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Training of scientific and technical manpower is an important
activity in any developing country. Manpower planning is connected
with the industrial base and socio-economic factors and the infrastruc-
ture available in the educational sector. In the area of manpower
development for industries other than nuclear technology, one could
depend upon expansion of the existing educational programmes. How-
ever, nuclear technology is quite different in many aspects. In the
developing countries a nuclear programme very often symbolizes in-
troduction of modern science and technology both in its fundamental
and applied aspects. It is, therefore, necessary to have a broad
based planning for the manpower training in all its aspects for a
successful implementation of nuclear power programme.

In India, manpower training for the nuclear power programme
started several years before the introduction of nuclear power plants.
Early efforts were concentrated on developing manpower in basic
sciences related to nuclear energy, for example, nuclear physics,
nuclear chemistry, metallurgy of nuclear materials, aspects of chemi-
cal engineering, etc. The setting up of the research organization,
viz. Atomic Energy Establishment, Trombay in 1957, now named the
Bhabha Atomic Research Centre was an important step in this direc-
tion. A programme of design and construction of research reactors
and their utilization formed the backbone of manpower development.

The Indian experience with nuclear reactors dates back to mid-
fiftees when the first research reactor - Apsara (lMWt), a swimming
pool type of reactor was designed, constructed and made critical by
a group of engineers and scientists at Trombay v/ithout any external
help except for the fuel elements. This was followed in I960 by two
other research reactors - Cirus (40 MWt) and Zerlina (a zero energy
reactor) both of heavy water type. The engineers and scientists who
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took part in the design, construction and operation of these reactors
later formed the core of the group which was assigned to build the
nuclear power stations.

BARC Training School

To cater to an expanding programme of providing a» infra
structure for development of peaceful applications of nuclear energy, it
was necessary to step up the manpower development programme. The
next step was, therefore, to establish a Training School in the Bhabha
Atomic Research Centre in which fresh graduates in science and engi-
neering from the universities could be recruited and given courses both
in their own discipline and in other interconnected disciplines of
nuclear science and technology.

About 200 outstanding young graduates in scionc~ and engineer-
ing are recruited annually for admission to the Trairmg School in the
disciplines of Physics, Chemistry, Biology & Radiob:ology, Engineer»
ing (Chemical, Mechanical, Electrical & Electronics) and Metallurgy.
The method of recruitment to the Training School after an interview
where the candidates are examined by a group of scientists and engi-
neers has been found very effective. An inter-disciplinary approach
with teaching by working scientists and engineers and the attachment
of the trainees for short psriod§_tq, tiré, vç&e&tch laboratories hae been
the framework of this training "programme.

This method of building up staff does not draw away senior
persons from the universities but on the contrary gives training,
employment and opportunities to young graduates passing out of the
universities.

The trainees are housed in a 14 storeyed hostel building at
Trombay Township. They are provided with facilities like library,
club, sports, medical attendance, etc. To foster community living
and facilitate discussion among the trainees on the topics covered in
the course, boarding and lodging at the hostel are made compulsory.

Selection Procedure^

Applications for admission to the Training School are invited
every year through advertisements in all the leading newspapers in
India. The applications numbering over 6000 are screened by compu-
ter and applicants possessing the requisite qualifications are called
for interview. These candidates are interviewed by selection commi-
ttees which grade the candidates into various categories on the basis
of their performance at the interview.

Candidates securing rA' grading only are considered eligible for
admission to the Training School. The interviews are conducted by the
selection committees in such a way as to test the intelligence, the
method of approach and the fundamental knowledge of the candidate
rather than his memory power.



^raining Programme

The aim of the training programme is primarily to strengthen
the knowledge in the basic subjects as well as induct the trainees into
nuclear science and technology in a broad sense emphasising the inter-
play of various disciplines. For this purpose the trainees in each of
the disciplines are exposed to some of the important features of the
other disciplines. For instance, a fairly good course in mathematics
is given to all the trainees, the chemists are exposed to more modern
physics and the engineers to various aspects of fundamental physics
and chemistry. BARC could undertake such a programme because of
the large number of senior scientists and engineers who could teach
using inter-disciplinary approach. About 300 senior scientists and
engineers of BARC and other units of DAE take part in the teaching
work of the Training School every year. All the trainees are given
courses in Nuclear Physics, Electronics, Radiation Physics, Reactor
Physics, Health Physics, etc. to orient them to the specific nature of
atomic energy programme.

The final evaluation of trainees is based on their overall per-
formance in all the written and viva-voce tests and the practical exa-
minations held during the course of the training period.

Placement

On successful cor.ipletion of their training, the trainees are
absorbed in BARC and oDher DAE units. The trainees are required
to sign a bond to serve the Department of Atomic Energy for a mini-
mum period of three years. They work with senior scientists and
engineers in those Divisions or Projects and get on-the-job training
and experience before they are assigned full responsibility.

Training in reactor operation and maintenance for graduate
engineers for Reactor Operations Division, BARC and for Power
Projects also has been organised by the Training School since August
1972. The basic courses for these trainees have been given during
the first six months along with the engineering trainees of the
Training School and after the basic courses, they have been given
on-the-job training in the Reactor Operations Division and other con-
cerned Divisions of BARC.

The Training School is now running its 20th course and has
been the main source of manpower for the various units under the
Department of Atomic Energy. Talented young graduates who passed
out through the Training School all these years constitute 65% of the
scientists and engineers in BARC and other units/projects of DAE and
are playing a key role in applying the modern technology to our
country's growth especially in the field of nuclear energy. Quite a
few of them have risen to the level of Heads of Divisions/Sections in
BARC and equivalent levels in other units of DAE. Two thousand
seven hundred ninety two trainees have passed out of the Training



School so far and 202 trainees are now undergoing training in the 20th
course of the Training School. Table I shows their discipline-wise
distribution.

Other Training Programmes in BARC

In addition, there is considerable effort in training personnel
for a proper control on the use of radiation and in helping to expand
use of radioactive sources in industry, medicine and research. The
Division of Radiological Protection in BARC conducts a one-year
course for radiologists from hospitals and isotope users. Here they
train the participants in the basic principles of radiation protection
with specific examples of the procedures adopted in various uses.

The Isotope Division at BARC imparts training in radiography
techniques and in the handling of radioisotopes for usage in the fields
of industry, medicine, agriculture and research. This training is for
a shorter period of time mainly for training technicians for handling
radioactive sources. This is conducted normally once or twice a year
according to demands.

With the commissioning of the Tarapur Power Station, the need
for trained engineers for operation and maintenance of power stations
increased rapidly. In addition to the training programme in BARC»
special training in the maintenance and operation of systems in the
power station was arranged locally through lectures based on operating
manuals and field training. This is required especially for the non-
nuclear areas. Often fresh engineers require as much as an year's
training before they could be given responsibilities in operation and
maintenance. The manpower needs of a nuclear power station fluctua-
te often requiring very large manpower during refuelling operations,
because it is only at this time in addition to the work load on refuel-
ling, a lot of maintenance jobs in certain areas could be carried out.
Often people from other agencies at technical level had to be brought
in to minimise the down time of the reactor. Such people had to be
familiarised with the jobs in order to minimise exposurs to radiation.
Mock-up of installations and training in these mock-ups are necessary
in order to achieve the best results.

Nuclear Training Centre at RAPP

With the expansion of the nuclear power programme, it became
necessary to evolve a training programme primarily for the technici-
ans and craftsmen and specialist engineers required for the operation
and maintenance of the nuclear power stations. Though the BARC
Training School provided trained engineers and scientists required for
the design and construction of the power stations, a separate training
centre became necessary to train the large number of personnel re-
quired for the operation and maintenance of these stations. A training
centre was, therefore, opened at the Rajasthan Atomic Power Project
to train the operation and maintenance staff. Efforts have been made
to select the right type of persons and train them properly, so that



they could man the power stations efficiently. The selection of tech-
nicians and craftsmen is done on the basis of their performance at
written tests, trade tests and interviews.

The training programme is designed so that a person acquires
the competence required to fill a particular position. Emphasis is
laid on the nuclear safety and reliability aspects. The training at the
Centre is programmed at different levels to cater to the needs of
power stations.

The engineers and scientists are given theory courses to attain
a reasonable level of understanding in Nuclear Theory, Nuclear Mate-
rials, Nuclear Power Plant Engineering, Instrumentation and Control,
Radiation Protection, Nuclear Safety and Nuclear Fuel Management
followed by on-the-job training at the Nuclear Power Station.

The operational engineers undergo a qualification programme
consisting of written examinations, field tour and an interview before
they are licensed to operate a nuclear power station as shift-in-charge
engineers.

The training of craftsmen lays considerable emphasis on the
skills and they are given workshop training in their respective fields.
They are trained as mechanical maintainers, electrical maintainers
and control maintainers.

There are a large number of technical institutes in India, but
they do not yet offer the type of courses that go into making a techni-
cian or a craftsman suitable for a nuclear power station. However,
for maintainer category of persons only those who have undergone the
technical training are employed although it is necessary to train these
persons further to make them suitable for the specialised jobs.

Operators (plant attendants) are mainly trained on the plant
systems. The technicians, the craftsmen and the operators are also
given theory courses in Nuclear Engineerings Radiation Protection,

Safety of Nuclear Reactors, etc. at a lower level.

Like the operational engineers, the control room operators are
also qualified by means of written examinations, field tours and an
interview before they are licensed to operate the station controls.

All the trainees undergo six months training at the Centre
followed by 18 months on-the-job training at the nuclear power station.
Emphasis is thus laid more on actually doing the job rather than
class-room training. Evaluation of the trainees is done both by
written examinations and by observing the work of the trainees in their
respective fields. Their on-the-job training is continuously monitored
by check-lists. This ensures that the person is trained to carry cut
the work in the existing environment rather than in the training shops.
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The training staff prepare the detailed syllabi, plan the lessons,
arrange the sequence and periods and prepare the training aids. The
instructors are continuously in touch with the trainees to ensure that
sufficient personal discussions take place to correct the situation in
time and to improve the quality of training. Feed-back reports from
the trainees are also obtained in order to improve the training pro-
gramme.

The training programmes for technicians and craftsmen take
into account the present conditions existing in the country. India still
has an agriculture based economy and persons coming with such a
background may not have learnt the industrial discipline. Absenteeism
is frequent and persons are not time conscious. They may stay away
from work to fulfill their social obligations which they consider more
important.

Training is a continuous activity. All persons who have under-
gone training are also taken for retraining at definite intervals to
ensure their continued familiarity with the systems and for updating
their information. Such retraining is also done whenever any new
equipment is introduced or when major design or operational changes
are made in the procedures.

The training centre's programme is geared to heavy water
reactors, the system that is being adopted in this country for the
nuclear power stations. So far, nearly 450 technicians and craftsmen
have been trained in the Nuclear Training Centre in addition to quali-
fying several engineers and control operators. For a pressurised
heavy water type nuclear power station consisting of two units of 200
MW(e) each about 500 man-years of training are required for opera-
tion and maintenance personnel. This does not include man-years re-
quired for re-training and additional training consequent to change of
operating procedures and design modifications. Table II shows
the courses conducted at the Nuclear Training Centre. In addition to
the existing id. ilities available at the Nuclear Training Centre, a
nuclear powe plant simulator of our own design and using a computer
manufactured in India is also being installed for imparting effective
training for the operating personnel since training on control panels
for normal operation and emergency procedures would be difficult, in
an operating station.

In developing countriess manpower training has to be a continu-
ous activity in order to minimise the effects of brain drain. Training
imparted in local environment is a necessity in order to obtain the
best results.



TABLE I

B.A. R.C. TRAINING SCHOOL

Discipline -wise distribution of graduates of the Training School
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1st
2nd
3rd
4th
5th
6th
7th
8th
9th
10th
llth
12th
13th
14th
15th
I6th
17th
18th
19th

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Total

54
55
62
51
46
48
70
33
29
32
23
36
37
28
31
23
22
28
23

731

37
48
37
41
31
24
44
37
33
24
14
25
21
14
16
14
13
25
17

515

26
14
15
9
26
15
17
27
36
35
31
35
38
43
33
34
47
47
36

564

23
23
7
9
13
13
3
7
9
5
4
10
13
7
20
23
15
18
18

240

10
9
11
3

22
3
2
7
6
9
7
24
8

24
28
19
15
21
29

257

-
-
-
5
11
6
1
7
4
13
11
18
18
38
25
16
16
13
13

215

-
3
3
13
11
5
1
7
2
5
11
7
10
8
11
6
6
10
8

127

-
-
-
-
-
-
-
-
-
-
-
-
-
-
11
6
6
8
9

40

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

;Î5

30
26
22

103

150
152
135
131
160
114
138
125
119
123
101
155
145
162
175
166
170
195
175

2792



TABLE II

COURSES GIVEN AT NUCLEAR TRAINING CENTRE, RAJASTHAN ATOMIC POWER STATION
ANUSHAKTI, KOTA, RAJASTHAN, INDIA

S. NO. DESCRIPTION

OPERATIONAL/
MAINTENANCE
ENGINEERS'
COURSE

LENGTH
OF

COURSE

2 YRS

ELIGIBILITY

Graduates in
Mechanical,
Electrical,
CUemical or
Electronics
Engineering

FREQUENCY

Once a year

CONDENSED SYLLABUS
LANGUAGE

OF
TRAINING

REMARKS

Advanced level courses
in Nuclear Theory;
Nuclear Materials;
Nuclear Power Plant Engg.
Instrumentation & Control;
Radiation Protection
Nuclear Safety; Nuclear
Fuel Management;
Physics & Chemistry

English Six months training at
Nuclear Training Centre
followed by 18 months
on-the-job training at
Rajasthan Atomic Power
Station.

OPERATOR/ 2 YRS Three years Once a year Middle level courses in
MAINTAINER/ Diploma in Nuclear Theory; Nuclear
TECHNICIANS Mechanical, Materials; Nuclear Fewer

Electrical, or • Plant Engg. ; Instrumenta-
Electronics tion and control;Radiation
E îgg. after 11 Protection Nuclear Safety;
years of School Nuclear Fuel Management;

Physics and Chemistry;
Operational skills or
Equipment maintenance
skills as appropriate

English Six months training at
Nuclear Training Centre
followed by 18 months
on-the-job training at
Rajasthan Atomic Power
Station.

OPERATOR/
MAINTAINER/
CRAFTSMEN

2 YRS 11 years of
school for
Operator. For
Maintainer, 10
years school
and Z years cer-
tificate course in
a tech. school

Once a year Basic level courses in
Nuclear Theory; Nuclear
Power Plant Engg. ;
Radiation Protection;
Instrumentation; Operat-
ional skills or equipment
maint, skills as appro-
priate

English Six months training at
NTC with 18 months on-
the-job training at RAPS
for Operators. For
Maintainer/Craftsmen, 1
year training in NTC
with 1 year on-the-job
training at RAPS.


