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Abstract
Safe and stable operation of a nuclear power station requires personnel fostering. In Japan, with the

objectives of systematically securing qualified people for a long period of time, and maintaining and
improving their skills and knowledge, the utilities have created strict personnel training plans, for
continuous education and training. Concrete examples of education and training for operators and
maintenance personnel at commercial nuclear power stations in Japan,such as education systems training,
facility and contents of curriculum , are detailed including some related matters. Recent activities to catch
up with environment changes surrounding education and training of operators and maintenance staff are
also mentioned .

1. Introduction

Japanese nuclear power plant operators have been maintaining extremely high levels of
reliability of their facilities. Furthermore, the unscheduled plant shutdown rate has been kept
at an exceptionally low level, resulting in one of the best records achieved by any nation
utilizing nuclear power.

These achievements are mainly attributable to the following reasons. First, detailed
maintenance work is carried out on all plant components in accordance with their importance
and operating conditions. The scope of this maintenance work is extended to include plant
sub-components, with a particular focus on the degradation modes.

Second, a detailed analyses of a wide variety of information obtained from both domestic
and overseas plants is undertaken and results of the analyses are incorporated into the
inspection practices. Third, a thorough examination of the causes of any trouble which occurs
at a plant is performed. Finally, the experience gained solving problems at one plant is
carefully applied to other plants. In addition there are two reasons in the background ,one is the
tradition that employees generally have deep consciousness of membership of their
companies under the permanent employment system ,the other is the result of the
establishment of thorough education systems and the earnest practices of education & training .

Recently in Japan, the electricity industry has been facing increasing demands to introduce
the principles of competition and deregulate the electricity generation business. The demands
are aimed at decreasing the electricity rate to a level equal to Western countries because of the
trend toward social structure reform. As a result, the nuclear power generation sector is being
forced to simultaneously achieve further improvements in operating efficiency and higher

223



levels of safety assurance. However, as the nuclear industry is maintaining, the average age of
skilled engineers is rising. At the same time, due to a decrease in the construction of new
plants, an increase in the amount of contract work .promotion of streamlining of maintenance
outage works, and fewer maintenance problems, it has become increasingly difficult to have
opportunity and transmit the knowledge of numerous maintenance techniques to younger
engineers.

Safe and stable operation of a nuclear power station requires not only facility of integrity
but also personnel fostering. In Japan, with the objectives of systematically securing qualified
people for a long period of time, and maintaining and improving their skills and knowledge, the
utilities responsible for these power stations have created strict personnel training plans, for
continuous education and training.

Their operators have undergone training programs using simulators provided by each
nuclear power utility. Training is also carried out by operation training centers belonging to
external organizations, such as the BWR Operation Training Center (BTC) for BWR plants,
and the Nuclear Power Generation Training Center (NTC) for PWR plants. Both provide
education and simulation training for operators working in each nuclear power utility's reactor
facilities.

Maintenance staffs are trained in the Maintenance Training Centers established by each
nuclear power utility. Here, these staff members receive practical training using a variety of
simulated facilities, inspection and training equipment, with the objectives of maintaining and
improving their knowledge, skills, and work control ability. Also, these centers are used as
education facilities for employees of
subcontractors.

Maintenance personnel also undergo regularly scheduled training in which their individual
skill development is under the control of highly skilled trainers under a systematic and
thorough education program.

2. Education & training of operators and maintenance staff

Concrete examples of education and training for operators and maintenance personnel at
commercial nuclear power stations in Japan (reference to the case of Chubu Electric Power Co.
and Kansai Electric Power Co.) are detailed below including some related matters, although
there is some variation among the different utilities in this respect.

(1) Education & training system
The education system covers knowledge and skills necessary for the safe and stable

operation of nuclear power plants, targeting from new employees to managerial personnel. It is
also organized systematically in accordance with experience and job level.

(2) Utilization of qualification systems
In-house qualification systems for operators and maintenance staff urges employees to

acquire the knowledge and skills necessary to carry out jobs and improve the result of
education and training by clarifying the goal level.

(3) Education of safety culture
The curriculum includes the education of safety culture at each education step from new

employees through managerial staff to cultivate and maintain it.
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(4) Outline of education and training
A. The education and training of operators

Operators are educated systematically depending on their training stage by means of
"education and training through daily operatipn(OJT: On the Job Training)," "on-the-shift
education by the education group," and "collective training at the Nuclear Training Center."

There are six shift groups for the. operation organization including the education group
which is set up for specializing in education to achieve further enhancement of education and
training. Each shift group is composed of: a Shift Supervisor who is nationally certified, an
Assistant Shift Supervisor, and 4 to 5 operators.

? Basic concept of education and training for operators
As mentioned above, education and training for operators are provided as OJT, on-the-shift

education by the education group, and collective training at the Nuclear Training Center. OJT
aims at acquiring knowledge particular at the job site and learning operation skills through
surveillance tests of the equipment and on other occasions. Items to be mastered are stipulated
in the education and training record logbook.
On-the-shift education by the education group aims at supplementing OJT and enhancing

team training by utilizing simulators. The education and training at the Nuclear Training Center
consists of operation training by using simulators, technical practice by using the identical
equipment with those
at the plant, and technical lectures (theoretical education).

Outline of education and training for operators in each class
Operators are divided into 3 classes, namely, A, B, and C, depending on their capability

based on the in-house qualification system. Those in class A are so-called full-fledged
operators, and those who are in training toward class A are class B and C operators.

- New employees; nuclear power orientation training and new employee training
The technical employees assigned to nuclear power receive education on basic knowledge of

mechanisms and principles of nuclear power generation, safety, radiation, etc. They are
required to master basic knowledge concerning the nuclear power station, including the job
outline of each workplace, through workplace experience training.

- Class C; basic operation training
OJT focusing on on-site patrol is provided for operation trainees assigned to the operation

department. Thus we have the trainees acquire the basic knowledge, skills, and attitudes
necessary as an operator.
Then we offer education on the objective and function of the plant systems and provide

training on basic operations such as start-up and stopping of common auxiliary equipment.
We also provide training, placing emphasis on on-site operation mainly through OJT.

- Class B; special operation training
We provide basic operation training such as the regular start-up and stopping operation of the

unit, training to respond to single failure, and operation training in case of an accident. The
education group provides team training including symptom-based response training.
Theoretical education is provided for the theory of reactor physics, nuclear hydraulics, etc.,
principle and structure of the electrical equipment and instruments.

- Class A; applied operation training and senior staff operation training
Operation training mainly for responding to an accident continues at regular intervals.

Theoretical education is also provided about the plant design concept and the safety concept.
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Later, training for senior staff is offered to cultivate leadership skills required for an assistant
manager.

The education group provides team training including symptom-based response training.
- Shift Supervisor, Assistant Shift Supervisor; training for operation managers

Training focusing on leadership, situational judgment, and handling capabilities is provided
during Supervisor training at BTC( at NTC in the case of the reactor type is PWR) and team
training including symptom-based response training offered by the education group. Crisis
management education is also provided.

B. The education and training of Maintenance Personnel
The education method mainly consists of On the Job Training (OJT). At the same time, in

order to complement OJT and further improve training efficiency, a Maintenance Training
Center, which is used exclusively for training maintenance personnel, has been established. At
the training center, training takes place through the use of actual models of plant systems.

The actual models of plant systems which are used at the Maintenance Training Center
include the reactor vessel, the fuel handling system, the reactor coolant pump, the steam
generator, the turbine generator main body, the main control board, the digital control system,
the Control Rod Driving Mechanism (CRDM), the electrical E/H, the metal clad, switch-gear,
the pumps, and the valves.

The education program at the Maintenance Training Center includes training in the
following areas:
- Education regarding the structure of the facilities and the latest maintenance
methods.

- General technical education including non-destructive inspection, welding
inspection ,nuclear component materials and seismic design.

- Education for on-site management technologies such as condition monitoring technology
(e.g., vibration monitoring, motor-operated valve diagnosis) and actions to be taken
in the event of an emergency.

- Education regarding nuclear power related laws and regulations.
- Safety education such as nuclear power generation theory.
- Education covering a wide range of areas such as safety culture, quality control,
human factors and work schedule management.

In-house full time instructors are in charge of the education and training.

In addition, other qualified instructors are invited from external organizations. Another area
of education that has been emphasized in Japan is the trouble experience. Education on trouble
experience also is carried out at the Maintenance Training Center for preventing recurrence of
troubles. The training for this education is based on past trouble experience both in Japan and
in other countries, and thoroughly
covers their causes, countermeasures, and analysis methods.

The Outline of Phased Education and Training for Maintenance Personnel
a. Training for New Employees

The same as for operators.
b. Power Generation Exercises

A training program of approximately 1 year is given to personnel in advance to their
assignment to respective maintenance sections, for the purpose of providing knowledge
of systems, equipment functions, and layouts.
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c. Basic Maintenance Education
A training program of approximately 6 years centering on On the Job Training (OJT) is
given to personnel who have been assigned to maintenance sections, for the purpose of
providing basic knowledge of maintenance works.

d. Intermediate Maintenance Education
In order to make maintenance personnel to acquire knowledge and skills required for
establishing the firm footing of maintenance expertise, another training program of
approximately 6 more years is provided.
During these 6 years, in-depth knowledge down to design philosophy of specific
facilities is acquired by the maintenance personnel through specialized maintenance
exercises on individual facility (e.g. pumps, valves, and pipes) and through training at
vendors of facilities.

e. Advanced Maintenance Education
Following the above explained education programs of approximately 12 years in total,
during the relevant period, aptitude of individuals as maintenance personnel is judged.
Those who are judged to have the aptitude are given further training to become
professional site expert engineers. Those who are judged to have superior management
ability are given further training including further experience on various facilities and
various maintenance works for becoming managers or supervisors.
The time period required for these further training activities is estimated to be
approximately 8 years.

(5) Related matters
A. Education and training of associated firms

We support the education and training of the workers of associated firms, for example
providing them with training facilities ,though each company is responsible for education and
training of its workers .In addition we have such organizations as safety and health promotion
council ,which consists of utility and contractors in order to assure mainly the industry safety,
doing daily activities together with them ,and sharing information and cultivating the sense of
unity.
B. QC circle and improvement proposal

We organize QC circles which mainly consist of young employees at each work place and
they discuss the improvement of jobs from the streamlining point of view and report its results
every year. We also have reward system to the proposal of improvement.

C. Coexistence with local communities
We have the campaign that all the employees of the power station including young

generation visit each home of local communities in the vicinity of the station and explain the
current status of the power station and exchange opinions regarding nuclear power generation.
This campaign gives us important opportunity to promote the coexistence with local
communities and to recognize social environment regarding nuclear power generation.

D. International exchange
Having received international review or exchanges, such as IAEA OSART, International

Invitation Program for Safety Management at Nuclear Power Plant (by Japanese Government),
Exchange Visits of WANO ,Technical Exchange Visit of INPO, these exchanges have helped
us not only to improve operation and administration of the power station but also to cultivate
safety culture of plant personnel.

3. Topics
(l)Topics concerning education and training of operators
? Introduction of the education group for the operation organization

We have set up a group specializing in education (education group) for the operation
organization in order to further enhance education and training of operators. On-the-shift
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education provided by the education group, supplementing OJT, covers education on the rule
base such as rules and regulations, the knowledge base such as plant systems, case studies on
human errors and domestic/foreign troubles, mastery of operation manuals, and operation
training responding to emergencies as a team training.

On an individual basis, we also provide education by utilizing learning equipment such as
CAI (Computer Assisted Instruction) for operators of class B and C. Introduction of the
education group has increased the total annual man-days of on-the-shift education. The
operators can devote themselves to education when they are in the education group. This has
made it possible to provide more effective education. We are still trying to figure out ways,
however, to make the content of education
in the education group more effective so that safe and stable operations can be maintained for

the long term.

? Installation of in-house full-scope simulator
Operation experience in an actual plant is an essential element of an operator's education.

However, with high capacity factors of nuclear power plants recent years, opportunities have
been declining for operators to experience operations such as the start-up and stopping of a
plant and operations to respond to unplanned conditions. As a countermeasure, it has become
more effective to provide operation training by using simulators modeled on the actual
equipment. Some utilities installed in-house simulators modeling the utility's own plant and
have provided training.

? Introduction of the education of accident management
Following the start of installation of accident management to plant ,the education of

accident management is necessary for technical staff including operators ,we have been
promoting the preparation of texts and introduction into education curriculum.

(2)Recent Activities for Education of Maintenance Personnel
Various activities have been initiated recently for transmitting maintenance expertise to

younger generation of engineers as explained below.

In response to the decreasing number of new plant construction, other opportunities are
used to pass down the maintenance expertise to the younger engineers. They are
dispatched to plant vendors at opportunities such as the facility modifications and
improvements carried out to cope with severe accidents. These works have been started
following the steam generator tube rupture incident at Mihama-2.

In response to the decreasing number of opportunities for personnel education, in-house
maintenance personnel groups consisting of young engineers have been organized to
directly conduct the annual outage works for major plant components.
In order to cover the loss of the number of field experience opportunities, the
maintenance personnel are reorganized into teams in charge of respective facilities, so
that they can acquire more specialized expertise.
A maintenance engineering section is newly established at each plant as to serve as a
driving force for reestablishing maintenance methods by actively introducing new
techniques such as condition monitoring.

4. Summary
We have worked to foster reliable operators and maintenance personnel who can assume

safe and stable operation of the nuclear power station by the approach introduced here.
Further, we plan to continue providing effective education and training by taking into
consideration the changes in the environment and to maintain/improve the quality of the
operators and maintenance personnel.
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