JAERI-M
54114

TRAINING OF OPERATORS AND MAINTENANCE
PERSONNEL IN THE DIVISION OF RESEARCH
REACTOR OPERATION, JAPAN ATOMIC ENERGY
RESEARCH INSTITUTE

October 1973

Minoru TAKADA, Kunitake FUKAZAWA,
Toshio ISHIT and Hiroshi AMANO

5 & B ¥ h B % M
Japan Atomic Energy Research Institute

ety e St



- oEEE, BAECHWRFRY JAERIM L E—F LT, TEMCRATL T B
WRREETT, AT, BHELIOBMEHEE, H AR T HEFRATRATHER CRBR
M) AT, BRERLIL IS,

JAERI-M reports, issued irregularly, describe the results of research works carried out
in JAERIL Inquiries about the availability of reports and their reproduction should be
addressed to Division of Technical Information, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan.



er"’-'_‘!q—-_—d' - 3

JAERI-5414

TRAINING OF OPERATORS AND MAINTENANCE PERSONNEL IN THE DIVISION

OF RESEARCH REACTOR OPERATION, JAPAN ATOMIC ENERGY RESEARCH INSTITUTE *

Minoru TAKADA, Kunitake FUKAZAWA, Toshio ISHII, Hiroshi AMANO #*%#
Division of Research Reactor Operation, Tokai, JAERI

{ Received September 19, 1973 )

In the division of Research Reactor Operation at JAERI, three kinds of
training courses have been provided for operators and maintenance personnel
of reactors. These are the courses for freshmen, for technicians and for

emergencies., This paper describes the outline of these courses and also

the procedures,

* Prepared for the South Fast Asia and Far-East Regional Study Group

Meeting on Problems and Experience in the Utilizatiom of Research Reactors.

at Bhabha Atomic Research Centre, Bombay, India in March 1973.

k& Div. of Radioisotope Producticn,
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I. INTRODUCTION

In the early years when a reactor went critical, many kinds of experiments
were performed and the routine operation was started, it was not so necegsary
to train the personnel whe operated the reactor or carried out maintenance works
of the reactor. Because many of them were graduate engineers and they had
designed and constructed this reactor, so they were skilled enough to operate and
maintain this reactor. However, as many of them transferred to other sections
and many freshmen came. to this section little by little, it became very important
to train the freshmen. In the early time when the training was started,
principal procedures of the training were those on the job training. But
nowadays, many kinds of training courses have been performing for the freshmen
and the perscnnel who came from other sections.

Table 1 shows the organization. of thé research reactor operation at JAERI.
A chief engineer (chief technician of reactors) has to be appointed in each
reactor with the law in order to supervise the safety of the reactor operation.
On the research reactors at JAERI, it should be emphasized that operators are
also responsible for maintenance and all maintenance works are conducted by the
operators. Besides the reactor operators, other support members who are health
physisists, operators for the conventional equipments; air conditioner, electri-
cal power supply, etc.; and others are required for the reactor operation.
However these members do not belong to the division of research reactor operatiom.

Therefore, only the training procedures for reactor operators will be mentioned.

II. TRAINING PROCEDURES FOR OPERATORS AND MATINTENANCE PERSONNEL

1. General

After the routine operation of the reactors was started, the number of the
graduate engineers was decreased little by little. So almost all 6perators and
maintenance personnel are high-school graduates in electrical course, mechanical
course or others. Table 2 shows the classification of the operator school

career. The average age of operators is about 28 years old. The youngest of
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them is 20 years old and the oldest is 33 years old.
2. .Training for freshmen

When some people praduate from high-schools or universities and are employed
in JAERI, they will take many kinds of trainings.

First of all, they will take the elementary trainings for about one month.
This trainings are as follows;

1} The outline of JAERI.

2) The outline of the works in every divisioms of JAERI.

3) Some lectures and practiéal training in the Radicisotope School.

After that, they are assigned to each division of JAERI. When some people
are assigned to reactor operation sections, they will take some job trainings by
man to man system. About a half year later when they are assigned, they will
enter the Nuclear Engineering School of JAERI in elementary course for about six
weeks. Table 3 shows the lecture curriculum in the elementary course.

After taking many kinds of traimings above mentioned, they will enter into
an operation group as an apprentice and will be trained in operations and mainte-
nance techniques of reactors. It depends on their technical level how long they
are trained as an apprentice. About three months later when they enter into the
operation group, they will be engaged in reactor operation and maintenance works
as a technician.

However, some personnel whe come from other divisions at JAERI or other
companies will be trained by nearly same methods according to their technical level.
3. Training for technicians

After some personnel begin to perform their works as technicians, they will
take many kinds of trainings in order to grow up their techmical level, They
will be trained according to JAERI's training programme in necessary subjects.
Main courses of the trainings for the technicians are shown in Table 4.

Training courses and oppotunities for the technicians are as follows;

1) Basic and advanced courses in Radioisotope School at JAERI.

These courses will be taken by the personnel who have been engaged in
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reactor operation and maintenance works for four or five years, as
occasion demands.

Table 5 shows curriculums of the basic course in the Radioisotope School,
and it takes about one month to be'trained in.

General course in Nuclear Engineering Schocl at JAERI.

This course will be taken by the personnel who have been engaged in
reactor operation and maintenance works for seven or eight years.
Before the personnel will become a sub~leader of a operation crew, they
should be trained iﬁ this course. It takes about six months. Table 6
shows curriculums of the general course in the Nuclear Engineer School
at JAERI.

Internal or external training course (use of electronic computor,
nuclear material handling, non-destructive teéting, etc.).

As occasion demands, the personnel will be trained in many kinds of
training courses in order to grow up their technical ability. These
courseg are the training of the use of electronic computoer, nuclear
material handling, non-destructive testing, etc. and are held in the

inside or outside of JAERI.

4. Training for emergencies

Training for emergencies is most important in order to give reasonable

assurance that the personnel will react properly during different type of incidents.

The trailning for emergencies will be held more than twice a year. Examples of

trainings for emergencies are as follows;

1)
2)
3)

4)

Study of the proper reaction against many kinds of emergencies.
Practical training of emergency calling.
Realistic training.

Education for extra safety.




JAERI-M 5414

I1I. CONCLUSION

It is necessary for operators and maintenance personnel to be trained with
many kinds of methods. Freshmen should be made to take some job trainings by
man to man system as Well.as they should be made to take some lectures about
nuclear engineering. Technicians should be made to attend to many kinds of
training courses according to their technical levels and demands. Trainings for
emergencies must be carried out frequently at every opportunity. in our division,
while practical trainings for emergency have been carried out two times a year,

growing up the knowledge for safety have lost no opportunity to be carried out.
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Table 2. Classification of Operators

JAERI-M 5414

School Career

JRR-2 JRR-3 JRR~-4 Total
I, High-school graduﬁtes

1. Electrical course 11 9 1 21

2. Mechanical course 2 8 3 13

%, Others 2 2 2 6

II. University graduates 1 1 8] 2

(physics) (mechanical)
Total 16 20 6 42
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Table 3. Curriculum of Lectures and Experiments in Klementary Course
of Nuclear Engineering School at JABRI,

I. Lecture Curriculum

1. PFundamental Studies of Atomic Energy 23 units
1.1 Atomic physics

1.2 Heactor rhysics

1.7 HRadiation Measurements
1.4 In-pile Dosimetry

1.5 Resactor chemistry

2. DNuclear Engineering

Cutline of Nuclear Reactor

Heat Removal and Thermodynamics
Faterials of Reactor Components

Reactor Fuels

Instrumentation and Controls of Reactors
Shielding

Reactor Operation and Safety
Radio-active Waste Disposal

PR PO O RN O
T
O ~1 v\ s v Ry e

3. Health Physics ‘

3.1 Outline of Health Physics

%Z.2 TPermissible Level of Radiation

3,2 Safety Handling of Radio-active Materials
3.4 Radiation Monitoring

3.5

. Decontamination
4. Others
4,1 Production and Utilization of Radio-isotopes
4,2 The Law on Reactor Operation and Maintenance
4.% Special Lecture
4.4 Internetional ro-operation for Peaceful Use of Atomic Energy

M NN K A o N\ﬂ!uldkﬂhJRg N = S\ﬁ

5. Ezxercise

II. Experiments

1. Radiation Measurements with GM Counter 9 units
2. +y-Ray Spectroscopy with Scintillation counter &
3, - Thermael Neutron Measurement with BF3 Counter 6
4. y-iay Spectroscopy with Ge(Li) Detector 6
5. Practice of Reactor Simulater 3
6. a-Ray Spectroscopy with 3i Detector 6
7. Dose Measurement with y-Ray Ionization Chamber 3
8. In-pile Dosimetry 3

* 1 unit corresponds to 80 minutes of lecture or experiment
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Table 4. Main Coumses of Training for Operators and Maintenance Perscnnel

I. Training for Functions

1. Training for Working ﬁnder Radiation

2. Training for Utilization of Electronic Computor

3. Treining in Radio-isotope School ( Basic, Advanced and Special Courses )

4, Training in Nuclear Engineering Scheol ( Elementary, General, Advanced,
Health Physics and Nuclear Meterial Courses )

II. Training for Qualification

1. Licensed Supervisor ( Cheaf Tecnician of Heactors )}

2. Person in Charge of Handling Radiation

3, Person in Charge of Handling Nuclear Material

4. Person in Charge of Handling Dangerous Material

5. PFork-1ift Driver

6., {rane-man

7. Person in Charge of Handling X Hay

8. Non-destructive Inspector
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Pable 5. . Lectures and Experiments in Basic Course of Radio-isotope School

I, Lectures ( 36 units )

g

1. Common Subjects

1. 1 Nuclear Physics

1. 2 Radiochemistry

1. 3 Radio-isotopes

1. 4 Interaction of Radiation with Matter

1. 5 Radio-active disintegration

1. 6 Raediation Detectors and Method of Detection
1. 7 Heesurement of Hadiation EBnergy

1. 8 Introduction to Reactor Engineering

1. 9 Radiation Chemistry (1)

1,10 Radiation Shielding

1.11 Safe-hzndling of Redic-active Materials
1.12 Principle of Radiation Contrel

1.13 Radiation Monitoring

1.14 Radio-biology

1.15 Effects of Radiation to Human Body

1.16 Genetic Effects of Radiation

1.17 Facilities for Handling Radic-isotopes
1.18 Regulation for Prevention of Radiation Hazards
1.19 Radio-active Decontamination

1.20 Radio-active Waste Disposal

1.2)] Autoradiography

1.22 Radio-isotopes in Organic Chemistry

1.25 Application of Radio-isotopes to Chemistry
1.24 Laboratory rules

1.25 BHRadio-activation Analysis

2. Optional Subjects

L R o N N N e N T S ey F‘h)h‘h‘k‘u1n)h§

2. 1 Health Control

2, 2 Application of Radio-isotopes to Industry

2. 3 Application of Radio-isotopes to Medicine

2. 4 Application of Radio-isotopes to Agriculture
2. 5 Aadio-isotope applying Machine

2. 6 Tood Irradiation

2. 7 Fundamentals of Nuclear Reactor

2. 8 Rediation Chemistry (2)

II. Experiments and Exercises ( 79 units )

1. Common Subjects 66 units
1. 1 Experiment with GM Counter 5
1. 2 Experiment with Scintillation Counter 5
1. 3 Liquid Scintillation Counting 4
1. 4 +y-Ray Spectrometry 4
1. 5 Solvent Zxtraction of Iodine 4
1. 6 Correction Method for B-Ray Self-absorption 4
1. 7 Isotope Dilution Analysis 4
1. 8 Coprecipitation Method 4
1. ¢ Chemicsl Dosimetry 4
1.10 Activation Analysis 5
1.11 Dosimetry and Surveying 5
1.12 Specizl Measurements { Rete Meter and Gas-flow Proporticnal
Gounter ) 5
1.1% Separation of Fission Products by Ion Exchange Resin 5
1.14 Zxercises in Physies 1
1.15 Exercises in Chemistry 1
1.16 Field Trip i

1.17 ¥otion Pictures on Atomic Energy
_9_
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Table 5, Lectures and Experiments in Basic Course of Radio-isotope

School  { Continued )

II. Experiments and fxercises
2. Optional Subjects . 8 units
2. 1 Tracer Experiment (Chemical or Biological Subjects) 5
2. 2 Radiograthy or Tracer Experiment on Animal Tissue 5
2: 3 Metsl-autoradiography or Micro-autoradicgraphy 3

* 1 unit corresponds to 80 minutes of lecture and experiment

.
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Table 6.
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Lectures and Experiments in Genersl Ccurse of Nuclear :ngineering

School at JAERI

I. Lectures { 165 units )

1. Atomic Physics 5 units

2. HReactor Physics 13

3. Radiation Messurement ¥i

4., BReactor Instrumentstion 13

5. DNuclear Date 2

6. Nuclear Fuel 14

7. Reactor Material 9

8. Heat Transfer and Thermodynamics 7

G. Structure of Reactor 4

10, Hadiation Shielding 5
11. Reactor Chemistry 5
12. Health Physics 12
13. Safety Evaluation of Reactors 3
14, Reactor Operation and Maintenance 7
15. Outline of Reactors 15
16. Law for the Regulation of Reactors ete. 10
17. Special Subjects of Nuclear Engineering 20
18. Topics of Atomic Energy 8
19. Special Lectures 6

I. Experiments ( 327 hours )

1. Experiments during First Half Term 117 hours
1.1 Experiments with Pulse Type Blecironiec Circuits 18
1.2 Radiation Measurements with GM Counter 18
1.3 y=-Ray Spectroscopy with Scintillation Counter o]
1.4 Thermel Neutron Messurement with BFs Counter 9
1.5 Chemical Separation of Fission Products 9
1.6 Measurement of y-iay Dose and Neutron with Tonization

Chamber 9
1.7 Fast Neutron Measurement 9
1.8 Experiment of Coincidence Method g
1.5 Absolute Feasurement of Radio-activity with 4 =

Gas=-flow Counter 9
1.10 a-Ray Spectroscopy with Semi-conductor Detector 9
1.11 Practice of 4nslog Computer 9

2., Experiments During Second Half Term 20
2.1 Training of Reactor Operation at Zero Power 7.5
2.2 C(Control Zed Calibration 7.5
2.% Training of Reactor Operation at Nomlnal Power 15
2.4 In-pile Dosimetry 7.5
2.5 Experiments of Heat Transfer 30
2.6 Exponential Experiments with Graphite 15
2.7 EBxperiments of Reactor Fuels and Materials 30
2.8 Experiment of Material Bucklingoon Sub-critical Assembly 15
2.% Reactor Physics Experiment by Pulsed Neutron Method 15
2.10 Analysis of Reactor Engineering Subjects with Analog

Computer 15
2.11 Caluculation of Reactor's Subjects with Electronic Computer 15
2.12 Practice of Reactor Simulater 15
2.1% Thermal Neutron Flux Messurement in The Core 7.5
2.14 Burn-un ¥easurement 15

*

1 unit corresponds to 80 minutes of lecture
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