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Background

The first nuclear power station in Canada - Ontario Hydro's 20Mw[e] Nuclear Power
Demonstration [NPD] plant - began operation in December 1962. There are now twenty-two
reactors operating and under construction in the country all of them the CANDU* type.
Twenty of them are owned by Ontario Hydro in the province of Ontario, and the remaining
two are owned one each by Hydro-Québec in the province of Québec and New Brunswick
Power in the province of New Brunswick, respectively. Ontario Hydro with 33000 MW[E]
installed capacity is one of the largest electric power utilities in North America.

When the power program began in the early sixties the operations personnel who were to
take charge of the NPD plant were selected according to their experience and their
engineering or scientific qualifications and were prepared for their duties through a
traditional process of organized classroom and field training. The importance of high quality
training and operations personnel competence to the plant's safety and operating reliability
was recognized by the utility at the outset of the project, and as a result, in 1963 a dedicated
Nuclear Training Centre was constructed immediately adjacent to the NPD plant. As the
power program expanded in Ontario the Centre also became responsible for providing major
aspects of the training of operations personnel destined for the new plants coming on-line.
Evidently, on-site instruction of trainees was also necessary and this was conducted at the
plants themselves. With still more plants coming on-line, further changes were made to the
size and location of the training facilities so that now in 1993, with plants in three provinces,
there is a total of four nuclear training departments in the country. Ontario Hydro's twenty
plants are presently managed in two regions and each region is served by a single dedicated
operations personnel training department. The power plant in Quebec is provided on-site
with its own dedicated training department and a similar arrangement exists in New
Brunswick to support the operation of the plant there. Each of the three utilities does the
bulk of its own staff training although from time-to-time people are sent "outside" for special
instruction. For example, under an agreement with New Brunswick Power, the University of
New Brunswick regularly provides technical training for certain of that utility's trainee
operations personnel.

*CANDU - Canadian Deuterium Uranium
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Early recognition of the importance of operations personnel competence - especially to safety
- was not limited to Ontario Hydro alone. During the design and construction of the NPD
plant, the Canadian federal nuclear regulatory agency - the Atomic Energy Control Board
(AECB) - also took notice of this aspect of plant safety. After some consideration and
consultation with provincial authorities in Ontario, the AECB decided that the senior
operations staff who were to be assigned to the NPD plant's control room would be
individually subject to formal regulatory examinations before they would be pennitted to take
up their duties. That process of direct regulatory examination of senior control room staff
continues to be in force today more than 30 years later. All control room Shift Supervisors
and Control Room Operators in each of Canada's nuclear power plants have been formally
authorized by the AECB after having undergone and passed direct individual scrutiny by the
regulatory staff.

Methods

As already noted, the initial approach taken to nuclear training by Ontario Hydro was
traditional and thus similar to that followed in complex non-nuclear industrial plants at the
time. It included a mix of classroom lectures, equipment laboratory instruction, field
training, plant familiarization and self-study by trainees. The approach was implemented to a
greater or lesser extent for each "job family" in the NPD plant and the parts that followed
immediately afterwards, according to the needs of each "family". The senior control room
staff [Shift Supervisors and Control Room Operators] received the most extensive traimng in
system and overall plant operation and behaviour but job families like control maintenance,
mechanical maintenance and chemistry control received more specialized training. Although
there were exceptions, trainee Shift Supervisors were usually university graduates in
engineering or science, while most other trainees - including Control Room Operators - had
some post-secondary school technical training but below the university level. In general,
these continue to be the "entry level" qualifications for people seeking to be trained as Shift
Supervisors or Control Room Operators. As the nuclear power program grew the traditional
approach to training employed at NPD continued to be followed as the basic method. In
1976, the approach was strengthened when the first full-scope nuclear training simulator in
Canada went into operation in Ontario to serve the Pickering "A" plant. The incorporation
of simulator-based instruction into the overall training process was a major and progressive
development. Additional simulators were subsequently purchased by Ontairo Hydro and by
the two other utilities so that each plant in Canada now has one.

It was not until the accident occurred at the Three Mile Island (TMI) plant in 1979 that the
next important development took place. The review of the causes of that accident was
studied closely in Canada and as a consequence, Canadian utilities began to switch over to
what has become generally known as the "systematic approach to training (SAT)". The
SAT, of course, is the training methodology advocated by the Institute of Nuclear Power
Operations (INPO) in the USA which was established as the result of a utility industry
initiative in that country in the aftermath of the TMI accident. All three Canadian utilities
now follow the SAT and use full-scope simulators to train their control room staff.



In addition to initial qualification training, each utility provides its operations personnel in all
job families with appropriate continuing training and monitors their competence to try to
ensure that it is not diminishing unacceptably over time. The latter activities however, are
not yet implemented across the Canadian power program by the three utilities in the same
systematic way that initial training and qualification are except perhaps for senior control
room staff. These positions are always given special emphasis and one utility has presently
underway a process of formal re-qualification of its Shift Supervisors and Control Room
Operators and the other two are moving towards the same goal.

While the AECB has watched the changes in training that have taken place in the nuclear
utility industry, until very recently [see "Recent Developments", later], its routine regulatory
work related to operations personnel competence has been limited exclusively to the direct
written examination of individual candidate Shift Supervisors and Control Room Operators.
Candidate Shift Supervisors and Control Room Operators are each required to pass a total of
five written examinations before being initially authorized to take up their duties. These
examinations, which are intended to check the knowledge of candidates of such things as
basic scientific and engineering principles, systems and equipment, and "specific" plant
behaviour and operating practices, comprise the following separate papers:

- Nuclear-General
- Conventional-General
- Nuclear-Specific
- Conventional-Specific
- Radiation Protection

In addition to direct scrutiny of the people just mentioned, the AECB also approves the
appointment of certain other senior plant staff but does this on the basis of either interviews
of the persons involved or examination of documentary evidence and consultations. The
positions concerned are: Station Manager, Production Manager, Technical Manager, Senior
Health Physicist, and in Ontario Hydro multi-unit plants, Shift Operating Supervisors. The
utilities actively encourage their career-minded young professional technical staff to go
through Shift Supervisor training and become formally authorized by the AECB to take up
duties in an operating plant if they wish at some point to be selected for these senior
positions. As a result, most of the people who are brought to the AECB's attention as
proposed Station Managers and so on, are already well-known to the regulatory agency. For
this reason, and also because it is the utilities who are directly responsible for plant
operational safety including the selection of properly qualified senior staff, the nominees are
not subjected to further formal examination.

Problems

Changes have been made recently to the regulatory approach to utility operations personnel
training and competence and more are planned but before describing them some observations
on why they were necessary are in order. The changes are generally intended to increase the
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relevance and efficiency of the regulatory process and at the same time to facilitate
improvement of utility training and testing practices.

In their current form the five written regulatory examinations previously noted constitute a
substantial challenge to Shift Supervisor and Control Room Operator candidates alike. Only
very good people succeed in getting through, which is of course, the way it should be.
However, "final" regulatory examination of each candidate at the end of a very lengthy
training program is not by itself an efficient way to assure competence.

The examination process needs to be supported and complemented by a regulatory review of
the training programs that candidates move through. AECB staff need systematically and as
a regular activity, to monitor and assess the implementation of each Shift Supervisor and
Control Room Operator training program and to meet periodically with training department
officials to discuss program effectiveness. At the same time, the training programs must
concentrate fully on ensuring to the maximum extent that candidates know and understand
"their" plant and must not be oriented to getting them through the regulatory examinations.

The chief emphasis of the AECB's activities will continue to be placed on the training and
competence of Shift Supervisors and Control Room Operators but as resources permit, the
agency will also evaluate the training of other job families at each plant. However, there is
no plan to conduct direct formal examination of operations personnel other than senior
control room staff.

Another reason for change is the partial artificiality of a regulatory approach which is based
exclusively on written examinations. Somewhere around 30% of each of two of the five
written examinations listed earlier is made up of questions designed to determine how in fact,
candidates would respond when faced with complex, fast-moving upsets that could have a
plant-wide impact. While written examinations account well for a candidate's knowledge
they do nothing to reveal his/her performance skills and personal attributes which are assets
that can be vitally important in real-life. The AECB has been frequently criticized by the
utilities for posing complex upset questions, the main complaint being that they force
candidates to memorize long and complicated control room operating procedures. While that
was never the intent, it does appear that the questions have had that effect. Memorizing
operating procedures that are available in the control room is a wasteful way to spend
valuable training time and both the AECB and the utilities agree that checking the capabilities
of candidates to handle complex upsets via written questions alone is artificial.

Documentation - or the lack of it in some areas - is another problem. The tasks that utility
operations personnel are expected to perform in the control room are not always clearly
enough recorded or sufficiently detailed. Also, the criteria and methods employed by the
AECB in its regulatory practices are either recorded in letters that have been written to the
utilities on various matters over the years or are deemed, based on tacit acknowledgement of
utility activities, to be understood. Another problem lies with the programs for updating



some utility operations and training-related documentation; their schedules are too long with
the result that the quality of the documents currently in use may be less than desired.

These are by no means all the difficulties that have been experienced by the utilities and the
AECB, but they are long-standing and they are some of the more important ones that led to
establishment of a two-phase "Initiatives Program" that will take the AECB, and therefore
the Canadian nuclear utility industry, into a new regulatory regime for operations personnel
authorization, starting spring 1993. Before establishing and embarking upon the Initiatives
Program, the AECB formed with the utilities, a special Working Group which is considered
to be instrumental to the success of the whole endeavour.

The Standing Inter-Utility/Regulatory Working Group

This Working Group plays a crucially important role in the process leading to creation of the
new regulatory regime. The Working Group was created following informal discussions
between AECB staff and senior training department representatives from each of the three
nuclear utilities. It comprises representatives from all four departments. Put simply, the
basic purpose of the Working Group is to serve as a forum for the identification, discussion
and resolution of problems or issues of a general nature that have to do with the training and
competence of nuclear operations personnel, principally - but not exclusively - senior control
room staff. The Working Group, which held it's first meeting at the beginning of September
1990, provides the AECB with the opportunity to consult with the nuclear utility industry in
an orderly, organized way. A most important aspect of the Working Group's modus
operandi is its creation of ad hoc subgroups to address in a detailed fashion, specific issues
identified by the senior Group. Four such subgroups1 have been formed so far.

The existence of the Working Group and its subgroups permits the AECB, in setting up the
new regime, to make sure each step of the way that it is based on a clear and complete
understanding of the current state of the training and testing activities of the industry. For
their part, the industry representatives, through the Working Group, are kept abreast of the
emerging new regulatory activities and plans and are thus able to prepare themselves for the
gradual introduction of the new regime. Hardly less important, the industry representatives
have the opportunity to present their individual and collective views and advice on how
things should be done.

This might be a good point at which to stress an all-important aspect of nuclear operations
personnel training, and competence: it is the responsibility of each of the nuclear utilities to
ensure that its operations personnel are both well-trained and competent to assume their

'Subgroup on "guidelines for the control of non-station-specific training material."
Subgroup on "simulator-based examinations prerequisites and implementation strategy".
Subgroup on "generic objectives for station-specific systems training.*
Subgroup on "non station-specific training."
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duties and also to ensure that through continuing training and testing their competence does
not diminish unduly with time. The regulatory agency's responsibility^ foTassure by
whatever means it judges appropriate, that this responsibility is being properly discharged.
While systematic regulatory/utility consultations provide the opportunity to build a good
regulatory regime the respective responsibilities of the two sides must not become obscured
during the detailed discussions that take place.

Recent Developments

Reference has already been made to the two-phase "Initiatives Program" that the AECB has
underway. The first phase of the Program was first described by regulatory staff at a
meeting of the Working Group that was held at the Point Lepreau Generating Station in New
Brunswick in My 1991.

Phase 1 of the Program is accomplishing the following four principal goals:

- Establishment and maintenance of a body of regulatory documents termed "Position
Statements", that will make clear the criteria and methods the AECB employs in the
assessment of operations personnel competence, their training and related matters.
The first two documents in this series have already been completed in preliminary
form and are presently undergoing comment. This developing body of documents
will be gradually incorporated into the regulatory staff operations manual and copies
of each of them will be available to utility training departments and on request to
trainees. The AECB's expectations vis-à-vis operations personnel training and
competence will no longer be difficult to determine or to access.

- Systematic evaluation of utility initial and continuing training programs for
operations personnel including review of policies, curricula and training
documentation, and field audits of the implementation of the programs. This activity-
which to begin with will concentrate on Shift Supervisor and Control Room Operator
training-is also already underway. Training programs that are considered to be
complete, under proper control and effective will be given formal regulatory
acknowledgement to that effect. Where it is demonstrated that a training program's
effectiveness is high and is being reliably maintained, a review of the scope and
nature of the regulatory examinations being imposed upon graduates from that
program will be carried out. Based upon the results of this review, consideration may
be given to adjusting the direct regulatory examination of individual candidates
coming from the program. Although it may not at first appear to be the case, this
part of the new regulatory regime will be very important for the long-term. It should
strongly encourage the establishment and maintenance of training programs of
excellence.



- Establishment of routine full-scope simulator-based testing of candidate Shift
Supervisors and Control Room Operators to check their initial competence beginning
spring 1993. Candidates will be subject to evaluation by AECB examiners to
determine their capability to handle plant upsets complicated by additional
malfunctions that could quickly have a serious impact on the plant if they are not
arrested in time. These tests will be dynamic and will probe the diagnostic ability of
each candidate as well as their ability to implement the correct operating procedure,
manage the control panels skillfully and coordinate the actions of the rest of the shift
crew. Unlike their counterparts at single unit stations, candidate shift supervisors
intending to work at multi-unit stations are not presently required to operate the plant
control panels directly. The simulator-based testing of these people will take account
of their actual duties. Through the process of full-scope simulator-based testing,
candidates will for the first time be placed in a test environment that will very closely
resemble the plant where they propose to take up their duties. As a result, the tests
should reveal clearly the all-round capabilities they may be required to call upon later.

- Establishment of a new, combined Nuclear/Conventional-Specific written
examination to check candidate knowledge related to the specific plant to which they
are to be assigned. This examination will replace the two separate Nuclear-Specific
and Conventional-Specific exams that are presently in place and as a knowledge test
will complement the simulator-based testing which is of a performance nature. They
also will begin in spring 1993. "Joining" this new examination to the simulator-based
testing means that the former will no longer contain questions relating to the handling
of fast-moving, complex plant upsets mentioned earlier. The capabilities of
candidates in this respect will be checked during the simulator-based testing. Instead,
the papers will carry questions designed to confirm the required level of knowledge
and understanding of plant systems and operating procedures.

When all of these Phase 1 goals - position statements, training program evaluation,
simulator-based testing, and the new written "specific" exam - are achieved, they will
represent the major portion of the new regulatory regime. A regime which should go a long
way towards fixing the "Problems" referred to earlier. Because these activities are partly
new their implementation [especially the simulator-based testing and new written
examination] will be subject to particularly close scrutiny during an initial two-year
"Introductory Period" when fine-tuning of the arrangements will be done. When the two-year
period is finished the system will enter a "Maintenance Period" during which its
implementation will be monitored regularly to ensure that it continues to be effective. There
will be two other parts to the new regime. Regulatory monitoring of the utilities' activities
connected with the continuing training and testing of already-qualified operations personnel
will be carried out. This activity has already begun but needs to be strengthened. Finally,
completing the regime there will be two further written examinations which are presently
being reviewed as part of Phase 2 of the Initiatives Program. These examinations will
address candidate general knowledge related to the combined Nuclear/Conventional aspects
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Atomic Energy Control Board
The Training Centre

Current and Planned Training and Assistance Programs
for 4 years starting by 1993/94

Country/ Orqanlzatlon

1. Romania CNCAN *

2. Russia GAN

3. Ukraine. SCNRS

4. Lithuania VATESI

5. Korea KINS

5. Other Programs (see note 2)

Current/Planned Percentage Delivery (see note 1)
93/94

9%

10%

5%

15%

25%

25%

94/95

30%

25%

25%

10%

25%

25%

95/96

32%

30%

30%

35%

25%

25%

96/97

29%

35%

40%

40%

25%

25%

Total

100%

100%

100%

100%

100%

100%

Note 1: Each program has a different level of effort and total cost.
Note 2: This includes Zaire, Thailand, Turkey and other countries as needed
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MODEL OF A SYSTEMATIC APPROACH TO TRAINING

AECB CANADA

PRE-REQUISITES

INITIAL SELECTION CRITERIA
ENTRY SKILLS & KNOWLEDGE
ANALYSES
RESOURCES
REGULATORY REQUIREMENTS
DESIGN OF PROGRAMS
QUALIFIED INSTRUCTORS
PROGRAMS
EVALUATION CAPABILITY

»ELIVERY

DELIVERY
ASSESSMENT

•FEEDBACK«

EVALUATION

TRAINEE FEEDBACK
ON THE JOB PERF.

SUPERVISORY FB
INDUSTRY EVENTS
TECHNOLOGY CHANGE*
PROCEDURE CHANGES
REG. REQUIREMENTS
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