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ONTARIO HYDRO'S NUCLEAR PROGRAM
DESIGN AND CONSTRUCTION STATUS

ONTARIO HYDRO'S
NUCLEAR PROGRAM

My address this morning will describe Ontario Hydro's nuclear program,
take a look at the design and construction status and touch on the future
from Ontario Hydro's perspective.
As you will note from the next slide, Ontario Hydro relies heavily upon
nuclear generation.
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ONTARIO HYDRO
SOURCES OF ENERGY
1981
(113,405 Million KWh)

Approximately 33% of our energy production is nuclear fuelled, the other
two-thirds is made up from approximately 28% coal fuelled and 31%
hydraulic with the remainder essentially from purchases, with a very
minor contribution from oil.
The nuclear third is produced by four operating generating stations NPD, Douglas Point, Pickering A and Bruce A. The basic station data is
as follows:
Nuclear Fuelled Generating Stations
In Operation

Station

No. of Units

Generating Capacity
(MWe Net)
Unit
Station

In-Service

NPD

1

20

20

1962

Douglas Point

1

200

200

1967

Pickering A

4

516

2,064

1971-73

Bruce A

4

741

2,964

1977-79

10

5,248

We also have a major design and construction program underway
Pickering B, Bruce B and Darlington A. This basic data on these stations
is as follows:

Nuclear Fuelled Generating Stations
Under Construction

Station

No. of Units

Generating Capacity
(MWe Net)
Unit
Station

Projected
In-Service

Pickering B

4

416

2,064

1983-85

Bruce B

4

756

3,024

1984-87

Darlington A

4

881

3,524

1988-90

8,612
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The next slide shows the general location of the stations in Southern
Ontario.
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ONTARIO HYDRO IN ONTARIO

ONTARIO HYDRO
NUCLEAR FUELLED GENERATING CAPACITY
Operating
Under Construction
Total Operating by 1990

5,248 MWe
8,612 M We
13,860 MWe

In summary, Ontario Hydro has 5,248 MWe of nuclear generation operating
and 8,612 MWe under construction.
By 1990 our nuclear generating
capacity will be 13,860 MWe, and will represent more than 40% of our
capacity.
As you can see we are heavily committed to nuclear generation.
Now I would like to give you a general status update on our design and
construction program.
DESIGN AND CONSTRUCTION STATUS

DESIGN AND CONSTRUCTION
STATUS

General
Before reviewing the status of each station, I would like to mention a
couple of general items.
Our continuing difficulties in acquiring adequate numbers of operating
staff is contributing to delays in our overall commissioning progress at
both Pickering B and Bruce B.
We are also continuing to expend significant engineering resources,
particularly in the area of analytical work, in support of AECB licensing
applications. A continuous dialogue between Ontario Hydro and the AECB
is leading to an earlier resolution of problems, thus minimizing
potential plant delays.
I will mention aspects of the steam generator rebuild program, which I am
sure you are aware of, as I discuss specific projects.
Let's begin with:
Pickering Generating Station B
Schedule, Cost s Manpower
Type:
No. of Units:
Unit Size:
Station Size:

CANDU
4
516
2,064 MWe Net

1st
2nd
3rd
4th

April 1983
April 1984
September 1984
February 1985

(a) Scheduled In-Service Dates
Unit
Unit
Unit
Unit
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(b) Cost Estimates (Escalated $)
Design and Construction
Commissioning and Heavy Water
Estimated Total Cost
Cost/kW

$2,850 Million
$ 839 Million
$3,689 Million
$1,787

(c) Expenditure t o May 5, 1982
Design and Construction
Commissioning and Heavy Water

$1,928 Million
$
31 Million

Total

$1,961 MiTlion

(d) Estimated Manpower - (January 1982)
Design
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Ontario Hydro Engineering

300

Consultants

175

Total Design

475

Construction
Ontario
Hydro Construction
Construction Contractors
Total Construction

2,264
201
2,465

Total Design and Construction

2,940

Pickering B - Construction Status
As you know, we ran into problems with our steam generators. During the
manufacturing process, heat treatment of the major welds caused damage to
the tubes. This necessitated a rebuild program and the steam generators
installed on units 5 and 6 had to be returned to Babcock and Wilcox.
The in-service dates have been delayed an average of 23 months and this
delay may cause Ontario Hydro to spend an extra $460 million to use coal
rather than uranium to generate power during the delay.
All unit no. 5 re-built steam generators have been installed.
Construction has turned over all systems to the Operations Commissioning
Team. Heavy water was added to the moderator system in April of this
year. We are now proceeding towards October, 1982 criticality for unit
no. 5.
All unit no. 6 re-built steam generators have also been installed.
Approximately 50% of the systems have been turned over to the
commissioning team. First criticality is scheduled for September, 1983.
With respect to units nog. 7 and 8, the major construction activity is in
the area of mechanical piping and electrical wiring. All structures are
practically complete. Criticality for units nos. 7 and 8 is scheduled
for March, 1984 and September, 1984 respectively.
The installation of the high pressure emergency core injection system was
a late change to the project scope brought about to enhance reliability
and safety.
The pumphouse and unit 5 are complete and being
commissioned. The installation of this facility has been accomplished on
an extremely tight schedule.

It has also been decided to upgrade the emergency coolant injection
system in Pickering A to a high pressure system similar to Pickering B.
The estimated cost of this addition is $95 M.
The installation will be completed during unit outages for the
Pickering A units. The final installation on unit no. 4 is scheduled for
an outage in November/ 1988.
Engineering has begun for the construction of a tritium removal plant at
Pickering.
The estimated cost of this plant is $66.7 M and the
in-service date is predicted for December, 1985.
Bruce Generating Station B
Schedule, Cost & Manpower
Type:
No. of Units:
Unit Size:
Station Size:

CANDU
4
756 MWe Net
3,024 MWe Net

1st
2nd
3rd
4th

April 1984
July 1984
April 1986
January 1987

(a) Scheduled In-Service Dates
Unit
Unit
Unit
Unit

(b) Cost Estimates (Escalated $)
Design and Construction
Commissioning and Heavy Water
Estimated Total Cost
Cost/kW

$4,193 Million
$1,348 Million
$5,541 Million
$1,832

(c) Expenditure to May 5, 1982
Design and Construction
Commissioning
Total
(d) Estimated Manpower -

$1,846 Million
$
26 Million
$1.872 Million

(January 1982)

Design
Ontario Hydro Engineering
Consultants

395
464

Total Design

859

Construction
Ontario Hydro Construction
Construction Contractors
Total Construction
Total Design and Const.ruction
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Bruce Generating Station B - Construction Status
During the past year, the in-service date and reactor critical date for
unit no. 6 have been set back by six months, recognizing the significant
delays in steam generator and preheater deliveries, combined with the
requirements to incorporate the high pressure ECI system, and shortages
of qualified operatorsThe reactor critical date is now September,
1983. Construction of the unit no. 6 heat transport system and auxiliary
systems is nearing completion. The moderator systems have been turned
over for commissioning. Approximately 30% of the systems on unit no. 6
are now in the commissioning phase.
On unit no. 5, vertical in-site assembly of the steam generator bundles
and drum sections has minimized the impact of late deliveries on the
•schedule. Installation of the steam generators is nearing completion and
work is proceeding on schedule to a critical date of January, 1984.
Unit no. 7 is fully enclosed and concrete for all floors has been
poured. The turbine foundation has been completed. The calandria has
been put into position.
The powerhouse for unit no. 8 is fully enclosed.
proceeding.
The reactor building main girder is
calandria will be delivered in October of this year.
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Concrete work is
complete and the

Another item of significance relating to Bruce B concerns the possible
uprating of the turbine generators.
The reactors at Bruce B were
originally designed to provide steam for heavy water production as well
as electrical power generation. With the cancellation of heavy water
plant C, the mothballing of D and the cancellation of the steam
transformer plant due to declining demand, there is an additional
1.1 x 10 6 lbs/hour of steam available for electrical generation.
The
existing turbine generator sets are expected to provide an additional
34 MWe by operating close to the governor valves wide-open position.
Consideration is also being given to marginally increasing the steam
pressure which would result in a further increase in electrical output.
This increase would raise the net output of each unit from 756 to 790 MWe.
With reference to Bruce GS A, the installation of the fuel handling
system extension was completed during the year.
Civil work is also
proceeding on the high pressure emergency coolant injection system and
system piping is proceeding as material becomes available.

Parlington Generating Station A
Schedule, Cost & Manpower
Type:
No. of Units:
Unit Size:
Station Size:

CANDU
4
881 MWe Net
2,064 MWe Net

1st
2nd
3rd
4th

May 1988
February 1989
November 1989
August 1990

(a) Scheduled In-Service Dates
Unit
Unit
Unit
Unit
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(b) Cost Estimates (Escalated $)
Design and Construction
Commissioning and Heavy Water
Estimated Total Cost
Cost/kW

$8,012 Million
$2,176 Million
$10,188 Million
$2,996

(c) Expenditure to May 5, 1982

$419 Million

(d) Estimated Manpower - (January 1982)
Design
Ontario Hydro Engineering
Consultants

626
232

Total Design

858

Construction
Ontario Hydro Construction
Construction Contractors
Total Construction
Total Design and Construction

771
78
849
,707

Darlington GS A - Construction Status
Design and Construction activities are proceeding generally on schedule.
The construction license was obtained from the AECB in June, 1981. Site
preparation was completed and the first permanent concrete was poured in
August, 1981.
To date approximately 45,000 m 3 out of estimated 585,000 m 3 (15%) of
concrete has been placed for the first reactor building and its auxiliary
bay, the negative pressure containment and the water treatment plant.
Construction has also started on the cooling water intake tunnel. All
shops and facilities required to support the construction effort have now
also been completed.
Orders for major equipment such as steam generators and turbine
generators have been placed. Since last June orders have been placed for
such items as structural steel, and electrical switchgear. This year we
will be awarding constracts for nuclear and conventional valves,
combustion turbines, control cable and control equipment as well as
numerous other smaller orders.
A tritium removal facility similar to the one announced
Pickering will be added to the station.

ONTARIO HYDRO'S
FUTURE NUCLEAR PROGRAM

earlier for

FUTURE PROJECTIONS
Rehabilitation - Fuel Channel Creep
As you know, the CANDU system was designed to allow for fuel channel
creep. We have found that the fuel channels on Pickering A and units 1
to 3 at Bruce A are growing more rapidly than allowed for in the original
design. The design was changed on Bruce unit no. 4 and all later units
to allow for more fuel channel growth.
Until earlier this year, a large scale fuel channel replacement program
had been the reference plan for Pickering A (LSFCR) . An alternative
program of repositioning end fittings and bearings now appears to be
feasible. This program moves the end fittings at one end of the reactor
beyond their bearings and provides for support and alignment in the new
position. The bearings at the other end of the reactor will continue to
function in their normal way. This approach has been named ; EFAB.
REFAB is planned for Pickering A unit no. 1 in 1984 and unit no. 2 in
1986. The feasibility for Pickering units 3 and 4 and Bruce Units 1 to 3
is still under study. It is expected that REFAB will extend the fuel
channel life by approximately 10 to 15 years with a resultant savings in
capital in the order of $500 M as well as a 12-month shorter unit
outage. We are most optimistic that REFAB will be successful; however,
we are still continuing at a reduced pace with development work for the
large-scale fuel channel replacement for possible use on units 3 and 4 at
Pickering in 1988 and 1989 if required.
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The Next Nuclear Commitment

ONTARIO HYDRO PROJECTED TIMING OF
NEW CAPACITY REQUIREMENTS

35 .

Commitment
Time Frame
o f next
Nuclear Station

1988

1989

1990 ' 1991 ' 1992 ' 1993 ' 1994 ' 1995' 1996 ' 1997
Year

1998

1999

2000

2001

2002

2003

2004

ll
Ontario Hydro currently projects an annual load growth in the order of
3%. This is shown as primary demand. We have made no nuclear generation
commitments beyond Darlington A.
The top line shows our load meeting capability based on the assumption
that we proceed with 2,000 MW of hydraulic and 500 MW of supplemental
(co-generation, refuse etc.). The load meeting capability curve takes
into account our system reliability targets.

n
H
ll
I.

The bottom line shows our load meeting capability without the 2,500 MW of
hydraulic and supplemental generation.
As you can see, the next nuclear station will be required to be
in-service between the mid to late 1990s.
In order to meet our
commitment preliminary design would have to start between 1984 and 1987.

I

We also envisage continuing on with the Darlington design of station four-unit station of a nominal unit size of 850 MWe.

I

Now Lome McConnell will cover the operating station performance.
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Cover picture: Concrete walls of the Bruce GS
B vacuum building were placed in a
continuous operation using slip forms
Right: Ontario Hydro's energy-efficient head
office building in downtown Toronto

The following material is a description of Ontario Hydro's experience in planning,
developing, engineering, constructing, commissioning and operating the electricity
generating stations that utilize CANDU pressurized heavy water reactors fuelled with
unenriched uranium oxide.
Because Ontario Hydro was an early entrant in the field of nuclear-electric power
production, it now has had almost 30 years' experience in overcoming the inevitable
difficulties of a new technology. The management processes and philosophy that developed as a result of this experience have played a significant part in the success of
Ontario Hydro's large and outstandingly efficient CANDU nuclear-electric program.
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The purpose of this publication is to describe some of the basic influences that, in Ontario
Hydro's experience, can shape a nuclear power program both at its inception and during
its development. These forces are discussed in three sections, the first being an account of
the setting in which Ontario Hydro's nuclear power program developed, the second, an
outline of the management processes that evolved along with the program, and the third, a
summary of Ontario Hydro's project achievements.
The general intention is to give an impression of the complexity of a large nuclear
program, and to emphasize the importance of possessing a management strategy capable
of controlling and guiding it.
In all the phases of the nuclear power program, from planning through construction to
operation, the management process is a key factor in the safe, economical and reliable
performance of these projects.

Why Nuclear ?
>V

'"^ "

In order to understand why Ontario
chose nuclear-electric generation as a
large component of its electrical generating capacity, it is first necessary to
know a little about the setting in which
this choice was made.
Canada

Canada is a very large country with a
rigorous northern climate and a relatively small population concentrated
mainly within 200 kilometres of the Canada-USA border. For political purposes, this vast land is divided into ten
provinces and two extensive territories.
These operate as a federation within
which the provincial and territorial governments have powers as defined in the
constitution. One of the activities that
falls within provincial jurisdiction is the
production of electricity, and for several
reasons, the Canadian demand for this
form of energy is among the greatest in
the world. A climate with long cold winters, a population with a high standard
of living, and the presence of basic industries that rely on processes requiring

a great deal of energy (for example, aluminium smelting and pulp and paper
manufacturing) are some of these reasons.
During its early history, much of the
electrical generation in Canada was
based on the abundance of suitable hydro-electric sites found in every part of
the country except the Prairie and Maritime provinces. In fact, until 1960, almost all of the Canadian generating capacity was provided by water power. At
first, sites near the load centres were
developed, but as the demand continued to rise, and as transmission technology advanced, more remote sites
were used. Some very large projects of
this kind are still under construction.
However, even while some of these
hydraulic facilities were being planned,
it was clear that when all economically
feasible water power had been developed, it still would not meet the rising
demand. Thus, in the early 1950's a predicted need for thermally based generation led to the exploration of nuclear
energy as a means of producing the re-

quired elecrical power. Research concentrated on developing a reactor that
would use natural (not enriched) uranium for fuel, and heavy water as a moderator. The result was the CANDU system.
Ontario

Ontario, the first Canadian province to
use the CANDU reactor for electrical
generation, possesses a number of historical and geographical characteristics
that explain its leadership in this field.
Among these are the province's great
size, and its ability to support a relatively large and growing population, especially in its southern regions.
Ontario's area of 1.1 million square
kilometres means that it is similar in
size to the combined areas of France.
West Germany, Holland, Belgium and
the United Kingdom. Although subarctic climate or poor soils make only a
small part of this area suitable for
agriculture, southern Ontario is highly
productive. During the 18th and 19th
centuries, this rich land attracted waves
of European migrants who first arrived
by way of the St. Lawrence River and
the Great Lakes, and later gained access
by rail. Subsequent migrations, as well
as natural increase, have resulted in a
population of about 8.5 million people,
with proportionately large energy
needs.

CANADA IN NORTH
AMERICA

Another contributor to steeply rising
electrical demand is the industrial expansion that took place during the present century, and particularly since
World War II. This expansion was encouraged by the availability of low cost
hydro-electric power, and also by a
well-developed internal transportation
network.
Faced with a demand for electrical
energy that exceeded the supply available from water power, Ontario sought a
power source that would be secure far
into the future. The absence of indigenous fossil fuels, along with the presence of economically mineable uranium, completed a set of circumstances
favourable to the development of nuclear powei.
3
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ONTARIO HYDRO IN ONTARIO

Ontario Hydro 1980 power distribution
1980: total revenue =$2819x10'Total kWh sold =10565x10'
Energy sold to
Municipalities
Directly to large industrial customers
Rural customers
USA
• 1980 Canadian dollars - $0.86 Cdn = $1 00 US

% of total energy sold
60.9
16.0
12.6
10.5

Ontario Hydro
The provincial electrical utility responsible for the generation and transmission of electric power in Ontario is
known as Ontario Hydro. This publicly
owned organization was created 75
years ago to transmit and distribute hydro-electric power from Niagara Falls.
Now, as then, the Corporation's main
activities are the production, transmission and sale of electric power. These
operations are financially self-sustaining, and through the years, have grown
from modest to very large proportions.
Ontario Hydro's electrical system
now has one of the greatest capacities in
North America, with only the Tennessee Valley Authority being appreciably
larger in terms of dependable peak capacity and energy made available. The
Ontario utility serves an area of about
650 000 square kilometres (km2) extending approximately 1600 km from east to
west, and stretching from the United
States border more than 700 km north
to James Bay. The accompanying table
illustrates the present structure of Ontario Hydro's power distribution system, emphasizing the large role of the
municipalities in buying electricity from
Ontario Hydro, and retailing it to their
customers.
Ontario Hydro has interconnections
with Manitoba Hydro to the west, and
with particular sections of the Hydro
Quebec system to the east, as well as
with Michigan and New York to the
south. It is a member of the Northeast
Power Coordinating Council—a large
power pool that includes most of the
major utilities in the Northeastern United States. Through these interconnections, the Ontario Hydro system is effectively part of a vast electrical network that joins most of the central and
eastern portions of the United States to
the Canadian provinces of Saskatchewan, Manitoba, Ontario, New Brunswick, Prince Edward Island, Nova
Scotia and parts of Quebec.
The accompanying tables show Ontario Hydro's sources of generation during 1980, and the fossil fuel consumption for the same year.
All the fossil fuels are imported, ei-
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ther from the United States (which supplies the majority of the coal used), or
from Western Canada (which supplies
most of the oil and natural gas and some
coal).
The nuclear generating stations, on
the other hand, use the CANDU-PHW
system that employs heav\ water as a
moderator and coolant, and natural
uranium dioxide as fuel. Both of these
are readily available in Canada, and
particularly in Ontario.
Sjstem Expansion
From 1906 to 1974. the peak electrical
demand in Ontario grew at an average
compound rate of more than seven per
cent per year, and until the early 1950's,
hydro-electric developments provided
all the power needed to meet this demand. 1 hen. early in the '50's. large
thermal units fuelled with imported coal
were introduced, and by the early
1960's. these produced almost all the
additional capacity required. However.
as it seemed that nuclear power offered
the only long term prospect for secure
and economical power production,
cooperation among Ontario Hydro, the
Canadian federal agency known as
Atomic Energy of Canada Limited
(AECL) and the Canadian General
Electric Company (CGE) resulted in the
construction of a small (20 megawatts
electric, or MWe) experimental CANDU-PHW called the Nuclear Power
Demonstration (NPD). Ontario Hydro
also decided to collaborate with AECL
to construct a prototype 220 MWe unit
at Douglas Point. This arrangement was
effected even before NPD went into
service in 1962. Confidence in this second project convinced Ontario Hydro
to proceed with a new development at
Pickering. Consequently, in 1965. before Douglas Point was complete, the

first two Pickering Generating Station
540 MWe CANDU-PHW units were
committed for construction with financial support from both the federal and
provincial governments. Confident
that energy costs from a nuclear plant
would be less than from a coal-fired
station of equal capacity, Ontario Hydro later added two more units to this
station.
Continuing need for more generating

Generating mix —1980

Fossil fuel consumption -- 1 9 8 0
Kind

Quantity
10 8Mg
39 x 10'L

Coal
Light Oil
Heavy Residual
14x101
Fuel Oil
3 7 \ 'Q-rn
Gas

Cost
(10' US dollars)
562 4
61
14
125

Pickering Generating Station is located on the
shore of Lake Ontario. 30 km east of
downtown Toronto The four units of the 'A'
station, placed in operation during 1971 and
1972, have proven to be among the most
reliable in the world

Kind of Station
Hydraulic
Fossil
• Coal Fired
• Oil Fired
Combusiion Turbines
Nuclear

Number of Stations

Dependable Capacity

% of System Capacity

68

6472 MW

25 4

6
1
42
6

10 64 MW
2 295 MW
474 MW
5 260 MW

43.0
90
19
20 7

J

capacity resulted in the authorization
late in 1968 of the Bruce Generating
Station A, to consist of four 772 MWe
units. In 1974, following the successful
operating record of the Pickering units,
an additional four 540 MWe units were
authorized for that facility, and in 1975
a further four 800 MWe units were authorized for a new station on the Bruce
site.
About this time, economic recession
caused what was thought to be a temporary reduction in load growth. Nonetheless, as the need for fuither generating
capacity was expected to resume its past
level, a decision was made to build the
four 850 MWe unit Darlington nuclear
station.
Contrary to earlier expectations, load
growth has not recovered its former
long term trend, and is now expected to
be approximately 3.1 per cent per year
to the end of the century. As a consequence, an oil-fired station under construction was cancelled, and the scheduled completions of Bruce B and Darlington were postponed.
Because of the committed generation
expansion plan and the reduced demand for electricity. Ontario Hydro's
generating reserves will for some years
be substantially higher than those normally required to meet system targets

• 40 000
• 30 000

40 000
-Pianned-

• 20 000
10 000
9 000
6 000
4 000
2 000

1930

1940

1950

1960

1970

1980

1 000
800
600
400
1990

ONTARIO PRIMARY PEAK DEMAND

Hydraulic
1961

1970

1980

—10
1990

ONTARIO HYDRO GENERATING CAPACITY
1961 - 1991

I
I
I
I
I
I

a
i
i
i
i
i
i
i
i
i
i

J

I
I
I
I
I
I
I
I

for re 11 a b 1111 >. Although this situation at
first appeared unfavourable to the consumer of electricity, the recognition of
two other factors changed the perspective. The first of these was ihe growing
realization that acid emissions from fossil fuel fired generating stations—both
in Canada and the USA—have led to a
slowing of forest growth, as well as to
the acidification of many lakes and a
consequeni reduction in useful fish populations. These circumstances led the
Ontario (knernment to require that
such emissions be limited. The second
factor was the expectation that the total
unit cost of electricity from Darlington
(including capital charges) would be
less than the fuel cost alone for an existing coal-fired station. Thus, the substitution of nuclear power for coal burning will assist Ontario Hydro in reducing acid emissions without increasing
overall costs.

Left: The prototype Douglas Point Generating
Stat'on i i owned Pv Atomic Energy of Canada
Limited and operated hy Ontario Hydro It
provides up to 220 MW to the electrical
system and steam tor the first Bruce Heavy
Water Plant, which appears m the background
Right: Operating staff hand-load the initial
fuel charge into Bruce GS As Unit 4 reactor
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As well as building plants to accommodate predicted demands for electricity. Ontario Hydro's nuclear power program must provide the CANDU-PHW
reactor* with heavy water (D2O) in
quantities of about 1 Mg/MWe. A secure supply was assured through the
construction and expansion of the

heavy water production plant at the
Bruce Nuclear Power Development
(now capable of producing about 1200
Mg of D2O per year). A further source
of supply is provided by AECL's two
plants in Nova Scotia.
The commitment to construct nuclear
generating stations also requires that

fuel supplies of a suitable type and at
acceptable prices be available for the
expected life of the stations. To secure
these supplies. Ontario Hydro has entered into contracts for the production
of uranium, and is advancing funds for
the mine expansion needed to make
sure these contracts can be fulfilled. The

Above: Under water storage of irradiated fuel
provides effective cooling and shielding as in
this irradiated fuel bay at Pickering GS
Left: These large towers at the Bruce Heavy
Water Plant separate naturally occunng heavy
water out of water drawn from Lake Huron
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natural uranium dioxide required to
fuel the CANDU reactors is processed
in Ontario, and the fuel bundles are fabricated by several manufacturers, thus
assuring an uninterrupted supply.
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Ontario Hydro is directed by a board
composed of a full-time chairman and
of part-time members. This membership, which is drawn from the business
community and appointed to the board
by the Ontario Government, sets Ontario Hydro policy and makes sure it
supports and is consistent witn that of
the provincial government.
To ensure Ontario Hydro operates in
an efficient and effective way, day-today management is delegated to a president, who is also on the Board of Directors. He, together with two executive
vice-presidents, forms an executive office responsible for the administration
of the organization. One of these executive vice-presidents presides over planning and administration, and the other
over operations. The former area of
responsibility includes planning the expansion of the electricity system, and
also the provision of personnel and fi-v
nancial resources. The operations area
includes the production, transmission,
distribution and marketing of electricity, the provision of supplies and services, as well as the engineering and
construction of new facilities. The organizational unit responsible for engineering and construction is known as
the Design and Construction Branch.
Its responsibilities include building nuclear generating stations, while the Nuclear Generation Division within the
Production and Transmission Branch is
responsible for operating these stations
when construction is complete.

Installing the pressure tubes in the reactor
calandna tubes
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Nuclear Program Management
The successful development of Ontario
Hydro's nuclear power program has not
depended solely on the technological
achievements that made possible the
CANDU reactor. Of equal importance
is management and staffing, as the
structure and philosophy of these functions control the engineering, construction and operation of the generating
stations in the program. Alchough the
structure and philosophy are quite formalized, they remain flexible enough to
meet differing requirements during the
various phases of a given project, and to
accommodate inevitable changes in the
social and economic environment in
which the utility must function.
PROJECT LIFE CYCLE
As an aid to the management process,
Ontario Hydro has defined the life cycle
of a station in five sequential phases,
each with management structures and
techniques appropriate to the objectives
of the particular phase. Thus, a station
begins in a concept phase, progresses
through definition, acquisition and operation phases, and ends its life in its
retirement phase. The first two of these
are known as the preliminary engineer-

ing phases.
Behind the concept phase lies an activity that is ongoing in the operation of
an electrical generating system—namely, the long range forecasting of future
electrical demands. These load forecasts
are used in conjunction with required
reserves to plan future generating capacity. When it is determined that additional generating facilities will be needed to provide this capacity, then a concept phase is entered. In this initial
stage, alternatives for future generation
are developed, and by a process of elimination, the specific alternatives that
best meet system requirements are chosen. If the choice is a new station, then
the concept phase includes the selection
and acquisition of the site upon which it
will be built.
At this point, the project enters its
definition phase. During this stage, requirements for major systems and
equipment are defined, site and structure layout is developed, environmental
and community impacts are analyzed,
and plans for engineering, construction
and commissioning—including estimates and schedules—are prepared. Approval to construct the station is re-

CONCEPT
DEFINITION
ACOUtSmON

Alternative Schemes
Broad Requirements for
Specific Site Plan Approved
Project Planning
Preliminary Engineering
Project Approval Process
System Planning
& Generation
Development Dept
Design & Development Division
Generation Development Depl.

PROJECT LIFE CYCLE
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Systems Classification
To ad as a common reference system
throughout the life of a generating station,
a systems index is developed. Known as
the Systems Classification Index (SCI),
it provides a fast and consistent method oj
referring to any component oj a given
i tat ion. both during design and construction, and while the station is operating.
Taking its structure jrom the physical
plant involved, the index consists oj a
number of major sections, each oj which
corresponds to one oj the primary junctions of a generating station.
The SCI is used for all jiling, jor all
schedules, drawings, material lists, material requisitions, and as a basis for the
accounts code.
quested, and when it is received, orders
are placed for the major equipment.
This leads to the acquisition phase, in
which detailed design is carried out.
equipment is specified and purchased,
structures are built and systems installed, and the equipment is checked,
tested and placed in service.
From this point to the end of its life,
the station is in its operation phase, producing electrical energy as required by
the provincial electricity system. During
this time, maintenance activities are carried out on a regular basis, and modifications and rehabilitations made as required.
When its economic life is over, the
station enters its retirement phase, during which it is decommissioned. This
may mean the equipment is stored or
removed, or the whole station demolished.
Management Organization
Before describing in detail the processes
undertaken during the life cycle, it is
necessary to introduce the reader to the
organizational structure of the Design
and Construction Branch. This branch
is headed by a vice-president, reporting
to whom are four operating divisions
and two administrative groups. The
Reactivity control mechanisms are introduced
from the reactor top Here, a welder
completes the sleeves inside the reactor
shield tank
II
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operating divisions are the Route and
Site Selection Division, responsible for
activities related to the planning and
acquisition of sites for generating stations, transmission lines, and transformer and switching stations; the
Transmission Systems Division, responsible for designing and constructing
these lines and their transformer and
switching stations; the Design and Development Division, which provides
planning and technical expertise for the
generating station program; and the
Generation Projects Division, under
whose auspices the detailed design and
construction of generating stations is
carried out. The Design and Development Division is subdivided into discipline-based functional departments,
supplemented by a planning and control group and by the Generation Development Department that coordinate
the efforts of the other departments.
Because the study and conceptual
design work done during the concept
phase draws expertise, talent and ideas
from many, varied disciplines, the hie-

rarchial management structure generally used to control engineering would be
counterproductive. What is required at
this stage is freedom to draw ideas and
assistance from all available sources. It
is for this reason that the work for conceptual designs is carried out by the
department or individual with the experience and knowledge best suited to
the particular task. However, to make
sure the planning and control of the
conceptual design studies is effective,
the Generation Development Department is given responsibility for the project. This department defines the study
objectives and responsibilities, establishes a schedule of activities, coordinates the work, and monitors progress
against the schedule.
In the course of pursuing these activities, alternatives are compared and
gradually reduced to a few likely options. For each of the options selected,
site and building layouts are prepared
and then modified in such a way that
life cycle costs may be minimized. This
work includes the preparation of com-
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DESIGN&CONSTRUCT1ON

Director
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Director
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Personnel Manager

:

Manager of Safety

DESIGN AND CONSTRUCTION BRANCH
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parative estimates for alternative thermal cycles and for major equipment and
structures. The policy is that changes
from previous stations be limited to
ones that will significantly reduce lifetime costs. However, the concept phase
provides an opportunity to examine the
station and its major system alternatives
and arrangements in sufficient depth to
forestall problems that might otherwise
arise during the preliminary engineering
and detailed design.
The objectives of all these studies are
clearly defined, and are systematically
reviewed and documented. The major
factors considered in the studies are
safety, performance reliability, environmental acceptability, and economics.
The nuclear reliabilty and maintainability work and the nuclear safety tasks to
be carried out later in the cycle are also
defined at this time. Preliminary project
schedules are prepared by the Generation Development Department in consultation with the Generation Projects
Division. These schedules state the expected durations of the major stages required to build a plant of the types being considered, and are used as a basis
for comparisons, and for setting the time-frame within which subsequent decisions will be made.
In addition to studies of alternative
generating facilities, the concept phase
also involves the study of site alternatives. These studies are undertaken by
the Route and Site Selection Division (a
part of the Design and Construction
Branch) and the System Planning Division (from the Power System Program
Branch), and are coordinated by the
Generation Development Department.
Although it might seem that Ontario
has an almost unlimited number of sites
suitable for generating stations, there
are many social, ecological, geographical and engineering limitations upon
the choice of location. In order to accommodate these constraints, there is a
formal identification process that includes the mapping of various limiting
factors, and then by a process of elimination, arriving at the best site.
When a preferred location and its
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transmission band have been determined, z preliminary site selection report is prepared. Among other things,
this report presents the issues and rationale for the site—including those concerns voiced by the public—and sets
forth alternatives. The report is submitted as part of the approval procedure
required under provincial environmental assessment legislation.
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Definition Phase
The definition phase of the project begins when the Ontario Hydro Board of
Directors approves in principle a system
plan that includes the proposed generating station project. The site, type of generation, size of units and in-service
dates are specified in this plan.
Next, the preliminary engineering is
undertaken by the Design and Development Division. Many detailed planning
activities are carried out during this
phase.
Water tor condenser cooling and for services
at Bruce GS B will be taken from Lake Huron
through a concrete-lined tunnel, here shown
during excavation

PRELIMINARY
PROJECT SCHEDULE

Year
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Ontario Hydro is responsive not only
to the Ontario Government, but also
like any private company in Ontario
- t o the applicable laws and regulations, both federal (Canada) and provincial (Ontario). A federal agency
known as the Atomic Energy Control
Board (AECB) regulates all matters
concerned with nuclear energy. Because
of its requirements, approval for the
proposed stations must be given not
only by the Ontario Hydro Board of
Directors and the Ontario Government,
but also by the AECB.
About the time preliminary engineering begins, the senior project staff is
appointed. This staff includes the Project Manager, who will be responsible
for the whole project, and the Manager
of Engineering and the Manager of
Construction, who will report to the
Project Manager. To make sure these
people become thoroughly familiar with
the project, they are directly concerned
with it for quite a long time before they
actually take control in the acquisition
phase.
Meanwhile, the definition phase continues with the preparation of preliminary design requirements and descriptions, detailed project planning, and the
issue of quality engineering plans. Specifications are prepared and tenders for
fundamental equipment such as turbine
generators, steam generators and major
reactor components are obtained and
evaluated.
Because Ontario Hydro has always
attached great importance to its ability
to provide reliable electrical service, at
this stage it puts a great deal of effort
into making sure that its designs are of
high quality, and that subsequently, the
manufactured products it purchases are
of equal excellence, and the workmanship of those who install the equipment
is superior. Reliability is further guaranteed through efforts to make operating
procedures and maintenance standards
as good as possible. Any problems encountered during operation and maintenance—along with their solutions—are
reported back to the engineering organization so that future designs may be
improved.
14

With the advent of the nuclear-electric stations and the public's concern
about the safety of these facilities, the
procedures for the various engineering
tasks affecting quality have been formalized in a Quality Engineering (QE)
Program. Through documentation, this
program provides objective evidence
that goals of safety, reliability,
maintainability and performance are
met and measured, and continues to
provide this evidence from a plant's
concept phase through to its retirement.
Project Acquisition Phase
When government and environmental
approvals have been received, and the
Ontario Hydro Board of Directors has
given approval for the construction of a
generating station, the project enters the
acquisition phase of its life cycle. It is
during this phase that the defined concept becomes a detailed design, and the
design becomes a working generating
station.
As the acqusition phase is both complex and lengthy, effective control of the
activities involved in it is very important. To achieve this control, the prime
responsibility for the project is now
transferred to the Project Manager.
Project Management
As leader of the project group, the Project Manager's task is to see that the
work is planned, that the plan is carried
out, that progress is monitored, that
work done is compared with work
planned, and that any necessary replanning, adjustments, or corrections are
carried out. To accomplish these things,
the Project Manager gives specific assignments to the Manager of Engineering and the Manager of Construction,
while the Manager of Project Services
monitors the activities and provides
feedback concerning costs and scheduling.
Project Scheduling and Time Control
One of the Project Manager's principal
management aids is the master
schedule, which contains "milestone"
events for all stages of the acquisition
phase. This schedule has been issued by
the time the project enters its acquisi-

tion phase, and is used to monitor and
control progress. The technique employed is to make monthly comparisons
of work completed with work scheduled, and then to analyse deviations
and evaluate their effects on subsequent
events. The resulting information is
used as a basis for remedial actions such
as replanning the work, reassigning or
increasing manpower, changing contractual conditions or expediting suppliers. The master schedule is augmented
by other schedules appropriate to the
various management levels, and these
too are monitored to control progress.
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Project Estimating and Cost Control
Another important management aid is
the process of project estimating and
cost control. Early in the acquisition
phase, the project costs are re-estimated
in as much detail as available information allows. To facilitate this, the project
is divided into "work packages", each
relating to a physical system or structure, or to an area of indirect cost. A
detailed estimate is made of the capital
cost for each of these work packages,
and the estimate is subdivided into
areas of indirect cost, costs for material
and equipment, and costs for installa-

tion. These subdivisions conform to
pre-determined areas of management
responsibility. As part of this process,
annual costs are determined for each
management area, and these cost findings become the bases for annual budgets.
As time passes and additional cost
information becomes available, the various estimates are revised, and the revisions are summarized annually and submitted to senior management for approval. The summary is accompanied
by an explanation that distinguishes between cost changes caused by uncon-

trollable phenomena, and those due to
events controlled by project management. The former include the effects of
changes in such things as inflation, interest rates, exchange rates, taxes and
government regulations, while the latter
include schedule slippage, estimating
errors and other changes. Scope changes
occur throughout a project, and depending on their origin, may fall into
either category.
The annual budget is also used to
exercise short-term control over the
project. This is done through monthly
comparisons of actual expenditures

Project
Manager

Manager of
Engineering

Manager of
Construction

Manager of
Project Services

PROJECT MANAGEMENT

Fuelling machine tor Pickering GS being
assembled at the manufacturer's plant
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with the relevant portion of the annual
projected expenditures. The reasons for
any variances are determined, and
where necessary, corrective action is
taken. Such action may include rescheduling work or recognizing and accommodating an existing situation.
Project Engineering
Another important facet of the acquisition phase is the engineering. To handle
this function, Ontario Hydro's experience in the nuclear field has led to the
evolution of an effective way of managing and coordinating all the engineering
activities. The method consists of making the Manager of Engineering responsible for arranging detailed designs, for
requisitioning equipment and material,
and for providing the documentation
and engineering assistance necessary to
successfully install and commission the
units.
To carry out these activities, the senior engineers and their design staffs are
assigned to the project team on a fulltime basis, but retain the technical
back-up provided by the disciplinebased departments in the Design and
Development Division from which the
staff comes. Certain specialized work
not requiring a full-time team is carried
out by the relevant discipline departments as a service to the Manager of
Engineering.

The Manager of Engineering carries
out his responsibilities either directly
through Ontario Hydro staff, or indirectly through engineering consultants. If the work is to be undertaken by
the former, then it is accomplished by
the project team. On the other hand,
work done by an engineering consultant
is reported to the Manager of Engineering, who is responsible for monitoring
and controlling its performance.
Materials Management
Because the successful construction of a
large project requires that materials be
in the right place at the right time, materials management constitutes another
important part of project management
during the acquisition phase. Should
materials arrive too early they may incur storage charges and increase interest
costs. Similarly, lateness causes delays
that result in further costs. To ensure
untimely material deliveries are kept to
a minimum, the Manager of Engineering is responsible for identifying needs
and initiating procurement for all project material and equipment, and for
doing so in time to allow delivery to
coincide with the installation date specified in the construction schedule.
In addition, to facilitate management
of the thousands of pieces of minor
equipment and hardware that must be
purchased, delivered, stored and in-

ENGINEERING ORGANIZATION

stalled, Ontario Hydro has developed a
computerized project material management system. This system is based on a
separate, corporation-wide numerical
stock code, and applies to all different
items supplied to a project. The corporate list of materials contains over
350 000 such items, and over 60000 of
these are in use on any single project
site.
Purchasing and Supply
In Ontario Hydro, all purchasing operations are carried out by a separate Supply Procurement Division, within which
are several departments, each specializing in a specific range of products. The
procurement cycle begins when the
Supply Procurement Division receives a
requisition for goods or services from
the Project Engineering Department.
Then tenders are invited and evaluated,
and orders placed. Evaluation of technical and economic factors is done by the
Project Engineering Department, while
Supply Procurement examines the commercial conditions. After a contract has
been awarded, surveillance of the supplier's manufacturing process begins. The
Project Engineering Department is responsible for approving the supplier's
engineering, while the Supply Procurement Division approves the manufacturing schedule and quality assurance
program, and monitors supplier perfor-

The four turbine-generators at Bruce GS A fill
the 445 x 55 x 26 m dimensions of the turbine
hall.

[

0

J

17

mance through quality verification,
procedures audits and progress assessment. In the case of work at the site,
performance monitoring is done by the
Project Construction Department.
Construction

The Manager of Construction is responsible to the Project Manager for all construction and installation activities that
take place at the project site during the
acquisition phase. His responsibility
ends only when the systems and equipment are handed over to the station
operating staff for commissioning.
Under the Manager of Construction,
there are several areas of sub-responsibility. For example, all construction labour employed directly by Ontario Hydro is managed by the General Superintendent. Most of the construction work
at Ontario Hydro's nuclear generating
stations is carried out by this kind of

labour force, which may number as
many as 1800 men during peak construction periods. When such work is
done by contracted forces, on the other
hand, the Resident Engineer supervises
their efforts. The Resident Engineer is
also responsible for all quality verification and inspection at the site, and interprets specifications on behalf of the
Manager of Engineering. His staff acts
as a line of communication between
project design engineering staff and the
General Superintendent's staff. During
commissioning, the Resident Engineer's
staff maintains contacts with the operating personnel.
Safety is another important area of
responsibility associated with the construction process. In every aspect of its
operation, Ontario Hydro places first
priority on public and worker safety by
making all levels of the line organization responsible for preventing injuries

and accidents. Corporate safety rules
and training aids provide guidelines for
this task, and a worker protection code
assists in creating a safe working environment for all people who must deal
with equipment that may be pressurized
or electrically charged. The Manager of
Safetv (Design and Construction
Branch) in Head Office reports directly
to the Vice-President, Design and Construction, on all aspects of the safety
program.
Commissioning

Once the equipment for each system has
been installed and connected, the acquisition phase draws to an end. At this
point, the Resident Engineer and his
staff begin to pass responsibility for the
facility to the Plant Manager and his
staff. Because the latter have been appointed well in advance of the in-service
date, by the time they come to test and

Far right: The four-unit control room at
Pickering GS A is equipped with centralized
controls, annunciation and computer displays.
Right: Development of the Darlington GS site
on the north shore of Lake Ontario required
extensive earth-moving and reclamation. Initial
concrete placement at this site took place in
late 1981.

CONSTRUCTION SITE ORGANIZATION
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nover of each system and piece of
equipment from the Construction staff
to Operations is formally documented.
Although commissioning activities
are the responsibility of the station operating team, the Project Manager retains overall responsibility until it has
been demonstrated that the generating
units meet station specifications to an
acceptable degree. Even after the units
have been declared in service for commercial operation, the Project Manager
remains responsible for ensuring that
the equipment suppliers have fulfilled
their obligations, and that any necessary modifications are carried out.
The complete process of turnover and
commissioning is a lengthy one, occupying about two years from its beginning
to the time each generating unit is declared in service. From this point on, the

plant is in the operation phase of its life,
and becomes the responsibility of the
Nuclear Generation Division.
Operation Phase

Once in its operation phase, a nuclearelectric generating facility requires extensive technical support to ensure it
performs safely and economically.
Much of the day-to-day part of this support is provided by various departments
within the Nuclear Generation Division, while engineering and design support and fundamental scientific and
technical aid are provided by specialists, from both within and outside Ontario Hydro. Thus a range of support
services that are integrated, systematically applied and flexible are readily
available to cope with any problems
that arise, to perform regular testing
and monitoring, to provide the ongoing
design and development associated with
a nuclear-electric program, and to carry

out the fundamental research necessary
to evolve nuclear materials, equipment
and systems.
In addition to coordinating the technical support, the Nuclear Generation
Division also directs the day-to-day operation of the plant to meet the needs of
the electricity system.
Retirement Phase

When it is no longer economical to operate a plant, the facility will enter its
retirement phase. Although Ontario
Hydro has had no decommissioning experience, it has conducted a number of
studies to determine the processes and
costs involved in taking a nuclear station out of service and placing and
maintaining it in a safe mode. The anticipated costs have been included in the
Corporation's financial plans, but Ontario Hydro does not expect to need
specific strategies to implement this
phase for many years.
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Program
Achievements

The management structure outlined in
the foregoing discussion has helped to
make possible the very significant
achievements of Ontario Hydro's nuclear-electric program. Although the
schedules and budgets involved in
building the CANDU stations have not
been problem-free, problems that have
arisen have been solved, and the operating results of those stations now producing electricity have been gratifying.
Some of these achievements are highlighted below.
Schedule Achievement

Right: Bruce GS A is located on the eastern
shore of Lake Huron in the Bruce Nuclear
Power Development, which also includes
Douglas Point NGS. the heavy water plants
and Bruce GS B
Below: The Pickering GS B station, with
buildings approaching completion in
mid-1981, torms an eastern extension to the
operating Pickering GS A

The table entitled "Ontario Hydro's
Nuclear Generating Stations Schedule
Achievements" compares actual
achievements with schedules for the
construction of Ontario Hydro's large
nuclear units. Some highlights of the
schedule performance for each station
are summarized in the following subsections.
Pickering A

The first two units of this station were
committed for construction in October,

1964. Site development started and first
concrete was placed in June, 1966, from
which time construction proceeded rapidly until May, 1967, when a construction workers' strike caused a six
months' delay. This and other delays in
the engineering area were recognized,
and the reactor critical date was rescheduled 10 months later than originally planned. Buildings for these units
were enclosed in early 1969, and the
first reactor went critical in April,
1971—almost one year later than originally planned, and seven weeks after the
revised plan. Start-up and testing proceeded relatively smoothly, and the unit
was declared in service for commercial
operation nine months late. The second
unit followed in five months.
Construction of the second pair of
units was authorized in April, 1967, and
concrete was started eight months later.
Work proceeded on schedule to reactor
critical in May, 1972 and May, 1973.
Very smooth start-ups permitted these
units to be declared in service in about
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five weeks—approximately four months
earlier than originally planned.
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Bruce GS A
All four units at this station were authorized for construction in November,
1968, and were to be available to meet
the system's annual peak load period
between late 1976 and 1979. Restraints
caused by the closeness of the heavy
water production plant (which utilizes a
large inventory of highly toxic hydrogen
sulphide) then under construction, led
to a decision late in 1969 to relocate the
powerhouse, and to defer the in-service
date by three months. Concrete foundations were started in December, 1970,
and the building was enclosed three
years later. An electrical workers' strike
in 1974—together with design changes
(made necessary by reactor pressure
tube cracks at the operating Pickering
GS A units), and with delays in equipment delivery—contributed to the postponement of the first unit's reactor critical date to January, 1977. This was 15
Ontario Hydro's nuclear generating stations
schedule achievements
Station
Pickering A
4x515 MWe (net)

Unit
1
2
3
4

Committed
Oct64
Oct64
Apr 67
Apr 67

First Major
Equipment
Order
May 65
May 65
Jun 67
Jun 67

Bruce A
4x741 MWe (net)

2
1
3
4

Nov 68
Nov 68
Nov 68
Nov 68

May 69
May 69
May 69
May 69

Dec 70
Jun 71
Jul 72
Sep 72

Pickering B
4x505 MWe (net)

5
6
7
8

Jul 74
Jul 74
Jul 74
Jul 74

Jun 74
Jun 74
Jun 74
Jun 74

Nov 74
Oct75
Mar 76
Sep 76

Apr 82
Oct83
Mar 84
Aug84

Bruce B
4x756 MWe (net)

6
5
7
8

Jun 75
Jun75
Jun 75
Jun 75

Sep75
Sep75
Sep75
Sep 75

Jan 78
Jun 78
May 79
Aug79

Oct83
Jul 84
Apr 86
Jan 87

Darlington A
4x881 MWe(nel)

1st
Concrete
June 66
Sep 66
Dec 67
May 68

First
Power
Apr 71
OC171
May 72
May 73

InService
Actual
Jul 71
Dec 71
Jun 72
Jun 73

Original
In-Service
Planned'
Nov 70
Oct71
Oct72
Oct73

Weeks
Late/
(early)
39
13
(17)
(15)

Sep 76
Jan 77
Dec 77
Dec 78

Sep 77
Sep 77
Feb78
Jan 79

Jun 76
Jun 77
Jun 78
Jun 79

55
13
(17)
(19)

2
Jul 77
Jun 78
Sep 81
1
Jun 78
Jul 77
3
Jun 78
Jul 77
4
Jun 78
Jul 77
Note Planned dates for Pickering B. Bruce B and Darlington A changed from initial dates for external reasons
At date of construction commitment

May 88
Feb89
Nov 89
Aug90

21

II
II
months later than originally scheduled.
Following initial start-up, severe vibrations in the main steam lines prevented
electrical generation from reaching the
full design output. After these problems
had been alleviated, both the first and
second units were accepted for commercial service in September, 1977.
The last two units were each declared
in service five months earlier than originally planned.
Pickering B
Authorized for construction in July,
1974, the concrete construction of this
four-unit extension to Pickering A started in November of that year, and the
powerhouse was enclosed 38 months
later. However, during the testing that
followed the installation of the steam
generators, it was discovered that they
had been damaged by a faulty heat
treatment procedure during manufacture. As a result, it has been necessary to
remove the vessels, and to redesign and
rebuild them. All of the new vessels for
the first unit have been delivered to the
site, and a delay of approximately two
years to the in-service dates is now expected. Advantage has been taken of
this extra time to revise the design requirements for several safety systems
(some of these revisions resulting from
concern over the Three Mile Island incident in the USA).

Bruce GS B is located 3 km south of the A plant and is here shown in 1980. with the second
unit s structural steel neanng completion
two and one half years after the start of concrete
construction

Ontario Hydro
Nuclear generating stations manhours data
Manhours/kW
Station
Pickering A
Bruce A
Pickering B
Bruce B
Darlington
Estimates

No. of Station
Units MW(e)
4
4
4
4
4

2 060
2 960
2 064
3 024
3 524

Total
Manhours/kW

Eng. & Admin.

Construction

Commissioning

24
27
36
32
30

10.7

1.1
09
1.3

14.2
13.0

16

15.1
13 1

9.4
123
103
9.3

0.8

172

Data valid 1980

Bruce B
A repeat of the Bruce A station was
committed for construction in mid
1975, to be in service from July, 1981 to
October, 1983. However, as a result of
capital restraints imposed by the Ontario Government, and later because of
declining rates of load growth, the inservice dates have been deferred to the
period of October 1983, to January.
1987. Concrete placement started in
January, 1978, and the powerhouse for
the first unit was enclosed at the end of
1979.
At the end of 1980, construction was
proceeding close to schedule, but was
affected by delays in equipment delivery, and particularly by the late arrival
of the steam generators and preheaters

(caused by the problem with the Pickering B steam generators).
Cost Achievements
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Since the early 1970's, the costs of almost all large construction projects
have increased beyond expectations. All
projects have been affected by inflation,
and in addition, many large projects
have been influenced by the public's demand that the environment be protected from change. Nuclear power projects
have been influenced by this concern
more than many other undertakings,
and as a result, Canada (following the
USA) has strengthened its regulatory
requirements to include mandatory documentary proof that all unnecessary
risk has been eliminated, and that nuclear generating stations are designed,
built and operated in conformity with
the established standards. These factors
have so increased capital costs that ear-

ly estimates for the completed stations
have been significantly exceeded.
The table at the bottom of page 22
(Nuclear Generating Stations Manhour
Data) illustrates this trend, showing
Ontario Hydro's manhour costs per kilowatt of station output. It also indicates
the magnitude of the effort required to
design and construct projects of this size
under Canadian conditions.
The relationship between Ontario
Hydro's costs and those of other utilities is monitored regularly through
membership (with 70 other North
American utilities) in a group that compares costs. The figure entitled "Electric
Utility Cost Group Data" compares the
'dry' cost (without heavy water, fuel or
commissioning) of the Ontario Hydro
stations with that of some other North
American multi-unit facilities. It may be
seen that all costs show a rising trend
caused by inflation, but that in all cases

the dry costs of the CANDU plants are
of the same order of magnitude as their
USA counterparts.
Operating Results
Reliability

The lifetime performance of the CANDU-PHW units has exceeded any other
type of nuclear-electric stations (pressurized water reactors, boiling water reactors, gas cooled reactors). The following
table compares the performance of the
various reactor types.
World comparison of reactor types
500 MWe units and larger — lifetime
CANDU-PHW
PWR
BWR
GCR

Gross Capacity Factor %
77
57
56
46
Data valid 1980

2,500
Multiple Unit Plants: % Two Unit
More Than Two Units
2,000
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Transmission lines at 500 kV and 230 kV
convey power to Ontario load centres and
connect with adjoining provinces and the
USA. Here, several 230 kV lines share a
common corridor

The eight CANDU commercial units
in Canada have extraordinary lifetime
reliability. The table below ranks these
units among the world's 114 large operating reactors.
Canadian standing in world's 114
commercial reactors
500 MWe and larger — lifetime
Unit

Gross Capacity
Factor (%)

World Rank
(out of 114)

Bruce 3
Pickering 2
Pickering 1
Pickering 4
Bruce 4
Pickering 3
Bruce 1
Bruce 2

83
82
80
78
78
76
74
69

1
3
4

5
7
8
12
23

Costs
A comparison of CANDU-PHW costs
with the prices of other types of nuclear
stations and with other kinds of generating stations (for example, coal-fired
units) depends on numerous variables
which are peculiar to the country and
utility which is making such a comparison. In the Province of Ontario, the
CANDU-PHW competes very well with
the only other practical option for baseload operation—namely, coal-fired
generating stations.
The accompanying table presents a
cost comparison of Pickering GS A (a
nuclear station composed of four 540
MW units) with a representative coalfired station constructed at approximately the same time (Lambton GS—a
station with four 532 MW units), assuming that they are loaded to the same
capacity factor.
24

Cost comparison Pickering GS A and Lambton GS — 1980
Unit energy cost in mills per kilowatt-hour (m$/kWh)
Pickering GS A
Interest and depreciation-f
6.1
Operation, maintenance and administration
4.0
Heavy water upkeep
0.4
Fuel
23
Total Unit Energy Cost
12.8
* Assumes Lambton also operated at base load with capacity factor of 82 6%
f Includes amortization of heavy water inventory.

Lambton GS *
18
18
N/A
17.5
21.2
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Operational area
Administrative regions
Administrative areas
Customers served
• by Ontario Hydro
• by 324 municipal utiltt-es
-"rimary peak demand
P'imary energy
Sources of energy
• hydraulic
• nuclear
• coal
• gas
•

Oil

• olher utilities

650 000 km7
54

756 100
2 214 500
17212 MW
102 374 GW-h
36 207 GW-h
35 981
34 014
0
129
7 528
113 859 GW-h

Stations m service
• generating
• transformer
Transmission lines
Subtransmission
^ural distribution lines
Assets
Revenue
St' i (average tor year)

78
217
26 736 km
11 726 km
88 647 km
$18 088 million
$ 3 173 million
30 500

[i

Printed in Canada
Ontario Hydro, 700 University Avenue, Toronto, Ontario, M5G 1X6, Canada.

APR 1 i 1962

ATOMIC ENERGY OF CANADA LIMITED
ONTARIO HYDRO
CANADIAN GENERAL ELECTRIC COMPANY LIMITED

I
•

REACTOR IN CANADA'S FIRST NUCLEAR
POWER STATION GOES INTO OPERATION
The reactor in Canada's first nuclear power station went into'

I

operation today, it was announced by the Hon. Gordon Churchill, chairman,

•

Committee of the Privy Council on Scientific and Industrial Research.

Commis-

sioning of the station is continuing and the first electricity will be produced within
I
I

the next few months.
Known as the Nuclear Power Demonstration Station (NPD), the
plant is near Rolphton, Ont. , about 150 miles west northwest of Ottawa and 12

•

miles up the Ottawa River from the Chalk River research centre of Atomic

I

Energy of Canada Limited.
After extensive testing of the complex electronic circuits and various

•

plant systems , heavy water was pumped into the aluminum reactor tank that contains

I

the uranium oxide fuel.

At <~ 4 KJ A.^jioday a neutron counting instrument in the

station control room indicated that a chain reaction had been achieved.

I
I
I

I
I
This meant that the "furnace" or reactor in the power station was
"burning" uranium for the first time.

I

Various commissioning tests will be carried

I
n

out during the next few months before the reactor is brought up to its full heat
output and steam is fed from the steam generator into the turbine-generator unit

If

to produce electricity.

p

The $33 million NPD station was built as a co-operative project of
Atomic Energy of Canada Limited, Ontario Hydro and Canadian General Electric
Company Limited.

j^

The plant, which will have an electrical output of 20,000

r*

kilowatts, is a prototype for larger plants, such as the 200,000 kilowatt Douglas
Point Nuclear Power Station now under construction on the eastern shore of Lake

j[

Huron, midway between Fort Elgin and Kincardine, Ont.

f"

C. G. E. , under contract to A. E. C. L. and Ontario Hydro, was
responsible for the design, development and construction of the station.

A. E.C. L.

provided research and development data for and owns the nuclear portion of the
plant.

|:
T*

Ontario Hydro designed and owns the conventional portion of the plant.

Ontario Hydro operates the station and will pay A. E.C. L. for the steam fed to

I

the turbine.

f
The reactor is an aluminum tank 15 feet long and 17 feet in diameter .

Through this tank run 132 horizontal, aluminum tubes into which are inserted
zirconium alloy pressure tubes that contain the uranium dioxide fuel.

f

The fuel consists of bundles of zirconium alloy tubes, 19-1/2 inches
long, that contain small pellets of uranium dioxide.
fuel bundle is 3. 23 inches.

The outside diameter of each

There are 1188 fuel bundles, each containing about 33

poundr of uranium dioxide, making a total of about 20 tons of fuel.
When operating at its full heat output, the reactor will contain about
60 tons of heavy water moderator.
I

The heavy water surrounds the fuel and slows

down neutrons (moderates their speed) sufficiently to enable a chain reaction to
take place.

The chain reaction is a successive splitting of uranium atoms, often

I
I

termed the "burning" of the uranium, that releases large quantities cf heat.

I

Heavy water is pumped into the pressure tubes containing the hot
fuel bundles.

This heavy water, called the "coolant" because it takes away the

w

heat generated in the fuel, is then pumped to a steam generator where the heat is

I

transferred to ordinary water.
steam, which drives the turbine.

I
I
I
I
I
I
I
I

The latter is sufficiently heated to convert it to
The turbine drives the electricity generator.
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MODERATOR DUMP TANK
MODERATOR

Canada's first nuclear power station, NPD (Nuclear Power Demonstration)
will produce ZO, OOO kilowatts of electricity. The core of the reactor is a
horizontal, aluminum tank about 15 feet long and about 17 feet in diameter.
Through this tank run 132 aluminum tubes into which are inserted zirconium
alloy pressure tubes that contain the natural uranium (in the form of uranium
oxide) fuel and the heavy water coolant. The latter flows over the fuel,
becomes heated, then travels to a steam generator where the heat is transferred to ordinary water to make steam. The steam is fed into a conventional
steam turbine that drives an electricity generator. There are 1188 fuel
bundles (or "rods") each of which is 19 1/2 inches long and contains about
33 pounds of uranium oxide. The control and shutdown of the reactor are
accomplished by regulating the amount of heavy water moderator in the
reactor tank - - there are no moving control or shutoff rods of neutron
absorbing material as there are in other power reactors. Remotely operated
fuelling machines, one at each end of the reactor, will permit loading and
unloading of fuel elements from both ends. The fuelling operation will be
carried out while the reactor is under full power.

NUCLEAR POWER DEMONSTRATION STATION
ROLPHTON, ONTARIO
(20,000 KILOWATTS, ELECTRICAL)

- 6-
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Canada's first nuclear power plant, known as the Nuclear Power
Demonstration Station (NPD), on the shore of the Ottawa River,
near Rolphton, about 150 miles west northwest of Ottawa.

One of the two remotely controlled fuelling machines that are
used to put new fuel bundles into the NPD reactor and to take
used fuel bundles out. The photograph was taken as the fuelling
machine received its final check and before the reactor went
into operation. To the right of the picture are the ends of the
pressure tubes that contain the uranium fuel bundles.

Douglas Point
Generating Station
Data
Ontario Hydro, 700 University Avenue, Toronto, Ontario M5G 1X6

First Power
In-Service Date

January, 1967
September, 1968

Calandria
Calandria Shell

GENERAL DATA
Reactor

Type
Fuel
Moderator
Coolant
Purpose
Owner

I
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Plant
Site
Location
Construction Complete
Reactor Thermal Power
Generator Output
Net Station Output
Over-all Station
Efficiency

Pressure-tube, pressurized-water
Natural uranium oxide (UO2)
Heavy water
Heavy water
Base-load power generation
Atomic Energy of Canada Ltd.
Ontario Hydro
On Lake Huron near Kincardine,
Ontario
Mid-1964
698 MW(th)
220 MW(e)
203 MW{e)
29.1%

Form
Material
Internal Diameter
Inside Length
Calandria Tubes

Material
Thickness
Internal Diameter

Number of Cells
Cell Array
Lattice Pitch (Square)
Active Zone Fuel
Capacity

Cladding
Length of Fuel Bundle
Number of Bundles

Density of Pellets
Thickness of Cladding
Nominal Max. Sheath
Temperature
Nominal Max. Heat Flux
Nominal Max. / k d6

333 000 Btu/hr/ft 2 (105 watts/
cm 2 )
40 watts/cm (see p. 63)

Coolant Pressure-Tube Assemblies
Coolant Flow
Max. Coolant Velocity
in Tubes
End-Fitting Material
Tube Material
Number of Tubes
Tube Wall Thickness
Tube Inside Diameter
Tube Length
Over-all Assembly
Length

Opposite directions in adjacent
tubes
~ 25.5 ft/sec
Stainless steel type 410
Zircaloy-4
306

0.157 in nominal (tentative)
3,25 in
17 ft 7 in
30 ft 3 in

306

Approx. elliptical (20 x 19)
9 in (22.86 cm)
47.19 tonnes UO2

Nuclear Characteristics

REACTOR SYSTEM
Bundles of 19 cylindrical tubes
containing sintered UO2 pellets
Zircaloy-4
19.5 in
12 in each of 306 sites (10.1
between coolant inlet and exit
feeders)
10.4-10.7 g/cm3
0.015 in (0.030 in for center
element in each bundle)
575° F

Zircaloy-2
0.05 in (tentative)
4.20 in (tentative)

Core

Max. Thermal Flux

Fuel
Form

Horizontal cylinder
Austenitic stainless steel
19 ft 8 in
16 ft 5 in

Avg./Max. Flux-Radial
Avg./Max. Flux-Axial
Fuel Burnup (Average)

10 14 n/cm2/sec (average across
hottest section)
0.7885
0.649
9750 MWd/tonne uranium

Fueling
Bundles Replaced per
Operation
Operations per Day
Refueling Frequency
In a Central Channel
In an Outside Channel

2 bundles, each 19.5 in long
2.5 average
2 bundles every 4 months
2 bundles every 6 months

HEAT-TRANSPORT SYSTEM
General
Coolant
Quantity
Total Flow

Heavy water
94 000 Ib
2.41 x 107 Ib/hr
55 800 gal (US)/min

FULL-SCALE NUCLEAR POWER PLANT
Outlet Temperature
Outlet-Header Pressure
Inlet Temperature
Inlet-Header Pressure

560° F
1310 psi
480° F
1473 psi

TURBINE-GENERATOR

Boiler
Number and Type

Total Surface Area
Tubes
Total Evaporation Rate
Steam Pressure
Steam Quality
Feedwater Inlet
Temperature

8 boilers, each consisting of 10
vertical U-shell-and-tube heat
exchangers and 1 steam drum
74 500 ft 2 -boiling area
11 050 ft 2 —preheating area
70% Ni 30% Cu (Monel} % in od
2 562 000 Ib/hr
583.7 psia
0.25% moisture
340oF(171°C)

Primary Coolant Pumps
Number and Type
Arrangement
Capacity (each)
Operating Head

10 (8 active) shaft-sealed,
centrifug.
2 groups of 5 in series-parallel
7000 gal (US)/min
200 psi

CONTROL SYSTEM
Method of Changing
Reactivity
Moderator Level
Absorber Rods
Enriched Rods
CdSOj in Moderator

Purposes
Startup, shutdown, scram
Trim
Startup after short shutdown
Added for cold startups;
removed for operation

Number and Type

Throttle Steam Pressure
Throttle Temperature
Number of Steam
Separators
Number of Reheaters
Steam Conditions to "
Low-Pressure Cylinders
Pressure
Temperature
Condenser Back Pressure
Number of Stages of
Feed-Heating

Final Feedwater
Temperature
Cycle Efficiency
Power Output
Shaft Speed
Terminal Voltage
Frequency
Phase
Condenser
Type and Number
Surf ace-Area

One 220 WIW tandem compound
turbine-generator with moisture
separators and reheaters.
Generators in 3 phase AC with
motor-driven exciter.
579.7 psia
482° F
2 in parallel
2 in parallel

67.9 psia
430° F
1 inHg
3 low pressure heaters
1 direct-contact deaerator
2 high-pressure heaters
340° F
33.34%
220 000 kW (pf = 0.9)
1800rpm
18kV
60 cycles/sec
3
1 horizontal single-pass
surface condenser
158 000 ft 3

I
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Pickering
Generating Station
I
Pickering generating station, located 32 km east of
Toronto on the shore of Lake Ontario, is one of the most
reliable and efficient nuclear power stations in the world.
The stations first four units began operating between
April. 1971 and May, 1973. Pickering is firmly
established as a world leader for reliability with an
outstanding performance record.

I
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Construction is now under way on a twin station adjacent
to the present plant. It, too. will have four 540 MW* units,
to give a total installed capacity of 4.320 MW by 1985.
With all eight units in operation, the station will generate
enough electricity to meet the industrial, commercial and
domestic needs of a city of 3,000.000.
Ontario Hydro believes that nuclear energy is the only
source of power that can assure the province a prudent
degree of electrical self-reliance to the end of this
century. Not only does Ontario have its own uranium
supplies (fossil fuels such as coal, oil and natural gas
must be imported), but nuclear-electric stations have a
minimal effect on the environment and allow us to save
fossil fuels.
*1 megawatt (MW) - 1.000 kilowatts

The Canadian reactor
The type of nuclear reactor used at Pickering is called
Candu, which stands for CANada Deuterium Uranium.
The natural uranium fuel releases heat when
uranium-235 nuclei split (fission). Heavy water (a
combination of the 'heavy' hydrogen isotope, deuterium,
and oxygen) moderates or slows down neutrons in the
fission process, allowing a reaction to take place. Heavy
water also transports heat from the fuel to the boilers to
produce steam.
The station
The most noticeable features at the station are the
domed reactor buildings (four more are now being built)
that house the reactors to produce the steam which, in
turn, spins the turbine-generators.
The reactor buildings are 47 metres high with walls 1.2
metres thick, and their primary purpose is to act as an
additional safety measure in containing any radioactivity
which might be released by the reactor or its cooling
system.

Pickering Generating Station

Candu nuclear power station

Reactor building

H«>dl applied lo
ordinary water
produces steam

Vacuum building

Turbine drives generator
producing electricity
Heavy water coolant transfers heat
trom uranium fuel to ordinary water rn
boiler (steam generator!
Heat I
Fuel (uranium)

Concrete vault

Heat produced by
fissioning uranium
(nuclear reaction)

Reactor core
Fuel pellet

Another safety feature is the 51-metre tall vacuum
building, built of reinforced concrete. The walls are 0.9
metres thick and the roof is 0.6 metres thick. Reactor
buildings are connected to the silo-like structure, which is
maintained at a near vacuum.
In the event of a break in the reactor coolant piping, for
example, the released steam would be sucked into the
vacuum building and condensed by water sprayed from
a 9-million litre tank housed under the vacuum building
roof.
Another distinguishing feature of the Pickering station is
a five-tower distillation plant to upgrade heavy water.
The vapor is recovered and the ordinary water, with a
lower boiling point, is boiled off in the distillation plant,
leaving nearly pure heavy water.
Radiation protection
Ionizing radiation is a form of very small amounts of
energy which can be detected at minute levels.
Continuous monitoring of nuclear power station effluents
has revealed that they add insignificant amounts to
natural radiation levels that exist outside the station.
Experience to date shows that a person living on the
boundary of a nuclear station for one year might receive
a radiation exposure similar to that received by a
passenger on a round-trip flight between Toronto and
Vancouver (due to cosmic rays which increase with
altitude), or by someone working on the 50th floor of a
modern office building.

Fuel bundle
Pressure tube

Extensive precautions are taken to protect the public and
the station staff. Effluents, liquid, gaseous and solid, are
monitored and controlled. More than 99 per cent of the
long-lived radioactive material produced is confined in
the metal-clad fuel bundles which are stored under water
at the station after use.
Small quantities of lower-level radioactive solid waste are
stored in reinforced concrete structures at a carefully
selected and closely monitored site at the Bruce Nuclear
Power Development.
The radiation protection measures at Ontario's nuclear
power stations have been so effective that no worker
has ever suffered a lost-time injury as result of working
with radiation.
Waste heat to the environment
Although there is no combustion process involved in the
operation of a nuclear station — as opposed to those
fuelled by coal, oil or natural gas — it does, like all
thermal stations, reject heat into the cooling water. This
rejection of heat is an unavoidable part of the process of
extracting electrical energy from steam.
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Pickering Generating Station

A public park, to the west of the station, adjoins a natural
marsh which has been preserved as a wildlife sanctuary.

1 After steam is produced to spin the turbine, it is
I condensed by cooling water pumped from the lake. The
cooling water is returned to the lake about 11 Celsius
degrees warmer.
1 After extensive studies — many of which are still going
on — no evidence has been found to date of harmful
effects.
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Outstanding performance
Performance of Pickering's first four units has been
outstanding. The first unit generated its first electricity in
April, 1971, five and one half years after construction
began. Twenty-six months later, in June. 1973, the fourth
unit supplied power to the Ontario grid. Since then, the
station has broken many production records.
In 1980. on worldwide basis, Pickering's four units
ranked 2nd. 3rd, 4th and 24th for reliability among 114
nuclear units of 500 MW or over.
The advantages
Pickering produces electricity more cheaply than
fossil-fuel plants. In 1980. the total unit cost of electricity
from Pickering (including capital cost) was less than half
that of a modern coal-fired station operating on a
comparable basis.
As of the end of 1980, Pickering had saved Ontario
hundreds of millions of dollars in U.S. coal imports. In
the long term, nuclear power will help conserve larger
quantities of fossil fuels, particularly oil and gas, which
are needed for more important uses than electricity
production.
Each of Pickering's reactors holds about 93 megagrams
(Mg) of natural uranium fuel. That is the energy
equivalent of 1.663.000 Mg of coal, enough to fill more
than 16,600 rail cars.
Nuclear stations are best suited to supply base load, the
constant amount of power needed despite daily
fluctuations in power demands.
But fossil-fuelled stations will continue to play an
essential role in the power supply system to meet peak
demands.
The park and marsh
A 12-hectare public park, built by Ontario Hydro at the
western edge of the station site, was originally a storage
area for construction material and thousands of cubic
metres of excavated earth and rock.

Now the earth is landscaped into gently-sloping grassy
hills and crisscrossed with gravel walkways leading to
scenic lookouts among 2,000 trees.
Picnic tables are scattered throughout the site. Visitors
are invited to take their shoes off and walk on the grass.
The park is run by local public authorities, as is an
adjoining natural marsh which has been preserved as a
wildlife sanctuary. The park and marsh cover more than
32 hectares.
Training facilities
Extensive employee training facilities include a
sophisticated reactor control room simulator. Located in
a separate 3800 square-metre building, the control room
panel of the simulator is a replica of Pickering's Unit 1
control panel. The panel realistically indicates the state
of simulated station systems. A digital computer system
drives the displays on the panel and executes the
programs based on models of Pickering systems.
Pickering units are shut down infrequently for scheduled
maintenance. Therefore, control room operators do not
have many opportunities to practice shutdowns, start-ups
and manoeuvres required to meet unusual conditions.
The simulator makes it possible for these operators to
experience a wide variety of operational situations in a
short period of time.

J
Pickering Generating Station

H
IF
Below: A replica of Pickering Unit 1 control panel is used for
training. The instrumentation is connected to a sophisticated
computer system which can simulate station conditions.

Maintenance centre
Visitors to Pickering GS may notice a large system
maintenance site just northeast of the station. It is one of
the most modern utility maintenance centres in North
America and was completed in the fall of 1975.
Much of the repair and maintenance work is done here
on the heavy equipment needed to run the province's
electrical system. The centre is situated on a 25-hectare
site. In addition to the shop facilities used for repair of
large transformers, high-voltage circuit breakers and
turbines, the main building provides warehousing space
for spare parts and system tools.
The outdoor storage area is for transformers, circuit
breakers, tower steel, and forestry equipment which is
held in reserve and maintained to meet system
demands. Further, the centre is the servicing and
warehousing base for mobile equipment such as
frequency changers, mobile substations, bucket trucks
and tree spades.
The centre's staff numbers about 100, including
electricians, mechanics, machinists, welders, painters
and warehousemen.
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Location
Owner and operator
Designers
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Pickering Township, Ontario
Ontario Hydro
Ontario Hydro and Atomic
Energy of Canada Limited

Number of Reactors in plant Four
Rated output per reactor
Gross Thermal Power
1744 MW
Gross electrical 542 MW
Net electrical 515 MW
Self consumption 27 MW
Net efficiency
29.5% overall
Fuel
Natural Uranium Dioxide
(UO2)
Moderator and reflector
Heavy water (D2O)
Heat Transport Fluid
Pressurized heavy water
Type
Horizontal pressure tube
Construction schedule
Start of construction
September, 1965
In-service dates

Unit l a n d 2-1971
Unit 3
-1972
Unit 4
-1973

Buildings and structures
Reactor buildings (four)
Form
Material
Design pressure
Internal diameter
Height of cylindrical
portion
Dome rise to crown
Wall thickness
Reactor auxiliary bay
Form
Materials (flor;-,
Length of bay
Turbine hall
Form
Length
Width
Height
Turbine auxiliary bay
Form
Length
Width
Height
Service wing
Form
Length
Width

Cylindrical wall with
elliptical concrete dome
Reinforced concrete
6psig(41.3kN/m 2 )
140 ft (42.7 m)
117 ft (35.7 m)
35 ft 9 inch (10.9 m)
4 ft (1.2 m)
Two-storey steel frame
Reinforced concrete
1,000 ft (304.8 m)
Steel frame
1,000 ft (304.8 m)
150 ft (45.7 m)
102 ft 6 inch (31.2 m)
Steel frame
1,000 ft (304.8 m)
60 ft (18.3 m)
124 ft (37.8 m)
Two-storey steel frame
290 ft 1 inch (88.4 m)
140 ft (42.7 m)

Vacuum building
Form
Inside diameter
Inside height
Wall thickness
Volume (free)
Nominal operating
pressure
Water storage

Reinforced concrete
cylindrical perimeter wall
165 ft (50.3 m)
166 ft. (50.6 m)
3 ft (914 mm)
2.9x10 6 ft 3 (8.1x10 4 m 3 )
1 psia(6.89kN/m 2 )
2,180,000 imp. gallons
(9,911 m3)

Administration building
Form

Two-storey masonry

Reactor vessels
Calandria shell

Material
Outside diameter
Plate thickness
Inside length
Calandria shell shields

Calandria end shields

Outside diameter
Overall axial length
Calandria tubes
Quantity
Material
Inside diameter
Wall thickness (nominal)

Dump tank
Form
Material
Outside diameter
Length
Wall thickness

Horizontal stepped cylinder
welded to extensions of end
shields
Austenitic stainless steel
26 ft 6.5 inch (8.09 m)
1 inch (25.4 mm)
19 ft 6 inch (5.94 m)
Austenitic stainless steel
slabs 4.5 inch (114 mm)
thick
Integral with calandria shell.
Peripheral shell austenitic
stainless steel, internal
slabs, carbon steel, H2O
cooled
22 ft 9 inch (6.90 m)
3 ft 9.5 inch (1.16 m)
390
Zircaloy-2 seam welded
4.07 inch (103 mm)
Units1,2:0.20inch
(5.08 mm)
Units 3, 4 : 0.155 inch
(3.94 mm)
Cylindrical shell
Austenitic stainless steel
18 ft 3.5 inch (5.6 m)
38 ft 4 inch (11.7 m)
% inch (19.1 mm)

Reactor physics
Core data
No. of fuel channels
Cell array

390
approximately octagonal
22x22 cells

Lattice pitch
11.25 inch (285.8 mm)
Core radius
125.4 inch (3185 mm)
Core length
234 inch (5944 mm)
Average reflector thickness
at midpoint
28.1 inch (714 mm)
105 megagrams (116 short
Fuel load (UO2)
tons) ( 1 . 0 5 x 1 0 ^ )
Moderator and reflector
D2O
301 megagrams (332 short
tons) (3.01 xioSkg)
Heat transport system
143 megagrams (158 short
D2O (hot)
tons)(1.43x10 5 kg)
Average thermal flux in fuel 0.52 x 10 14 average (0.91 x
lO^max) n/cm 2 sec.
Burnup (thermal energy)
8000 MWd megagrams U
(192MWh/kgU)
Blanket gas
Helium

Control
Adjuster rods
Material
Purposes
Number
Orientation
Zone control rods
Material
Purposes
Number of zones
Orientation
Shut-off rods
Material
Purposes
Number
Orientation

Number of boilers
Steam pressure at drum
Steam temperature at drum
Total evaporation rate
Feed water temperature

12 in 4 groups of 3
593 psia (4.2 MN/m 2 )
485° F (251° C)
6.46 x 1 0 6 l b s / h r (815 kg/s)
340° F (171° C)

Fuel
Type
Number per channel
Diameter of pencils
UO2 pellet diameter
Minimum cladding
thickness
Total weight of UO2 per
bundle
Bundle diameter
Heat transfer area per
bundle

0.015 inch (0.38 mm)
48.91 lbs (22 kg)
4.03 inch (102.4 mm)
7.2 ft 2 (.669 m2)
190,000 BTU/ft 2 hr
600,000 W/m 2 )
350,000 BTU/ft 2 hr
(1,120,000 W/m 2 )

Maximum
Fuel temperature maximum
3632° F (2000° C)
UO2
Maximum cladding
579° F (304° C)
temperature

H2O
Neutron flux shaping and
trim
14
Vertical

Turbine Generator
Turbine

Number of high-pressure
cylinders
Number of low-pressure
cylinders
Speed
Throttle pressure
Type of condenser
Cooling water flow
Generator

Station service unit
System

Heavy water
8,536 ft 3 (242 m3)
99.75% D2O by weight
155°F(68°C)
90MWth
12,000 igpm (0.9m 3 /s)
40° F (22° C)
25psia(175kN/m 2 )

230 KV
4.16 KV

Pressurized heavy water
315,400 lbs (143,100 kg)
61.3x10 6 lbs/hr(7724kg/s)
480° F (249° C)
560° F (293° C)

L
I
I
I
I

3 double flow
1800 rpm
585 psia (4.02 MN/m 2 )
Single pass
313,000 igpm
(23.7 m 3 /s)
One per turbine - 635,294
kVA 3 phase, 60 cycle, 24 kV
4 - 575,000 kVA, 3 phase, 60
cycle, 24/230 kV
4 - 36,000 kVA, 3 phase, 60
cycle, 24/4.16 - 4.16 kV
4 - 36,000 kVA, 3 phase, 60
cycle, 230/4.16-4.16 kV

Circuit breakers
8 - 2 cycle, airblast,
2300 amp, 23,500 MVA
256 - 350 MVA, 1,200
2,000 and 3,000 A •

Standby generation and switching
Combustion Turbines
Circuit Breakers

Heat transport fluid

One tandem compound unit
per reactor with external
moisture separation and
steam reheat
1 double flow

Transformers
Main Power

I
I
I

28 pencil bundles 19.5 inch
(495 mm) long
12
0.6 inch (15.2 mm) including
Zircaloy-4 sheath
0.564 inch (14.3 mm)

Cobalt
Neutron flux flattening and
poison override.
18
Vertical through lattice

Moderator

Type
Quantity
Total mass flow
Fluid temperature
at reactor inlet
At reactor outlet

Boilers

Heat flux average

Cadmium—stainless steel
Reactor shutdown
11
Vertical
Dumping of D2O moderator
Other shutdown provisions by gas balance scheme
Addition of natural boron to
Other control features
moderator when xenon
poisoning is less than
normal, or when there is
excess reactivity for other
reasons, removed by
moderator ion exchange.
Two digital computers/unit
Reactor controller
Type
Total volume in core
Purity
Temperature, maximum
Heat produced in moderator
Flow through Calandria
Moderator temperature rise
Helium pressure in
dump tank

System pressure at reactor
outlet header
1280 psia (8.8 MN / m2)
No. of pumps
16 (12 active) in 4 groups of 4

6-7,500 kW, 4.16 kV
10-4.16 kV, 350 MVA, 1,200
and 2,000 A .
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Pickering Township, Ontario
Ontario Hydro
Ontario Hydro and Atomic
Energy of Canada Limited
Number of Reactors in plant Four
Rated output
Gross Thermal Power
1744 MW
Gross electrical 540 MW
Net electrical 508 MW
Self consumption 32 MW
Net efficiency
29.5% overall
Fuel
Natural Uranium Dioxide
(UO2)
Moderator and reflector
Heavy water (D2O)
Heat Transport Fluid
Pressurized heavy water
Type
Horizontal pressure tube
Construction Schedule
Date of issue of construction
license: July 1974
In-service dates
Unit 5
-1983
Unit 6 and 7 - 1 9 8 4
Unit 8
-1985

Vacuum building (shared with Unit 1 - 4)
Form
Reinforced concrete
cylindrical perimeter wall
165 ft (50.3 m)
Inside diameter
Inside height
166 ft (50.6 m)
Wall thickness
3 ft (914 mm)
Volume (free)
2.9 x 106 ft 3 (8.1 x10 4 m3)
Nominal operating
1.5 psia (10.3 kPa)
pressure
Water storage
2 180 000 imp. gallons (9911 m3)
Administration building
Form
Two-storey masonry

Material
Outside diameter
Plate thickness
Inside length

Horizontal stepped cylinder welded
to extensions of end shields
Austenitic stainless steel
26 ft 6.5 inch (8.09 m)
1 inch (25.4 mm)
19 ft 6 inch (5.94 m)

Buildings and Structures
Reactor buildings (four)
Form
Cylindrical wall with
elliptical concrete dome

Calandria shell shields

Austenitic stainless steel slabs 4.5
inch (114 mm) thick

Calandria end shields

Integral with calandria shell Peripheral
shell austenitic stainless steel, internal
slabs, carbon steel, H2O cooled

Outside diameter
Overall axial length

22 ft 9 inch (6.90 m)
3 ft 9.5 inch (1.16 m)

Location
Owner and operator
Designers

I
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Material
Reinforced concrete
Design Pressure
6psig(41.3kPa)
Internal diameter
140 ft (42.7 m)
Height of cylindrical portion 117 ft (35.7 m)
Dome rise to crown
35 ft 9 inch (10.9 m)
4
ft (1.2 m)
Wall thickness
Reactor auxiliary bay
Form
Materials (floors)
Length of bay

Two-storey steel frame
Reinforced concrete
1 000 ft (304.8 m)

Turbine Hall
Form
Length
Width
Height

Steel frame
1049 ft (319.8 m)
150 ft (45.7 m)
103 ft 7 in (31.5 m)

Turbine auxiliary bay
Form
Length
Width
Height
Service wing
Form
Length
Width

Steel frame
1068 ft (325.6 m)
60 ft (18.3 m)
124 ft (37.8 m)
Two-storey steel frame
335 ft (102 m)
168 ft (51.2 m)

Reactor Vessels
Calandria shell

Calandria tubes
Quantity
Material
Inside diameter
Wall thickness (nominal)
Reactor Physics
Core data
No. of fuel channels
Cell array
Lattice pitch
Core radius
Core length
Average reflector thickness
at midpoint
Fuel load (UO2)
Moderator system
D2O
Heat transport system
D 2 O(hot)

380
Zircaloy-2 seam welded
4.07 inch (103 mm)
Unit 5: 0.158 inch (4.01 mm)
Units 6, 7, 8: 0.160 inch (4.06 mm)

380
Approximately octagonal 22 x 22 cells
11.25 inch (285.8 mm)
149 inch (3787 mm)
234 inch (5944 mm)
26 inch (655 mm)
102.6 megagrams
265 megagrams (292 short
tons) (2.65 x 10s kg)
143 megagrams (158 short
tons) (1.43 x 10s kg)

Average thermal flux in
fuel
Burnup (thermal energy)
Blanket gas

0.52 x 1014 average (0.91 x
1014 max) n/cm2 sec
232 kg U/unit/day
(185MWh/hgU)
Helium

Control
Adjuster rods
Material
Purposes
Number
Orientation

Total weight of UO2 per
bundle

14

Bundle diameter

4.03 inch (102.4 mm)

Heat transfer area per bundle

7.2 ft 2 (.669 m2)

Heat flux average

177 000BTU/ft 2 hr
560 000 W/m2

Maximum

370 000 BTU/ft 2 hr
(1 190 000 W/m2)

Fuel temperature
maximum UO2

3632° F (2000°C)

Maximum cladding
temperature

579° F (304°C)

Cadmium — stainless steel
Power reduction
4
Vertical
Cadmium — stainless steel
Reactor — shutdown
28
Vertical
Concentrated gadolinium
nitrate solution is injected into
the bulk moderator through six
horizontally distributed nozzles
on the calandria by opening fastacting helium pressure valves.
The response time of this
system is 2 seconds.
Addition of natural boron to
moderator when xenon poisoning
is less than normal,or when there
is excess reactivity for other reasons,
removed by moderator ion exchange.
Two digital computers/unit

Moderator
Type
Total volume in core
Purity
Temperature, maximum
Heat produced in moderator
Flow through Calandria
Moderator temperature rise

Fuel

H2O
Neutron flux shaping and trim

Control Absorbers
Material
Purposes
Number
Orientation

Reactor controller

12 in 4 groups of 3
593 psia (4.1 MPa)
485°F (251°C)
6.46 x 106 Ibs/h.r (815 kg/s)
340°F (171°C)

Type

Vertical

Other control features

Number
Steam pressure at drum
Steam temperature at drum
Total evaporation rate
Feed water temperature

Stainless steel (Unit 5) Cobalt (Units 6, 7, 8)
Neutron flux flattening and
poison override
21
Vertical through lattice

Zone control rods
Material
Purposes
Number of zones
Orientation

Shut-off rods (SDS1)
Material
Purposes
Number
Orientation
Liquid Injection Shutdown
(SDS2)

Steam Generators

Heavy water
7760 ft 3 (218 m3)
99.75% D2O by weight
150°F (66°C)
90 MWth
12 000igpm(0.9m 3 /s)
40°F (22°C)

Number per channel
Diameter of pencils
UO2 pellet diameter
Minimum cladding thickness

28 pencil bundles 19.5 inch
(495 mm) long
12
0.6 inch (15.2 mm) including
Zircaloy-4 sheath
0.564 inch (14.3 mm)
0.015 inch (0.38 mm)
43.7 lbs (19.86 kg)

Turbine Generator
Turbine

Number of high-pressure
cylinders
Number of low-pressure
cylinders

One tandem compound unit per
reactor with external moisture
separation and steam reheat
1 double flow
3 double flow

Speed
Throttle pressure
Type of condenser
Cooling water flow

1800 rpm
585 psia (4.03 kPa)
Single pass
313000 igpm (23.7 m3/s)

Generator

One per turbine - 635 294 kVA,
3 phase, 60 cycle, 24 kV

Transformers
Main power

4 - 575 MVA, 3 phase,
60 cycle, 24/230 kV

Station service unit

4 - 28/36 MVA, 3 phase,
60 cycle, 24/4.16 - 4.16 kV

System

4 - 28/36 MVA, 3 phase,
60 cycle, 230/4.16-4.16

Heat transport fluid
Type
Quantity
Total mass flow
Fluid temperature
at reactor inlet
At reactor outlet

Pressurized heavy water
315 400 lbs (143 100 kg)
65.8 x 106 Ibs/hr (8308 kg/s)
480°F (249°C)

System pressure at reactor
outlet header

1280 psia (8.8 M Pa)

No. of pumps

16(12 active) in 4 groups of 4

560° F (293° C)

Circuit breakers
230 kV
4.16 kV

12 — 3 cycle, oil cooled
3000 amp, 23 500 MVA
256 - 350 MVA, 1200, 2000
and 3000 A

Standby generation and switching
Combustion turbines
Circuit breakers

6 - 7500 kW, 4.16 kV
11 - 4.16 kV, 350 MVA,
1200 and 2000 A
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Location
Owner, operator
Designers
Number of reactors
in station
Rated output per reactor

Overall net efficiency
Fuel
Moderator
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Coolant
Type
Construction schedule

Bruce Township. Ontario
Ontario Hydro
Ontario Hydro and Atomic
Energy of Canada Limited

Turbine auxiliary bay
Length
Width
Height

Four
Generator output
791 MW(e)
Self-consumption
51 MW(e)
Net electrical
740 MW(e)
31.0%
Natural uranium dioxide (U02)
Deuterium oxide
(D20-heavy water)
Pressurized heavy water
Horizontal pressure tube
Start of construction late 1969
In-service dates:
Unit 2-1977
Unit 1 —1977
Unit 3-1978
Unit 4-1979

Service building
Form

Building and structures
Reactor building
Form
Material
Width
Length
Height

Rectangular
Reinforced concrete
92 ft (28.04 m)
104 ft (31.7 m)
162.5 ft (49.53 m)

Reactor vault
Length
Height
Width
Design pressure
Wall thickness
Reactor auxiliary bay
Form

Length of bay
Width
Height
Powerhouse
Turbine hall
Form
Length
Width
Height

104 ft (31.7 m)
46.5ft (14.18m)
92 ft (28.04 m)
- 7 psig to + 10 psig
- 4 8 . 3 k P a t o + 68.95 kPa
6 ft (1.83 m)
Rectangular, two-storey steel
frame, concrete floors and
basement
1,426 ft (434.7 m)
150 ft (45.7 m)
48 ft (14.6 m)
Rectangular, turbine hall and
turbine auxiliary bay
Steel frame, concrete floor,
grating floor and basement
1,460 ft (445 m)
180 ft (54.86 m)
150 ft (45.7 m)

Location
Length
Width
Vacuum building
Form
Inside diameter
Inside height
Wall thickness
Volume (free)
Nominal design pressure
Water storage
Ancillary service building
Form
Length
Width

1,460 ft (445 m)
60 ft (18.29 m)
150 ft (45.7 m)
Rectangular, steel frame.
concrete floors
Between units 2 and 3
480 ft (146. 3 m)
210 ft (64 m)
Cylindrical reinforced concrete
160 ft 6 in (49 m)
149 ft (45.4 m)
3 f t 9 i n (1.14m)
2.2 x10 e ft--(62.297 m-)
+ 7 t o - 1 4 psia
2.2 million gallons (10.000 nr)
L-shaped, steel frame,
concrete floors
240 ft (73.2 m)
180 ft (54 9 m)

Reactor vessels
Calandna shell

Material
Shell dimensions
inside diameter
Main shell thickness
Length
Calandria end shields

Material

Weight (filled)
Length (each)
Calandria tubes quantity
Material
Inside diameter
Wall thickness

Horizontal, stepped cylinder
comprising main shell, two subshells and two annulus plates
Austenitic stainless steel
27 ft 9 in (8.46 m)
1'/4 in (3 17 cm)
19 ft 6 in (5.95 m)
Integral with calandria shell.
provide support for an alignment of fuel channels and
shutdown shielding of the
reactor faces
Austenitic stainless steel
(filled with steel balls and
light water-60.40 by volume)
506.000 Ib (229 Mg)
3 ft 6 in (1.06 m)
480
Zircaloy-2 seam welded
5 077 in (12.9 cm)
0 054 in (0.137 cm)

Reactor physics
Core data
No of fuel channels
Cell array
Lattice pitch
Core radius
Core length
Average reflector
thickness at midpoint
Fuel load, in core
Moderator and
reflector D20
Maximum thermal flux
in fuel
Burn-up
Reactivity control units
Booster rods purpose

Arrangement
Reactivity worth
(approx )
Shut-off (absorber)
rods purpose

480
Square (26x26)
11.25 in (28.58 cm)
139.13 in (353.4 cm)
234 in (594 4 cm)
27.6 in (70 cm)
6,240 bundles
108 tonneU
303 tonne D20
1.32 x 10 J n/cm sec
195MWh/kgU
Provide additional reactivity
to overcome Xenon-135
following power changes
Two groups of 8 located symmetri cally at each end of reactor
18 mk
Safety devices to quickly
terminate reactor operation

Quantity

30

Type

Stainless steel-cadmiumstainless steel sandwich in the
form of a tube
Vertical through lattice
- 4 0 mk within 2.0 sec.
Winch and cable, driven via
an electro-magnetic friction
clutch by a constant speed
induction motor

Orientation
Reactivity worth
Drive mechanism

Zone control
units purpose

Suppress unwanted changes in
flux distribution, provide operating control of reactivity in
14 separate zones in the reactor

14
Number of zones
Orientation
Vertical
Reactivity rate of change ±0.115 mk/s
Liquid injection shutdown system
Purpose
Terminate reactor operation
Liquid poison
Gadolinium nitrate
Reactivity worth
-675 mk
Pressurized helium to drive
Iniection
gadolinium nitrate into bulk
moderator through injection
nozzles
Inserted whenever reactivity
Control absorbers
depth or rate of light water zone
control system is inadequate
4
Quantity
Reactivity rate
±0.1 mk/s
Reactor controller
Two digital computers/unit
Other control features
Addition of natural boron to
moderator to suppress excess
reactivity

Moderator
Type
Total volume
Purity
Heat load
(maximum design)
Primary coolant
Type
Quantity
Flow per channel
(nominal)
Reactor inlet coolant
temperature (inner zone)
Reactor outlet
temperature
Reactor outlet
header pressure
No. of pumps

Heavy water
10,818.2 ft' (306.3 m1)
99.75% D20 by weight

M
•
"

147 MW(th)

•

Pressurized heavy water
660.630 Ib
(300Mg)at100°F(37.8°C)

430°F(249°C)

I
I

572°F(300°C)

•

200,000 Ib/hr (25.3 kg/s)

1,332 psia (9.18 MPa (a))
4

I

Boilers
Quantity
Steam pressure
at drum (design)
Steam temperature
at drum
Total steam output
Feed water inlet
temperature
Fuel elements
Type
Number per channel
Number in core
Diameter of bundle
Weight of U02
per bundle
Total weight of bundle
Max. surface heat flux,
nominal
Turbine generator
Turbine

8 per unit
620 psig (4.27 MPa (g))

I

492.3°F(255.7°C)
10.4 x106 Ib/hr
335°F(168°C)
37 element bundles,
19.5 in (49.5 cm) long
13
6.240
4,035 in (102.49 mm)
21.36 kg
52.1 Ib (23.65 kg)
407.000 btu'ft 2/hr
Onetandemcompoundunitper
reactor with external moisture
separation and steam reheat
(5 stages)

Number of high-pressure
1
stages
Number of low-pressure
3
stages
1800 rpm
Speed
600 psig (4.13 MPa (g))
Throttle steam pressure
Single pass
Type of condenser
502,000 Igpm (38,000 L/s)
Cooling water flow
One per turbine
Generator
Rating
889MVA
(90% power factor)
18.5 kv
Terminal voltage
60
Hz
Frequency
791
MW(e)
Power output (gross)

September 1979/CSD 2086-50M
Printed in Canada on recycled de-inked paper
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' Location
Owner, operator
Designers
Number of Reactors
in Station
Rated outpute per reactor

Overall net efficiency
Fuel
Moderator
Coolant
Type
Construction schedule
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Bruce Township, Ontario
Ontario Hydro
Ontario Hydro and Atomic
Energy of Canada Limited
Four
Generator output 807 MW(e)
Self-consumption
57 MW(e)
Net electrical
750 MW(e)
31.3%
Natural uranium dioxide (UO2)
Deuterium oxide
(D2O) - heavy water)
Pressurized heavy water
Horizontal pressure tube
Start of construction early 1977
In-service dates:
Unit 6 - 1 9 8 4
Unit 5 - 1 9 8 4
Unit 7 - 1 9 8 6
Unit 8 - 1987

Building and Structures

Reactor building
Form
Material
Width
Length
Height

Rectangular
Reinforced concrete
92 ft (28.04 m)
104(31.7 m)
162.5 ft (49.53 m)

Reactor vault

Length
Height
Width
Design pressure
Wall thickness

104 ft (31.7 m)
46.5 ft (14.18 M)
92 ft (28.04 m)
- 7 psig to + 12 psig
- 48.3 kPa to + 82.8 kPa
6 ft (1.83 m)

Service building
Form
Location
Length
Width
Vacuum building
Form
Inside diameter
Inside height
Wall thickness
Volume (free)
Nominal design pressure
Water storage
Ancillary services building
Form
Length
Width
EPS/EWS Building
Length
Width
Height
Form
Reactor Vessels
Calandria shell

Material
iViain she!! inside diameter
Main shell thickness
Total length
Calandria end shields

Reactor auxiliary bay
Form

Length of bay
Width
Height
Powerhouse

Turbine hall
Form

Rectangular, two-storey steel
frame, concrete floors and
basement
1426 ft (434.7 m)
150 ft (45.7 m)
48 ft (14.6 m)
Rectangular, turbine hall and
turbine auxiliary bay

Length
Width
Height

Steel frame, concrete floor.
grating floor and basement
1460 ft (445 m)
180 ft (54.86 m)
134 ft (40.8 m)

Turbine auxiliary bay
Length
Width
Height

1460 ft (445 m)
60 ft (18.29 m)
150 ft (45.7 m)

Rectangular, steel frame, concrei
floors
Between units 6 and 7
480 ft (146.3 m)
210 ft (64 m)

Material

Cylindrical reinforced concrete
160 ft 6 in (49 m)
149 ft (45.4 m)
3 ft 9 in (1.14 m)
2.2 x10 6 ft 3 (62.297 m 3 )
+ 7 to - 14 psia
2.2 million gallons (10.000 m3)
L-shaped, steel frame, concrete
floors
240 ft (73.2 m)
180 ft (54.9 m)
142 ft (43.28 m)
102 ft (31 m)
29 ft (8.84 m)
L-shaped, steel frame.
concrete floors
Horizontal stepped cylinder
comprising main shell, two
sub-shells and two annulus plates
Austenitic stainless steel
27 ft 9 in (8.46 m)
1% in (3.17 cm)
19 ft 6 in (5.95 m)
Integral with calandria shell.
provide support for fuel channels
and shielding for the fuelling
machine area at the reactor faces
Austenitic stainless steel
(filled with steel balls and light
water — 60.40 by volume)

Weight (filled)
Length (each)

506 000 Ib (229 Mg)
3 ft 6 in (1.06 m)

Calandria tubes quantity

480

Material
Inside diameter
Wall thickness

Zircaloy — 2 seam welded
5.077 in (12.9 cm)
0.054 in (0.137 cm)

Reactor physics
Core data
Number of fuel channels
Fuel channel array
Lattice pitch

480

24 x 24 square grid
11.25 in (0.2858 m)

Core radius
Core length
Average reflector thickness
at midpoint
Fuel laod in reactor
Moderator & reflector D 2 O
Maximum Westcott flux
in fuel (averaged over
830 kW bundle)
Average exist burnup of
Reactivity control units
Adjuster rods
Arrangement

Reactivity worth (nominal)
Zone control units

139.1 in (3.532 m)
234 in (5.944 m)
27.4 in (0.696 m)
6240 bundles
117 tonne U
241.1 tonne D 2 O
1.32 x 1018 n/m 2 - s

165 MW-h/kg (U)

Provide additional reactivity to
overcourse Xenon — 135
Shape the power distribution in
order to maximize power output
three vertical banks each with
8 adjuster rods
-17.5mk
Suppress unwanted changes in
flux distribution, provide
operating control of reactivity
in 14 separate zones in the
reactor

Number of zones
Orientation
Reactivity insertion rate
(maximum for 24 units)
Mechanical control
absorbers

14
Vertical
±0.115mk/s

Quantity
Reactivity worth

4

Inserted whenever reactivity
depth or rate of light water zone
control system is inadequate

-9.5mk

Reactor shutdown devices
Shut-off rods
Quantity
Type

Orientation
Reactivity insertion
Poison injection nozzles
Quantity
Liquid poison
Reactivity depth

Safety devices to quickly
terminate reactor operation
32
Stainless steel — cadmium —
stainless steel sandwich in the
form of a tube
Vertical through lattice
- 49 ± 2 mk within 2 sec. with 2
rods out of service
Safety devices to quickly terminate
reactor operation
8
Gadolinium nitrate
> — 300 mk with one nozzle
out of service

Moderator
Type
Total volume
Purity
Heat load
(maximum design)

Heavy water
10 818.1ft 3 (306.3 m 3 )
99.75% D2O by weight
147 (VIW (th)

Primary Coolant
Type
Quantity
Flow per channel
(nominal)
Reactor inlet coolant
temperature (inner zone)
Reactor outlet temperature
Reactor outlet header
pressure
Number of pumps
Boilers
Quantity
Steam pressure at drum
(design)
Steam temperature at drum
Total steam output
Feedwater inlet temperature
(including reheater drains)
Preheaters
Quantity

Pressurized heavy water
660 630 Ib
(300Mg)at 100°F(37.8°C)
189 000 Ibs/hr (23.8 kg/s)
483° F (250° C)
581° F (306°C)
1350 psia (9.31 MPa(a))
4
8 per unit
620 psig (4.27 MPa(g))
492°F(256°C)
10.4 x10 6 Ib/hr (for 8 boilers)
476° F (247° C)

4 per Unit

Feedwater inlet
temperature

340°F (171°C)

Feedwater outlet
temperature

477°F (274°C)

Feedwater flow

9.954 x i O 6 Ibs/hr

Fuel Elements
Number of elements
Number per channel
Number in reactor
Weight of UO2 per bundle
Total weight of bundle
Length
Diameter of bundle (max)
Maximum outer element
surface heat flux

37
13

6240
21.3 kg
23.6 kg
0.495 m
102.74 mm
1352kW/m 2

Turbine Generator
Turbine

Number of high-pressure
cylinders
Number of low-pressure
cylinders
Speed
Throttle steam pressure
Type of condenser
Cooling water flow
Generator
Rating (90% power factor)
Terminal voltage
Frequency
Power output (gross)

One tandem compound unit per
reactor with external moisture
separation and two stages of
steam reheat
1
3

1800 rpm
600 psig (4.13 MPa <g))
Single pass
550 700lgpm(41700L/s)
One per turbine
960 MVA
24 kV
60 Hz
807 MW (e)
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STEAM TRANSFORMER PLANT 'A" (STP-A)

OD

Building and Structures

Overall Length
Materials

Form
Material

Width
Length
Height

Rectangular
Reinforced concrete — foundation
and floors Structural steel — three
story steel frame, steel/aluminum
siding
196 ft (59.74 m)
508 ft (154.84 m)
75 ft (22.86 m)

Reboilers

I
I
I
I
I
I
I

Number of banks
Number of reboilers
Number of tube bundles/
reboiler
Reboiler type
Maximum OD
Overall Length
Materials
Capacity - (MP Steam)
HP Steam consumption
Weight (operating)
Manufacturer
Surge Tanks
Type
Diameter
Length
Material
Number
Number/bank
Weight

4
24
2
Horizontal kettle boiler
8 f t - 4 in
51ft
Shell-carbon steel - S H 515 Gr 70
Tubes-carbon steel - S A 556 Gr A2
621 000lbs/hrat220psia
631 000 Ibs/hr at 500 psia
189 1001b
Foster-Wheeler

Overall Length
Materials
Weight
Manufacturer

Capacity
Pump manufacturer
Motor

48
12

Horizontal 4 stage
Casing A296 CA6NM
Impellers A296CA6NM
Shaft A276 type 410
1200Usgpmat2000ft
Bingham-Willamette
Reliance 950 HP

MEDIUM PRESSURE STEAM SYSTEM

Number of steam headers
Outside diameter
Wall thickness
Material
Corrosion Allowance
Insulation Thickness

2
66 in
0.49 in
A155GR KC70 Class 1
0.05 in
4 in

SA516-70

Max. steam flow per header

5.7 mm Ib/hr

24

Max. steam peak
consumption

10.642 mm Ib/hr

Min. pressure required at
HWP enriching units

150 psi

Horizontal, cylindrical
7.5 ft
30 ft

6

163 0001b

180 psi

BRUCE STEAM PLANT {BSP)
24
6
Shell & tube heat exchanger
35 in
36 ft
Shell SA515 Gr 70 with 304 SS
cladding tubes ss SA249 Type 304
38 650 Ib
Foster-Wheeler

Cold Shell
Number
Number/bank
Type

Number
Number/bank
Type
Materials

610 psi

Hot Shell

OD

H.P. Condensate Return Pumps

High pressure steam
generated at BNGS-A
Steam transformed at
STP-O,STP-A

Subcoolers
Number
Number/bank
Type

Weight
Manufacturer

32 in
36 ft
Shell SA515 Gr 70 Tubes carbon
steel SA179
37 000 #
Foster-Wheeler

Building and Structures
Form
Material

Width
Length
Height

Rectangular
Reinforced concrete —foundation
and floors
Structural steel — three-story steel
frame grating floors
Precast concrete walls with
aluminum siding
88 ft (26.84 m)
260 ft (79.30 m)
55 ft (16.78 m)

24

6

Shell & tube heat exchanger

BSP consists of three fuel fired boilers each rated at
835 000 Ib/hr of 600 psig steam. This steam is fed to STP-O.

MEDIUM PRESSURE CONDENSATE SYSTEM
Max. total condensate flow, 10.7 mm Ib/hr
including make-up
Max. total condensate loss
525 700 Ib/hr
Total blowdown
40 000 Ib/hr
Max. demineralized water
565 700 Ib/hr
make-up
Number of condensate
2
headers
Outside diameter
24 in
Wall thickness
0.5 in
Material
A106GRC
Insulation thickness
3% in
Condensate Surge Tanks
Type
Diameter
Height
Material
Number
Weight (operating)
Capacity

Vertical, cylindrical
14 f t - 0 in
60 ft - 0 in plus 32 ft - 6 in skirt
height
SA 516-70
4

749 000 Ib
75 000 USg

Main Surge Tanks Condensate Return Pumps
Type
2 stage, horizontal
Number
12
Materials
Ext. casing cast steel Impeller
11-13% chrome
Shaft — stainless steel
Capacity
Motor
Pump manufacturer
Deaerators
Number
Diameter
Length TT
Material
Design Flow
2 deaerators at 40%
capacity
2 deaerators at 80%
capacity
(peak make-up demand)
Deaerator Feed Pumps
Type
Number
Materials

3050 USgpm at 855 ft
1100 HP at 1800 RPM
Unit centrifugal pumps — San Jose

2
10 f t - 6 in
14 f t - 0 in
CS-A285GRC
350 000 Ib/hr
276 200 Ib/hr
565 700 Ib/hr

Single stage, in line
3
Ext. casing-316 SS
Impeller- 316SS
Shaft-316 SS

Capacity
Motor

570 USgpm at 203 ft
60 HP at 3600 RPM

BRUCE BULK STEAM SYSTEM (BBSS)
CENTRAL BUILDING
Building and Structures
Rectangular
Form
Reinforced concrete — foundation
Material
and floors
Structural steel - two-story steel
frame, brick walls/aluminum
siding
Width
100 ft (30.5 m)
185 ft (56.43 m)
Length
50 ft (15.25 m)
Height

STEAM TRANSFORMER PLANT O" (STP-O)
Buildings and Structures
Open style plant
Reboilers
Number of reboilers
Number of tube
bundles/reboiler
Type of reboiler
Size

4
2
Horizontal kettle boiler
62 ft, overall x 11 ft diameter

Material

Shell -carbon steel SA 515 GR 70
Tubes -carbon steel SA 179 SMLS

Capacity (MP steam)
HP steam consumption
Manufacturer

585 000 Ib/hr at 180 psig
607 000 Ib/hr at 600 psig
Foster-Wheeler

Condensate Surge Tank
Type
Horizontal, cylindrical
Diameter
7.5 ft
Length
30 ft
Material
SA 516-70
Number
4
Condensate Return Pumps
Type
2 stage horizontal
8
Number
1200 USgpm at 450 ft
Capacity
500 HP at 3600 RPM
Motor
Byron-Jackson
Pump manufacturer
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A 3524 MW* nuclear generating station is now under
construction on the shores of Lake Ontario at a site 5 km
southwest of Bowmanville in the Town of Newcastle.
Known as the Darlington Generating Station (GS), the
project was approved by the provincial government in
July, 1977. Site preparation tenders were subsequently
called and a contract awarded to Alnor Earthmoving
Limited of Courtice, east of Oshawa.
The Darlington site consists of 485 ha of property along
2900 m of Lake Ontario shoreline just west of the St.
Mary's Cement Company.
Scheduled for completion in 1990, the station will have
four units, each capable of generating 881 MW of
electricity (net).
The station will feed electricity into new 500 000 V
transmission lines for distribution to industrial,
commercial and residential power consumers in Ontario.
'Metric measures and symbols used in this pamphlet are
summarized on the last page.

Darlington

Raby Head
Darlington
Provincial
-Oshawa
Park

Darlington
Information
Site
Centre

Lake Ontario

The Darlington GS site is located 5 km southwest of
Bowmanville, between Highway 401 and Lake Ontario.
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Darlington's first reactor and turbine-generators to produce
electricity will stand on heavily reinforced concrete
foundations, under construction in this photograph.
CANDU SYSTEM

Heavy water 'coolant' transfers h*at
from uranium fuel to ordinary water in
boiler {steam generator)

Heat produced by
fissioning uranium
{nuclear reaction)

Fuel (uranium)

Construction activity is expected to peak in 1985 with
approximately 2800 workers on site. Once completed,
the facility will provide employment for about 600 people.
Community studies
Following an extensive series of environmental,
engineering and community studies, a number of
agreements were signed by Ontario Hydro and the local
municipalities to ensure the construction of the station
will not unduly disrupt the social and economic fabric of
the area. In the case of Darlington, an agreement to
cover the cost of socio-economic effects on the Town of
Newcastle was reached in March, 1977. A similar
agreement between Hydro, the Town of Newcastle and
the Region of Durham was signed in June, 1977. Copies
of these agreements are available at the Darlington
Information Centre.
Nuclear generation
Darlington GS will produce electricity with heat created
by nuclear fission using natural uranium fuel. The plant
will contain four Candu (Canada Deuterium Uranium)
nuclear reactors.
In the natural state, a small percentage of uranium
atoms split spontaneously, releasing neutrons which are
capable of splitting other atoms if travelling at the correct
speed. Normally, the neutrons are moving too fast to
split other atoms and create a chain reaction that will
ensure a steady production of heat. In the Candu
system, heavy water is used as a moderator to slow

down the neutrons to about 16 000 km per second, to
create a chain reaction.
The heat produced by this reaction is transferred, via a
separate heavy water transport system, to a steam
generator, or boiler, where ordinary water is boiled and
the resulting steam used to drive a turbine generator
which produces electricity.
Site preparation
Site preparation work, now complete, involved the
excavation of 7.4 million m3of earth from the lakeshore
area of the site. This will allow the station to be built
near lake level. The cliffs along the lake ranged from 15
m to 30 m in height.
Some of the station's facilities will be constructed on 10
ha of land reclaimed from Lake Ontario. This land
reclamation was carried out during the first year of the
site preparation work. About 75 per cent of the
excavated soil from the lakeshore has been piled in a 36
m hill at the northwest corner of the site.
Station construction
Concrete placement in station foundations began in
late summer 1981. The schedule calls for the first unit to
be in service by 1988; the second and third units by
early and late 1989 respectively; and the fourth unit by
1990.
All features of Darlington must satisfy the regulations laid
down by federal and provincial acts. These include the
Atomic Energy Control Act, the provincial Environmental
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Protection Act, 1971, the Ontario Water Resources Act
and the Planning Act.
The powerhouse
This is the primary structure housing the four reactor
buildings and the turbine hall. This structure will measure
598 m long by 127.5 m wide by 45 m high.
Reactor buildings
These four structures are designed and constructed of
concrete to enclose the reactors and some of their
associated equipment, as well as to shield personnel
from radiation during operation. Each building will
contain one reactor vessel or calandria. The Darlington
reactors will consist of large, heavily-shielded vessels
each containing 6240 bundles of uranium fuel encased
in zircaloy sheathing. The calandria, in turn, will be
placed in steel tanks containing water and steel balls for
shielding purposes. Each fuel bundle will weigh 23.7 kg.

,u

Turbine hail
This steel frame structure, approximately 429 m long, 72
m wide and 42 m high, will house the four turbine
generators and their associated equipment. Each turbine
generator will have a single shaft rotating at 1800 rpm.
Vacuum building
This is the 75 m high cylindrical, concrete structure
which will be connected to the reactor buildings by a
pressure relief duct — one of several safety features of
the Candu system. The vacuum building is maintained at
negative atmospheric pressure. As a result, any release
of radioactivity from the pressurized systems would be
sucked into the building, preventing its release outside
the station.
Irradiated fuel bays
Two water-filled pools inside the station will house the
irradiated fuel when it is removed from the reactors. The
pools will effectively cool the fuel and shield the station
workers from radiation. The bays will have a capacity of
10 station years of irradiated fuel.
Cooling water system
Lake water will be used to condense steam after it has
passed through the turbines. The water will be brought
into the station via a 1000 m tunnel, with the intake
located about 12 m below the lake surface. The water will
flow through the condensers and then be discharged
back to the lake. The station will require 153 m3of lake
water per second for cooling purposes when operating at
capacity.
Cooling water will be returned to the lake through a
submerged diffuser system, extending approximately 250
m offshore. With the diffuser system, the warmer
discharge water is immediately mixed with colder lake

Fuel bundles being loaded into reactor at Bruce GS prior to
initial start up of each unit. Each reactor at Darlington GS will
have 480 channels, each containing 13 fuel bundles.
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water which limits the temperature difference between
the mixed water and surrounding lake water to less than
2°C at the lake surface. The offshore discharge at
Darlington is designed to protect potential whitefish
spawning beds in the near-shore area.
Information centre
Information and films on Ontario Hydro and nuclear
energy are available at the site information centre. Site
tours are offered. Group tours should be prearranged by
calling (416) 623-7122.
The centre is located at the corner of the South Service
Road and Holt Road. From the east it can be reached
from the Waverly Road exit off Highway 401 and then
the South Service Road to Holt Road. From the west,
visitors should take the Holt Road exit from Highway 401
and follow the South Service Road to the Holt Road
corner.
During the summer the Darlington Information Centre is
open from 9 a.m. till 4 p.m., Sunday to Friday and during
the winter, hours are from 9 a.m. to 5 p.m., Tuesday,
Wednesday and Thursday.

Irradiated fuel will be stored in water-filled bays similar io this
one at Pickering GS.

Metric symbols and measures used in this pamphlet
1 megawatt (MW)
1 kilometre (km)
1 metre (m)
1 hectare (ha)
1 kilogram (kg)
V = volts
=
C = degrees Celsius

1 000 000 watts
= 0.62 miles
3.28 feet
2.47 acres
2.2 pounds

Aquatic studies of lake waters around the Darlington site have
been conducted since 1972 and will continue.
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Darlington
Generating Station
Units 1 - 4
Location
Owner, operator
Designers
Number of units
in station
Rated Output per
unit
Overall net
efficiency
Fuel
Moderator
Coolant
Type
Construction
Schedule

Building and Structures
Reactor Building
Form
Material
Length
Width
Height
Design Pressure
Reactor Auxiliary Bay
Form
Length
Width
Height
Turbine Hall
Form
Length
Width
Height
Turbine Auxiliary Bay
Form
Length
Width
Height
Central Service Area
Form
Length
Width
Height

Town of Newcastle, Ontario
Ontario Hydro
Ontario Hydro
Four
Generator Output
Self-consumption
Net electrical
31.7%

935 MW(e)
54 MW(e)
881 MW(e)

Natural Uranium Dioxide (UO2)
Deuterium Oxide
(D2O - heavy water)
Pressurized heavy water
Horizontal pressure tube
Start of construction late 1977
In-service dates:
Unit 2 - 1 9 8 8
Unit 1-1989
Unit 3 - 1 9 8 9
Unit 4 - 1 9 9 0

Rectangular
Reinforced concrete
49.8 m (163.4 ft)
28.6 m ( 93.8 ft)
51.1 m (167.7 ft)
-53.1 kPa(g) to +96.5 kPa(g)
(-7.7psi(g)to +14.0psi(g))
Rectangular, 5 storey, steel
frame, concrete floor & 2
storey concrete basement
91.2 m (299.2 ft)
50.65 m (166.2 ft)
58.2 m (190.9 ft)
Rectangular, steel frame,
concrete & grating floor
91.2 m (299.2 ft)
54.8 (180 ft)
44.9 m (147 ft)
Rectangular, steel frame
concrete & grating floors
and basement
91.2 m (299.2 ft)
18.8 m( 61.7 ft)
45.9 m (150 ft)
Rectangular, steel frame,
concrete floors
63.0 m (206.7 ft)
136.5 m (447.8 ft)
45.9 m (150 ft)

//If?
*•*• •> &• <r v o «• •* -i ' . ' • ; - _
> r / j f ^ -;• * v * -> <• <• 1 V; '"7
S^\ \'i (• "* ^ ^ " + v * ^ •* *i ij /.£•

Powerhouse (Turbine Hall & Auxiliary
Bay & Central Service Area)
Overall
Length
427.8 m (1403.5 ft)
Width
73.6 m (241.7 ft)
Vacuum Structure
Form
Cylindrical Prestressed
concrete
Diameter
48.0 m (157 ft)
Height
70.0 m (230 ft)
Free Volume
95 000 m3 (3.35 x10 6 ft3)
Design
Pressure
-101.4 kPa(g) to + 96.5 kPa (g)
(-14.7 psi(g) to +14.0 psi(g)
Water Storage
11 400 m3 (4 x 105 ft3)
Fuelling Facilities Auxiliary Building
Form
Rectangular, concrete floors &
walls below grade steel frame
with concrete floors above
grade
Location
One at either end of
powerhouse
Length
66.7 m (218 ft-10 in)
Width
54.0 m (177 ft-2 in)
Height
22.85 m (74 ft-11 in)

Reactor vessels
Calandria Shell
Material
Shell dimensions
inside diameter
Main shell thickness
Length
Calandria end
shields
Material
Weight (filled)
Length (each)
Calandria tube
quantity
Material
Inside diameter
Wall thickness

Horizontal, stepped cylinder
comprising main shell, two
sub-shells & two annulus plates
Austenitic stainless steel
8 458 mm (27 ft-9 in)
31.75 mm (1-'/" in)
5 981 mm (19 f-6 in)
Integral with calandria shell,
provide support for alignment of
fuel channels & shutdown
shielding of the reactor faces
Austenitic stainless steel
(filled with steel balls &
light water - 60:40 by volume)
2370 Mg (5,241,000 Ib)
1 016 mm (3ft-4 in)
480
Zircaloy-2, seam welded
129 mm (5.077 in)
1.37 mm (0.054 in)

Reactor physics
Core Data
No. of fuel channels
Cell array
Lattice pitch
Core radius
Core length

480
Square (26 x 26)
285.8 mm (11.25 in)
3 532 mm (139.06 in)
5 944 mm (234 in)

Average reflector
thickness at midpoint
Fuel load, in core
Moderator and
reflector D2O
Maximum channel
power
Average burn-up

700 mm (27.6 in)
6,240 bundles
108 Mg U
312 Mg D2O
6.4 MW
164MWh/kgU

Reactivity control units
Shut-off (absorber) rods
Purpose
Quantity
Type
Orientation
Reactivity worth
Drive mechanism

Zone control
units purpose

Orientation
Reactivity rate
of change
Liquid injection shutdowni
System purpose
Liquid poison
Reactivity
worth
Injection

Control absorbers
purpose
Quantity
Reactivity rate
Reactor controller
Other control
features
Adjusters purpose

Quantity
Material
Reactivity rate
of change
Reactivity worth

Safety devices to quickly
terminate reactor operation
32
Stainless steel-cadmiumstainless steel sandwich in the
form of tube
Vertical through lattice
- 49 mk within 2.0 sec
Winch & cable, driven via an
electro magnetic friction clutch
by a constant speed induction
motor
Suppress unwanted changes in
flux distribution, provide
operating control of reactivity in
14 separate zones in the reactor
Vertical
±0.1 mk/s
Terminate reactor
operation
Gadolinium nitrate
-55mk
Pressurized helium to drive
gadolinium nitrate into bulk
moderator through injection
nozzles
Inserted whenever reactivity
depth or rate of light water zone
control system inadequate
4
±0.1 mk/s
Two digital computers/unit
Addition of natural
boron to moderator to suppress
excess reactivity
Normally fully inserted to limit
maximum fuel bundle power;
can be withdrawn to provide
increased reactivity.
24
Cobalt
0.04 mk/s
-17mk

Heavy water
306.3 m3 (10,818.2 ft )
99.75% D2O by weight
139.7 MW(th)

Primary coolant
Type
Quantity
Flow per channel
(maximum)
Reactor inlet coolant
temp

310°C (590°F)
10.0MPa(a) (1450 psia)
4

i

Boilers
Quantity
Steam pressure at
drum (design)
Steam temp at drum
Total steam output
Feedwater inlet temp

4 per unit
5.068 MPa(a) (735 psia)
264.75 °C (508.5°F)
1 310.4 kg/s
(10.38 x 106 Ib/hr)
176.7 °C(350°F)

Fuel elements
Type
No. per channel
Diameter of bundle
Weight of UO2 per
bundle
Total weight of
bundle
Maximum Bundle Power
(time averaged)

37 element bundles
495 mm long (19.5 in)
13
102.49 mm (4.053 in)
21.36 kg (47.1 Ib)
23.65 kg (52.1 Ib)
787 kW

No. of high
pressure
cylinders
No. of low
pressure
cylinders
Speed
Throttle Steam
pressure
Type of condenser
Cooling water flow
Generator
Rating
(0.85% power
factor
Terminal voltage
Frequency

il
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Turbine generator
Turbine

u

One tandem compound unit per
reactor with external moisture
separation and steam reheat (2
stages)
1 double flow

( •

(

!

!

3 double flow
1800 rpm
4.83 MPa(g) (700 psig)

'

!

1;

Two pass
31.6 m3/sec (417392 Igpm)
One •:..-, ijrbine
1100 MVA
22 kV
60 Hz

I

i..

Transformers
Main Output
Unit Service
System Service

1 2 - 3 3 0 000kVA,
1 phase, 60 Hz,
21.45/525 kV
4 - 8 0 000 kVA, 3 phase,
60 Hz, 22/13.8/13.8 kV
4 - 8 0 000 kVA, 3 phase,
60 Hz, 500/13.8/13.8 kV

•r

Circuit breakers

Moderator
Type
Total Volume
Purity
Heat load
(max design)

Reactor outlet temp
Reactor outlet
header pressure
No. of pumps

Pressurized heavy water
280 Mg (617,290 1b) at
37.8°C (100°F)
25.3 kg/s (200,000 Ib/hr)

500 kV
13.8 kV
4.16 kV

1 8 - 2 cycle, 4000 A,
100 kA, SF6 GIS breakers
154-750 MVA, 1200 A
and 2000 A
298-250 MVA, 1200 A
and 2000 A

II
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Standby power
Combustion Turbines
Emergency Power
Generators

> i

1

4 - 2 6 M W , 13.8 kV
3 - 6 . 5 M W , 4.16 kV

266°C(511°F)
May 1982-CSD2544'M
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