref. [1], 
pp. 123-130 and'in Ref. [2], pp. 459-463 and pp'. 469-470. 

— Identifying the detailed qualifications for each task and function and grouping 
technicians according to common disciplines, so that appropriate and possibly 
modular courses can be designed. This grouping should also take into account 
the schedule of the nuclear power programme in order to plan the succession 
of courses. 

— Assessing the educational level and experience of those technicians who will 
be recruited for the programme and of the requirements for any necessary 
upgrading of the educational level in conventional areas to the stage required 
for the nuclear specialization. 

2 3 



— Organizing training, i.e. where and how the upgrading in conventional areas 
should take place, where and how the basic and special nuclear E&T will be 
organized and how on-the-job training will be provided. 

— Planning the E&T of teachers/trainers (e.g. timing, temporary use of 
experienced trainers from outside the region or country, and sending trainers 
for E&T outside the region (country)). 

— Planning for facilities required for E&T including: new facilities for technician 
schools, if the upgrading in conventional areas is taking place there; provision 
of premises and equipment, personnel, etc.; and establishment of a nuclear 
training centre, if relevant. 

— Planning for re-training, upgrading and continuing education in general, for 
the purposes of safety, reliability and career development (motivation, incen-
tives, etc.). 

As far as the organization of training is concerned one should carefully study 
the possibilities available. Options will lie between two extremes: to develop full 
local capabilities for E&T of nuclear power personnel or to rely on experts and 
assistance from abroad. Which course is selected depends largely on the size and 
schedule of the nuclear power programme. A nuclear power plant as a one-time 
venture or a very low frequency of construction of nuclear power plants would call 
for a solution closer to the second extreme. The plan selected will also depend on 
the country's capabilities and experience in nuclear and conventional E&T. Finally, 
the selected plan should not be a static one, but should adapt to changes in circum-
stances and to national and international experience in nuclear power. 

This Guidebook has developed what may be considered a common approach 
to the E&T of technicians for a nuclear power programme. This is described in 
Fig. 1 and Table I. Such an approach enables the formulation of general standard 
training objectives to achieve levels of qualification necessary for performing 
specific tasks and functions for the nuclear power programme and in particular for 
the operations and maintenance of a nuclear power plant. These levels/qualifications 
cannot vary from country to country, although the specific E&T programmes 
designed to achieve these goals will depend on the requirements and characteristics 
of the country's nuclear power programme and on the country's E&T capabilities. 
These guidelines and training objectives are generally valid for all reactor types. 
Specific E&T requirements will depend on specific reactor types. The E&T 
programmes will differ between countries and utilities because of differences in 
operations and maintenance practices, and in job structures. Each country's licensing 
procedures (whenever applicable) will refer to the attainment of these levels of 
qualification and will also determine the E&T necessary for achieving them. 
Planning nuclear E&T is to be understood and undertaken in this context. 
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TABLE I. TECHNICIAN EDUCATION AND TRAINING FOR NUCLEAR 
POWER 

(To reach) 
Level 

(Fig- 1) 

Refer to 
Chapter/Section 

Recommended 
E and/or T 
(Section) 

Remarks 

I 4 3.2, 3.3 Upgrading conventional E&T for 
technicians and higher technicians 

II 7, Table III(A) 7 .2 Basic nuclear E&T 

III 7, Table III(B) 7.3 Specialized E&T 

IV 7 7 .4 On-the-job training and work 
experience 

V 7, Table III(C) 

& 2.2 

7.5 High level specialized E&T for 
control room operators 
+ E&T to re-train, refresh, 
upgrade and expand qualifications 

2.1. NUCLEAR E&T ORGANIZATION(S) 

Each country which has developed a nuclear power programme has found it 
necessary to set up an organization or organizations to deal effectively and efficiently 
with the complexities and problems of the E&T of qualified personnel (technical 
professionals, technicians and craftsmen) for the nuclear power programme. 

Within the country an organization or organizations should be set up to estab-
lish and supervise the implementation of the overall manpower development 
programme for nuclear power in general and of the technician E&T programme in 
particular. Such an organization should call upon the advice and expertise of utility 
managers and engineers from nuclear and other industries, of university and techni-
cal vocational school professors, and of scientists and'representatives from relevant 
governmental agencies. 

Some of the key functions and responsibilities of the organization(s) would 
include: 

— Determining the tasks and functions to be performed by technicians in the 
national nuclear power programme and the purposes of the training 
programme. 
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— Establishing the detailed tasks and functions for which the technicians should 
be trained and the detailed qualifications for each one of these tasks and 
functions. It should be kept in mind that the qualifications should be sufficient 
to ensure the safe, reliable and economic operation of a nuclear power plant. 

— Identifying the appropriate kinds and levels of E&T needed and establishing 
the necessary E&T programmes for each one of these levels. The level of 
technician E&T available in the country (Level I) is an important input for the 
definition of the training programme. 

— Defining the tools which should be used in a specialized training (laboratories, 
workshops, simulators, etc.), and assessing the availability of these in the 
country. In particular, the; training capabilities and needs of industry should be 
carefully identified and assessed. The gap between the needs and the availabil-
ity of training capabilities and tools must be met by co-ordinated efforts of all 
relevant bodies to develop/acquire the resources to close this gap. 

— Assessing the number of technicians needed for each special task, function and 
speciality in the short term and the medium term. 

— Structuring the nuclear education and training programme: mobilizing human, 
material and financial resources for it and implementing the necessary legal, 
organizational and administrative measures. 

The use of information technology (databases, etc.) can assist and facilitate the 
performance of these tasks. 

The organization(s) must plan and organize the implementation of the ongoing 
training of staff for nuclear power plants and other facilities involved in a nuclear 
power programme. Each E&T organization, tests, promotes, and evaluates training 
methods, studies new teaching aids and provides them to training centres and other 
institutions involved in nuclear E&T. An important responsibility of this organiza-
tion or these organizations is to arrange for the training of new instructors and 
maintain their high degree of technical and pedagogical competence. 

The operational part(s) of this organization are generally based in one or more 
nuclear training centres which provide highly specialized courses in the theoretical 
and practical fields related to operations, maintenance and other activities in which 
technicians are used in a nuclear power programme. These centres are generally, 
under the authority of the utilities but can utilize the services of other institutions or 
organizations that do or could provide E&T. The E&T which have to be developed 
and provided by these training centres or by other institutions which fulfil the same 
purpose are discussed in Chapters 7, 8 and 9. It is possible to increase the efficiency 
of E&T by using information technology such as computer aided teaching/training. 
Programmes would be prepared and distributed by the training organization and put 
at the permanent disposal of the teaching/training staff working in each installation. 
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2.2. CONTINUING EDUCATION AND TRAINING 

Continuing education and training (CE&T) are essential for safe and reliable 
nuclear power. Thus, CE&T for a nuclear power programme must be an integral part 
of a country's national manpower development programme — i.e. co-ordinated with 
overall education and training — and involve all elements of the educa-
tional/industrial infrastructures with CE&T capabilities, including especially techni-
cal schools, industries, utilities and training centres. As is the case for education and 
training for nuclear power generally, CE&T for a nuclear power programme will 
involve many important conventional as well as nuclear areas. 

The participation of industry in CE&T is necessitated both by the magnitude 
of the task and by the need for expertise that only industry can provide. This requires 
close links between industry/utilities and the education system at all levels. In many 
important technological areas the real expertise lies in industry/utilities. Thus, most 
of the educational material, from syllabus outlines to detailed course notes and video-
tapes, will have to result from collaborative efforts of teams from industry/utilities, 
technical schools and training centres. 

All the activities involved in a nuclear power programme require qualified 
personnel with special training beyond the traditional education disciplines. In the 
context of developing qualified human resources for a nuclear power programme, 
the basic objectives of CE&T are: 

— To provide personnel with training to achieve the required qualifications for 
performing the tasks and functions of the nuclear power programme 

— To maintain qualifications 
— To upgrade qualifications. 

Thus , C E & T h a v e an important role in the fo l lowing: 

— Training personnel to perform particular tasks. These personnel are assumed 
to have a basic education provided by the existing technical schools and 
institutes; 

— Feedback training. Utilities have to organize such training, if there is an inci-
dent or accident at a plant of a certain type, to feed back information to all 
operations and maintenance personnel in all plants of a similar type. The 
IAEA's Incident Reporting System is very useful in this connection; 

— Maintaining and updating the capabilities of these personnel; 
— Updating and improving capabilities via training involving new knowledge and 

technologies; 
— Broadening the knowledge of nuclear power personnel to qualify them for 

more demanding positions and to provide career development opportunities to 
NPP personnel and to others in the nuclear power programme; 

— Dealing with human factors aspects, including communication, organization 
and personnel management (motivation, incentives, career development). 
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The last four items are of utmost importance to motivate individuals for self-
development and to prevent obsolescence of personnel. This is a real problem in 
connection with nuclear power plant operators, and has direct safety and reliability 
implications for the nuclear power plant. 

CE&T are especially important in training or retraining for those who perform 
tasks requiring licensing or certification, such as plant operators and radiation 
protection specialists. Special CE&T of one to two weeks per year on a simulator 
are needed for control room operators, to teach them new safety approaches and 
procedures. CE&T are also needed for retraining in normal and accident situations, 
particularly for operators who work in plants which operate at full load all the time. 

CE&T may consist of any of the following: formal courses of various types; 
seminars and workshops dealing with specialized subjects; supervised practice; on-
the-job training; re-training and/or special training. 

Mock-ups and physical models are. used wherever possible. Professional 
engineers from the power station who have demonstrated the ability to instruct at the 
technician level may be requested to handle certain CE tasks, e.g. re-training. 

The continuing education and training programme, including re-training, will 
form a major portion of the training imparted. 

2.3. LICENSING AND CERTIFICATION; NATIONAL E&T STANDARDS 

The requirements for the licensing and certification of technicians must be 
taken into account by the training organization and in the E&T programmes and 
examination requirements of all institutions involved in E&T of technicians, to 
ensure the most efficient E&T and use of resources. The establishment and 
implementation of standards for the E&T of technicians in general, and of nuclear 
power technicians in particular, is a measure for improving the level of technicians' 
qualifications and their ability to meet the requirements for licensing (of operators 
and radiation protection personnel) and certification (for technicians generally). This 
would require the E&T of technicians up to these standards, and would help ensure 
that the technicians' tasks would be performed by fully qualified personnel. 

In all countries, the utility authorizes the technicians for the operation and 
maintenance of the various NPP systems. In some countries, e.g. the USA, licensing 
is also necessary for certain kinds of functions, e.g. operators and radiation protec-
tion technicians. At the technician level, certification is normally done for the follow-
ing positions: control room operator, fuelling machine operator, reactor operator 
(field) and turbine operator (field). 

In this regard, full scope nuclear power plant simulator training is necessary 
for meeting qualifications and licensing requirements for operators. Such a facility 
may be a centralized one or attached to the power station complex — in the country 
itself or in another country — depending on the economics involved. 
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Simulator training and qualification are considered today to be a 'must' and 
should take place before on-the-job training in control room operations. For opera-
tions personnel who have been away from control room duties for a long period, 
simulator training is essential before they return to these duties. The simulator 
system itself can be used to appraise the performance of the operators for qualifica-
tion purposes, be they professional engineers or technicians. 

A country's experience in nuclear power, the operations concepts and proce-
dures, and also the training system used for the nuclear power programme will deter-
mine whether nuclear power plant control room functions are performed by graduate 
engineers, engineers or higher technicians. Since it is the tasks and functions to be 
performed which define training requirements, the nuclear training qualifications of 
higher technicians working in control room operations must be the same as those of 
a graduate engineer performing the same tasks and functions. To meet these require-
ments, it will be necessary to have a good training system which also imparts profi-
ciency in the use of effective procedures for dealing with normal and abnormal 
situations. 

2.4. SOCIOECONOMIC FACTORS INFLUENCING THE E&T OF 
TECHNICIANS 

Any country embarking on a nuclear power programme is confronted for the 
first time with an advanced technology project which lies beyond its previous indus-
trial experience. Adequately trained technicians are usually not available, nor are 
technical education institutions with the requisite training facilities. In some coun-
tries, graduate engineers are doing the jobs of technicians, sometimes without the 
requisite practical capabilities and skills. This approach results in engineers needing 
to develop technicians' skills and in not fully using their professional engineering 
capabilities, and also constitutes a serious disincentive to develop technician level 
manpower. 

Also, the necessary degree of close co-operation between industry and the 
technical institutions responsible for technician E&T does not usually exist. 

The level of industrial and technological development of a country has a 
profound influence on the E&T system and environment. The technical E&T system 
of a country tends to reflect the level and needs of its industry, although usually with 
some delay. Three situations may be distinguished: 

— Little industrial development: technical E&T qualifications will not be oriented 
,to industry's needs; 

— Long tradition of a specific industry, e.g. mining and mineral processing: 
qualifications will be adapted to the particular industry but not to other 
industries; 

— Industrialized countries: qualifications will be adapted to a wide range of 
industries. 
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The time lag between industrial development and the response of the E&T 
system means that, in countries which are in the process of industrialization, the 
system will not be adapted to the country's needs. It may also not be fully adapted 
in an industrial country, when technologies are changing rapidly. However, in the 
more advanced countries new technologies are usually incorporated into the E&T 
system with very little time lag. 

The E&T systems of industrialized countries generally differ in two important 
aspects from the systems in countries whose industrial structure is in the early stages 
of development: 

— Industrialized countries offer a wide range of qualifications for the main types 
of technical personnel (professional, technician, craftsman): there are qualifi-
cations at different levels, especially technician qualifications; there are 
qualifications in a wide range of subjects; and, especially, professional qualifi-
cations offer different treatment of the same subject. 

— Industrialized countries offer qualifications which emphasize technological 
applications and which contain practical instruction and work experience to a 
high degree. 

Many critical problems regarding technicians are associated with: the difficul-
ties of national E&T systems in providing adequate basic conventional E&T for 
technicians; the need for more and better practical training in the educational system 
and in industry; socioeconomic recognition for technicians; and the retention of 
qualified technicians. In connection with the retention of qualified technicians, one 
of the major issues to be taken into account is the . fact that the salary structure of 
the nuclear power programme personnel usually is aligned with the government 
personnel's salary/incentive structure, thus making it harder for nuclear power 
programme organizations to compete with industry for good technicians. 

Some of the most intractable problems regarding the development of qualified 
technicians are connected with the social and economic incentives and recognition, 
or lack thereof, which are associated with the status and occupation of technician, 
especially in developing countries. Most developing countries have not yet found a 
satisfactory solution to the problem of developing manpower of sufficient quantity 
and quality at the technician level. They generally have poorly equipped schools and 
laboratories and place too little importance or emphasis on developing practical 
skills, hands-on training and on-the-job training. Some cultural impacts, such as the 
'dirty hands effect', constitute further obstacles which result in low social and 
economic recognition of technicians and low esteem for practical skills and capabi-
lities. Thus a greater emphasis is placed on theoretical rather than hands-on educa-
tion and training. 

One of the ways to increase social recognition is to award to those who have 
completed additional (and substantial) training, such as nuclear specialization, 
certificates signifying the attainment of a higher level or rank, (e.g. higher techni-
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cian, etc.). These certificates should be officially recognized by the educational 
system of the country. 

Because.of the large differences in salaries and status between technicians and 
professional engineers in some countries, many highly qualified technicians drop out 
of their E&T programmes and even their jobs in order to enrol in programmes or 
courses which would give them the qualifications to become professional engineers. 
In some countries there are insufficient numbers of, or inadequately educated and 
trained, technicians; but there is at the same time an overproduction of professional 
engineers, some of whom do technicians' tasks. However, professional engineers are 
generally not prepared through their E&T for technicians' tasks, and most techni-
cians' functions cannot be adequately performed by professional engineers. 
Similarly, tasks and functions requiring professional engineers could not and should 
not be performed by technicians, even higher technicians.. 

The lack of adequate financial compensation and social recognition is very 
often the reason for poorly qualified and too few- teachers/trainers of technicians. 
Adequate practical training facilities are generally, not available. The 
teachers/trainers should, in fact, have higher levels of qualifications and capabilities 
than .the level of technicians which will emerge from that part of the E&T process 
in which they are involved. Thus, well qualified teachers/trainers of technicians have 
the same kinds of incentives as technicians themselves for seeking better paid and/or 
more socially recognized technical jobs in other, (industrial) organizations, or via 
further education, to become professional engineers. - > 

However, when planning and implementing a nuclear power programme, the 
cost of good E&T of the required personnel should not and cannot be considered as 
a secondary investment or item for. cost cutting. In recent years, financing and aid 
institutions have made the financing for training an increasingly important part of the. 
credit/aid package, and this will also be the case, for a nuclear power programme, 
as it is widely recognized that E&T to produce qualified personnel is one of the most 
essential and critical requirements for safe, reliable nuclear power. 
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Chapter 3 

RECOMMENDED E&T REQUIREMENTS 
TO ENTER NUCLEAR ORIENTED E&T 

The general approach for technician education and training for nuclear power 
can be described as follows (please refer to Fig. 1). Basic conventional E&T is 
provided by most countries. In many cases, especially in developing countries, the 
level of this basic E&T for technicians is inadequate to prepare them to begin 
specialization for the nuclear power programme. In addition to this basic education, 
it will be necessary, therefore, to provide some upgrading of conventional theoretical 
and practical knowledge and skills to give the technician the necessary level of non-
nuclear qualifications (Level I). Having achieved this level, the technician is pre-
pared to undertake basic nuclear power E&T (Level II) and the nuclear specialization 
E&T required to meet the nuclear and nuclear level qualifications demanded by the 
nuclear power programme (Levels III, IV and V). 

The level of E&T attained upon completion of nuclear specialization 
(Levels III, IV and V) must be comparable for all nuclear power programmes in all 
countries, to ensure safe and reliable nuclear power. However, there are different 
practices in various countries as to which jobs are assigned to technicians and which 
to engineers and scientists. In some countries, engineers are assigned to certain jobs 
that are assigned to technicians in others. For this reason, the required upper level 
that technicians attain after nuclear specialization might differ from one country to 
another. 

The same reasoning applies to the level (Level I) attained upon completion of 
upgrading of E&T in conventional areas. However, the level of the basic conven-
tional E&T differs substantially between countries. In some cases no particular 
upgrading of E&T in conventional areas is required prior to nuclear specialization. 
In many countries, however, and this applies to both developed and developing 
countries, substantial upgrading of E&T in conventional areas is required before 
embarking on successful nuclear oriented E&T. 

3.1. LEVEL AND CAPABILITIES REQUIRED FOR COMPLEX 
TECHNOLOGIES AND TASKS 

Technicians' tasks and functions represent a substantial and important part of 
technical practice and activities. For all typical technicians' activities a solid basic 
general E&T is required. 

Many examples have proven that the success of technology transfer and indus-
trial development, as well as the prosperity of an industry, strongly depend on the 
E&T level of technicians, who bear a large and important part of the burden of 
development and production. 
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There are activities that require a high level of technician E&T because: 

— of their complexity, and/or 
— they require the introduction of new technologies, and/or 
— they involve substantial risks and thus stringent safety requirements. 

High level E&T of technicians can be attained by providing: 

— the necessary scope and depth of knowledge (theoretical and practical); 
— ways to develop the student's technical capability, i.e. 

• thinking in technical terms; 
• understanding the technical situation; 
• approaching problems analytically; 
• applying knowledge both to normal and to new situations. 

The level (breadth and depth) of knowledge a technician acquires at technical 
school is determined by the: 

— curriculum 
— teachers 
— possibilities for demonstrations, experiments and practical work 
— level of previous schooling (in particular in mathematics and sciences). 

To develop the technical capability of the student it is necessary for the E&T 
programme to have regard to 

— planning the curriculum in a logical sequence 
— organizing design basis studies 
— relating the knowledge acquired to practice 
— providing for demonstrations and experiments 
— providing for practical work at school and in industry, including joint partici-

pation of the school and industry in making equipment and/or systems 
— accompanying the knowledge acquired with practical problem-solving. 

3.1.1. Highly qualified technicians 

In a nuclear power programme — as in other high technology industry pro-
grammes — there exist positions that may be filled by either a professional engineer, 
by a higher level technician, or even by a highly qualified and experienced (normal 
level) technician. This depends on the quality of education (educational system) and 
training, on the availability of qualified personnel in these categories, and on appli-
cable regulatory requirements. A technician may replace a professional or higher 
level technician, if he has had additional training at or near the professional level and 
long, practical on-the-job experience in specific fields and, of course, if his level of 
competence corresponds to the qualifications and requirements of the position. 
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Sometimes these experienced and well qualified technicians, in positions such as 
operations or supervising engineering, are more motivated than professionals. 

In the nuclear area this applies especially to the plant operator, senior operator 
and shift supervisor positions. In some countries technicians may be fully licensed 
as shift supervisors; in other countries the regulations demand professional engineers 
as shift supervisors. But in other nuclear areas also there might be an overlap 
between professional engineers and technicians, for example, in nuclear fuel 
production. 

3.2. RECOMMENDED E&T LEVEL AND CAPABILITIES REQUIRED 
FOR TECHNICIANS TO ENTER NUCLEAR ORIENTED E&T 

Nuclear power requires high level technicians, as all criteria from Section 2.1 
apply (complexity, new technologies, risks). To attain this level all relevant criteria 
described in Section 2.1 should be met. Curricula determine the level of knowledge 
by their content (scope and breadth), and also by their complexity and the thorough-
ness of their treatment (depth). The breadth of curricula does not usually pose a 
problem, but the depth varies and could be inadequate. The depth of curricula may 
be measured by some of.the outputs, i.e. capabilities developed to apply knowledge, 
especially in mathematics and physics, to solving actual technical problems. Such 
capabilities are presented below and indicate the depth of some of the key subjects 
in various important technical disciplines applicable to nuclear power (mechanical, 
electrical, electronics, chemical and civil engineering). 

All knowledge should be application oriented. Practical exercises and develop-
ment of practical skills must constitute an important part of the E&T. This can be 
achieved by demonstrating the features of the most important technical equipment 
either in an appropriate plant or in laboratories. The technicians should have 
practical experience in the dismantling and assembling of the most common compo-
nents. This must be included in the course of E&T, if it is not covered by on-the-job 
training. Clearly all of these capabilities, while required for proceeding to nuclear 
oriented E&T will not and could not be expected to be required or used for the 
performance of a given task or function. 

The listings below of capabilities represent guidelines and are not intended to 
be exhaustive. • ' 

3.2.1. Mechanical engineering 

— Mathematics: Thorough knowledge of algebra, powers, logarithms and 
exponential functions, trigonometry and trigonometric functions, analytical 
geometry to the extent needed for practical applications. 
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Computer sciences: Familiarity with programming and computer systems. 
General knowledge of computer aided design (CAD), how to use databases, 
graphics software, etc. 
Physics: Thorough knowledge of fundamentals of mechanics, heat; elements 
of electricity and magnetism. Familiarity with elements of modern physics, 
especially optics. Practice in laboratory experiments in physics, explaining the 
methods used and interpreting results. 
Thermodynamics: Knowledge of selected aspects of mechanical engineering 
(without high level mathematics): fluid mechanics, principles of thermo-
dynamics, thermodynamic cycles, heat and mass, transfer, conduction, radia-
tion, boiling, condensation and thermal measurements. 
Machinery elements and components: Detailed knowledge of construction, 
design, operational features and maintenance functioning of components such 
as valves, pumps, etc. used in electric power plants; ability to specify 
machinery elements such as bearings, seals, etc., familiarity with operational 
features and maintenance techniques of these elements. Acquaintance with 
industrial standards and other information relevant to the special engineering 
discipline concerned. Knowledge must be sufficient to take over responsibility 
for the operation and maintenance of such components. 
Materials: Acquaintance with the physical and chemical properties of the main 
construction materials used for power plant components: materials structure 
and behaviour, mechanical and thermal properties of metals and alloys, 
materials strength, creep, stress, rupture, corrosion behaviour, technology of 
metals, alloys and ceramics and their testing methods. 
Manufacturing technology and QA/QC: Acquaintance with technological 
concepts of components manufacturing, basic and auxiliary welding materials, 
modes of welding, procedures of welding, quality control of welded parts, 
non-destructive and laboratory tests. Knowledge of (working according to) 
manufacturing specifications. 
Electricity: Knowledge concerning current, resistance; etc. Electrical circuits 
and Ohm's law. Electrical units. Elements of electromagnetic induction, 
electric and magnetic fields and their properties in matter. Principles of elec-
trical machines and their components. Measurement of electrical parameters. 
Basic electronics. 
Instrumentation and measurement: Knowledge of how to use measuring instru-
ments and actuators, regulators and controlling devices (sensors, transducers, 
amplifiers, servomotors, controllers). 
Design: General knowledge of design of machines, mechanical components 
and systems. Acquaintance with the influence on design of manufacturing 
techniques, inspection, maintenance, economy, reliability and safety 
requirements. 
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— Control engineering: Acquaintance with principles of control systems. 
Acquaintance with applications of pneumatic, hydraulic and mechanical 
instrumentation in control engineering. 

— Work safety: Detailed knowledge of instructions, technical conditions and 
safety regulations (including fire protection) and procedures to be followed in 
welding and servicing rotary machines. Ability to instruct workers about 
specific risks and to assume responsibility for their safety. 

3.2.2. Electrical engineering 

— Mathematics: Thorough knowledge of algebra, powers, logarithms and 
exponential functions, trigonometry and trigonometric functions, analytical 
geometry and functions of complex variables, derivatives, integrals, series. 
This knowledge is necessary to understand electrical phenomena and for 
solving electrical problems in practical applications. 

— Computer sciences: Familiarity with programming, computer systems and 
software applications. 

— Physics: Thorough knowledge of the basic laws of electricity and magnetism. 
Familiarity with elements of mechanics, optics, fluid mechanics, heat and mass 
transfer, thermal energy conversion and modern physics. Ability to do relevant 
laboratory experiments in physics, explaining the methods used and interpret-
ing results. 

— Electricity: Thorough knowledge of electrotechnical disciplines such as 
electrostatics, magnetism, electromagnetic induction, electric and magnetic 
fields (including rotating fields) and their properties in matter. 

— Electrotechnical components: Detailed knowledge of construction, design and 
operational features of the electrical systems of power plants, systems of power 
output and power supply, protection of electrical systems, basics of electrical 
machines, circuits and their components such as direct current motors, 
synchronous motors, induction motors, generators, power transformers, 
switchgear, power systems, diesel generator stations and accumulator 
batteries. Knowledge must be sufficient to take over responsibility for the 
operation and maintenance of such systems. 

— Design: General knowledge of the mechanical and electrical design of elec-
trical machines and specifications of their main components and their auxiliary 
systems; machine dynamics, vibrations of systems, design for vibration insula-
tion and absorption. Understanding of the choice between alternative designs 
with regard to plant economy, reliability and safety, taking inspection and 
maintenance into account. 

— Electrotechnology, materials: Knowledge of electrotechnical materials, their 
structure and mechanical and electrical features, testing methods. 
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— Manufacturing technology and QA/QC: Knowledge of the technological 
concepts of the main electrical components' manufacturing, quality control of 
electrotechnical equipment, QA/QC regulations, instructions, and technical 
specifications and environment. 

— Machinery components: General knowledge of machinery components used in 
electricity production. 

— Theory of circuits: Detailed knowledge of characteristics of electronic devices, 
including diodes, transistors and thyristors and their applications in electrical 
installations, networks, transmission lines, electric power circuits for a plant's 
own use, rectifier and inverter engineering, automation, protection; technical 
parameters; knowledge of the operational functioning and maintenance of the 
above. General knowledge of testing of electronic circuits. 

— Instrumentation and measurement: Detailed knowledge of measuring instru-
ments and measuring methods. Requirements are based on knowledge of 
electrotechnical components, design and machinery components, theory of 
circuits etc., as listed above. Acquaintance with properties and parameters of 
amplifier feedback, non-linear circuits and logical circuits. 

— Control engineering: Thorough knowledge of measurement and control instru-
ments such as actuators, regulators and controlling devices, sensors, trans-
ducers, amplifiers, servomotors, controllers. Knowledge of principles of 
control systems. Knowledge of methods for dealing with signals in analogue 
and digital form, measurement of parameters of electric and electronic systems 
having regard to effective data handling, data processors and displays, and 
applications of pneumatic, hydraulic and mechanical instrumentation in control 
engineering. 

— Chemistry: General knowledge about the periodic system and basic chemical 
behaviour of elements. Electrochemical principles. Corrosion. 

— Work safety: Detailed knowledge of operations regulations, work safety proce-
dures in connection with electrical devices, fire protection and other safety 
regulations. Ability to instruct workers about specific risks and to take over 
the responsibility for their safety . 

3.2.3. Electronics engineering 

— Mathematics: Thorough knowledge of algebra, powers, logarithms and 
exponential functions, trigonometry and trigonometric functions, analytical 
geometry and functions of complex variables. Understanding of derivatives, 
integrals, series. This knowledge is necessary to understand electrical 
phenomena and for solving electrical problems in practical applications. 

— Computer sciences: Good knowledge of programming and computer systems. 
General knowledge of CAD. Familiarity with computer hardware and 
networks. 

37 



Physics: Thorough knowledge of the basic laws of electricity and magnetism. 
Familiarity with the elements of mechanics, heat, optics and modern physics. 
Ability to do relevant laboratory experiments in physics, explaining the 
methods used and interpreting results. 
Electricity, electronics: .Familiarity with electrotechnical and electronics 
disciplines such as electrostatics, magnetism and electromagnetic induction, 
electric and magnetic fields and their properties in matter. This subject should 
be complemented by relevant , laboratory experiments in electrotechnical and 
electronics topics enabling the student to perform these experiments indepen-
dently, explaining the methods used and interpreting results. 
Electrotechnical and electronics components: Detailed knowledge of the 
various types of apparatus, instruments and electronic components which are 
used in conventional power plants, the electronic components of the power 
output and power supply systems, electronic components of the electrical 
machines, electrical circuits and their components, protection systems and 
their reliability. 
Design: General knowledge about the design of electrical and. electronic 

. devices, computers and electrical machines and their auxiliary systems. Under-
standing of the choice between alternative designs with regard to economy, 
reliability and safety. 
Electrotechnology, materials: Thorough knowledge of electrotechnical 
materials, their structure and mechanical and electrical properties; testing 
methods. 
Manufacturing technology and QA/QC: Technological concepts of the main 
electronics components, manufacturing, quality control of electronics equip-
ment, QA/QC regulations, instructions and technical parameters. 
Machinery components: Acquaintance with machinery components as 
constructed and used in conventional electricity production. 
Theory of circuits: Detailed knowledge of the characteristics, technical 
parameters, and functioning of electronics devices: diodes, transistors, thyris-
tors and other electronics parts, including electronic.connections and circuits. 
Knowledge of main electrical and electronic circuits and parts of computers. 
Testing of electronic circuits. 
Instrumentation and measurement: Detailed knowledge of the major measuring 
instruments and techniques in conventional power plants. Knowledge of the 
main types of sensors, amplifiers and lines, and of various means of data 
collection for computer measurement of electrical and non-electrical 
parameters. 
Control engineering: Thorough knowledge of measurement and control instru-
ments such as actuators, regulators and control devices, sensors, transducers, 
amplifiers, servomotors, controllers, etc. Mastery of the methods for dealing 
with signals in analogue and digital form, measurement of electric and elec-



tronics systems with special reference to data handling, data processors and 
displays, and applications of pneumatic, hydraulic and mechanical instrumen-
tation in control engineering. 

— Chemistry: Knowledge of the periodic system and basic chemical behaviour of 
elements. Electrochemical principles. Corrosion. • 

— Work safety: Detailed knowledge of operations regulations and work safety 
procedures in connection with electronics devices, fire protection and other 
safety regulations. Ability to instruct workers about specific risks and assume 
responsibility for their .safety. 

3.2.4. Chemical engineering 

— Mathematics: Thorough knowledge of algebra, powers, logarithms and 
exponential functions. Knowledge of elementary analytical geometry appli-
cable to relevant subjects in chemistry and to a chemist's work. Knowledge of 
mathematical statistics. • 

— Computer sciences: General knowledge of computer applications for chemical 
problems, elements of programming. 

— Physics:" Thorough knowledge of elementary mechanics, heat, elements of 
electricity and'magnetism, optics; Familiarity with the elements of modern 
physics. Ability to perform simple work in physics laboratories, explaining the 
methods used and interpreting results. General overview of selected theoretical 
principles and topics in thermodynamics, particularly in fluid mechanics, 
thermodynamic cycles, heat and mass transfer, boiling and condensation, 
thermal measurements. Ability to perform laboratory experiments, explaining 
the methods used and interpreting results. 

— Principles of analytical chemistry, inorganic chemistry: Ability to explain and 
apply in the laboratory chemical principles, processes and to perform special 
tasks relevant to power plants. Thorough knowledge of fundamentals of atomic 
structure^ and periodic chemical properties of chemical binding and inter-
actions, chemical reaction formulas, chemical composition and concentration, 
electrolytes, equilibrium and kinetics, methods of chemical analysis, 
spectroscopic methods, calorimetry, methods for determining chemical 
structure in the solid state and corrosion chemistry. Ability to perform labora-
tory experiments, explaining the methods used and interpreting results. 

— Organic chemistry: Understanding of stability and reaction potential of organic 
molecules, simple methods of synthesis and solution of structural problems by 
spectroscopic means; ion exchange process, formation of organic compounds, 
nomenclature of organic chemistry,, natural polymers and synthetic polymers 
and their physical properties, and elements of biological systems. Ability to 
perform laboratory experiments, explaining the methods used and interpreting 
results. 
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— Water chemistry: Detailed knowledge of raw water supplies, purification 
methods in conventional power plants (filtration, precipitation, chlorination, 
aeration, etc.), high purity water production (distillation, ion exchange, osmo-
sis) requirements and wastewater treatment. 

— Instrumentation and measurement, automatic control equipment: Acquaintance 
with chemical measurement instruments used in analytical chemistry and other 
measurement techniques in power plant areas (laboratories). 

— Work safety: Detailed knowledge of operating procedures with chemicals, 
regulations and work safety procedures in connection with chemical plants and 
laboratories, regulations concerning health, fire protection. Ability to instruct 
workers about specific risks and to assume responsibility for their safety.. 

3.2.5. Civil engineering 

— Mathematics: Thorough knowledge of algebra, powers, logarithms and 
exponential functions, trigonometry, trigonometric functions. Knowledge of 
the analytical geometry needed to solve technical problems of civil industrial 
construction. 

— Computer sciences: General knowledge of computer applications in civil 
engineering, elements of programming. Acquaintance with CAD. 

— Physics: Good knowledge of mechanics, and general acquaintance with heat 
phenomena, optics and elements of electricity and magnetism. Training should 
include the demonstration of physical laws by appropriate laboratory 
experiments. 

— Design: Familiarity with the principles of design of industrial buildings and 
civil constructions. Acquaintance with the influence of soil properties, soil 
mechanics and construction techniques on design. Practical training in the 
incorporation of water supply, air conditioning, etc., into building design. 

— Civil technology: Thorough knowledge of the elements of industrial building 
structures and procedures; geometric forms and orientation elements; 
materials used for these elements; methods of joining elements; manner of 
support of structures; specific loading conditions and forces. Knowledge of: 
laying foundations; structural systems; fire partitions; noise insulation; safety 
structures; unequal and uniform settlement; waterproofing, etc. 

— Materials: Thorough knowledge of properties such as combustibility, conduc-
tivity, durability, fire resistance, resistance to. wear, resistance to weathering, 
strength, weight, workability of materials used in civil engineering: brick, con-
crete; metals, plastics, stone, timber, etc. Knowledge of their application in 
civil construction of conventional power plants. 

— Work safety: Detailed knowledge of relevant regulations, work safety proce-
dures, fire protection and other safety regulations for construction sites. 
Ability to instruct workers about specific risks and to assume responsibility for 
their safety. 
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3.3. RECOMMENDED E&T LEVEL AND CAPABILITIES REQUIRED FOR 
HIGHER LEVEL TECHNICIANS (TECHNICIEN SUPERIEUR OR 
TECHNOLOGIST) TO ENTER NUCLEAR ORIENTED E&T 

Many education systems distinguish between two levels of technicians: the 
technician with secondary school education, having taken a course lasting 3-4 years 
and higher level technicians (technologists, techniciens superieurs) with a technical 
school education which requires 2-3 additional years after the pupil has attended 
either a school for technicians or a secondary school (high school, gymnasium, 
lycee). The latter is sometimes referred to as an engineer in those systems which also 
produce university level graduate engineers. 

The higher level-technician, whose qualifications lie between those of a techni-
cian and a graduate engineer but more closely approach those of the graduate 
engineer, is assigned jobs which do not require the competence of a graduate 
engineer but for which a technician is not adequate. In cases where such higher level 
technicians do not exist, or are scarce, these jobs may be assigned to professional 
engineers. 

• Requirements for the level of higher level technicians follow from the respon-
sibilities of their technical tasks and functions. The higher level technician has to 
acquire broader and deeper knowledge in his discipline than a technician. In addition 
to the technical capabilities cited in Sections 2.1 and 2.2, the capability for evalua-
tion of information and concepts must be developed. Also needed are the capacity 
for leadership (control) of groups of technicians and/or craftsmen; for organization, 
communication, and decision making capabilities in the higher level technician's 
sphere of competence and responsibility; for scheduling of work and proficient 
report writing. Mastery of a foreign language (primarily English, also French, 
Spanish, Russian, German, etc.) is desirable to the extent that it enables technical 
information to be read and understood. The listing of capabilities represents a guide-
line and is not intended to be exhaustive. 

Higher level technicians must have the capabilities defined in Section 3.2 and 
also the additional knowledge and practical skills outlined in this section. 

All knowledge should be application oriented. Practical exercises and develop-
ment of practical skill must constitute an important part of the E&T. 

3.3.1. Mechanical engineering 

— Mathematics: Knowledge of principles and use of such concepts as series, 
limits, derivatives, integrals, elementary differential equations, vector analy-
sis, mathematical statistics, and simple numerical methods to such an extent 
that the student can assist in design and layout work. Knowledge should be 
application oriented. 
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— Physics: Thorough understanding of modern physics. Practical laboratory 
exercises. Familiarity with nuclear reactors. 

— Thermodynamics: Thorough knowledge of specific aspects of the theory of 
turbines and pumps, their thermodynamic properties and principles and 
functions of their components. Thermal energy conversion principles and 

•thermodynamics of near-equilibrium states. Fluid mechanics. Boiling and 
two-phase flow. Heat generation and removal,, thermal measurements. 

; Thermodynamic cycles and their use in thermal power plants; 
— Chemistry: General knowledge of the periodic system • and basic chemical 

principles, analytical procedures and techniques, corrosion and electro-
chemical principles, and basics of water chemistry. 

— Design: Acquaintance with engineering problems related to power, plants: 
construction of: power plant components, their properties, technology, 
diagnostics and: service; steam generators and related components. 

— Manufacturing technology and QA/QC: Acquaintance with the principles, of 
metallurgy: nature, origin and crystal structure.and the relation.of these to 
mechanical properties; methods of manual, semi-automatic and automatic 
welding and their applications; hot.and cold;forming of metals; heat treatment 

• of.'common alloys; .^principles of metal casting; principles of moulding. 
Knowledge of stress- analysis. Acquaintance with quality control and quality 

' assurance; reliability arid statistical methods.' 
— Electricity, instrumentation and measurement: Knowledge . of electrical 

standards. Knowledge of systems for electric power supply. Knowledge of 
; electrotechnical problems encountered in power plants and digital and ana-

logue measuring methods. ; <• 
•— Control engineering: Knowledge of general methods used in control engineer-

• ing, and specifically ofhandling signals in analogue and digital form; sensors, 
signal and-data.processing and display systems. Applications of pneumatic,' 
hydraulic, mechanical and electrical instrumentation in control engineering. 

3.3.2. Electrical engineering 

— Mathematics: Knowledge of principles and use of such concepts as: series, 
limits, derivatives, integrals, elementary differential equations, vector analy-
sis, mathematical statistics and simple numerical methods to such an extent that 
the student can assist in design and layout work. Knowledge should be applica-
tion oriented. 

— Physics: Thorough understanding of modern physics. Practical laboratory 
exercises. Familiarity with nuclear reactors. • • > 
Electricity: Acquaintance with electrotechnical problems encountered in power 
plants. Electronic circuits and; particularly power electronics; properties and 

• parameters of amplifiers, feedback, non-linear and logical circuits, digital and 
analogue methods of control. . ? > 
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— Electrotechnology, materials: Understanding of strength of materials, creep, 
stress, rupture and corrosion behaviour. Testing methods — destructive and 
non-destructive. Dynamic behaviour of materials. . 

— Design: Detailed knowledge of the design of electrical machines, their opera-
tional features and examples of application. Components, their specifications, 
auxiliary systems and manufacturing requirements. Practice in applying design 

. criteria to attain high reliability and safety. 
— Manufacturing technology and QA/QC: Materials specifications, fabrication 

procedures. Understanding of concepts relating to the manufacture of electrical 
components. Application of QA/QC criteria. QA/QC management. 

.— Electrical networks: Theoretical and practical knowledge of the transmission 
of electrical energy, electric power system generation, transmission and distri-
bution. Acquaintance with fundamentals of electrical power systems, normal 
regimes, frequency and voltage regulation, systems stability, reliability and 
protection of systems. 

— Control engineering: Thorough knowledge of control systems, analogue or 
digital, servomechanisms, controllers and stabilizers. Acquaintance with 
transfer functions of mechanical, electromechanical and electrical linear sys-
tems. Aspects of non-linear control systems. 

. — Chemistry: Basic analytical procedures and techniques. 

3.3.3. Electronics engineering 

— Mathematics: Knowledge of principles and use of concepts such as series, 
limits, derivatives, integrals, differential equations, vector analysis, mathe-
matical statistics, aspects of probability- theory, special functions, simple 
numerical methods to such an extent that the student can assist in design and 
layout work. Knowledge should be application oriented. 

— Physics: Knowledge of fluid mechanics, water thermodynamics cycle. 
Measuring techniques. Familiarity with nuclear reactors. 

— Electricity, electronics: Acquaintance with: electronic and electrotechnical 
problems encountered in power plants, basics of electronic control circuits and 
electronic parts of electrotechnical equipment. Familiarity with amplifiers, 
control circuits, non-linear and logical circuits; digital and analogue methods 
of measurement and control. 

— Manufacturing technology and QA/QC: Understanding of concepts relating to 
the manufacture of electronic components from the QA/QC standpoint. 

— Chemistry: General knowledge of the analytical procedures and measurement 
techniques used in chemistry. • , 

— Instrumentation and measurement: Proficiency in the use of measuring instru-
• ments, techniques for dealing with electrical signals, use of sensors. Thorough 

understanding of digital and analogue techniques in electrical and electronic 
systems. 

4 3 



— Control engineering: Knowledge of transfer functions of mechanical, 
electromechanical and electrical linear systems; aspects of non-linear control 
systems; accuracy and stability of control systems. 

3.3.4. Chemical engineering 

— Mathematics: Knowledge of principles and use of such concepts as series, 
limits, derivatives, integrals, elementary differential equations. Knowledge 
should be application oriented. 

— Physics: Knowledge of methods for testing properties of materials; crystal 
structures; X ray diffraction; metals and alloys. 

— Instrumentation and measurement, control equipment: Familiarity- with 
chemical measuring instruments and other laboratory measurement techniques, 
elementary electronics, amplifiers, electrical devices, motors, data collection 
systems. 

— Water chemistry: Detailed knowledge of raw water supplies, purification 
methods in conventional power plants (filtration, precipitation, chlorination, 
aeration, etc.), high purity water production (distillation, ion exchange, 
osmosis) requirements and waste water treatment. 

— Chemical technology components and design: Familiarity with chemical opera-
tions and control in power plants; the use of chemical devices, filters, evapora-
tors, charcoal beds and other chemical components; the equipping and 
organizing of laboratories. 

3.3.5. Civil engineering 

— Mathematics: Thorough knowledge of principles and use of such concepts as 
• series, limits, derivatives, integrals,'vector analysis^ mathematical statistics. 

Knowledge should be application oriented. 
— Design: Practice in building and civil design. Knowledge of the influence of 

transport problems, geodetic work, basic points stabilization requirements, 
meteorological conditions, seismic conditions, subsurface conditions, service 
facilities needed in industrial buildings and civil design. Knowledge to enable 
implementation of the design of fire protection, noise insulation and other 
structures required by safety, health and other regulations. Detailed knowledge 
of site engineering. 

— Materials: Knowledge of different types of concrete, plastics-, stabilizers, 
materials for surface protection of steel, concrete metallization, paints. 
Materials for liquid, thermal, radiation, chemical and sound insulation. Testing 
methods, rules, devices and instruments for tests. 

— Civil technology: Good theoretical and practical knowledge of the elements and 
techniques of building design, including steel claddings, prestressing, crane 
installation, surface technologies and heavy pre fabrication technology. Ability 
to carry out calculations relating to foundations and support structures. 
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Chapter 4 

UPGRADING THE GENERAL E&T LEVEL 
OF TECHNICIANS WHO WILL ENTER 

NUCLEAR ORIENTED E&T 

Upgrading the level of E&T (to Level I) will often be necessary before an 
individual is able to enter and profit from specialized (nuclear oriented and nuclear 
level) E&T for the nuclear power programme. Short, medium and longer term 
measures for upgrading will involve both the regular E&T system, as well as the 
industry and any other organizations which can provide such E&T. 

The upgrading of E&T will enable the technician better to: 

— Correlate theoretical knowledge with specialized technical jobs 
— Analyse and understand the limitations of craftsman techniques 
— Understand the critical tasks and their consequences if not done properly 
— Identify quickly time critical tasks 
— Appreciate the importance of safety precautions 
— Appreciate the interface between a specific field of technology and other 

technologies with which it interacts. 

For a country which has a nuclear power programme consisting of one nuclear 
power project or which has very large time intervals between successive nuclear 
power projects, nuclear oriented E&T may have.to take place abroad. Such a country 
would still aim to provide E&T for upgrading technicians, which is not only required 
for its nuclear power programme but also has spin-offs into other industries. 

Upon completion of any upgrading needed, the technician is prepared to begin 
nuclear specialization E&T. 

4.1. UPGRADING THE OVERALL LEVEL OF E&T VIA 
NUCLEAR TRAINING CENTRES 

Upgrading of the level in conventional areas at nuclear training centres might 
be practical in some cases, when other ways do not guarantee that the required level 
of E&T qualifications would be achieved. Nuclear training centres are usually in a 
position to hire qualified teachers on (at least) a part-time basis and are also often 
well equipped or could easily be additionally equipped for practical exercises in 
conventional areas. 
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4.2. UPGRADING VIA SPECIAL E&T COURSES 

The upgrading courses such, as those, listed subsequently must aim at filling the 
gap between the level of knowledge and skills of the persons coming from technical 
schools (Level I) and the level required to begin the nuclear E&T needed to perform 
nuclear power programme tasks (Level II), as discussed in Section 3. 

— Applied mathematics 
, — Electrical equipment, 

— Mechanical, equipment 
.—Instrumentation and control equipment 
.— Reliability of electrical equipment and system 
— Power system 
— Mechanical engineering technology 
— Reliability of machines 
— Process control system' 
— Chemical technology 
— Analytical chemistry (including water chemistry) 
— Thermal hydraulics 
— Computer information " . 

Industrial safety. , • : 

Continuing education can provide upgrading, as well as keeping up to date 
knowledge of technology and offering refresher courses on special topics. To 
motivate the candidates, scholarships can be given, or'an industrial organization can 
have contracts with E&T institutions to upgrade the conventional knowledge and 
skills of their employees. • 

Special courses can be introduced in the technical schools, oriented towards 
developing the skills required to perform complex tasks in various advanced techni-
cal fields in accordance with the levels mentioned in Chapter 3. It is desirable to 
involve industries and some universities in assisting the technical schools for this 
purpose. 

Industry's E&T resources can be utilized, when feasible, to provide both 
upgrading of E&T and continuing E&T in conventional areas. In particular, indus-
trial experts can provide solid practice oriented E&T, and industrial laboratories and 
other facilities may be utilized for some practical training and work. Co-operation 
between technical schools and industry is necessary, and can be effectively utilized 
to organize further E&T, e.g. in a utility;.This can be done by shadow or on-the-job 
training, lectures, seminars, visits, participating in teams, etc. In-plant engineers and 
managers can and should be used to provide continuing education and training. 

With the help of nuclear oriented and other industries and of the relevant 
governmental institutions, laboratories can be set up with proper instrumentation and 
equipment for the E&T of technicians for the nuclear power programme. . 
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.. . Close co-operation will be necessary between the manpower development 
organization (see Chapter 3) and the participating technical schools, industries and 
other organizations.. 

The IAEA's Power Reactor Information System (PRIS) contains data which 
provides information on the operational experience with nuclear power plants by 
type, enabling feedback — through, continuing education and training — for those 
involved in the operations and maintenance of similar type plants. . 

4.3. UPGRADING THE OVERALL LEVEL OF TECHNICAL E&T IN THE. 
REGULAR E&T SYSTEM 

In the longer term, at least some technical schools should have the overall 
capability to provide an upgraded (or higher level of) technician E&T. These schools 
can build on the fact that (1) they provide the basic education for technicians, which 
usually requires 2-3 years after 10-12 years of primary plus secondary schooling, 
and (2) the syllabi and course content of the technical schools in various countries 
are generally the same. 

The following measures, if implemented, would improve the quality of the 
technicians coming out of the regular E&T system (to reach Level I): 

— Standardization and regular evaluation of the technical school education 
programme 

— Introduction of more practicals and laboratory work with hands-on training 
— Training of some teachers/trainers abroad, so that they can learn the most 

modern and effective methods of teaching/training 
— Employment of pupils in industry in the vacation periods during technical 

school education, to gain practical hands-on experience and training. 

Technician-level programmes, particularly, require a very high level of 
teaching ability. They involve the preparation of the teaching materials and 
exercises, and work experience. Teachers must also have the ability to select students 
having the correct entry qualifications and abilities. The establishment and main-
tenance of the required academic levels of a given programme depend on proper 
evaluation and examination standards and procedures. Therefore, it is recommended 
that at least until such time as the first group of students graduate from a new 
programme, external experts should be used from countries having well-established 
and recognized education and training programmes and standards for technicians. 
These experts would assist with course design; preparation of teaching materials; 
setting up laboratories, libraries, computer facilities; and training teachers. They 
would also teach specialized courses and serve as examiners. 

Where the level of technicians coming from the regular school system (basic 
conventional E&T) is very high, no particular E&T in special subjects in conven-
tional areas is required. In such cases it is sufficient that the introductory part of a 
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nuclear course repeats and/or broadens the fundamentals of the conventional subjects 
on which the course is building. 

However, the regular E&T system will not generally provide all the conven-
tional E&T needed for nuclear power plant operations technicians. While mechanical 
and electrical technicians who are recruited for maintenance tasks will generally have 
sufficient conventional knowledge to enter directly into nuclear oriented E&T, 
operations technicians will usually need to increase the breadth of their basic conven-
tional knowledge before entering nuclear oriented E&T for reactor control room 
operations. 
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Chapter 5 

EDUCATION AND TRAINING OF TEACHERS/TRAINERS 
OF TECHNICIANS FOR A NUCLEAR POWER PROGRAMME 

The E&T of teachers/trainers of technicians is one of the most important tasks 
in developing qualified technicians for a nuclear power programme. Sound industrial 
as well as pedagogical experience is needed for effective teaching/training. Potential 
teachers/trainers should be identified as early as possible, even while working in 
industry. Teachers/trainers must have technical knowledge and ability beyond the 
level at which they are expected to teach/train, combined with considerable and rele-
vant industrial experience. The competence of teachers/trainers is of particular 
importance and their initial and continuous training has to be carefully followed by 
the organization/group responsible for E&T for the nuclear power programmes. 

The teachers/trainers of technicians for a nuclear power programme must have 
practical experience similar to those they are teaching, for example teachers of 
reactor operators should have the same certification (licensing) and refresher CE as 
control room operators. It is also desirable that they should have some experience 
each year in an operating nuclear power plant. A practice which has proved to be 
effective and efficient is the regular exchange of staff between utilities and the 
nuclear training centre. This is more cost effective and pedagogically more effective, 
since the teacher/trainer is closer to the real operations and maintenance problems 
of the nuclear power plant. Those who are to teach on simulators must have high 
qualifications, aided by their experience of actual control room operations. It is also 
more important for them to maintain familiarity with the reference nuclear power 
plant than for those conducting training in other areas. 

One of the most serious limitations in the E&T of technicians who are to 
become qualified to work in the nuclear power programme is the lack of teachers 
and trainers of the required quality. The reasons for this are related to the level of 
industrial and technological development, the way in which teachers/trainers of 
technicians are educated and trained, the financial incentives for entering and 
remaining in these occupations and the social recognition. The problems are in many 
respects similar to those encountered in developing and retaining qualified techni-
cians. In the case of teachers/trainers, however, some of these problems are height-
ened owing to the higher level of qualification which an individual must possess in 
order to teach/train effectively. 

5.1. OBJECTIVES 

Teachers and trainers of technicians should be able to: 

— Determine and evaluate the E&T needs of students/trainees 
— Design and implement E&T methods and resources 
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— Teach, assess and evaluate the students/trainees 
— Bring actual work situations into the classrooms/laboratories using appropriate 

E&T techniques. " 1 

5.2. PROBLEMS 

The following teacher/trainer problems and deficiencies have been identified 
in some cases and countries: 

— Lack of up-to-date knowledge of the subject they teach 
• — Lack of knowledge in and/or utilization of the latest developments in pedago-

gical methods 
— Lack of capability and/or knowledge of communication skills (oral and written) 
— Lack of professional motivation 
— Lack of financial incentives and social recognition 
— Lack of actual work experience, since they are continuously involved only in 

E&T activities, without much involvement in actual on-the-job tasks. 

5.3. MEASURES 

The above-mentioned problems and deficiencies may be dealt with inter alia 
by the following measures: 

—. It is desirable and recommended that the teacher/trainer have experience in 
plant operations and/or maintenance. . . 

— At regular intervals, continuous courses of education including upgrading for 
teachers/trainers, should be required and organized. The opportunity for such 
E&T at the appropriate time in the career of the teachers/trainers must be given 
and taken, to keep their knowledge and skills up-to-date and at a higher level 
than that of the technicians whom they teach/train.. 

— This,E&T should cover among other things: effective communication methods, 
and current practices in the organization and techniques of E&T for 
technicians. 

— Teachers/trainers should visit various E&T institutions and upgrade their train-
ing methods by learning from others' experiences. 

— Teachers/trainers must be able to tackle the operational problems of an actual 
plant and provide solutions. 

— Teachers/trainers must be trained on the specific equipment and systems by the 
manufacturing companies. 

— Periods of work in industry (utilities) to update practical experience are 
essential — this will involve job rotation between pedagogical and operational 
tasks. 
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— Teachers/trainers must have and perceive that they have real possibilities 
for career development (e.g. shift supervisor, engineer), so that being a 
teacher/trainer is not seen as a dead-end; , ' 

— Co-operative interaction between industry and E&T organizations is a must, 
to improve the quality of teachers/trainers. 

— Special incentives (financial, career development, etc.) will help to attract and 
motivate qualified people to become teachers/trainers and retain them. 

— E&T functions must play a key role in the organizational structure for a NPP. 
— Organization(s) involved in the NPP must assign adequate support to the 

development of teachers/trainers. 
— Adequate infrastructure support must be provided, so that the teachers/trainers 

will be able to perform effectively. 

After providing additional E&T of teachers/trainers within the country to the 
extent possible, it may be .necessary to send them abroad (e.g. to the.supplier of 
a nuclear, power plant) for further, specialization in nuclear and nuclear related 
subjects. The language problem must be dealt with in thiscase. Another .possibility 
is to use foreign experts t who can sometimes be provided cost-free by suppliers and 
other industrial enterprises, by international organizations and aid or development 
agencies. Such experts can be effective in providing E&T in specialized subjects for 
teachers/trainers, as well, as for some categories of technician. 

If a country already has a nuclear power plant, the staff of this plant could be 
used as instructors to train both the teachers/trainers and the technicians in a nuclear 
training centre. 
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Chapter 6 

FUNCTIONS, TASKS AND NUMBER OF TECHNICIANS 
IN A NUCLEAR POWER PROGRAMME 

6.1. INTRODUCTION 

To undertake E&T related to nuclear power it is necessary for a technician to 
have achieved the required level of theoretical and practical knowledge and skills in 
conventional technical areas via basic technical school E&T programmes and (where 
necessary) upgrading E&T courses, and to have relevant work experience. Nuclear 
specialization can be accomplished via E&T provided by nuclear training centres, 
selected technical schools, industry and/or governmental laboratories. 

Such individuals have to be identified, educated, trained and qualified by the 
time when they will be needed to perform their tasks and functions in the nuclear 
power programme. For this to be accomplished successfully, good personnel 
management is required (see Ref. [3], Section 3.5). 

6.2. NUCLEAR POWER PROGRAMME FUNCTIONS/TASKS FOR 
TECHNICIANS 

The important functions and tasks in a nuclear power programme for which 
technicians will require special nuclear related and nuclear level knowledge and 
skills are shown in Table II. In all cases, it is essential to have several years of work 
experience, preferably in a relevant conventional or nuclear related activity, e.g. 
large construction projects of technical facilities; operations and maintenance of 
power plants; chemical plants; QC testing and inspection; non-destructive examina-
tion; manufacturing of high quality equipment; high quality welding and assembly 
techniques; mineral exploration and drilling; nuclear safety and radiation protection. 
In addition, nuclear related on-the-job training will usually be required before a 
technician with specialized nuclear E&T is qualified to perform the functions 
and tasks of the nuclear power programme. For further details on the qualifications 
of technical manpower for a nuclear power programme, refer to Ref. [1], 
pages 133-184 and, for operations staff, also to Ref. [2]. 

6.3. NUMBER OF TECHNICIANS NEEDED IN A NUCLEAR POWER 
PROGRAMME 

The number of technicians required in a nuclear power programme will vary, 
depending on the nature and extent of the programme and on the amount of domestic 
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resources used in relation to foreign resources. The number required for specific 
functions/tasks will depend on the construction activity/schedule. 

The number of qualified technicians required for the main activities of a 
nuclear power programme are as follows: 

Project management 8-11/3-4 
utility/main contractor) 

Project engineering 

Procurement 

QA/QC 

Nuclear power plant construction 

Nuclear power plant commissioning 

Operations and maintenance 

Fuel cycle 
(exploration/fuel fabrication/waste management). 

Good personnel management practices must take into account the fact that 
extra people should participate in technician E&T programmes for nuclear power, 
since some will drop out during the upgrading and nuclear specialization E&T, and 
because of attrition of technicians in the nuclear power programme. 

6.3.1. Minimum personnel requirements 

In a country where no previous nuclear power programme exists, the personnel 
resources will be a strongly limiting factor. Especially in countries where little or 
insufficient industrial development has taken place it will be very difficult to recruit 
adequately qualified personnel. 

In such a case the introduction of nuclear power would probably be in the form 
of turnkey plants. There will thus be a great difference as compared to a country 
where domestic resources are available for the planning and construction of nuclear 
power projects and for other nuclear power programme activities. Under such condi-
tions, a country will have to educate and train primarily the personnel required for 
the operation and maintenance of an NPP." 

6.3.2. Personnel required for temporary maintenance and services 

At times when the NPP is in operation, there is only a limited demand for 
certain personnel categories in the plant. For example, a three unit plant in Sweden 

Text cont. on p. 60. 

130-190 

8-12 

50-70 

280-400 

80-120 

110-180 

25-45/7-10/120 
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TABLE II. TECHNICIANS' FUNCTIONS, TASKS, AND QUALIFICATIONSa FOR KEY NUCLEAR POWER 
PROGRAMME ACTIVITIES 

Function/task 
Number 

of technicians 
required 

Occupation 
Nuclear specialization E&T to achieve 
the required qualificationsb 

1. Project engineeringa 

— Design work for details of NPP 130-190 Electrical, mechanical, Technicians for nuclear engineering areas 
components, systems and electronics and computer should take courses 3.1 to 3.7 (see Section 7.2 
buildings - . technicians, draftsmen and Table III) for basic theoretical and practi-

cal nuclear oriented E&T 

2. Procurementa 

— In-plant monitoring of central 8-12 Electrical, mechanical, Course 4 .1 (see Section 7.3) for engineering 
items regarding schedule of electronics and commercial technicians (see also Table III) 
project technicians 

— Co-ordination with suppliers 
and shippers, QA/QC 
organization 

— On-site reception — 
inspection of equipment 

3. Quality assurance and 
quality controla 

(Utility, project engineering 50-70 Electrical, mechanical and Courses 3.1 to 3.7 (Section 7.2) for basic 
and suppliers' activities) electronics technicians theoretical and practical nuclear oriented E&T 
— Development and maintenance of and specialized nuclear courses 4.1, 4 .2, 4.21, 

QA documentation and records 4 .25 (Section 7.3) (see also Table III) 



— Concrete testing 
— Non-destructive examination 
— Surveillance of subcontrac-

tors, inspection and testing 
activities, sampling inspection 

— Surveillance and testing 
during installation of the.NPP 

— Inspection, testing and other 
QA activities during construc-
tion and installation of 
structures, mechanical and 
electrical components, 
control and instrumentation 
system, etc. 

— Inspection, testing, auditing 
during plant operation and 
maintenance 

4. Plant constructiona 

— Construction, erection, 280-400 
installation, testing and inspec-
tion of structures, equipment, 
components, systems 

Ui 

Mechanical, electrical, 
electronics, civil and 
computer technicians, 
draftsmen 

Courses 3.1 to 3.7 for basic theoretical and 
practical nuclear oriented E&T for 30-50% 
of mechanical, electrical and electronics 
technicians (see also Table III) 



TABLE II. (cont.) 

Function/task 
Number 

of technicians 
required 

Occupation 
Nuclear specialization E&T to achieve 
the required qualifications'3 

5. Commissioninga 

— Checking performance of equipe-
ment, component and systems 

— Preoperational and operational 
testing 

6. Operation and maintenancea 

— Operation of nuclear power 
plant, including 

• operation activities in 
control room 

• activities in the plant outside 
the control room, in local 
auxiliary operations, and on 
decentralized control panels 

• equipment monitoring in service 

— Maintenance supervision in 
mechanical, electrical and 
electronics instrumentation and 
control, and civil works areas 

40-60 

110-180 

Mechanical, electrical, 
electronics technicians 

Mechanical, electrical, 
electronics technicians 

Mechanical, electrical, 
civil technicians 

Since the commissioning is usually performed 
by future operation and maintenance personnel, 
training of technicians is covered in part 6 
below 

See Chapter 3 for E & T level required for 
technicians to enter nuclear specialization 
programme and Section 7.2 for basic theore-
tical and practical nuclear oriented E&T. See 
Section 7.3 for nuclear specialization to OT, 
IST. Control room operators require E&T 
additional to that for O T c (see Section 7.4) 

See Chapter 3 for E&T level required for 
technicians to enter nuclear oriented E&T and 
Section 7.2 for basic theoretical and practical 
nuclear oriented E&T. See Section 7.3 for 
nuclear oriented E&T for M M T , EMT, IMT, 
CST. Participation is recommended in NPP 
erection and commissioning 



Performance of maintenance, 
preventive maintenance and 
repair, modification of equip-
ment, components, systems, 
spare parts, materials, tools, etc. 

Checking safety, performance of 
safety; and radiation protection 
activities, monitoring, surveys, 
fire protection, personnel train-, 
ing, decontamination • 

Training and licensing 

Technical unit activities 

QA/QC tasks, inspection and 
testing during operation and 
maintenance of NPP 

Mechanical, electrical, 
electronics, instrumenta-
tion and control 
technicians 

Electronics, electrical, 
chemical and radiation 
protection technicians 

Mechanical, electrical 
technicians 

Mechanical, electrical, 
electronics, chemical, 
computer technicians, 
draftsmen 

Mechanical, electrical 
civil, welding technicians 

See Chapter 3 for E&T level required for 
technicians to enter nuclear specialization 
programme and Section 7.2 for basic theoretical 
and practical nuclear E&T. See Section 7.3 
for specialized nuclear E&T for RPT 

Same as for operations 

See Chapter 3 for E&T level required for 
technicians to enter nuclear specialization 
programme and Section 7.2 for basic theoreti-
cal and practical nuclear oriented E&T. See 
Section 7.3 for specialized nuclear E&T for 
CST, LBT, NDET, CT, DCT 

See Chapter 3 for E&T required for techni-
cians to enter nuclear specialization programme 
and Section 7.2 for basic theoretical and prac-
tical nuclear oriented E&T. See Section 7.3 
for specialized nuclear E&T for QACT 



TABLE II. (cont.) 

Number VT , . . . . ^ „ m 
_ , , , . . ^ Nuclear specialization E&T to achieve 
Function/task of technicians Occupation , . . h . , the required qualifications 

required 

7. Nuclear fuel cycle 
(exploration) 
— Uranium prospecting and 

exploration 
— Operators, mapping, assisting 

geologists 
— Topography 
— Follow up, surveying, 

drilling, control 
— Assisting in analytical chemistry, 

sample preparations 

25-45 Geology, mining, 
chemistry, technicians, 
draftsmen 

Relevant groups of technicians should take the 
courses covering uranium minerals, gamma 
spectrometry and uranium exploration 

8. Nuclear fuel cyclea 

(fuel fabrication) . 
— Manufacturing 
— Inspection 
— Quality control 
— Waste treatment 
— Operation and maintenance 

of facilities 
— QC/QA activities 
— Health physics 

7 -10 Mechanical, chemical, 
electronics, metallurgical 
technicians 

Relevant groups of technicians should take the 
courses 3.1 to 3.7 for basic theoretical and 
practical nuclear oriented E&T, then courses 
4 .1 , 4 .2, 4.12 and 4.24 (Section 7.3 and 
Table III) 



9. Nuclear fuel cyclea 

(waste management) 
— concentration by evaporation, 

bituminization, cementation, 
incineration, purification, 
decontamination and scrapping 

— operation, production 
— maintenance 

117 Chemical, mechanical, 
electrical and electronics 
instrumentation and 
control technicians. 

Courses 3.1 to 3.7 for basic theoretical and 
practical nuclear oriented E&T, then courses 
4.12, 4 .13 , 4 .14 

CT: Computer technician 
EMT: Electrical maintenance technician 
FPT: Fire protection technician 
IMT: Instrumentation maintenance technician (electrical, 

electronics) 
IST: In-service inspection technician 
LBT: N P P laboratory technician 
MMT: Mechanical maintenance technician 

N D E T : Non-destructive examination technician 
OT: Operations technician (mechanical, electrical) (does 

not include additional control room operator 's training 
QACT: Q A and QC technician 
RPT: Radiological protection technician 
RWT: Radioactive waste technician 
W T : Welding technician 

Experience: It is desirable that the technician has at least 2 - 4 years of experience in a conventional power station, fertilizer or chemical complex, 
for example, a refinery, and has had some industrial exposure in such fields as operation, maintenance, installation, testing, commissioning, 
systems analysis and procurement of the various items of equipment utilized. He must be aware of industrial safety rules and regulations. This 
is especially needed as regards the functions and tasks under items 4, 5 and 6. While experience in a nuclear facility is desirable in all cases, 
it is especially important for the functions and tasks for plant construction, commissioning and O&M. 

All nuclear specialization includes: (a) A basic course in nuclear power for better comprehension of reasons for applying nuclear standards and 
technical specifications to cope with the safety and reliability demands made on the nuclear power plant and the nuclear industry. (2) Specific 
courses according to subject area, to increase the qualification of technicians in their own speciality. (3) Familiarization with the specific nuclear 
power plant; operator training for those in operations and operational testing. 



has about 750 people as permanent staff. However, during a shutdown lasting a few 
weeks, about 750 additional people are hired for maintenance and service work. This 
can be done in a country having other nuclear power plants and an adequate industrial 
infrastructure. In a country not having this infrastructure, personnel needed only 
temporarily must be at the nuclear power plant the whole year. To what extent.this 
must be implemented depends on the stage of industrial development of the country. 
This must be taken into account in planning and implementing an E&T programme 
for nuclear power. 
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Chapter 7 

BASIC AND SPECIALIZED E&T FOR A 
NUCLEAR POWER PROGRAMME 

7.1. INTRODUCTION 

In principle, a nuclear power programme requires technicians in the areas of 
mechanical, electrical, electronics, civil and chemical engineering, as well as in 
instrumentation and control, and computers. While the number of disciplines for 
technicians in non-nuclear fields is about ten, the number of tasks or functions in 
which technicians are employed in a nuclear power programme amounts to more 
than 100. Thus, from the economic point of view, it is advisable to provide nuclear 
specialization E&T in different groups (or categories), in which the-structure and 
curricula for E&T are specified with regard to future tasks and functions. 

As discussed in Chapter 3, technician E&T should provide good theoretical 
knowledge and practical/manual skills, as well as acquaintance with methods used 
in industry and the ability to use them. The goal of this E&T is to prepare technicians, 
at a reasonably high level without orienting them to nuclear applications. This 
non-nuclear E&T of technicians is normally provided by technical schools. The 
regular, basic education and training of technicians varies in content and length from 
country to country. Therefore, in many cases upgrading of the level of the techni-
cian's E&T in conventional areas will be required, as discussed in Chapter 4. 

After the upgrading E&T, nuclear E&T programmes are needed and comprise 
three stages: basic nuclear power courses, specialized nuclear courses teaching how 
to perform specific tasks and functions, and high-level specialized nuclear courses, 
e.g. for nuclear power plant control room operators. The programmes (courses) of 
these three stages are summarized in Table III, which also identifies the specific 
courses (in each of these three stages of nuclear E&T) needed for and applicable to 
each of the basic categories of technician. 

In general, there are three levels of courses which can be given on most 
subjects: 

(1) The low level course provides basic iniformation on the subject, making the 
technician aware of phenomena, problems and dangers and their conse-
quences, and of relevant regulations. . 

(2) The intermediate level course provides more detailed information on a subject 
which is not in the main line of activity of the technician,1 but is nevertheless 
used by him in his routine work. 

(3) The high level course is taught to technicians who use the subject in the main 
line of their activity. Therefore, the course provides the necessary background, 
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TABLE m. EDUCATION AND TRAINING REQUIREMENTS FOR THE BASIC CATEGORIES OF TECHNICIANS NEEDED 
IN A NUCLEAR POWER PROGRAMME 

OT M M T EMT IMT RPT IST C T QACT N D E T W T FPT R W T LBT 
(1 = low level, 2 = intermediate level, 3 = high level) 

(A) Basic nuclear power courses 
(to reach Level II) 

3.1 Basic nuclear and 
neutron physics 

3.2 Theory of nuclear reactors 

and reactor control 

3.3 Nuclear reactor design 

3.4 NPP systems 

3.5 . Nuclear safety and 
safety systems 

3.6 Radiation protection and 
measurements 

3.7 Operations and maintenance 
of NPPs and/or other 
nuclear facilities 

1 1 

1 1 

1 2 

1 

2 1 

1 3 

1 1 

1 

1 1 1 1 

1 1 1 1 

1 

1 1 1 1 



(B) Specialized nuclear courses 
(to reach Level III) 

4.1 NPP systems 3 2 2 3 

4.2 Fuel handling system (off-site) 3 2 1 1 

4.3 NPP electrical systems 3 3 1 

4.4 NPP mechanical systems 2 3 

4.5 Operation of an NPP 3 1 2 

4.6 Chemistry in a nuclear power 
programme 

1 

4.7 Chemistry of an NPP 

4.8 Reliability engineering 1 2 2 2 

4.9 QA and QC inspection and 
documentation 

1 1 1 1 

4.10 Non-destructive examination 
and instrumentation 

2 

4.11 Radiation shielding 1 1 1 1 

4.12 Nuclear waste management 

4.13 Environmental impact of 
nuclear power 

1 

1 

2 

2 

1 

2 1 1 

1 1 

3 1 3 2 

1 2 3 

2 1 

1 

1 

2 3 

3 

3 1 1 1 

2 

1 3 1 

3 1 

2 2 



TABLE II. (cont.) 

O T M M T E M T IMT RPT IST C T Q A C T N D E T W T F P T R W T LBT 
(1 = low level, 2 = intermediate level, 3 = high level) 

4 .14 Effects of radiation damage 1 

4 .15 Maintenance engineering 

of an N P P 

4 .16 Control systems of an N P P 1 

4 .17 Accident analysis 3 

N P P maintenance (electrical) 

N P P maintenance (mechanical) 

4 .18 

4 . 1 9 

4 .20 N P P maintenance 
(instrumentation and control) 

4 .21 N P P in-service inspection 

4 .22 Radiochemistry 

4 . 2 3 Nuclear fuel management at 

an N P P (on-site) 

4 .24 Radioactive material handling 

4 .25 Welding technology 

4 .26 Radiation protection at an N P P 
and/or other nuclear facilities 

1 2 

2 

3 3 

2 



(C) High-level specialized nuclear 
courses 

(to. reach Level V) 

5 .1 Primary heat transport system 3 
and auxiliaries 

5.2 Reactor control and 3 
reactivity mechanisms 

5.3 N P P steam generator, / 3 
feedwater, steam and 
turbogenerator system 

5.4 N P P full scope simulator 3 

5.5 Moderator system and 3 
its auxiliaries 

5 .6 Radiation protection in 
the event of an accident 

CT: Computer technician 
EMT: Electrical maintenance technician (electrical) 
FPT: Fire protection technician 
IMT: Instrumentation maintenance technician (electrical, 

electronics) 
IST: In-service inspection technician 
LBT: NPP laboratory technician 
M M T : Mechanical maintenance technician (mechanical) 

3 1 3 

NDET: Non-destructive examination technician 
OT: Operations technician (mechanical, electrical) (does 

not include additional control room operator 's training) 
QACT: QA and QC technician 
RPT: Radiological protection technician 
RWT: Radioactive waste technician 
WT: Welding technician 



details and functional dependencies to enable the student to work in the area 
and also to be able to make his own judgement and evaluation, particularly in 
the event of an emergency. 

7.2. BASIC THEORETICAL AND PRACTICAL NUCLEAR ORIENTED E&T 

Purpose: to provide nuclear oriented and nuclear level knowledge and skills 
which are a logical continuation of the non-nuclear E&T, but where the knowledge 
and skills are not applied to a particular nuclear technology, type of power plant or 
project. For each group of students, this E&T may be divided into subjects with a 
fairly well defined content and number of hours for lectures, seminars, demonstra-
tions and practical work. The time needed for the courses described below will be 
a maximum of about 350 hours for the high level courses (level (3)). Course levels 
(1) and (2) would require less time. 

7.2.1. Basic nuclear power courses (to reach Level II) — see Table III(A) 

Basic nuclear and neutron physics (3.1)' 

Goal: To understand the fission process and its characteristics. 

Types of nuclear reactions. Radioactivity. Fission process. Fusion process. Neutron 
physics. Neutron cross-sections. Chain reactions. Criticality. 

40 h (1/3 exercises).2 

Theory of nuclear reactors and reactor control (3.2) 

Goal: To understand the construction and operating principles of the fission reactor. 

Neutron physics. Criticality. Neutron reaction rate. Power distribution in a reactor. 
Multiplication factor. Means to vary the multiplication factor for startup, power con-
trol and shutdown. Fundamentals of reactor dynamics. 

60 h (1/3 exercises). 

Nuclear reactor design (3.3) 

Goal: To understand the main components of a reactor system. 

Fuel design. Moderator choice. Control rods. Materials for nuclear power reactors. 
Primary loop components. Constraints for the operation of a nuclear reactor. 

40 h (1/4 exercises). 

1 Number after course title denotes number of course in Table III. 
2 Hours given are the maximum number , applicable for the corresponding high level course 

(Level (3)). Exercises denote practical work in a laboratory. 
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NPP systems (3.4) 

Goal: To understand the functions and functioning of the different main systems in 
a nuclear power plant. Information about the main interactions between the 
various systems. 

Plant layout. Thermal hydraulics of the nuclear power plant. Systems for efficient 
energy conversion. Systems for control of the power plant. Safety systems. Auxiliary 
systems. 

50 h (1/3 exercises). 

Nuclear safety and safety systems (3.5) 

Goal: To understand the safety features of the nuclear power plant. 

Radioactivity in a nuclear power plant. Decay power. Factors determining release 
of radioactivity. Principles of nuclear reactor safety. Main reactor safety systems. 
Procedures in emergency situations. Emergency provisions. 

40 h (1/3 exercises). • 

Radiation protection and measurements (3.6) 

Goal: To learn from practicals and hands-on training oriented lectures on the 
characteristics of radiation detection and protection methods and biological 
effects.' 

Radioactivity. Radioactive decay processes. Types of radiation. Interaction of radia-
tion with matter. Principles of radiation detection. Types of detection equipment and 
devices. Biological effects of radiation. Dose, dose rates, dosimetry. Activation, 
contamination and decontamination. Radiation shielding. Radioactive zones and 
access procedures. Protection against aerosols, direct radiation, and handling of open 
and closed sources. Radiation emergency procedures. Rules and regulations. 
60 h (1/3 exercises). 

Operation and maintenance of NPPs and/or other nuclear facilities (3.7) 

Goal: To obtain a general overview of the functioning of NPPs. 

Nuclear power plant operation. Safety aspects. Availability, reliability and 
economics. Management principles. Operations programmes, rules and procedures 
for normal and abnormal situations. Maintenance. QA/QC. 

40 h (1/3 exercises). 
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7.2.2. Specialized nuclear E&T (to reach Level III) 

. The courses in specialized nuclear E&T (Table 111(B)) have to be oriented 
towards a country's nuclear power programme and its specific type(s) of nuclear 
power plant(s). 

It is recommended that the level of additional E&T should amount to at least 
300-500 h of courses (at the high level (Level (3)) in accordance with the courses 
listed below and in Table III(B). Course selection must be such that the technicians' 
qualifications profile will be properly broadened and deepened. Where licensing for 
certain tasks is concerned, the additional E&T should be consistent with the require-
ments of the organization(s) issuing the licences. 

Specialized nuclear E&T will consist throughout of a mix of courses, labora-
tory work and practical hands-on training. The total time needed for all this E&T 
will be about two years. 

Laboratory equipment for nuclear oriented training may be very expensive. If 
financial resources are insufficient for the necessary equipment, this could influence 
significantly the possibility of attaining the acquired level of qualifications! 

Teaching modules are recommended, with the aim of making each individual 
able to perform in the best way the various tasks which he/she will have to do. The 
courses below are not given in the order in which they are taught. 

Success in both the basic and specialized nuclear E&T is generally certified by 
final examinations. •-* 

NPP systems {4.1) 

Goal: To obtain a general understanding of the layout and functioning of 
NPP systems. 

Reactors. Reactor coolant system. Chemical and volume control system. Engineered 
safety features. Steam and power conversion systems. Cooling water- system. 
Systems to handle liquid and gaseous radwaste. Radioactive waste disposal-system. 
Refuelling system. Electrical system. Process instrumentation system. Containment, 
including ventilation, air filtration and spray system. Operation and codes. Fire 
protection. Emergency systems. 

60 h (1/3 exercises). 

Fuel handling system (off-site) (4.2) 

Goal: To learn about nuclear reactor fuel and associated fuel cycle activities. 

Introduction to nuclear fuel and fuel cycle. Nuclear fuel material, cladding material 
and design aspects. Fuel fabrication, properties of fuel material. Enrichment of 
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uranium. Fuel transport. Radiation protection, radiation detection and measurement.. 
Radiation control and hazards. Safeguards. 

60 h (1/2 exercises). 

NPP electrical systems (4.3) 

Goal: To learn about electrical systems. 

Electrical power distribution fundamentals. AC power distribution, DC power distri-
bution. Installation of electrical raceway systems. Installation of electrical cable 
systems. Independence of redundant equipment and circuits. Fire protection of safety 
systems. 

80 h (1/4 exercises). 

NPP mechanical systems (4.4) 

Goal: To learn about mechanical systems. 

Reactor vessel and interior. Steam generators, steam separators. Pumps, valves and 
primary circuitry. Secondary circuitry. Neutral gas systems. Emergency cooling 
systems. Reactor cooling after shutdown. Auxiliary systems. 

80 h (1/4 exercises). 

Operation of an NPP (4 .5) 

Goal: To understand the startup and shutdown of an NPP and the normal and 
emergency operating conditions of an NPP. 

Initial criticality. Reactor startup. Primary and secondary systems. Turbogenerator 
operation. Methods of residual heat removal. Interaction of an NPP with electrical 
grids. Transient and steady state conditions. Emergency situations. 

120 h (1/3 exercises). 

Chemistry in a nuclear power programme (4.6) 

Goal: To understand the basic principles of chemistry in a nuclear power 
programme. 

Repetition of the basics of general chemistry, inorganic and analytical chemistry. 
Elements of radiochemistry and radiation chemistry. The fuel cycle. Safety aspects. 
Basics of the chemistry of uranium, fission products and the actinides. Water chemis-
try, purification methods, water quality requirements and control. Radiolysis.. 

50 h (1/3 exercises). 
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Chemistry of an NPP (4.7) 

Goal: To understand the operational chemistry of an NPP. 

Knowledge of the functioning and design of the chemical systems and equipment of 
an NPP. Chemical operations and control in an NPP using chemical devices; tanks, 
pumps, pipelines and other chemical components. Preparation of solutions and their 
support systems. Organizing and equipping of laboratories. Methods for water 
purification, high purity water production requirements (distillation, ion exchange). 
Wasteiwater treatment; other treatments and their effects on the environment; 
Methods for water and air sampling. 

30 h (2/3 exercises). 

Reliability engineering (4.8) 

Goal: To understand the reliability criteria of NPP equipment affecting the safety 
aspects of a nuclear reactor. 

Factors affecting reliability, probability of systems survival; Reliability.prediction 
and analysis. Redundancy and testing frequency of systems. Failure rate. Mean time 
between failures. Availability. , 

40 h (1/3 exercises). - • 

QA and QC inspection and documentation (4.9) 

Goal: To become acquainted with the more stringent QA/QC requirements which 
the nuclear industry places on equipment than do other industries. 

Systems reliability. Concepts of QA. Application of statistical methods.to, quality 
control. Sampling inspection. Basics of reliability engineering. Report writing. 
Requirements for and procedures of documentation. Computerized documentation. 

30 h (1/3 exercises). 

Non-destructive examination and instrumentation (4.10) 

Goal: To become acquainted with testing methods and instrumentation. 

Non-destructive testing methods, such as tightness prove, X ray, gamma ray, eddy 
current and ultrasonic testing methods and the corresponding measuring and 
instrumentation devices. Report writing, documentation. 

60 h (1/3 laboratory experiments). 

Radiation shielding (4.1.1)' 

Goal: To become acquainted with the effectiveness of shields and shielding 
materials. 
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Principles of shielding calculations for gamma radiation. Choice of materials for 
temporary shielding. Buildup factors. Neutron shielding; activation of the shielding 
material. Optimization of shielding. < " i . 

25 h (1/3 exercises). 

Nuclear waste management (4.12) 

Goal: To become acquainted with types of nuclear waste, and ways for its treatment 
and disposal. • ' ' -

Waste classification. Waste from NPP operation. Waste from nuclear fuel cycle 
plants. Treatment, temporary and permanent storage. 

40 h (1/4 exercises). 

Environmental impact of nuclear power (4.13) 

Goal: To become aware of the long term thermal and radiation effects of nuclear 
power and the nuclear industry on the environment. 

Ecosystems and their interaction. Man's influence on the environment. Means to 
reduce pollution, and its effects on air and water. Radionuclides in the environment: 
sources, transport, concentration effects. 

10 h. 

Effects of radiation damage (4.14) . , 

Goal: To become acquainted with the effects of radiation on materials. 

Effects, of radiation on atoms, and nuclei. Effect on covalent bonds, metals and 
ceramics used in a nuclear power programme. , 

10 h. 

Maintenance engineering of an NPP (4.15) 

Goal: To understand the basic concepts , of maintenance management and 
maintenance engineering in an NPP. 

Preventive, corrective and breakdown, maintenance. Maintenance organization and 
control. Trouble-shooting techniques. Inventory control. Maintenance aids. Train-
ing. Documentation. 

40 h (1/3 exercises).-

Control systems of an NPP (4.16) . . . . . , 

Goal: To learn about NPP control, systems with respect to nuclear, safety criteria. 
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Local, remote,: manual and automatic control. Control of reactor processes. Com-
puters for control. Concepts of stability of control loops. Electrical, electronic, 
hydraulic and pneumatic controls. Tuning of control systems. Nuclear reactor safety 
systems. 

120 h (1/3 exercises). 

Accident analysis (4.17) 

Goal: To understand and analyse the situations resulting from accident conditions in 
an NPP. 

Effect of accident situations such as loss of coolant, fuel failure, secondary steam 
line rupture, etc. Phenomena of reactor core meltdown accidents. Failure of protec-
tive systems, effect of non-availability. Engineered safety features. 

40 h. 

NPP maintenance (electrical) (4.18) 

Goal: To gain knowledge and skills to perform electrical maintenance. 

Maintenance of electrical equipment in an NPP — generators, motors, switchgear, 
motor control centres, batteries, transformers, switchyard equipment and protective 
relays and meters. 

100 h (1/3 exercises). 

NPP maintenance (mechanical) (4.19) 

Goal: To gain knowledge and skills to perform mechanical maintenance. 

Maintenance of mechanical equipment in an NPP — turbine, coolant and pressuriz-
ing pumps, heat exchangers, valves, fuel handling system mechanisms, XYZ motion 
for fuel movements, fuel transfer equipment, control rod mechanisms. 

120 h (1/3 exercises). 

NPP maintenance (instrumentation and control) (4.20) 

Goal: To gain knowledge and skills to perform instrumentation and control 
maintenance. To gain knowledge of main interactions of NPP systems. 

Calibration and maintenance of secondary system. Periodic calibration. Maintenance 
and management of tests. Management of history cards. Drawings. Methods of deal-
ing with signals in analogue, and digital form. Theory of signals. Theory of linear 
circuits. Sensors. Data processors. Application of pneumatic, hydraulic, mechanical 
and electrical instrumentation in control engineering. 

120 h (1/3 exercises. Practical work on function simulator is desirable). 
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NPP in-service inspection (4.21) 

Goal: To acquire capabilities to inspect the nuclear power plant pressure vessel, etc., 
and to upgrade inspection techniques. 

Main NPP components. Radiation safety. Ultrasonic testing. Magnetic particle 
testing. Liquid penetrant testing. Visual testing. Eddy current testing. Procedures. 
Technical criteria. 

60 h (1/3 exercises). 

Radiochemistry (4.22) 

Goal: To gain knowledge of nuclear reactions, radioactive decay and radiochemical 
procedures. 

Radiochemistry, radiation chemistry. Radioactivity. Nuclear reactions. Radiation 
effects. Chemical procedures for the separation of radionuclides. Application of 
radiochemical methods in.analytical chemistry. Utilization of radionuclides. Radia-
tion.dose concept. Dosimetry. Chemistry, of uranium. Important fission products and 
the actinides. Radiochemistry and other areas of the nuclear fuel cycle, especially 
radwaste. 
90 h (1/2 exercises): 

Nuclear fuel management at an NPP (on-site) (4.23) 

Goal: To gain knowledge of nuclear fuel management, and increase knowledge 
of its practice at the site of the NPP. 

Safety on criticality. In-core reactor fuel management. In-core refuelling. Spent fuel 
movement and storage. Reactor waste handling. Fuel inventory j accounting, control 
and safeguards. Fuel reprocessing. Radiation protection, control and hazards. 

60 h (1/3 exercises). 

Radioactive material handling (4.24) 

Goal: To acquire the practical skills and knowledge needed to handle radioactive 
material. * 

Production and application of radionuclides. Radioisotope transport and handling. 
Tracer techniques. Radioactive material treatment. Radiation dose. Dosimetry. 
Shielding. Biological effects of radiation. , . 

20 h (.1/2 exercises). . 
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Welding technology (4.25) 

Goal1. To understand and use advanced welding techniques with special methods in 
an NPP. 

Introduction to welding methods. Status of welding technology. Welding QA. 
Welding codes. Special welding methods. 

40 h (1/4 exercises). 

Radiation protection at an NPP and/or at other nuclear facilities (4.26) 

Goal: To gain knowledge of the implementation of radiation protection principles for 
an NPP or other nuclear facilities, including full acquaintance with equipment, 
instruments and methods used. 

Standards and regulations. Technical and organizational measures for different 
facilities. Work organization, radiation work permits. Equipment, instruments and 
methods for radiation situation monitoring at and outside1 the NPP, for normal and 
abnormal operations. Procedures for radiation protection activities during normal 
(including outages, maintenance), abnormal and'accident situations. Biological 
effects of different types of radiation: Radiation doses. Monitoring of dose rates 
inside the NPP and external doses. Monitoring of releases. Recording of individual 
and collective doses. Evaluation of and response to a radiation situation. 

50 h (1/2 exercises). 

7.3. ON-THE-JOB TRAINING AND WORK EXPERIENCE (to reach Level IV) 

For reaching E&T Level IV (Fig. 1), in addition to passing the appropriate 
courses from those listed above (4.1 to 4.28) the technician should have on-the-
plant/job training. Such.training should also provide work experience on nuclear 
plant equipment, systems and processes related to the technician's future job and on 
procedures, rules and practical QA/QC organization. The on-the-job training can be 
performed in the plant in question, in a plant with similar characteristics, as well as 
during the construction and/or commissioning of the plant in question. It has 
proved useful to have the technician participate, whenever relevant, in writing the 
detailed procedures, related to his duties. The on-the-job training in the plant must 
be organized.and monitored by training specialists. This means that the.training goals 
must be defined and met for each category of technician. 

7.4, HIGH LEVEL SPECIALIZED NUCLEAR E&T (to reach Level V) 

The courses listed in Table III(C) and described below provide high ievel 
specialized nuclear E&T for technicians who will perform specific operations, and 
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maintenance functions and tasks, and who must be highly trained, e.g. control room 
operators, supervisors of various technical activities, etc. = These , courses must 
provide the specific and practical specialized knowledge needed to provide the neces-
sary qualifications to perform these complex functions and tasks in the nuclear power 
programme. To attain the required level of E&T qualifications, other plant-specific 
courses may be needed and should be developed. 

Primary heat transport system and auxiliaries (5.1)' 

Goal: To understand the operation and performance of the primary coolant circu-
'"" latiori system in normal and einergericy situations.5 

Integrity of the coolant system. Main and auxiliary equipment. Emergency core cool-
ing systems. Parameter setting and effect of variations. Logic of systems control. 
Failure, of, control. Transient analysis. Chemistry requirements. Heat removal 
parameters. Unusual occurrences. Engineered safety, features. Effects of; fuel 
failures. Protection of coolant pumps. Methods for reducing radioactivity release. 
Methods for diagnosis of plant status. Methods for heat detection.' 

120 h (1/3 exercises, including practical work on a function simulator). 

Reactor control and reactivity mechanisms. (5.2) • . > . • ; . > 

Goal: To acquire theoretical and practical knowledge of operations procedures and 
technical specifications, and the capability to act on the basis of this knowledge 
under various: operating conditions. , . .,;• 

Reactivity feedback and control. Moderator level control. Reactivity control 
mechanisms such as adjuster rod controls and injection of poisons. Dynamic 
behaviour of the NPP. Reactivity.transients. Reactor control. Protective instrumenta-
tion. Power regulation from initial startup to full power. 

120 h (1/2 exercises, including practical work on a function simulator and/or a 
research reactor). •••-••. , , . • • • • • i .' 

NPP steam,generator, feedwater steam and turbogenerator, system (5.3) ., ; , 

Goal: To understand the functioning and interactions of, the systems for steam 
supply, turbogenerator, condenser and feedwater supply,. including their 
equipment. To gain knowledge of the operational procedures and technical 
specifications. 

The steam condenser and its auxiliary system. Demineralized water production. 
De-aerator systems and auxiliary boiler feed pumps. Steam reheating systems. Boiler 
feedwater heaters. Steam generators. Sampling system. Description and functioning 
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of the turbogenerator and its auxiliaries. Emergency feedwater supply. Safety 
valves. Pressure control valves. 

120 h (1/2 exercises, including practical work on a function simulator). 

NPP full scope simulator (5.4) 

Goal: To gain experience on plant systems operations in normal and abnormal 
conditions through a full scope simulator. Learning and use of operating 
procedures. 

Exercises on initial startup, rolling, synchronizing, loading, shutdown and simula-
tion of normal and emergency exercises on the simulator on the NPP systems such 
as the reactor, moderator, heat transport, steam generator, feedwater, turbine, 
generator and electrical systems1. Analysis of transients and accident conditions and 
automatic actions. Operator actions and procedures to bring the reactor to a safe 
condition and maintain this condition. 

240 h (3/4 exercises. Three training periods: normal, incident and accident 
situations). 

Moderator system and its auxiliaries (for PHWR) (5.5) 

Goal: To understand the normal and emergency conditions of the moderator 
system and its effects on reactivity. 

Parameters of control. Interlocking of reactor control and safety system. Main and 
auxiliary equipment. Isolation and shutdown requirements. Unusual occurrences. 
Effect of power failure. Emergency operations. Precriticality tests. Determination of 
minimum critical level. 

60 h (1/3 exercises, including practical work on a function simulator). 

Radiation protection in the event of an accident (5.6) 
Goal: To learn how to quantify radioactive releases in the event of an accident. 

Monitoring external doses by carrying out relevant procedures. Use of meteorolo-
gical information. External materials sampling and external measurements. Evalua-
tion of external radiation situation.. 

40 h (1/2 exercises). 

-76 



Chapter 8 

NUCLEAR SCIENCE AND ENGINEERING LABORATORY 

• For the laboratory work entailed in nuclear and nuclear related E&T it is neces-
sary to have suitable facilities and equipment. Below are defined the categories of 
experiments which a nuclear science and engineering laboratory should cater for. 
Section 8.2 lists the basic equipment required for such a laboratory; Section 8.3 
provides a list of equipment needed for more specialized nuclear E&T, whilst 
Section 8.4 lists specialized facilities needed. 

8.1. LIST OF EXPERIMENTS 

8.1.1. Radiation detection 

NL'- l : Geiger-Muller counterstop. Establishing the plateau, efficiency and dead 
time (NEq2-l, 2, 3). 

NL-2: Proportional counters. Establishing the operational high voltage range of 
proportionality between particle energy and pulse height for neutrons for 
gas-filled and scintillation counters (NEq-4-7). 

NL-3: Ionization chambers. Measurement of the characteristics of a differential 
chamber discriminating between neutrons and gamma rays (NEq-6, 8, 9). 

8.1.2. Radioactivity 

NL-4: Artificial radioactivity. Buildup of radioactive nuclei in nuclear reactions 
induced by neutrons (NEq-1, 6, 10). 

NL-5: Radioactive decay. The follow-up of radioactivity of a mixture of radio-
nuclides (NEq-1, 6, 10). 

NL-6: Neutron detection through neutron induced radioactivity. 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, 13, 15). 

1 NL — Nuclear Laboratory. 
2 NEq = Nuclear equipment as listed in Sections 8.2, 8.3. 
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8.1.3. Radiation absorption 

NL-7: Transmission of gamma rays through materials. Determination of the 
attenuation factor for gamma rays in lead, iron and aluminium 
(NEq-8, 12, 14). 

NL-8: . Transmission of neutrons through materials. Determination of the attenua-
tion factor and of the total .cross-section for thermal neutrons for uranium, 

. nickel, etc. (NEq-6, 7, 13).. 

8.1.4. Reactor physics 

These experiments will be carried out at the reactor. 

NL-9: Approach to criticality of a nuclear reactor. 
NL-10: Reactor power calibration using calorimetry (NEq-27). 

8.1.5. Reactor dynamics 

These experiments will be carried out at the reactor.. 

NL-11: 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, with or without one or more feedbacks (NEq-19). 

NL-12: Calibration of reactor control rods by asymptotic time constant (reactor 
period) and rod drop methods. A simulator may be used (NEq-19). 

NL-13: Void reactivity coefficient of a reactor. Measurement of the reactivity 
response to the introduction of voids in the reactor moderator. 

NL-14: Xenon poisoning of a nuclear reactor. Establishing the influence of 135Xe 
on reactor reactivity. A simulator may be used (NEq-17). 

NL-15: Operation of a research or experimental reactor — startup, power rise, 
power reduction, automatic power regulation. 

8.1.6. Radiation protection 

NL-16: Characteristics of radiation survey instruments (NEq-2, 6, 8, 21-25). 
NL-17: Radiation fields around a gamma ray emitter (NEq-8, 20-22). 
NL-18: Radiation fields around a neutron emitter (NEq-6, 23). 
NL-19: Detection of contaminating material (NEq-2, 5, 8, 21, 22). 
NL-20: Buildup factor for gamma shields. By increasing the thickness of the gamma 

shield, establishing the discrepancy from the exponential attenuation law 
(NEq-8, 11). 
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NL-21: Streaming of gamma rays. Establishing the penetration, of gamma rays 
through openings and gaps in the shield (NEq-8, 11). 

NL-22: Buildup factor for fast neutron, shields. By increasing the thickness of the 
neutron shield, establishing the. discrepancy from the exponential attenua-
tion law (NEq-6, 11). 

NL-23: Streaming of fast neutrons. Establishing the penetration of neutrons through 
openings and gaps in the shield (NEq-6, 11). 

8.1.7. Nuclear chemistry and metallurgy 

NL-24: Effect of radiation on chemical bonds and determination of dosage by irra-
diation of aqueous redox systems and organic substances (NEq-8, chemical 
laboratory instruments). 

NL-25: Radiation effects on solids, detected by the change in electric properties 
(NEq-25). . . . . . 

NL-26: Decontamination of objects (NEq-21,'22, 24, 28). 
NL-27: Hot cell work. Techniques for working with high activity gamma and alpha 

radiation sources (NEq-5, 8, 18, 26). 
NL-28: Activation analysis (NEq-14). 

8.1.8. NPP electrical system 

NL-29: Testing the simulation of an NPP electrical power system via a laboratory 
simulator (NEq-35-40, 43). 

NL-30: Testing the starting and load torque characteristics of induction motors for 
coolant circulation (NEq-40). 

NL-31: Studying the actuator characteristics (NEq-41). 
NL-32: Study of remote control scheme for reactor-equipment such as valves, 

pumps, fans, blowers, etc. (NEq-42). . 

8.1.9. NPP mechanical systems 

NL-33: Study of pump load flow characteristics and maintenance details (NEq-44). 
NL-34: Study of special motors and pumps for heavyTwater systems (NEq-45),. 
NL-35: Maintenance of nuclear system valves (NEq-46). . . -
NL-36: Heat exchanger characteristics (NEq-47). 
NL-37: Turbine characteristics and study of steam, conditions and-turbovisory 

parameters (NEq-48, 50).-
NL-38: Testing and maintenance of diesel engine (NEq-49). • 
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8.1.10. NPP reactor control systems 

NL-39: Study of safety logic of reactor (NEq-51). 
NL-40: Microprocessor applications in nuclear systems (NEq-52). 
NL-41: Study of reactor controls (NEq-53, 54). 
NL-42: Study of valve characteristics in reactor control (NEq-55). 

8.1.11. NPP fuelling machines systems 

NL-43: Study of computer control of fuelling operations (NEq-56-58). 

8.1.12. Welding systems 

NL-44: To check weld quality in nuclear systems equipment (NEq-59). 

8.1.13. Chemical systems 

NL-45: Analysis of inorganic and organic material. 
NL-46: Water analysis. 
NL-47: Plant analysis. 
NL-48: Soil mechanics. 
NL-49: Chemical dose measurement. 
NL-50: Stable isotope analysis. 

Remarks: 

NL-1 to NL-10 can be used with courses 3.1, 3.5, 3.6, 4.3. 
NL-11 to NL-15 can be used with courses 3.2, 4.5, 4.. 12, 4.16 (NL-11 to NL-14 

only for category OT). 
NL-16 to NL-26 can be used with courses 3.6, 4.1, 4.3, 4.6, 4.8, 4.18 (NL-17 

to NL-25 only for category RPT and OT). 
NL-24, 25, 27, 28 can be used with course 4.1. 
NL-24, 25 can be used with course 4.8. 
NL-29 to 32 can be used with courses 4.14, 4.20. 
NL-33 to 38 can be used with courses 4.15, 4.20. 
NL-39 to 42 can be used with courses 4.2, 4.5, 4.12, 4.13, 5.2. 
NL-43 can be used with course 4.19. 
NL-44 can be used with courses 4.9, 4.10, 4.16, 4.22. 
NL-45 to 50 can be used with courses 4.1, 4.4, 4.6, 5.1, 5.5. 
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8.2. LIST OF BASIC EQUIPMENT FOR A NUCLEAR SCIENCE AND 
ENGINEERING LABORATORY 

NEq-1. End-window Geiger-Miiller counters with appropriate electronic and 
other ancillary equipment 

NEq-2. Pure beta emitters 
NEq-3. Beta ray absorbers 
NEq-4. Gas flow proportional counter with appropriate electronic and other 

ancillary equipment 
NEq-5. Alpha ray emitters 
NEq-6. Neutron source, bare or in moderator (water, paraffin, graphite) 
NEq-7. BF3 proportional counter with electronic and other ancillary equipment 
NEq-8. Gamma ray sources 
NEq-9. Ionization chambers with appropriate electronic and other ancillary 

equipment 
NEq-10. Neutron activation foils 
NEq-11. Scintillation counter with appropriate electronic and other ancillary equip-

ment, and phosphors 
NEq-12. Gamma ray absorbers 
NEq-13. Neutron absorbers 
NEq-14. Gamma ray multichannel analyser 
NEq-15. Neutron moderator block 
NEq-16. Cadmium covers 
NEq-17. Xenon poisoning simulator 
NEq-18. Glove box for alpha work 
NEq-19. Reactor dynamics simulator 
NEq-20. Thermal luminescence dosimeter 
NEq-21. Geiger-Miiller survey instruments 
NEq-22. Ion chamber survey instruments 
NEq-23. Neutron detector survey instruments 
NEq-24. Scintillation detector survey instruments 
NEq-25. Electric conductivity meter 
NEq-26. Master-slave-type gamma facility 
NEq-27. Calorimeter 
NEq-28. Decontamination equipment 
NEq-29. Chemical hood 
NEq-30. Chemical balance 
NEq-31. Distilling water apparatus 
NEq-32. Water bath 
NEq-33. Ion exchange column 
NEq-34. Electric furnace. 
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8.3. LIST OF EQUIPMENT FOR SPECIALIZED NUCLEAR E&T 

For emergency power 
supply distribution 
in NPP 
(simulated) 

8.3.1. Electrical laboratory 

NEq-35. Motor generator set 
NEq-36. Diesel generators 
NEq-37. Batteries 
NEq-38. Inverters 
NEq-39. Chargers 
NEq-40. Motors for reactor systems 
NEq-41. Motorized valve actuators for reactor-systems 
NEq-42. Remote control panels . , 
NEq-43. Emergency and automatic transfer logic simulator. 

8.3.2. Mechanical laboratory 

NEq-44. Centrifugal pumps for coolant circulation 
NEq-45. Canned rotor pumps for heavy-water systems 
NEq-46. Valves in reactor systems 
NEq-47. Heat exchangers 
NEq-48. Turbine model for nuclear steam conditions with turbovisory instrumen-

tation 
NEq-49. Diesel engine 
NEq-50. Bearings — pumps, turbine, engines. 

8.3.3. Instrumentation and control laboratory 

NEq-51. Simulator for reactor protection system logic 
NEq-52. Microprocessor for data acquisition system 
NEq-53. Reactor process instrumentation 
NEq-54. Controllers 

Transmitters f Reactor control 
Sensors J 

NEq-55. Control valves in nuclear systems. 

8.3.4. Fuelling machine laboratory 

NEq-56. Fuelling operation and control simulator • . 
NEq-57. Real time computer control of fuelling operations — simulator 
NEq-58. Sequential logic trainers. 
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8.3.5. NDE Laboratory 

NEq-59. Testing equipment for checking welding quality in nuclear piping systems: 
Ultrasonic tester 
Eddy current tester 
Radiography analyser. 

8.3.6. Chemical laboratory 

NEq-60. Gas chromatography 
NEq-61. Atomic absorption flame spectrometer 
NEq-62. Mass spectrometer 
NEq-63. Tritium enrichment system 
NEq-64. Multichannel analyser 
NEq-65. Liquid scintillation counter. 

8.4. OTHER FACILITIES FOR HIGH-LEVEL SPECIALIZED NUCLEAR 
COURSES 

NEq-66. Nuclear specialized laboratory 
NEq-67. On-site laboratories for high-level specialization 
NEq-68. Function simulators 
NEq-69. Full scope simulators 
NEq-70. Nuclear training centre laboratory. 

N.B. While function simulators are highly desirable, full scope simulators are 
considered absolutely necessary for providing the required level of E&T 
qualifications for certain specialized categories of technicians. 
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Chapter 9 

MECHANISMS FOR EDUCATION 
AND TRAINING IMPLEMENTATION 

9.1. EDUCATION AND TRAINING 

Basic and specialized E&T activities take place in national or regional nuclear 
centres as well as in (nuclear) power plants and industry. Laboratory and practical 
work is emphasized and, for operations personnel, training on simulators. The 
special characteristics and content of nuclear specialization education are outlined in 
Chapter 7, and examples of nuclear oriented E&T for technicians are given in 
IAEA-TECDOC-532, which accompanies this book. 

The nuclear industry is characterized by more stringent safety and quality 
requirements than those which are normal in conventional industry, e.g. as regards 
accuracy of measurements, safety and environmental specifications, radiation dose 
limits, and quality of materials used for component fabrication. For this reason, 
special efforts will have to be made to educate and train qualified technicians who 
are aware of and can deal with the specific characteristics and requirements of 
nuclear energy. 

Special task-specific nuclear E&T, which generally follows the specialized 
nuclear E&T discussed in Section 7.3, has to be oriented towards specific tasks and 
is generally provided by the industries/organizations in charge of the associated 
nuclear power programme activities, e.g. component fabrication; NPP construction, 
operations and maintenance; safety analysis; radiation health physics. A nuclear 
training centre can also play a valuable and unique role in providing such E&T. This 
training may be implemented in different ways. 

Nuclear supply contracts with vendors can be utilized effectively to contract 
for appropriate specialized training for technicians, and also for teachers/trainers of 
technicians, which vendors are in a unique position to provide. The vendor's capabi-
lity and experience in providing technician E&T should be assessed and taken into 
account when negotiating this aspect of the supply contract. 

For those industries where the quality of work is fundamental, technicians are 
trained first in laboratories in conditions without radiation (clean conditions), without 
a real operational environment and in relative isolation from other devices and 
equipment. 

Those who will have to operate nuclear power plants are trained on simulators 
in conditions which are as close as possible to those they will encounter in their 
future work. 

Another kind of specialized training is 'shadow training' (work under super-
vision), which can play an important role in training programmes. Trainees learn to 
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perform activities and manipulations required for their future tasks on devices and 
machines in operation, but under the constant supervision of a licensed expert. The 
extent of this training period must be clearly determined in order to cover all 
expected future tasks and functions of the trainees. Evaluation of the training is made 
by the instructor. Another training procedure often used in many industries in on-the-
job training. In this case the trainee acquires practical work experience by working 
in the job and in the place for which he has been prepared. Evaluation of trainees 
is made by the head of the team in which he is working. Through such on-the-job 
training, a trainee learns: 

— to perform duties without supervision 
— to fulfil demands on the job in all their complexity and in accordance with rules 
— teamwork. 

Trainees are expected to pass a final examination or examinations for certifica-
tion or licensing, before becoming qualified to work in the nuclear power 
programme. " 

9.2. TEACHING/TRAINING FACILITIES 

The many complex technical facilities and other resources needed for the 
proper E&T of technicians for a nuclear power programme will add significantly to 
the cost of good E&T. Good technical schools and other organizations (such as 
nuclear training centres or the nuclear industry) need to have laboratories with 
modern equipment and with highly qualified and motivated teachers and trainers. 
There should be no cutting of costs by reducing financial and other resources for 
nuclear E&T; the costs amount to only a few per cent of the costs of a nuclear power 
programme and an NPP, and are one of the most essential, critical and cost effective 
investments in the entire programme. Lack of sufficient, properly educated and 
trained personnel will affect negatively the reliability and safety of the NPP, as well 
as increasing the costs of each activity associated with the nuclear power programme. 

All E&T activities should be a part of a well-structured programme and are 
closely interrelated. These activities should aim to cover the whole range of specific 
techniques necessary to perform in the best possible way the given tasks/functions 
for which a technician is being trained. 

The main purpose of training facilities is to provide basic specific technical and 
technological knowledge and the appropriate skills. This will enable the trainee to 
become familiar with the equipment in operation and facilitate his relationship with 
qualified personnel at the same or higher level. The character of technicians' work 
requires especially an ability to work in a man-machine interface system. Therefore 
a large effort and adequate resources should be devoted to training activities with 
various items of equipment, machines, computers, etc. Training in special labora-
tories permits trainees to become familiar with machines and equipment without 

85 



radiation and other dangerous phenomena, and relatively cheaply. One of the impor-
tant goals of using technical training facilities is to train technical personnel to work 
in the safest and most efficient way under the given conditions. Technical training 
facilities can also be used to teach trainees how to act/react in both normal and abnor-
mal situations concerning the construction, operation, maintenance and repair of 
complex nuclear power facilities. 

The main objectives of technicians' training are for them: 

— to understand thoroughly the function of nuclear power plant systems 
— to see which interactions should exist between the different systems 
— to assimilate principles and techniques of automation involving analogue 

systems and logic 
— to learn how to decode and interpret the data supplied 
— to know how to use the different means of control available. 

A very important aim of training concerns the professional adaptation of 
technicians, to facilitate their integration into new surroundings and to prepare them 
for their tasks. Special attention should be given to personnel who work in a 
controlled area. It is essential for them to have the best possible technical and other 
qualifications, so that their work is of the highest quality and carried out as speedily 
as possible. 

For non-operations technicians personnel, the characteristic features of techni-
cians' specialization E&T emphasize laboratory practicals and practical work in 
industry throughout the whole period. On the basis of the experiences of various 
countries in the E&T of technicians, technicians' laboratory practicals (in all the 
disciplines, including specialized subjects) should account for 25-40% of total time 
spent in training. This can vary depending on the task, the individual and the country 
involved. 

9.3. NUCLEAR TRAINING CENTRES 

Given the kind of E&T required, there are many advantages in setting up a 
nuclear training centre, and in locating it close to a nuclear power plant of the same 
kind as that where the trainees will work. In this way the teaching/training staff of 
the centre can maintain close contact with the plant, which is essential for plant-
specific training and ensures that each change in the characteristics and systems of 
the plant or in its operational procedures will be reflected immediately in the training 
programmes. A nuclear training centre may also be separated from a nuclear power 
plant, when the plant's location makes it difficult to accommodate trainees. The size 
of a training centre, the kind of training it provides and its location depend on the 
nature, size and role of the national nuclear power programme, and will vary from 
one country to another. However, it is not efficient and not good for the quality of 
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training to set up training centres which are too large and whose management will 
be difficult and expensive. 

Other important reasons for setting up a nuclear training centre are: 

— Centralization of expensive equipment and machines for most effective and 
efficient use. The equipment of a nuclear training centre generally includes a 
function simulator, a full scope simulator and many teaching aids which are 
necessary for a high level of teaching/training. 

— A focal point, where a staff of highly qualified teachers/trainers can be 
gathered together. Such a focal point is needed for high quality training. The 
team of instructors will be able to study, test, evaluate and develop training 
programmes, methods and materials, which can be constantly adapted to the 
needs of utilities and industry. But the task of these training centres will not 
be limited to the training of new staff. 

— Continuing education via short sessions of refresher courses for people 
working in nuclear utilities and industries, to maintain their high qualification 
and give them information and training needed to cope with the constant and 
rapid evolution of technology, equipment and operational methods used in the 
nuclear industry. 

The centre should cater to the basic training and retraining needs of the plant 
personnel in the areas of commissioning, operation, maintenance, chemistry, radia-
tion protection and reactor physics. To do this, and to implement the E&T of 
technicians in the most efficient and effective way, it will be necessary to have the 
following facilities. 

9.4. CONVENTIONAL FACILITIES 

Electrical shop • 
Mechanical and millwright shop 
Welding shop 
Instrumentation and control shop 
Computer training facility 
Radiation laboratory (reactor and health physics) 
Chemistry laboratory 
Library and audiovisual laboratory 
Classrooms. . 

These facilities are used to provide: 

— The basic theoretical and practical training needed before on-the-job training 
on conventional plant equipment and processes (to reach Level II) 

— Training on nuclear plant equipment and processes before taking specialized 
nuclear courses (to reach Level III) 
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— Continuing education for refreshing, retraining and upgrading knowledge and 
skills for qualification programmes for operations, licensing and maintenance 
purposes. 

9.5. SIMULATORS 

Simulators are used to provide special training for control room operators, to 
achieve the necessary/desirable level of qualifications and to meet licensing require-
ments. The simulator enables the training of control room operators not only for 
normal operations but also for dealing with incident or accident situations. There are 
two kinds of simulators: 

— Function simulators: These simulators are a part of the installation — e.g. 
nuclear training centre — and reproduce exactly the selected functions of an 
NPP, enabling the training of operators for particular functions. They are used 
before the first courses on full scope simulators, and also to retrain operators 
in order to maintain their knowledge and skills on special systems and special 
automation. 

— Full scope simulators: These simulators are a replica of a control room and 
reproduce the functions of a complete NPP in real time conditions. They are 
mainly used to train control room operators for normal operations and also to 
deal with incident or accident situations. They are also used for the subsequent 
retraining of operations personnel. 

Simulator training requires a relationship of confidence between the trainees 
and the instructor. The instructor has to know the E&T and professional background 
of the individual trainees, their personal characteristics, and the place they will 
occupy in the (work of the) larger organization. Essentially, they should be able to 
recreate the life of the NPP on the simulator. 

To achieve these goals, the instructors have to receive special pedagogical 
training. A good classroom teacher is not necessarily a good simulator instructor. 

The use of such a tool is not so easy when its technical limits have been 
reached. Simulator instructors must, of course, know perfectly the operation and 
safety procedures of the NPP. An instructor has to know what is possible to simulate 
and what is not possible. Each simulator has its own possibilities in accordance with 
the computerized mathematical models. Beyond this, the information available in the 
control room is not representative of the reality of the NPP operation. 

Simulator maintenance must be organized with QA and QC methods. These 
methods have to be used when it is necessary to update the mathematical model of 
the simulator computer. Generally,, a simulator has a reference unit, but some 
modifications always exist in the actual NPP, so the training centre and the 
instructors must be aware of the differences which exist between the actual NPP and 
the simulator. 
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Simulators are used not only for training but also for developing and testing 
safety procedures. The validation of emergency procedures may be realized on a 
simulator by actual operation shifts, assisted by simulator instructors and by special-
ized engineers. Such validation campaigns are very important for improving the 
knowledge and skills of instructors and trainees and for keeping the training centre 
up to date. 

9.6. TRAINING PROCESS 

The training process, which normally lasts 1.5 to 2 years, emphasizes topics 
on NPP operation, maintenance, commissioning, reactor physics, health physics and 
chemistry. 

The training courses are designed by qualified training professionals (generally 
engineers qualified to be training officers). 

The courses are taught by them, assisted by training instructors (with the level 
of higher technicians). The course design comprises: 

— Induction and orientation 
— Fundamentals 
— Basic skills (equipment) 
— Operations/maintenance skills — NPP. 

The maintenance personnel undergo a conceptual and shop floor training 
programme on the skills and equipment involved, along with systems knowledge. 

The operations training is mainly based on equipment concepts, and on opera-
tional skills on systems and equipment, supplemented finally by simulator training. 

9.6.1. Contents of training 

Phase A: General exposure to fundamentals of power plant equipment, radia-
tion protection, reactor principles and types, electrical, mechanical and control 
equipment, nuclear and conventional safety; acquisition of skills. 

Phase B: On-the-job training to familiarize the trainee with location of equip-
ment; organization and work methods; purpose and design of the technological 
installations; and operation and maintenance of nuclear and conventional systems and 
equipment. 

Phase C: Detailed study of NPP systems and equipment at the training centre. 
Normal and abnormal (incident and accident) situations. 

Phase D: Training on an NPP simulator. 

— Normal operations 
— Incident and accident operations 
— Control room activities. 

Phase E: Final examinations/interview. 
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The training methodology should make extensive use of information techno-
logy, in particular computer-aided instruction, video cassettes etc., as well as of 
audiovisual aids. Training materials required for specific needs should be prepared 
by the training officers/instructors supported by relevant textbooks, manufacturer's 
manuals, operations and maintenance reports, and commissioning documents. 

It is most important to note that there is no question of training the operators 
to perform reflex actions, which are considered to be incompatible with safety. On 
the contrary, the aim is to assist them to acquire as complete a mastery as possible 
of the operations of the nuclear power plant such as they could encounter in the 
control room, i.e. normal and abnormal conditions, incidents and accidents. The 
operator trainees learn the best way to act in such situations, thus increasing the 
safety and availability of the nuclear power plant. Only a thorough knowledge of the 
functioning of the plant as a whole, of its various elements and systems, and of their 
interactions (knowledge acquired before training on the simulator) can enable the 
operator trainee to synthetize a situation and foresee its probable development and 
consequences. The aim is to develop self-control and self-confidence in the opera-
tors, qualities essential to the fulfilment of their duties under all possible conditions. 

9.7. EVALUATION, AND QA/QC PROCEDURES FOR ASSESSING THE 
E&T PROGRAMME 

(1) Evaluation is being given increasing attention in order to decrease costs and 
increase motivation. This is accomplished e.g. by developing and using perfor-
mance indicators such as plant availability (for operations and maintenance 
personnel) and reduction of radiation doses. Formal final evaluations are made 
by the E&T institution or the NPP and/or by an outside body. Continuous 
evaluations are performed by the instructor. The aim should be the evaluation 
of all E&T activities. 

(2) It is important to use QA/QC procedures to monitor, control, and correct 
where needed, E&T in progress, in addition to evaluating the final product/out-
comes of such E&T. 
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