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Abstract

Ontario Hydro, Canada's largest utility, has 20 nuclear power units of the CANDU
design with a total design power of 15, 020 Electrical MW or about half of the total
generating capacity. The performance of these plants, which were installed between the
1970s and early 1990s, was initially very good but worsened in recent years and the
regulator expressed concerns about declining safety standards. In early 1997, an external
Nuclear Performance Advisory Group led by Mr G. Carl Andognini was established and
conducted an intensive assessment of the nuclear operation. That assessment ranked the
operation of Ontario Hydro's plants as "minimally acceptable", noting a number of causes
such as: lack of management leadership and accountability; poor safety culture; inadequate
training; lack of configuration management; and, deficient organization. A recovery program
is now underway, involving the laying-up of eight units to free resources to upgrade the
remaining twelve. A number of lessons that can be drawn from the Ontario Hydro experience
are presented. The key lessons include: the importance of having the right people, with the
right qualifications in the right place, at the right time; the need for all staff to have a
questioning attitude and to be committed to a "safety culture"; configuration management is
essential - knowledge of the status of the plant must be maintained and all documentation
kept up to date; maintenance must be given high priority and be provided adequate
resources; defined standards are needed for the conduct of all work; the Directors (or
equivalent) and senior management must understand the plant and appreciate the
consequences of their decisions and actions. The paper concludes that good new designs are
not sufficient by themselves to achieve economically competitive and safe nuclear plants - a
high standard of operation and maintenance is also necessary throughout the life of the
plants.

1. INTRODUCTION

This symposium focuses on the design of what has been termed "evolutionary" water cooled
reactors, i.e., advanced designs of the pressurized water reactors (PWR), boiling water reactors
(BWR), and pressurized heavy water reactors (PHWR's), which promise increased efficiency and
safety, and improved economic competitiveness. In the context of the last point, economic
competitiveness, the organizers have wisely included a session on "keys to economic viability". This
paper contributes to that topic, "economic viability", by providing the important lessons that have
been learned regarding the operation and management of Ontario Hydro's CANDU reactors.

The message is that while good design is essential to obtain economic competitiveness, it is not
sufficient. To achieve the strong economic potential of an advanced nuclear power program,
performance must be driven by excellence in nuclear operation and safety. This implies the need for a
well planned maintenance program which is provided with adequate resources; a highly trained and
motivated staff, and an overall sense of "safety culture" throughout the operating organization. It also
implies the need for leadership by management in the interaction between technology, economics,
human factors and safety, with adequate access to performance indicators to monitor performance.

It is the intent of this paper to outline the attributes of the management skills, processes and
training that are needed to be implemented at the start up of any nuclear power plant to achieve high
performance. This is done from the background of the Ontario Hydro experience, using the recovery
program implemented at Ontario Hydro to restore performance as the reference program.
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Table I Ontario Hydro Nuclear Stations

Station

Pickering A

Bruce A

Pickering B

BruceB

Darlington

Power

4 x 542 MW

4 x 825 MW

4 x 540 MW

4x915MW

4 x 935 MW

In service dates

1971 -1973

1977 -1979

1983 -1987

1984-1987

1990 - 1993

This review emphasizes that safe, efficient and economic operation of nuclear power plants is
an on-going challenge that will face changing requirements during plant operation and will require
continuing efforts.

2. BACKGROUND

Ontario Hydro is Canada's largest electric utility. It was created in 1905 as provincially owned
commission and is now a provincially owned corporation which has a monopoly for the generation,
the setting of rates, and primary distribution of electrical power in the province. The provincial
government has announced plans to open the electrical market to competition (as is happening
throughout North America) and to change the structure of the corporation. The performance of
Ontario Hydro's nuclear plants is essential if the nuclear option is retained in a competitive market.

Construction began on the first two commercial nuclear power plant units of the Pickering A
station in the late 1960's. Subsequently, an intensive construction program was undertaken by Ontario
Hydro leading to the current nuclear generating facilities in five stations as outlined in Table 1,
comprising 20 units, with a total design capacity of 15,020 electrical MW.

The result of this intensive construction and generation program was the need for large numbers
of operating and maintenance personnel to service the stations.

In 1996, Ontario Hydro had a total generation capacity of 29,800 megawatts, comprised of
6,500 MW hydraulic, 9,100 MW fossil-fuelled, and 14,200 MW nuclear. (The nuclear total was less
than the design capacity primarily because Bruce A, unit 2, was removed from service due to
significant steam generator problems.) In 1996 nuclear supplied almost 60 per cent of the electricity
consumed in Ontario. In 1997, that contribution had fallen to less than 50 per cent, reflecting the
falling capacity factors.

All of the Ontario Hydro nuclear power plants are of a CANDU design, basically similar to that
of the CANDU 6 units at the Wolsong site here in Korea, which has been described in other papers at
this symposium. A particular feature of CANDU is the ability to refuel on-power. This creates the
potential to achieve capacity factors of 90 per cent or above. Capacity factors had been over 80 % in
the early 1980s, were still about 70 % in 1995, but fell to less than 60 % the following year. The
economic importance of this is illustrated by analysis showing that a deterioration of 20 percentage
points in capacity factor is equivalent to a loss of in revenue of about $1.5 billion (Cdn) per year

In parallel with this decline in output, the regulator, the Atomic Energy Control Board (AECB),
observed safety related problems and issued several warnings to Ontario Hydro. Licence periods,
typically for two years in the Canadian system, were reduced to as short as six months in an effort to
encourage the utility to make improvements. Several promises were made and plans were proposed
but little real change occurred.
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3. COMPREHENSIVE ASSESSMENT AND RECOVERY PLAN

In January 1997, Ontario Hydro's President commissioned G. Carl Andognini, Chief Nuclear
Officer and several associates to conduct a "independent" assessment of Ontario Hydro Nuclear's
operation. The Chief Nuclear Officer formed the Nuclear Performance Advisory Group (NPAG).
which was chartered to:

• plan and implement an intrusive process of problem discovery and verification;

• document discovery activities and recommend corrective actions;

• develop an overall recovery plan and long term business plan;

• assist the Chief Nuclear Officer with implementation;

• return the performance of Ontario Hydro's nuclear plants to upper quartile of world nuclear
plants by 2001;

• provide the Chief Nuclear Officer with a high level of confidence that achieved performance
will be sustained and continue to improve.

In response to the first of the mandated tasks, the Nuclear Performance Advisory Group
introduced and conducted the "Independent and Integrated Performance Assessment" (IIPA).

The IIPA was modelled on Procedure 93808 "Integrated Performance Assessment Process" of
the United States Nuclear Regulatory Commission (USNRC). That process is a broad based
assessment program that spans key departments and evaluates safety culture, quality of programs and
procedures, general material condition, problem identification and problem resolution. A detailed
implementation plan was developed with performance standards based largely on document INPO 97-
002 "Performance Objectives and Criteria" issued by the Institute of Nuclear Power Operations
(INPO).

The following performance areas were assessed: operations, maintenance, engineering, quality,
radiation protection, chemistry, training, security, organizational effectiveness, emergency prepared-
ness, regulatory affairs. The assessment, conducted between March and June 1997 involving 80 con-
sultants as well as many utility staff, required more than 35,000 person-hours to complete.

In parallel with this overall assessment a detailed examination was conducted on several safety-
related systems using a method modelled after USNRC Procedure 93801 "Safety System Functional
Inspection". This involves a detailed and comprehensive examination into a system (or program) to
determine its ability to fulfil the required safety function.

The final report of the Independent and Integrated Performance Assessment ranked the
performance of Ontario Hydro Nuclear as "minimally acceptable" and listed the following basic
causes of the decline in performance:

• general lack of managerial leadership and accountability

• poor safety culture and standards

• ineffective personnel performance and training

• non-standard and outdated processes and procedures

• degraded safe operating envelopes caused by unauthorized changes, lack of configuration
management, poor monitoring and inspection and inadequate preventive maintenance
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• deficient organizational functions, improper skill mix and shortages in key positions

• labour relations encumbrances that limit management effectiveness

A general observation was that the CANDU design is very robust, a feature that enabled the
stations to continue to operate safely despite the less than adequate operations and maintenance
programs that had prevailed for some time.

The results of the Independent and Integrated Performance Assessment were presented to the
Board of Directors of the utility on August 12, 1997, with the warning that major and immediate
action was needed. A Nuclear Asset Optimization Plan (NAOP) was proposed and endorsed by the
Board of Directors.

The final decision from options provided to the Nuclear Performance Advisory Group was to
operate and improve the newer stations (Bruce B, Pickering B and Darlington) and to lay-up, for
eventual recovery, Pickering A and the three operating units at Bruce A; and to make available badly
needed resources to perform the recovery of the Units (Unit 2 of Bruce A was already in a shutdown
mode due to steam generator problems.). This concept, referred to as the 12 / 16 /20 plan, foresees
Pickering A being re-started in the period 2000 -2002, and the Bruce A plant in the period 2003 -
2009, provided a sound business case can be made for returning the units to service.

The Board of Directors of the utility endorsed the Nuclear Asset Optimization Plan as proposed
and it is now underway.

As noted above in the findings of the Independent and Integrated Performance Assessment, the
nature of union agreements was a significant potential impediment to the implementation of the
Nuclear Asset Optimization Plan which included major transfers of personnel. After several months
of intensive bargaining, agreements have been reached which enable the movement of large numbers
of people from the laid up plants, especially Bruce A, to the other stations needing improvements.

To effect the Nuclear Asset Optimization Plan a detailed Integrated Improvement Plan (IIP)
was developed. The IIP identifies 66 major projects to improve the performance of the 12 operating
units. Each project has an assigned manager and a specific budget, the size of which varies
considerably. "Configuration Management" and "Environmental Qualification" (of equipment) are
the two largest projects. The total program has a budget of $1.6 billion (Cdn) over five years with
most of the work scheduled to be completed prior to 2002.

In recognition of the importance and complexity of the Nuclear Asset Optimization Plan a
senior vice-president position was created with the specific mandate to integrate the management of
the NAOP with all of the other key functions and practices within Ontario Hydro as a whole.

The regulator, the Atomic Energy Control Board (AECB), is adding staff specifically to
monitor the progress of the NAOP program. In this regard, frequent reports are made to the AECB,
including appearances before the five member governing Board.

Implementing the Nuclear Asset Optimization Plan is an expensive and challenging process. In
addition to the incremental costs associated with replacing the power previously supplied by the
shutdown units at Pickering A and Bruce A, large sums have had to be invested in the restoration and
upgrading of operating fossil plants. As well, several fossil units have been restarted from long term
layup to replace the generation previously produced by the seven layed-up nuclear units. This could
have been avoided through an on-going, well-planned and properly funded maintenance program
throughout the life of the plants. For nuclear power to remain a significant component of the Ontario
electrical sector in the coming competitive marketplace, such large restoration costs must be avoided
in the future.
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4. THE HUMAN ELEMENT

In common with other nuclear utilities experiencing declines in nuclear power plant
performance, the principal finding of the Independent and Integrated Performance Assessment was
that management had lost effectiveness and the morale of operating personnel had declined. There
were, undoubtedly, a number of reasons for this. For over two decades, Ontario Hydro Nuclear
(OHN) had a vigorous design and construction program that was the primary focus of the corporation
and senior management. Plant operation was considered to be just a routine. Nevertheless, for the first
10 to 15 years of their lives the plants ran reasonably well, partially because of the sound CANDU
design and partially because the operating staff was, generally, experienced. Operations personnel
were, typically, the same people who had commissioned these and earlier CANDU plants and who
knew them in detail.

When the construction phase ended (with the start-up of the Darlington units in the early
1990s), the management of Ontario Hydro Nuclear did not make the transition from design and
construct to become focused on operations and maintenance.

Further, the Board of Directors, under pressure to keep rates low, repeatedly cut Ontario Hydro
Nuclear's operational, maintenance, and administrative budgets. In 1993, they introduced a major
reduction in staffing along with a de-centralization of many functions previously carried out at Head
Office. Both of these decisions, which proved to be problematic, were noted in the report on the
findings of the Independent and Integrated Performance Assessment. While the staff reductions were
done "humanely" by offering generous severance packages and early retirement incentives, they led to
the sudden departure of many key operating staff, and the utility lost much "corporate memory" and
expertise.

The effect of the departures was compounded by the fact that the documentation of the plants
had not been properly maintained. The experienced operators "knew" the plants but had not updated
drawings or procedures. (This is the underlying reason for the current large project under the Inte-
grated Improvement Plan for "configuration management".)

Another "human" factor was the nature of the union agreements that had led to excessively
rigid division of one trade from another and restricted management's ability to move resources to
where they were most needed. Considerable progress has been made over the past year in modifying
these agreements.

5. NOT UNIQUE

As mentioned previously the problems described are NOT unique to Ontario Hydro, nor even to
the nuclear industry. Similar situations have developed in many other nuclear utilities around the
world, as may be determined by examining reports produced by Institute of Nuclear Power Operations
and the World Association of Nuclear Owners (WANO). In the United States, the USNRC has
required several nuclear utilities to undergo an assessment similar to our Independent and Integrated
Performance Assessment. A number of utilities have been put on the regulators "watch list", meaning
they were close to being shut down (and some were actually shut down).

This widespread deficiency in management of nuclear power plants has surfaced since the
Three Mile Island accident in the USA in 1979, and the serious Chernobyl accident in the former
USSR in 1986, both of which led to intensive reviews of the operation of nuclear plants and the
introduction of the concept of "safety culture". (The International Nuclear Safety Advisory group of
the IAEA defines "safety culture" as: that assembly of characteristics and attitudes in organizations
and individuals which establishes that, as an overriding priority, nuclear plant safety issues receive
the attention warranted by their significance.)

An interesting study took place in the past summer of 1998, under the auspices of the IAEA, in
the form of a two-day Working Group meeting to review the situation at Ontario Hydro Nuclear in
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comparison with that of several other utilities. While the focus was on safety and regulatory issues,
the findings reflect each utilities' overall nuclear operating culture.

The three unit Millstone plant operated by Northeast Utilities and the Oskarshamn plant in
Sweden were the other plants represented. The Working Group consisted of representatives of the
utilities and of the regulators, together with some staff from the Agency.

To quote from the summary report of the Working Group:

Factors common to all plants were that during their early operation they belonged in the
league of the best performing plants. They failed to adequately manage the transition from the design
and construction stage into an era where the focus needed to be excellence in operation and
maintenance.

A common feature is the fact that senior management failed to appreciate or recognize these
symptoms or their significance and failed to take effective corrective action. A lack of an appropriate
questioning attitude by senior management .... and the absence of an effective "corporate oversight"
... were contributing factors.

A particular challenge to the regulator ... is the difficulty in developing clear criteria for when
regulatory action becomes necessary in the case of gradually declining safety culture and associated
management performance.

Due to the extreme pressures placed on the utility and regulator during recovery, the regulator
has to develop new processes to effectively deal with the complex technical, human and public
confidence issues. This takes considerable resources and new skills to manage. The regulator
therefore has to look at invoking similar management and process changes as the utility to enable
successful and sustaining response to the situation.

6. LESSONS TO BE LEARNED

Although the "evolutionary" plants being discussed at this Symposium will have enhanced
safety features and improved quality, they will still need to be operated and maintained to high
standards if they are to provide the high capacity factors and long life necessary to be competitive and
to pay back the large investment required for their construction.

From the experience at Ontario Hydro, especially the results of the IIPA process, it is possible
to list a number of issues that must be addressed and programs put in place to achieve successful
operation of nuclear power plants. These can be grouped in various ways - this paper will use
"people", "plant", "process", and "organization.

6.1 People

People are the most important asset of a utility operating a nuclear power plant. It is essential to
have the right people with the right qualifications, in the right numbers, in the right place, at the right
time. There must be clear definitions of roles, responsibilities, authority, and accountability, and the
establishment of a "requisite management" approach. Requisite Management specifically addresses
organizational hierarchy and accountabilities. There should be measurable performance criteria.

All staff, a t all levels, mus t have a sense of, and be committed to, a "safety
culture", which includes having a questioning attitude.

An appropriate working environment mus t be provided, including facilities,
qualifications, equipment, tools and procedures. Each individual staff member
mus t be adequately trained for his or her specific role.
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There is a special need to develop and maintain the managerial capability of all levels of
managers and supervisors. Everyone must be held accountable for their individual outcomes.

6.2 Plant

It is important to maintain knowledge of, and control of, the status of all plant equipment. This
helps ensure that the level of "backlogs" remain acceptable, such as: corrective maintenance; disabled
alarms; control room instrumentation out-of-service; long term equipment deficiencies; temporary
leak repairs and jumpers.

Maintenance must be given high priority and a maintenance strategy articulated. There is a need
for appropriate preventative and predictive maintenance programs to augment non-routine (or
corrective) maintenance, and all maintenance programs must be provided with adequate resources
(qualified personnel and funding).

6.3 Processes

There needs to be clearly defined standards and management expectations for: conduct of
operation, conduct of maintenance and conduct of engineering

High and low level performance monitoring systems, with identifiable and measurable criteria,
are needed to provide early warning of any departure from acceptable levels of performance.
Managed systems should include performance indicators and goals for every level of the organization
from the Boardroom to the shop floor.

It is essential that the documentation of the plant be kept up to date to reflect the plant as it
exists. This includes drawings, design documents, safety and other analyses, equipment manuals, and
any other documents describing the plant. (Departures from known configuration can, and have, led to
encroachment of the design safety margins for systems critical to nuclear safety; such as, unauthorized
material substitutions; unauthorized and unreviewed alterations.)

Operating and maintenance manuals need to be reviewed and updated frequently to reflect the
plant as it exists, and to take into account operating experience and equipment behaviour.

All aspects of the operation and maintenance of the nuclear power plant must meet high
standards such as those issued by the INPO/WANO in its documents on: objectives and criteria;
guidelines; and, good practices.

Engineering should be assigned an appropriate and visible role in the overall operation of a
plant.

Outages need to be well managed; implying being planned in advance and having appropriate
resources (qualified personnel and equipment) made available.

6.4 Organization

It is essential that the Board of Directors (or equivalent body) and senior management
understand the operation of the plant(s) within their mandate and the consequences of their decisions
and actions; i.e., senior executives must have the business acumen to provide the leadership necessary
to manage the interaction between technology, economics, human factors and safety, and to have
available performance indicators to detect early symptoms of shortcomings and declines in
performance. (At Ontario Hydro a "Nuclear Review Committee" and "Nuclear Oversight Committee"
have been formed to ensure that the Board of Directors and senior management are fully informed on
issues associated with the operation of the nuclear plants.)

In large multi-station utilities, it is highly desirable that organizational structures, practices, and
procedures should be consistent throughout the organization.
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7. CONCLUSION

While desirable and probably necessary if nuclear power is to remain competitive, new designs,
by themselves, are not sufficient for a successful nuclear power program. Nuclear plants must be
operated with great care, attention to detail, and with an appropriate emphasis on safety. If sufficient
attention and resources are not dedicated to the operation, the potential of the new plants will not be
realized. The experience at Ontario Hydro and other nuclear utilities is that if the stage of declining
performance is reached, recovery usually requires an expensive program to remedy deficiencies
including replacement of the management structure.
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