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ABSTRACT

Ontario, one of ten Canadian provinces,
receives the majority of its electrical
service from one utility called Ontario
Hydro. Today, Ontario aydro generates more
than 50% of its electricity from nuclear
stations of the CANDU type. The CAND'J station
performance, in respect to worker safety,
public safety, environmental protection,
reliability and cost, has been outstanding.
Operations and maintenance is one of the
several functions essential to nigh perfor-
mance. This paper discusses some of the major
considerations important to successful
operations.

INTRODUCTION

The achievement of high performance
depends upon the excellence of the concept,
the soundness of the technology base to
support the concept, having a good design, the
selection and manufacture of quality
components, good project management, the
integrity of construction and other
considerations. For these reasons, 1c is not
possible for an operations organization to
achieve high performance if major shortcomings
exist beyond the control of the operator.
However, good operations and maintenance is a
vital imperative to the successful operation
of every nuclear station. This paper reviews
some of the major considerations which the
author judges to be as important to achieve
and maintain high performance.

This paper does not contain any new con-
cepts or principles. My purpose is intended
co review and emphasize.

SOUND PRACTICE

It is not enough for the direct management
of nucleai. operations to know how to achieve
effective results. Know-how must be imple-
mented through the application of sound
practice every hour of every day at every

station by all members of the operations team.

MANAGEMENT THROUGä OBJECTIVES

The nuclear operations management, as with
any operations, should have a clear idea of
the generic objectives or Key Effectiveness
Areas which define good performance.

The Key Effectiveness Areas (KEAs) adopted
by Ontario Hydro for nuclear operations in
1960 were as follows:

- Worker safety
- Public Safety

Environmental Protection
Electricity production Reliability

- Cost

In turn, specific objectives were devel-
oped, corresponding to each of these KEAs and
set down in as quantitative and time-bounded
way as possible for the nuclear program as a
whole and for each project within the program.

The following are representative of the
results which were achieved in the operating
program:

Worker Safety

Specific objectives were established for 3
degrees of injury severity - temporary
disabling injury, permanent disability and
fatalities.

For example, the fatality frequency
objective established was to not exceed 2
fatalities per 100 million person-hours of
work. The actual result from 1955 to 1986
during 123 million person-hours of work has
been zero fatalities.

Public safety

Specific objectives were established for
frequency of actual injuries or fatalities to
the public.
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Also risk measurement oojectives were
estaolished based upon measured human failures
and equipment failures. These measurements
corresponded to the failure or impairment of
process systems, regulating systems and
protective systems.

During the 156 reactor years of experi-
ence, there has never been a memoer of the
public killed or injured due to radiation.
The risk standards have been met at all
stations every year.

Environmental Protection

Specific objectives were set for radio-
active emissions, heat emissions, chemical
emissions, etc. into th» air and water
environment.

During the 156 reactor years of experi-
ence, the established standards for radio-
active emissions have been met every year at
every station. Typically the result has been
less than 1% of the established standards.

Reliability

The specific electricity production
reliability objectives include such factors as
capability factor, forced outage rates, and
criteria related to system stability.

Ontario Hydro has a lifetime capaDility
factor target of 80% for its whole nuclear
program. The result to date has been 79%.

Cost

Cost comparisons between ut i l i t ies in the
same country and between uti l i t ies in differ-
ent countries are particularly sensitive to
the methods, completeness and accuracy of
records, as well as variations in number of
units ptr station, unit size and degree of
maturity of the participating organizations.

Ontario Hydro's actual nuclear Total Unit
Energy Cost is typically 35% lower than its
next best alternative (coal). Motwithstanding
the above comparison problems, the lifetime
cost experience of Ontario Hydro's nuclear
stations' Total Unit Energy Cost is amongst
the lowest, if not the lowest, in the world.

SELECTION OF STAFF

There are many considerations v i t a l to
success. However, if any one consideration is
paramount, i t i s the selection of good s taff .
The contribution of operations and maintenance
to the overal l program is ultimately limited
by the capabi l i ty of the s taff .

I do not suggest i t is possible or desira-

ole to have a singular set of charac te r i s t i c s
that define good s taf f . Rather, the members
of the staff should complement each other so
as to produce a strong team capable of
repl icat ing i t s e l f over a long period of time.

Notwithstanding the above, desired
c r i t e r i a for each posit ion in the organization
should oe established as a guide to select ing
people with the appropriate technical and
personal a t t r i b u t e s .

The ident i f icat ion and development of
nuclear operations managers with strong
leadership capability i s particularly v i t a l .

COriPftEdESSIVS 3.\SIC TRMNIS3

A good operating team with good operating
practices and procedures and with good prepa-
ration for abnormal and emergency events is'
needed to achieve good resu l t s . Although this
capaoility i s important, i t cannot substi tute
for excellence in the basic tcai.ning of every
person in the nuclear operations team.

The basic knowledge required for each
person in each position i s partly acquired
through education ins t i tu t ions before hiring
into nuclear operations. To make sure that
each person has an appropriate basic knowl-
edge, the u t i l i t y must provide or arrange for
the provision of additional basic knowledge
tailored to that u t i l i t y ' s nuclear program and
each person's planned career.

The required basic knowledge of each
person in each position includes such things
as management, science fundamentals, equipment
and system principles, sk i l l s , s tat ion
systems, field training and protection
(radiation and conventional) training.

I t is the soundness of th is basic
knowledge that ensures that sound operating
and maintenance practices are established. A
sound basic knowledge i s required to respond
to failures abnormal events and emergencies.

The approach taken by Ontario Sydro was to
establish a comprehensive set cf training
modules to cover a l l of the requirements of
a l l the positions. These modules provide for
advancement through the career, streams over a
period of several years.

The training process includes learning in
the classroom, in laboratory and on-the-job.

In addition to the basic training
described above, Ontario Hydro provides
specific training tailored to each person's
position in a specific s ta t ion. This is
required because the design o£ the process
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systems and emergency systems varies from
station to station.

IAILORED SIMULATOR

shift to shift; and there must be appropriate
systems established to ensure thoroughness and
completeness in performance of all work.

PLASHING
If a choice had to oe made between a

comprehensive basic training and- tailored
simulator training, then I would choose a
comprehensive basic training. Good results
can be obtained without training on a
simulator. However, Ontario Hydro has
provided training simulators that are tailored
to each specific design.

Although these simulators are expensive, they
are found to be cost effective, particularly
for a base load station. For a generating
station which has few or no shutdowns in a
given year, the simulator provides the
opportunity for staff to regularly practise
startups, shutdowns and power changes. The
simulator also provides the opportunity for
staff to receive response training to abnormal
and emergency events.

ORGANIZAÜION

The organization of staff in nuclear
generating stations varies from utility to
utility for a variety of reasons. If a
utility operates only one nuclear unit, it
«ill tend to be more self sufficient with less
centralized support. A utility such as
Ontario Hydro has a high degree of decentrali-
zation but does have a significant important
centralized support group.

If a utility is beginning a nuclear
program and it expects to have more than one
unit, it is particularly important that it
establishes good organization precedents. Ihe
following are a few examples.

For a base load nuclear station, the
utility should consider the establishment of
maintenance capaoility around the clock. If
this is done, the maintenance should have a
broader scope of qualifications to minimize
the number of classifications required. For
example, Ontario Hydro has a Control
Maintainer classification in which there is
maintenance capability for all kinds of
instrumentation and control and station
electric systems. This not only minimizes the
troubleshooting interfaces, but reduces shift
staff requirements.

Excellence in planning to minimize outages
is important because of the low nuclear
fuelling cost, as compared with the replace-
ment energy cost.

Organization must include every important
function; staff attrition must be expected and
planned; communications must be excellent from

The objective of staff planning is to have
the right numbers of people, of the right
kind, at the right place, at the right time.

For a utility which operates or is
planning to operate several nuclear units,
planning can be very complex for several
reasons, e.g.,

to ensure operations continuity at each
station, the staff turnover should be
limited.

- shortages of trained staff result in late
commissioning and longer outages with
resultant high costs.

- the ambitions and preferences of
individual persons must be taken into
account to achieve high motivation and
accountability.

Ontario Hydro requires every nuclear
station manager to give high priority to staff
planning. It also provides a dedicated
centralized unit to coordinate the overall
staff planning for all nuclear operations.

WORK PLANNING

Let us consider one example of work
planning. To ensure public safety, each
protective system and its component sensors
must be periodically tested to ensure its
effective performance and, if necessary, its
repair. Each such test must be performed ov'-r
the entire lifetime of the station which co.'lö
be, say, 40 years. Such tests will be done, by
different persons on different occasions.
Indeed, over a 40-year period, the staff doing
the work will change several times.

Now let us consider there are thousands of
such tests done every year. Obviously, there
is a need for rigorously controlled systems
which call up such tests, make sure the tests
are properly done, record that the tests have
been done, record and analyze any defects, and
take timely corrective action.

Let us consider another example. Some
testing, repairs and modifications can only be
done during an outage. On the other hand,
outages of low fuelling cost nuclear stations
often require substitution of other high
fuelling cost generation.

Thus, it is very important that excellent
planning be done to minimize the duration of
outages. Usually, to minimize the outage
time, the activities required during such
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outages need to be planned to great detail.
This is particularly important when work
carries over from shift to shift.

These two examples serve to indicate that
every station needs to have a complete set of
systematic processes in place to ensure
continuous achievement over long periods of
time.

WORKER SAi?BTSt PROGRAM

It is the social responsibility of every
utility to be sincerely and genuinely inter-
ested in the safety of its workers. A keen
interest by management in the safety of every
individual person also helps to create an
atmosphere which is conducive to high
productivity. However, a keen interest in
safety and sympathy after an accident is not
enough.

The key to good safety results is having
every worker trained and motivated to look
after himself or herself and his/her fellow
workers. Different utilities use different
programs and techniques to achieve worker
safety results. The Ontario Hydro nuclear
safety program is based upon the following:

1. Every employee is given training on 5
basic principles and their practical
application to his/her position.

2. Every employee is held accountable for
his/her own safety and the safety of
his/her subordinates and the impact
his/her activities have on the safety of
others.

3. Every employee is given training on the
basics of every form of energy which might
harm himself (herself), a subordinate or a
peer.

4. Each station pursues results through a
9-point application program.

the results of this safety program have
been outstanding during the 31 years period
from 195S to 1936, during which 123 million
peraon-hours of work were performed.

1. Temporary injury Frequency - 2.5 per 1
million person-hours

2. Permanent injury Frequency - 1.1 per 10
million person-hours

3. Fatality Frequency - zero
4. No radiation injuries

PUBLIC SAFETY PROGRAM

Throughout the world, public anxiety
exists because of the risk that a significant
amount of radioactivity may escape from the

nuclear fuel into the environment and result
in time-delayed death or injury. This anxiety
was intensified by the Three Mile Island
accident in the U.S.A. -and, more recently, by
the Chernobyl accident in the U.S.S.R.

Public Safety - Radioactivity - refers to
protection of the public against acute
releases of radioactivity which would cause
immediate death or injury or which would
significantly increase the probability of
death in later years as a result of exposure
to this radioactivity.

Public safety must not depend on the
perfect operation of safety measures, but must
be achieved assuming there will be occasional
failures. Thus, the Canadian approach to
public safety assumes that:

1. Nuclear station operators will
occasionally make mistakes.

2. Nuclear station equipment will
occasionally fail.

3. The design of nuclear station equipment
will have occasional imperfections.

Our approach to ensuring acceptable public
safety has five basic thrusts, each of which
contributes to the low prooability of an acute
escape of radioactivity from the fuel to
public areas. These five basic thrusts are:

1. Reliable process systems are provided
which produce heat and electricity while
containing radioactivity within the
reactor fuel.

2. Reliable safety systems are provided which
will compensate for failure of prcrcess
systems by shutting down the reactor
(Shutdown System), providing additional
fuel cooling (Emergency Coolant Injection
System), or confining radioactivity which
has escaped from the fuel (Containment
system).

3. Multiple barriers are provided which
prevent or impede radioactivity moving
from fuel to the public. These multiple
barriers are built into the station design
and protect against undetected faults or
unforeseen events.

4. Competent operators are provided who are
very knowledgeable about system condi-
tions, alert for any evidence that
equipment may be about to fail, and who
act promptly to prevent or minimize such
failures.

5. A systematic method is provided to detect,
analyze and correct failures.

To date, the above approach to public
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safety has produced excellent results:

1. To date, no member of the public has been
killed, injured, or exposed to a
significant amount of radiation.

2. Every nuclear station in Ontario has met
and now meets its basic criteria for
public risk set by the AECB.

Past achievement cannot be taken for granted,
and the Canadian Nuclear Industry is committed
to a continued program of vigilance and
improvement.

ENVIRONMENTAL PROTECTION PROGRAM

Environmental Protection means the control
of emissions from nuclear generating stations
which could potentially impair the health
and/or well-being of the public or cause
adverse effects on the environment.

For example, Ontario Hydro had to concern
itself with: low level emissions of radio-
activity into the environment through air or
water; heat into the effluent water and its
effects on the aquatic life; and quality of
water emissions from a sanitary point of view.

The specific protection program for each
emission is managed through the following
three principles:

1. The potential emissions are identified and
eliminated whenever practical.

2. When it is not practical to eliminate the
emission, the emissions are minimized to
an acceptable level as determined by their
environmental impact and/or community
acceptance. This implies every reasonable
effort to minimize the emission to less
than regulatory limits.

3. It is vital that the emissions be
controlled within the regulatory limits.

ELIMINATION and MINIMIZATION have been
given priority in design and operations as
evidenced by the actual emissions generally
being a small fraction of regulatory limits.

During the 24 years (156 reactor years) of
operating experience with CANDü-PHW nuclear
generating stations,

- Ontario Hydro has a perfect record of
radioactive emissions protection, the
annual regulatory limit has never been
exceeded. That is, the six criteria which
have been set have been met every year at
every station and generally are less than
1% of the regulatory limit.

- The frequency, duration and severity of
emissions above the thermal effluent
guidelines have been very low, and no
adverse environmental effects have been
detected.

RELIABILITY PROGRAM

The reliability of a generating unit
refers to the ability of the generating unit
to run continuously at its full-rated capacity.

For every nuclear unit and, indeed, for
every generating unit of any kind, reliability
is important for several reasons and is
particularly important for the following two
reasons:

- to contribute to the ability of the
overall power system to meet customer
demands;

- to minimize the cost of power to the
customer.

Ontario riydro measures generating unit
reliability, based on three sets of criteria:

1. In-service date reliability
2. Power system reliability
3. Production reliability

Ontario Hydro has established specific
objectives within these sets of criteria. The
following briefly suggests ways and means of
achieving good results.

Ontario Hydro has both a proactive
reliability program as well as a reactive
reliability program.

First, let us discuss the reactive
program. However perfect the station may be,
unplanned outages will occur; some of which
will be sudden and others will be required
because conditions are unacceptable.

The operations unit should manage: the
identification of the problem; the solution to
the problem; the implementation of corrective
actions; and restoration of operation. Tte
operations unit may or may not do all the
above, depending on the problem. A good
operations unit will get help from others such
as researchers, designers, manufacturers,
constructors to solve a problem quickly.

This management of reactive events
requires advance planning. The establishment
and priority availability of capability and
components can significantly reduce the length
of forced outages. The multi-unit concept of
Ontario Hydro has justified the procurement
and storage of major spare parts. For
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example, at the Bruce k Station, Ontario Hydro
Has carried an 8MW spare heat transport pump
motor. The planning unit must have the
capability to quickly draw up a comprehensive
effective outage plan in response to such
unplanned events.

Now let us briefly discuss the proactive
program. For every outage that occurs,
Ontario Hydro produces a report that
identifies how long the outage was and the
root causes of the outage. Subsequently, all
of the outages are studied to determine the
causes of outages with the greatest frequency
and duration. Ihese are given the highest
correction priority. Again, it is the
responsibility of the operations team to
manage the long-term correction. A request
may be placed with the manufacturer, the
designer or researcher to help find and imple-
ment a solution which will prevent recur-
rence. A subsequent analysis is required to
find out whether or not the solution was
effective.

COST PROGRAMS

The cost decision process may vary from
time to time depending upon the rate regula-
tion, financial soundness and financial
constraints of the utility. Important as
these factors may be, I shall in this paper
only discuss the following simplified cost
objective over the long term for a base load
nuclear station and suggest some considera-
tions which I regard as important.

Let us consider the simplified utility
objective of producing and delivering electri-
city at the lowest long-term cost to the
utility customers. In this context, the
minimization of cost must be consistent with
the achievement of acceptable standards of
worker safety, public safety, environmental
protection and reliability.

The nuclear operations staff are major
contributors in the determination of the
overall cost result. Improvement of cost
performance depends first and foremost on two
basic considerations:

1. The continuous dedication and thoroughness
in every aspect of operations and mainte-
nance to perform all work in the most
productive and efficient manner possible.

2. Through creative thinking, to manage and
implement improvements which will minimize
the costs and maximize the capacity factor.

The evaluation of the merits of an idea or
the selection between options in Ontario Hydro
is normally based upon the estimates of
incremental costs and savings on the whole

utility system.

In the case of base load nuclear stations,
a good approximation can be realized by
minimizing the Total Unit Energy Cost (rUEC)
defined as follows:

IUEC = Total Annual Cost
Total Annual Energy

I shall use this simplified objective for
the remaining discussion of cost management.
The nuclear operator can improve (reduce) the
TUEC by seeking to:

- reduce any of the cost components that
make up the Total Annual cost, e.g., improve
productivity;

- minimize Total Annual Cost while meeting
old or new requirements related to worker
safety, public safety, environmental
protection and reliability;

- reduce the interest on capital cost
through time management, e.g., reduce
commissioning time;

increase the Total Annual Energy produced
through time management, such as minimi-
zing the frequency and duration of outages
and deratings;

increase the Total Annual Energy produced
through high conversion efficiency; and

- increase the Total Annual Energy produced
through increased power rating of the
station.

Now let us explore some of these opportu-
nities that are available to the nuclear
operations management.

It is particularly important that the
local management of each staff are well
trained in the fundamentals of cost manage-
ment. Also, if a utility has a large nuclear
program, it should consider a small specialist
group dedicated to cost management who pursue
the identification, evaluation and prioritiza-
tion of cost management opportunities.
Although the operator has no major direct
responsibility for the initial capital cost,
the operator does have a major influence on
how effectively this capital is utilized.

Now let us discuss time management. The
TUEC of a nuclear base load unit operating at
a lifetime capacity factor of 60% will be 33%
higher than if it operated at 80% capacity
factor. This comparison serves to illustrate
that utilities should not become excessively
preoccupied with minimizing operations, and
maintenance and administration (OMSA) costs in
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isolation of other cost factors. Generally
speaking, minimizing the OM&A cost is not a
measure of optimum operation.

In effective operations cost management,
there is often a major time delay between an
action or failure to take action and the
consequence. As an example, the failure to
timely recruit and train operations staff will
typically result in a major consequence some 8
years later.

OPERATIONS FEEDBACK SYSTEM

To improve the performance of each and
every existing nuclear unit and to contribute
to the future improvement of the design,
construction and operability of future units,
a formal and informal feed-back system to
researchers, designers, and manufacturers is
essential.

The thoroughness, dedication and effec-
tiveness of such a system was a key factor in
the success of the CANDU system through all
stages from the initial 20 MW Demonstrator,
the 200 MW prototype and is continuing with
all of the large commercial units ranging in
size from 500 MW to 900 MW.

LEARNING FROM OTHERS

For operators to contribute effectively,
the process is one of a continuous struggle to
improve. This desire to improve can be partly
achieved by inward review of' one's own experi-
ences which have been discussed in this
paper. However, there is a major opportunity
for nuclear operator performance to improve
by learning from others.

As an example, Ontario Hydro is success-
fully reducing its outage times associated
with pressure tube inspection by exploiting
improved non-destructive examination techni-
ques and improved visual inspection using
fibre optics. Another recent dramatic example
was the exploitation of a miniature submarine
which was put inside a nuclear reactor to find
a leak.

As a different example, the U.S.A. failure
associated with its Three Mile Island Station
and the more recent U.S.S.R. accident at
Chernobyl were reviewed by Ontario Hydro to
see what changes, if any, should be made in
the design and operation of the CANDU uiits.

We can and -should learn from others on a
continuous basis.

MOTIVATION AND REWARDS

In any endeavour, success is to a large
degree dependent upon the capability and

motivation of the people in the program.
Success in nuclear operations is no exception.

The ways and means of motivating people in
nuclear operations are no different than in
any other endeavour. The organization and
administration of nuclear operations should
take into account the hopes and aspirations of
the staff.

CENTRALIZED SERVICE

A utility with a large nuclear program can
enhance its operation by establishing some
internal central services within the utility
or exploiting service capability external to
the utility. A utility with a smaller nuclear
program can improve its effectiveness by
seeking specialized support externally from
service organizations or other utilities.

In Canada, Ontario Hydro which has a large
program has a centralized support unit which
provide specialized operations and maintenance
services in chemistry, metallurgy, radioactive
management, environmental protection, reactor
safety analysis, nuclear inspection, reliabil-
ity analysis,
training.

nuclear physics, and staff

LOCAL COMMUNITY RELATIONS

It is difficult to claim success in
nuclear operations if a station is regarded as
a poor neighbour by the community in which it
is located. It is important to be a good
neighbour and to be seen as being a good
neighbour. Some of the ways and means
practised by Ontario Hydro are as follows:

1. The people in the community are continu-
ously invited to visit the station.

2. The communications must be open and be of
high integrity.

3. The emergency planning should involve the
community-elected representatives,
community firemen, community police and
the residents.

4. The local station management should keep
the community continuously informed about
unusual events and their implementation.

PUBLIC INFORMATION

For a nuclear program to be fully
successful, it is not only desirable to have
the local support of the community near each
nuclear station, but it is desirable also to
have the general support of the government and
public in which the utility is located.

The principles mentioned in the foregoing
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relations with the local community are
generally applicable to the broader public.
However, broader public support requires
different techniques.

When accidents or failures occur, it is
important that the utility act promptly and
openly in advising the public of the event and
its implications.

During normal operations, it is important
to have a continuous communication to govern-
ments and the public which focus on the
benefits to the community arising from the
nuclear program. Ihere should be particular
emphasis on the electricity savings to the
customer as compared with the alternatives.

INTEGRITY

Integrity refers to continuous sound
practice which ensures the continuous achieve-
ment of the objectives outlined in this paper.

The annual savings of Ontario Hydro
customers arising from its nuclear program is
over 1/2 billion dollars per year and is
growing. To maintain these benefits requires
a continuous program of high integrity.
Operations and maintenance are of particular
importance in maintaining that integrity over
the lifetime of the station.

A utility that is not prepared to prac-
tise this continuous integrity should not be
engaged in nuclear operations.

MANAGEMENT REVIEW

To ensure the continuous achievement of
performance,, to identify shortcomings and to
seek improvement requires the regular assess-
ment of the performance of each and every
nuclear station carried out in the most
objective manner possible.

As an example, the senior management in
nuclear operations in Ontario Hydro annually
assess performance and formally review this
performance with the management in each
station.

CLOSING REMARKS

Ontario Hydro is proud of the achieve-
ments associated with its nuclear program and
the contribution of its operators and
maintainers towards this achievement. This
paper is intended to review some of the
important considerations which have contri-
buted to this success.
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