
OI\?te02.T-HO-CMC>OZWS~ 

Canadian Nuclear Association 
Fifteenth Annual 
International Conference 
Ottawa, Canada 

June 15-18,1975 

Volume 2 
DEVELOPMENT IN 
CANADA AND ABROAD 

ISSN 0317-168X 
75-CNA-200 

Canadian Nuclear Association 
Suite 1120, 65 Queen St. W., Toronto, Ont. M5H 2M5 



CONTENTS 

Part I 

AECL PRESENT AND FUTURE 
J.S. Foster, AECL 3 

OFFSHORE NUCLEAR ENERGY PROGRAMS 
(Papers not available) 

Part II 

PROVINCIAL NUCLEAR ENERGY PROGRAMS 

New Brunswick 

Point Lepreau Generating Station, 
G.H.D. Ganong, A.E. Strang, G.E. Gunter, T.S. Thompson, 
New Brunswick Electric Power Commission 13 

Quebec 

Gentilly 2 Nuclear Power Station, 
J.A. Labbé, Hydro Quebec 30 

Ontario 

Performance of Canadian Commercial Nuclear Units 
and Heavy Water Plants 

L.W. Woodhead, Ontario Hydro, 
and L.J. Ingolfsrud, AECL 39 

THE CANADIAN HEAVY WATER SITUATION 
A. Dahlinger, AECL 71 

Luncheon Address 

CANDU MILESTONES 
J.L. Gray, Past President, AECL 78 





CAT&O&tyO 
-3-

AECL PRESENT AND FUTURE 

by 

J.S. Foster 

President 

Atomic Energy of Canada Limited 

Ottawa 

It has been a few years since AECL reviewed its activities 
at one of these meetings. In the meantime there has been a considerable 
change in them, especially during the past few years. 

Throughout most of its existence AECL has been directed by 
Lome Gray. In describing what the company is today, I will be des
cribing what has been created very largely as a result of his energy, 
initiatives and, not least, powers of persuasion. Lome Gray deserves 
a large measure of the credit for the present successful state of the 
Canadian nuclear power program. AECL is an essential element in that 
program and, under Gray's direction, it was developed so as to not only 
fulfill its main research and development role, but to fill certain 
gaps that might otherwise have impeded the program's progress. 

When AECL was incorporated in 1952 its primary role was that 
of a research and development organization, the chief responsibility 
of which was to foster the development of atomic energy for peaceful 
purposes. The company's operations were centred at two sites: the Chalk 
River Nuclear Laboratories and the Commercial Products operation at 
Tunney's Pasture in Ottawa, where radioactive isotopes were prepared 
for medical, industrial and other purposes and equipment for their use 
was produced. 

In 1959 it was decided that the Chalk River Nuclear Labor
atories had reached the optimum size and that further expansion of the 
R § D activity should be done through opening up a second centre. The 
resulting Whiteshell Nuclear Research Establishment, 65 miles northeast 
of Winnipeg, has its own very successful test reactor, the 80 MWt 
organic cooled WR-1 reactor, an efficient line of hot cells and s.ssoc-
iated scientific and technical laboratories, shops and facilities. It 
employs 800 people. 

Commercial Products moved most of its operations into new 
quarters at South March, just west of Ottawa, in the mid-60s. These 
facilities comprise 76,800 square feet of manufacturing space and an 
office block. The organization employs 600 people and annually con
ducts about $16,000,000 worth of business in the production and sale 
of specialized equipment and material. Nearly 90 per cent of this 
business is for export, half to the United States and half elsewhere in 
the world. Products include radiation sources for analytical and in
dustrial purposes and for medical diagnosis and therapy; radiation 
equipment such as cobalt therapy units for hospitals and clinics, 
simulators for therapy planning, industrial irradiators for the steri
lization of pharmaceuticals, and more recently, accelerators for 
medical therapy. 
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Generation and Transmission Facilities 

Early in AECL's history the development of nuclear-electric 
power generation was announced as a prime corporate objective. Employ
ing some attached staff drawn from utilities, industry and consulting 
engineering organizations, the company produced a conceptual design 
of a small nuclear power station intended to demonstrate the feasibility 
of using natural uranium heavy water reactors for this purpose. 

AECL collaborated with Ontario Hydro and Canadian General 
Electric Company Limited in the construction of this plant and as a 
consequence acquired for about $25 million a new property and interest, 
the nuclear steam generating portion of the 25 MWe NPD power station 
at Rolphton, 25 miles west of Chalk River. 

In 1959 AECL, with the collaboration of Ontario Hydro, began 
work on the 200 MWe Douglas Point Generating Station, which went into 
operation in 1966. In 1965 work began, this time in collaboration 
with Hydro-Quebec, on the 250 MWe Gentilly 1 unit which began operation 
in 1971. AECL owns both of these stations and in addition has approx
imately a one-third interest in the first two units of Ontario Hydro's 
Pickering Station. 

In 1966, pursuant to an agreement between Manitoba and the 
Federal Government, AECL was assigned the task of building and owning 
the first phase of the 550-mile ±450 KVDC transmission system to 
connect Manitoba Hydro's generating stations on the lower reaches of 
the Nelson River to Winnipeg. 

By 1971 AECL had $550 million original cost invested in 800 
MWe of nuclear-electric generating plant and 100C MWe of long distance 
high voltage transmission. Manitoba Hydro operates and maintains the 
Nelson River Transmission Facilities and will acquire them through a 
schedule of payments. AECL's investment in Pickering will be amortized 
through earnings. The prototype plants, NPD, Douglas Point and Gentilly, 
however, were built to acquire knowledge and are not economic, al
though Douglas Point is now more than earning its operating cost and is 
paying some of the interest on the investment. The operation of NPD 
and Gentilly costs AECL upwards of $5 million a year. 

Engineering Services 

In 1963 AECL undertook a new activity, the provision of nuclear 
steam plant engineering services to-other organizations. This began 
with the nuclear engineering for India's two-unit 400 MWe Rajasthan 
Atomic Power Project, closely followed by work for Ontario Hydro on 
Pickering. Today, in addition to work on its own projects, AECL is 
performing specialized engineering services on half a dozen projects 
for Ontario Hydro, one for Hydro-Quebec and one for the New Brunswick 
Electric Power Commission. 
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This work is centred at the company's Power Projects 
operation at Sheridan Park, a research community on the western out
skirts of Toronto. This operation consists of an engineering office 
employing 700 and a mechanical and hydraulic laboratory, the Sheridan 
Park Engineering Laboratories, employing 300. With the inception of 
nuclear power development in Quebec and the Maritimes, AECL is opening 
an office in Montreal to handle current and future projects for these 
areas and for similar projects overseas. 

Heavy Water 

In 1969 AECL began construction of the 800 ton per year 
heavy water plant at Ontario Hydro's Bruce Nuclear Power Development 
on Lake Huron. When the plant was successfully commissioned in 1973 
it was sold to Ontario Hydro. 

In 1971 AECL made what will be a more permanent venture into 
heavy water production. In that year the company undertook to re
habilitate and operate the-400 ton per year Glace Bay Heavy Water 
Plant belonging to Deuterium of Canada Limited, by then a crown company 
of the Province of Nova Scotia. 

This year AECL will acquire the Province's residual interest 
in the plant and is also buying the 400 ton per year Port Hawkesbury 
Heavy Water Plant from Canadian General Electric. 

Last year AECL began construction of an 800 ton per year 
heavy water production plant, named La Prade, near the Gentilly nuclear 
power station, across the St. Lawrence River and about 12 miles down
stream from Trois Rivieres. 

By 1979, therefore, AECL will own and be operating three 
heavy water plants with a nominal annual capacity of 1600 tons per 
year, acquired at an original cost of about $700 million. The total 
staffs for these plants and the related headquarters function will be 
about 800 people. Annual product at maturity will be worth about 
$200 million. 

Nuclear Plant Export 

In 1974 AECL became actively engaged in yet another activity. 
Six years previously it had been decided that AECL should enter the 
export market for nuclear power plants or major power plant components. 
The first sale, of a 600 MWe nuclear power station for Argentina, was 
concluded in April last year. AECL, primarily responsible for the 
nuclear steam plant for the station, is associated with the Italian 
engineering firm, Italimpianti, in the project. Before the end of the 
year AECL had negotiated a contract for supply of a similar station 
with the Korea Electric Company. For Canada the total value of these 
two sales for equipment, heavy water and engineering services is about 
$400 million. Over the construction periods of these projects this 
represents an average annual business of $70 million. 
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Summary 

The following table summarizes AECL's business in a very 
approximate way. For the purpose of this presentation original cost 
figures were used for all investments in facilities. The timing of 
these investments is, however, quite different. The investments in 
research and development facilities, for instance, are, for the most 
part, quite old and largely written off. The investment in heavy 
water plants, on the other hand, is largely in prospect and is to a 
considerable extent only a commitment at the present time. The purpose 
of the table is simply to convey in a global way the composition of 
business in which AECL is currently committed. 

In 1952 only the Commercial Products operation offered an 
opportunity for profit or risk of loss and this was small in relation 
to AECL's total cash flow. In a few years, as a result of the company's 
new activities, P 5 L operations will involve more than three-quarters 
of the total cash flow. 

These basic statistics give an impression of the changes 
that have taken place in the company from the point of view of 
activities and from the financial aspect. They indicate where much 
of management attention is going to have to be focussed. They do not, 
however, give a true picture of what is basically important in AECL's 
operation. AECL's main role must continue to be the development of 
methods of applying nuclear energy for the increasing benefit of 
mankind in general and Canadians in particular. The object with respect 
to nuclear power is : 

to develop the options and to stimulate 
installation of facilities to enable Canada 
to meet a rapidly increasing share of her 
energy requirements from nuclear energy based, 
to the maximum practical extent, on domestic 
resources, physical and human. 

It has been necessary to take on major commercial res
ponsibilities such as the production of heavy water and the export of 
nuclear power plants to maintain a healthy Canadian program but these 
are incidental to AECL's main role. 

Nuclear Power Development 

Today Canada has 2500 MWe of nuclear-electric generating 
capacity in operation and a further 6000 MWe under construction. An 
additional 7000 MWe is either committed or at an advance stage of 
planning. The largest of these units are the 800 MWe units for Bruce 
and Darlington. Studies have been in progress for some time for Ontario 
Hydro of 1250 MWe units for possible commitment in two or three years' 
time. By the end of the century there will be about 130,000 MWe of 
nuclear-electric generating capacity in Canada. The Department of 
Energy, Mines and Resources is predicting that by that time electricity 
will supply half the energy needs in the country and that nuclear 
energy will, in turn, provide half the electricity or one-quarter of 
the total energy requirements. 



Activity 

Research and 
Development 

Radiation 
Material and 
Equipment 

Engineering 
Services 

Nuclear 
Power 
Exports 

Utilities 

Heavy Water * 

Facilities 

Chalk River 
Whiteshell 
Sheridan Park Lab. 

South March 
Tunney's Pasture 

Sheridan Park Office 

-

800 MWe Generation 
NPD 
DPT 
G-1 
P-1.P-2 

1000 MWe Transmission 
NRTF 

1600 tons per year 
Glace Bay HWP 
Port Hawkesbury HWP 
La Prade HWP 

Original Cost 
(millions of dollars) 

230 

20 

2 

550 

700 

Staff 

3500 

600 

700 

800 

Annual Business 
(millions of dollars) 

90 

16 

25 

70 

5 

200 

* Statistics are for 1980 

AECL ACTIVITIES 



- 9 -

There is good reason to think that most of the nuclear 
generation will be provided by natural uranium heavy water power 
reactors. 

Canada's nuclear power program began with the objective 
of attaining maximum national self-reliance. Canada has long been 
among the top few countries in electrical energy production. Until 
as recently as 1961 more than 90 per cent of the country's electrical 
energy came from hydro-electric sources. The basic energy source was 
domestic and much of the plant to exploit it was built in Canada. 
About that time, however, hydro-electric sites in proximity to major 
load centres, particularly in Ontario, were becoming fully developed. 
Fortunately, nuclear power became a realistic prospect at about the 
same time. Canada's uranium resources provided another basic domestic 
energy resource. Besides the fundamental attraction of its high 
efficiency, the main reason for choosing the heavy water reactor was 
because it offered the opportunity for a high degree of self-reliance 
with respect to the power plants and essential materials. Natural 
uranium fuel and heavy water, with their relatively simple techno
logies and smaller economic investment, were more appropriate to the 
first quarter century of the Canadian program than were the 
alternatives. 

Having heen the national instrument for fostering the 
development of nuclear-electric power generation based on the natural 
uranium, heavy water moderated reactor, a main responsibility of 
AECL now is to provide a major part of the continuing research and 
development effort needed to support utility applications of this 
type of plant. 

A second main responsibility of AECL is to develop advanced 
reactors and related systems to enable the country to make best use 
of domestic resources in this field under the circumstances that may 
obtain in 20 years or so. 

There is probably enough uranium within reasonable access 
in Canada to provide all the energy needs of the country at a not un
reasonable cost for many centuries through a fuel cycle no more 
efficient than the once-through natural uranium cycle employed in the 
Pickering reactors. Existence of a resource and the relevant ex
traction technology do not, however, determine the availability of the 
resource material or its cost. Cost and availability are determined, 
as often as not, by human behaviour; by man's readiness or otherwise 
to take decisions, to organize, to do the necessary work, to cooperate. 
We have seen it happen with many commodities: cycles of under-supply 
and over-supply, cycles of high prices and depressed prices. There is 
no reason to expect this will not be the same for uranium and, in 
fact, there is every indication that world-wide a period of short supply 
will follow the recent glut. 
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To ensure economic power generation through periods of 
tight uranium supply it will be advantageous to have available more 
efficient fuel cycles than the present one. 

Furthermore, within 30 years there will be as much energy 
available in the plutonium in the spent fuel from Canadian power re
actors as there is today in the country's proven oil reserves. There 
will be a considerable incentive to exploit this resource. 

Fuel cycles involving plutonium recycle will halve the re
quirement for fresh uranium. 

For the longer run the use of thorium in CANDU reactors can 
provide an additional fertile resource three or four times as great as 
that of uranium and, because of the high neutron yield of U233, makes 
possible a considerably more efficient fuel cycle. 

AECL will therefore engage in the development of fuel re
processing, recycle fuel manufacture, designs to employ such fuel 
and the introduction of thorium to the cycle. 

A part of fuel cycle development is the establishment of 
methods for dealing with the waste products, or what we might better 
call residues. There is no foretelling what future generations may 
do with some of the materials which today we regard as wastes. 

Water filled bays provide satisfactory storage for spent 
fuel but AECL is experimenting with dry, naturally cooled storage 
systems for more extended storage requiring less operational attention. 

With reprocessing of fuel for extraction of the plutonium 
it will be necessary to have very long term storage methods for 
separated fission products and the residual plutonium and other actinides 
that will be mixed with them. Development of methods of concentrating 
and fixing these materials has been done for years and will be expanded. 
To be developed will be methods of depositing them, possibly in mines 
in stable geological formations, so they are reasonably manageable and 
available for the few centuries when their radioactivity is high and 
so they will be out of harm's way for the very long run. 

The irradiation of U238 and thorium in the neutron fluxes of 
reactors is only one way of converting these fertile materials to 
fissile plutonium and U233. There are other physical processes besides 
nuclear fission which might provide useful currents of neutrons for this 
same purpose. 

The bombardment of atoms of thorium or uranium by high energy 
(1000 MeV) protons causes their disintegration with the release of 
about 50 neutrons and four times the original proton energy in the form 
of heat. The neutrons could be used to convert other uranium or thorium 
to fissile fuel for fission reactors. Improved accelerators are re
quired to make this a practical process. AECL is developing a cryogenic 
cyclotron which might have application in this field. 
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Another possibility is the use of neutrons from the fusion 
reaction to convert fertile material to fissile. AECL is not doing 
any experimental work in this area but is maintaining an interest 
against the day when fusion begins to show practical promise. 

In addition to development of improved or new ways to make 
nuclear energy available, AECL is thinking of ways of expanding 
applications. Today two-thirds of the world's energy is derived from 
petroleum. In less than a century, a very large fraction of the 
world's petroleum will have been consumed and the balance will not be 
available for many energy purposes. It will be supplanted mainly by 
coal, and to an even greater extent, by nuclear energy. Today steam 
and electricity from Douglas Point are used to produce heavy water in 
the Bruce Heavy Water Plant. This practice will be extended to addi
tions to that plant and to other plants such as that at La Prade. 
Nuclear energy will be used for other processes and for heating. AEcL 
will be involved in the development of these new applications and is 
already investigating the possibility of nuclear energy being used to 
extract petroleum from the Athabasca Oil Sands. 

AECL is engaged, as it always has been, in various fields 
of basic research but it is not possible to mention all our activities 
in a single talk so I have confined this review to those topics which 
I think are of most interest to this Association. 

Conclusion 

In summary, the central role of AECL is, as it was when the 
company was formed, the development of means of exploiting nuclear 
energy for the benefit of mankind in general and Canadians in 
particular. 

In this regard the main activities will be: 
1. research and development in support of contemporary CANDU nuclear 

power reactor systems; 

2. research and development, including design, for more advanced 
fuel cycles and related CANDU nuclear power systems; 

3. research into other ways besides fission reactors for providing 
energy and fissile materials; 

4. investigation into other possible applications for nuclear energy 
besides the generation of electrical power. 

In pursuit of its main role AECL has, in the past, found it 
necessary to engage in related activities, notably construction and 
ownership of prototype plants, nuclear engineering, heavy water pro
duction, and the export of nuclear power plants and components. 

AECL will continue to discharge these responsibilities to 
the extent required to support the development of application of nuclear 
energy, the company's main role. 
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But it is hoped and expected that utilities and private 
engineering organizations will progressively assume the major part 
of the expansion needed in relation to the engineering associated 
with nuclear power stations. For many years yet the responsibility 
for the design of reactors, fuelling equipment, associated controls 
and certain closely related systems will Test with AECL. It is our 
aim, however, that design become sufficiently standardized that 
other organizations can design the auxiliary systems without sac
rifice of proper coordination of the overall design. 

With time, overseas customers for nuclear power stations 
will develop the same sophistication in these matters that charac
terizes domestic utilities. In other words, they will prefer to become 
more involved in the process and will not demand integrated or nearly 
turnkey responsibility from an organization with very substantial 
technical and financial resources. When that happens AECL will be 
able to take a reduced role and other organizations will be able to 
assume a bigger one. 

With respect to production of materials and equipment such 
as heavy water, radioisotopes and irradiators of different kinds, 
AECL will not want to be involved where a competitive business situa
tion can exist. This has always been the company's position, as for 
example with nuclear fuel. 

Even in the field of nuclear research and development 
other organizations will take a more prominent role than they have in 
the past. This trend has begun. The figure shows the history of ex
penditures by AECL and other organizations in this field. 

This does not imply any diminution of AECL effort, NucleaT 
energy is today where powered flight was 40 or 50 years ago. The 
impetus of the first military applications is now history and we are 
in the era of early commercial application. The major development of 
aviation came after this stage and we can expect the same to be true 
for nuclear power. There is a tremendous amount to be done and even 
with increasing participation from other organizations, it is going 
to be necessary for AECL to continue to expand its research and dev
elopment role if our mission is to succeed. 
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POINT LEPREAU GENERATING STATION 

BY 

G. H. D. GANONG/ A. E. STRANG, G. E. GUNTER, T. S. THOMPSON 

(N B POWER) 

CNA INTERNATIONAL CONFEBENCE 

OTTAWA JUNE 16-18, 1975 
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ABSTRACT 

The incorporation of this large unit on N B Power's 

system has been made possible by innovative power system planning 

and necessary by the price and supply reliability of oil. 

Project management and the treatment of environmental impact 

and pub Iic.concern may indicate future patterns for nuclear 

energy i n Canada. 

I . INTRODUCTION 

In July, 1974 it was announced that a CANDU-600 MWe 

nuclear generating station would be built by N B Power at Point 

Lepreau on the Bay of Fundy about 24 miles south-west of Saint 

John. The station is scheduled to be in service in October 1979 

and in commercial operation In 1980 to supply future needs for 

electrical energy in New Brunswick and to provide a measure of 

relief from dependency upon foreign oil. 

The introduction of a single 600 MWe unit on the New 

Brunswick grid offers the economy of size but during the first few 

years of operation it will present problems with reserve back-up 

due to its large size relative to other units on the N B system. 

In an effort to alleviate this problem, a proposal was made in 1973 

to supply steam to an AECL owned heavy water plant which would be 

located on a site adjacent to the nucjear plant. An 800 ton/yr D_0 

plant would have reduced the turbine-generator size by 168 MWe. This 

proposal was rejected by AECL in favour of a site at Gentil ly, 

Quebec. 

The problems of reserve back-up-may also be overcome 

through interconnection agreements with neighbouring utilities 

similar to the arrangement made for the 900 MWe Coleson Cove Thermal 
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Station (3 x 300 MWe) where 400 MWe was sold to New England 

utilities for a 10 year period. Another solution Is simply to 

install additional reserve capacity. Both of these methods are being 

utilized to back-up the 600 MWe Point Lepreau Unit. 

2. LOAD GROWTH 

From the beginning of the electric utility business in 

the 1880's when electricity was first made available to thepublic, 

the fraction of total energy consumed in this form has steadily 

Increased. Most planners today believe that the future use of 

electricity will represent an even larger share of total energy 

than it currently represents because of its versatility and because 

it can be generated from a wide range of sources. Per capita 

usage of electric energy in New Brunswick has always been below the 

Canadian average and presently Is about 75$ of the national level. 

The demand for electric energy In N B has Increased during the 

past ten years at a rate of 13$ compounded annually. This rate 

has produced a three hundred percent Increase during the period. 

It is reasonable to assume that this element of 

"catch up" in the annual Increase of electricity use by the people 

of this Province will continue. Accordingly, N B Power planners and 

their consultants are currently projecting an 8.5$ growth rate over 

the next ten years. While this Is a much lower growth rate than 

that realized in the recent past (13.6$ in 1974) it wiI I nevertheI ess 

put a heavy demand on existing and planned facilities. 
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The Federal Department of Energy, Mines and Resources 

have estimated (4) an electrical energy growth rate of 7.1$ for 

Canada over the next 30 years. Over the 5 to 6 year period 

of construction for a nuclear plant the load growth must surely lie 

somewhere between the presently experienced 13.6$ and the national 

expectat ion of 7.1$. 

3. SITING 

Of great importance was the location of the plant and a 

series of very comprehensive studies covering economic, environ

mental, and social considerations was undertaken. 

Fresh water locations were considered, however, the 

attendant environmental problems related to the required condenser 

cooling system together with the availability of a number of coastal 

sites appearing to offer much better waste heat dissipation 

resulted in the conclusion that a coastal site would provide the 

best opportunity for plant construction with minimal environmental 

effecis.. A total of 21 sites were investigated between Dalhousie 

in the North and Point Lepreau in the South. Investigations 

included not only the physical features, geology, seismic history, 

access, intake and discharge facilities, population, fresh water 

supply, etc. but also a complete range of environmental and socio

economic considerations. 

The 21 possible sites were thus reduced to the three 

shown on Figure I. They are Point Lepreau 24 miles south-west 

of Saint John; Point Caplin, 30 miles east of Bathurst; and Quinn 

Point, 25 miles west of Bathurst. 
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Point Lepreau was finally chosen as the preferred site 

because of lower cost (about $30 million), minimum family relocation, 

more reliable cooling water structures because of the absence of 

ice in the Bay of Fundy, and better environmental conditions. 

Communication with the public was recognized as an im

portant aspect of the introduction of nuclear power and during the 

conceptual stage of the project at least 50 separate meetings 

were held with N B Community organizations, institutions, and 

schools. Over 32,000 people were contacted by this program. 

Following the announcement of the Point Lepreau site, 

further public meetings were held in nearby communities. A 

summary of the environmental report was made available to the public 

by the N B Dept. of Environmentand coverage was given in the major 

provincial daily newspaper which also ran a series of articles 

covering all aspects of nuclear power. Radio and TV coverage 

was a I so extens i ve. 

Site Approval was given by the Atomic Energy Control 

Board in October, 1974. 

4. STATION DESIGN 

The reactor is a so-called "Standardized" (5) natural 

uranium fueled pressurized heavy water moderated and cooled reactor 

similar to Hydro Quebec's Gentilly-2, Cordoba in Argentina, and the 

proposed unit for South Korea. However,'it is intended that 

Point Lepreau will eventually be a two-unit station and this 

consideration affects site layout and building design, in particular 

the design of the control room and other parts of the Service 
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Building,and the cooling water system. The site layout is shown in 

Fig. 3. 

The Point Lepreau Generating Station is the first 

coastal Candu 600 MWe plant. This prompted an extensive study of 

condenser tube materials for salt water application, and careful 

consideration of secondary side feedtrain material selection and 

feedwater chemistry. 

AECL commissioned Canatom Ltd. to review operating 

experience with salt water cooled condensers. A very thorough 

study was carried out and a recent report (6) summarizes the 

findings. The recommendation for salt water cooled sites is 

that titanium tubes with aluminum bronze tube sheets be used for 

the main condensers. The combination seems to offer the best 

long term prospects of minimum tube failure rates. 

In addition to reducing condenser tube leakage, a 

titanium tubed condenser along with steel feedwater heater tubes 

would eliminate copper from the secondary side and the possibility 

of copper desposits in the boilers. lncoloy-800 boiler tubes used 

in Candu 600 MWe reactors are, like other materials, susceptible 

to copper deposits and a system without copper alloys will not 

only eliminate copper deposition but permit operation at pH 

9.5-10 which will considerably reduce carbon steel corrosion and 

ferrous deposition (7). 

The unacceptable high failure rate of some foreign 

nuclear steam generators in recent years has necessitated increased 

Canadian effort in secondary side chemistry and system materials, 

and a continuing evaluation of current practice. The 

material selection for Point Lepreau and the chemical control 
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program represent the latest thinking on the subject. 

Although the use of titanium tubes is expected to provide 

high reliability for the main condenser, even a remote possibility 

of sea water leakage into the various heavy water and other-

reactor based systems requiring cooling cannot be tolerated. 

Accordingly, a recirculated fresh water loop, cooled, in turn 

by sea water will be used. The Raw Service Sea Water System 

supplies sea water to the turbine hall auxiliaries that are designed 

for cooling with sea water, and to the recirculated water system 

heat exchangers. 

Recent reactor safety thinking has postulated accidents 

which result, for various reasons, in the total loss of the station 

cooling system. As a result, Point Lepreau will have an Emergency 

Water Supply System, completely separate from the main cooling 

system. Fresh water will be used along with diesel engine driven 

pumps. 

The feasibility of using heated water discharge from 

the station for an aquaculture operation is being studied by the 

University of New Brunswick and various Federal and Provincial 

Government agencies. This and other environmental factors such 

as the tidal and wave action of the Bay of Fundy are having a 

profound effect on the cooling water system des I gn. 

5. PROJECT MANAGEMENT 

Atomic Energy of Canada Ltd. are designers of the 

nuclear steam supply system. The balance of plant design is being 

carried out by N B Power and Canatom Lt-d. 
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N B Power is performing the overall management of 

project functions including design engineering, construction, and 

commissioning. The Engineering Organization is shown in Fig. 4. 

Centralized management is exercised by a Project Manager leading 

a team which consists of engineering, construction, quality 

assurance, and support service groups. 

Co-ordination of station design is carried out by the 

Project Engineering group. 

CPM schedules are being developed for engineering, pro

curement, construction, and commissioning. These CPM schedules 

will form the basis for the "working" schedules used by various 

levels of management for control and reporting. A computerized 

material control system monitors every item of equipment purchased 

for the plant. 

The Construction Organization is shown in Fig. 5. The 

Project is unique in Canada in that all construction work will be 

done by contractors. 

N B Power is implementing a quality assurance program 

applicable to all suppliers of equipment and construction work. 

Procedures are being established to cttain shop and construction 

performance in accordance with specification requirements. Con

tractors procedures are being reviewed for compl'ance with require

ments. Inspections are being conducted during manufacture and 

installation as necessary to check performance, and a sampling and 

testing program is being organized. Records of all inspections and 

tests are being maintained. 

Cost reporting systems are operated to provide both an 
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accurate forecast of final project cost and accurate cash flow 

estimates. The final cost forecast is per I od I ca I 1 y adjusted as 

actual costs are committed to reflect the trend of the Job as 

closely as possible. THE CPM system provides a cost forecasting 

feature which allows accurate project cash flow estimates on a month 

to month basis In advance,based on scheduled work and money 

committed. 

6. FINANCING AND SCHEDULE 

New Brunswick Is the first province to have IOO56 equity 

In Its first nuclear project and to arrange for all of the 

financing. A portion of the debt financing will be obtained 

through N B Power's normal commercial sources and 505f of the 

total cost will be borrowed from the Federal government. N B 

Power will bear full financial risk of the project Including the 

cost of the physical assets and interest and escalation during 

construction and commissioning. 

The schedule calls for an "In service" date of 67 months 

from date of first announcement of the nuclear program In March 

1974. This is a very tight schedule. Labour disputes and 

manufacturers working at or over capacity can easily lead to 

delays. The high cost of delay demands close control over all 

aspects of the work.-

7. FUTURE NUCLEAR PLANS 

A comprehensive public Information program Is on-going 

to improve public understanding of the need, safety, security, 

competitive costs of nuclear power, and the role it must play In 
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FIGURE 6 

New Brunswick (in Province) Estimated Annual Generation (by source) 

1974-75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 1990-1991 
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N. B.'s expanding economy. 

In addition to the design and construction activities, 

both in and out-of-Provinee operation and maintenance training 

programs will begin this year. Key personnel for station operations 

have been taken on staff. The number of personnel attached to 

various nuclear organizations will be increased and it is expected 

that by 1978, 70$ of the operations staff will have been hired and 

I i censed. 

The uncertainty in supply end instability in price of 

fossil fuels will make nuclear generation the preferred base 

load source for future expansion in N. B. (Fig. 6 ) . Plans call for 

a second unit at Point Lepreau and the development of a northern site 

We are but a few months along on our first nuclear 

plant and little time exists at this stage for retrospection. 

Nevertheless the feeling exists that perhaps we assessed quite 

accurately the magnitude and scope of the engineering problems 

associated with such a project, but we did not appreciate the 

extent of the environmental considerations. We have spent and are 

spending considerable time and money on aspects such as siting, 

environmental assessment, cooling water system design, and 

anti-nuclear propaganda; most of which we felt would have been 

resolved at this stage of the Canadian nuclear program. it seems 

the same anti-nuclear arguments are presented with each new station, 

and environmental and siting criteria are no where near standardized. 

Hopefully, for future nuclear stations these considerations will 

represent a more reasonable proportion of total project effort. 
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QUEBEC 

GENTILLY 2 NUCLEAR POWER STATION' 

by 

J.A. Labbé 

Hydro Quebec 

INTRODUCTION 

Since our previous progress report, delivered at last year's 
conference in Montreal, work in the nuclear energy field in Québec 
has continued, and in the fall of 1974 the silhouette of a second 
nuclear power station could be seen against the sky at Gentilly. 

Meanwhile, Gentilly 1 nearby was a scene of feverish act- . 
ivity as the plant recommenced operation. Its supply of heavy 
water was returned, after spending several months at Douglas Point 
where it had helped produce steam to put the Bruce heavy-water 
plant into operation. 

As you know, Gentilly 2 is the first nuclear power station 
that Hydro-Québec is building for itself. The estimated cost in 
1973* was $385 million, and the station is scheduled to go into 
commercial operation early in 1979. Gentilly 1, completed in 1972, 
is an experimental prototype built and operated by Hydro-Québec on 
behalf of Atomic Energy of Canada Limited. 

Because of its immense hydraulic resources, a large fraction 
of which is still unexploited, Québec has only lately entered the 
nuclear-energy field. But Hydro-Québec has taken immediate steps 
to acquire this new technology in preparation for the day when, as 
is the case in most other parts of the world, it will have to resort 
to nuclear energy to meet the increasing needs of industry and the 
general population. 

The La Prade heavy-water plant is presently being constructed 
by Atomic Energy of Canada Limited not far from the Gentilly nuclear 
complex. Gentilly 1 and Gentilly 2 will supply steam for the pro
duction of this plant. 

* An updated estimate is currently being prepared to incorporate 
the unforeseen rise in construction costs in recent years. 
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The object of this short report is to bring you up to date 
with developments at Gentilly 1 and Gentilly 2. 

Gentilly 1 

First, a few words about Gentilly 1. Production at this power 
station had been halted in November 1972 as a result of the short
age of heavy water that I spoke of earlier. In fact, Gentilly 1 
has only operated at full capacity for the equivalent of 150 days 
since its commissioning in 1971. It was put back into operation on 
December 6, 1974, and should shortly reach full capacity once again. 

In the course of the year numerous modifications were carried 
out, essential to the restarting of the reactor. These included 
the installation of six new absorber rods, mechanical stops on the 
booster rods and new servo motors on the coolant control valves; 
repair and installation of standby condensers and repair of the 
steam drums. 

The reactor protection and regulation systems were modified to 
take these changes into account. 

The start-up procedures, as well as the various stages of com
missioning, were described in two reports containing more than 500 
pages, which could well prove valuable for future reference. 

The purpose of the first phase of commissioning at very low 
power was to check the dynamic behavior of systems and measure various 
design parameters, and thereby verify the models and analytical methods 
used. This phase was completed at the end of January. 

The second phase of the commissioning has been under way since 
the end of April. 

The purpose of this phase is to bring the station up to its rated 
output while commissioning the many systems that were modified, as 
well as the new regulation algorithms and new protection systems. 

Although Hydro-Québec acted as general contractor for the con
struction of Gentilly 1 and its staff operates the power station, it 
is in fact owned by Atomic Energy of Canada Limited. Once it re
commences commercial operation it will supply electricity to the grid 
until such time as its principal function becomes that of supplying 
«team to the La Prade heavy-water plant which AECL is presently con
structing ll miles from (jentilly 1 and 2. 

Gentilly 2 

Now some comments about Gentilly 2, a project with which I am 
more directly concerned. 
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As you know, Gentilly 2 will be a CANDU-PHW plant using 
natural uranium, and heavy water as both moderator and coolant. 
This is the same type of plant that Ontario Hydro adopted for the 
Pickering and Bruce complexes. Gentilly 2 will have a capacity of 
600 MWe. Commissioning is scheduled for early 1979. 

The construction work has gone along well and is on schedule. 

The perimeter wall of the reactor building, which is close 
beside Gentilly 1, was poured in fifteen and a half days, even more 
rapidly than the first one. The Gentilly 2 perimeter wall is 139 
feet high and required about. 8,300 cubic yard? of concrete, 650 
embedded parts and more than 900 tons of reinforcing steel. Con
creting of the interior walls and floors started in December 1974 and 
will continue until December of this year, when the reactor vessel 
is scheduled to arrive. 

During the same period, work will be completed on building the 
double concrete dome that will cover the reactor building. The space 
between the lower and upper domes will serve as a tank for the some 
500,000 gallons of water that will be used to condense the steam and 
cool the reactor core in the event of a high-pressure circuit rupture. 

Erection of the metal structures for the turbine hall and service 
wing started early in May. This work will be carried out in nine 
sections over a period of six months to enable Hydro-Québec crews to 
complete the construction of the buildings and install the outer 
covering. 

Once the base slabs, outer coverings, roofs and masonry are 
built, priority will go to the section containing the main control 
room and annexed quarters in preparation for delivery of computers 
and other equipment to be installed there. No major equipment is 
scheduled for installation in the turbine hall during 1975. 

Despite supply difficulties which caused some delay in building 
the concrete structures, it can be said that the work has progressed 
rapidly. To date, more than 50 per cent of the civil work has been 
completed. 

By mid-May about 28,000 cubic yards of concrete had been poured 
for the foundations of the turbine and services buildings. If we 
include the floor and perimeter wall of the reactor building, a total 
of 42,000 cubic yards of concrete had been poured for the project at 
that time. 

During the winter, the cooling-water discharge canal, which will 
serve both Gentilly 1 and Gentilly 2, was completed. The Gentilly 1 
duct was connected to the new duct in April. 

The rest of 1975 will be devoted almost exclusively to civil 
work. The most important, undoubtedly, will be concreting of the 
ring beam and the two domes of the reactor building. 
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More than 700 workers are now on the Gentilly 2 construction 
site. The number will reach 1,200 at the peak of construction in 
1976. There is no collective labor agreement for the project as 
the work, and consequently the hourly wages, are governed by the 
construction industry decree. 

Despite the good relations we have with our employees (only 
one grievance during the year), Gentilly 2, like all construction 
sites in the province, has been somewhat affected by the prevail
ing tension in the industry. There have been two minor work 
stoppages, for example, but neither has affected the project 
schedule. 

SuE£lv_ 

Electrical and mechanical installation work will begin early 
in 1976 with the delivery of major equipment. This will include 
the delivery of the 600-MW turbine-generator unit, manufactured by 
Canadian General Electric Company. The contract for the supply 
and installation of the turbine, worth more than $28 million, is 
the largest ever awarded by Hydro-Québec to one firm for the supply 
and installation of a single piece of equipment. 

To date, Hydro-Québec has issued $86 million worth of orders 
for the construction of Gentilly 2, following calls for"tenders 
by its Contracts and Purchasing Directorates. Sixteen of the con
tracts awarded were worth more than a million dollars each. By the 
end of 1974, most of the contracts for major equipment had been 
awarded. 

Hydro-Québec entrusted the purchasing of certain highly spec
ialized equipment to Atomic Energy of Canada Limited. These purchases, 
worth a total of $8 million, were made in a market place difficult 
of access for Hydro-Québec. 

As this was the first time that Hydro-Québec had been directly 
involved in all aspects of building a nuclear power station, and 
as its purchasing staff had been mainly accustomed to procurement 
for hydroelectric power stations, staff had to be specially trained, 
and reference documents made available to them. Writers of con
tracts and calls for tenders had to familiarize themselves with 
nuclear terminology and the details of equipment and installation 
work for nuclear power stations. 

This work also necessitated some adaptation to Hydro-Quebec's 
purchasing policies, and in the beginning this caused some reaction 
from the suppliers. However, this adaptation was excellent train
ing not only for the staff at Hydro-Québec and our consulting firms 
but also for many Québec suppliers who were able to take advantage 
of the knowledge acquired. In addition, there was the work of 
adapting nuclear-equipment terms into French. 
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Commissioning 

Training of the team that will be responsible for the 
commissioning and operation of G-2 power station began in 
earnest in 1974 and will be intensified in 1975. 

The power station's permanent staff of about 200 persons 
will be ready to begin the commissioning tests during 1976 as 
the various systems and components become operational, from the 
pumping station to the electrical substation. 

Conclusion 

Although the energy contributed to the Hydro-Québec system 
by the Gentilly nuclear complex will no doubt be less than that 
produced by one power station at James Bay, the fact remains 
that Hydro-Québec staff are acquiring valuable experience, through 
both the improvements made to Gentilly 1 and the construction of 
Gentilly 2, which will be essential when the province runs out of 
hydraulic resources that are economic to develop. 



Z-À||i)ua9 jo uoiieooi 
\l 8jn6y 

to Ajepunog 

B3JV uoisnpxg 



Figure 2: 
Arrangement of Gentiliy Power Station 
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Figure 3: 
Gentilly-2 Reactor Building 
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PERFORMANCE OF CANADIAN COMMERCIAL 

NUCLEAR UNITS & HEAVY WATER PLANTS 

By 
L.W. Woodhead, Ontario Hydro and L.J. Ingolfsrud, AECL 

INTRODUCTION 

This report presents an overview of the lifetime performance of 
Canada's commercial nuclear-electric units (Pickering Generating 
Station-A, Units 1-4) and heavy water production plants (Bruce 
HWP-A and Port Hawkesbury HWP). 

These facilities are vital to Canada's rapidly expanding nuclear 
program. This is the first opportunity to report performance at 
a major European Conference since all three reached full capacity 
in 1973. 

PICKERING GENERATING STATION-A 

When Unit 4 was declared In-Service on June 17, 1973, Pickering 
GS-A, at 2056 MW net from four identical units, became the largest 
fully operational nuclear-electric station in the world. 

Pickering is owned and operated by Ontario Hydro, arid we have been 
very pleased with its performance since startup of Unit 1 in April, 
1971. It is fully competitive, in terms of both economy and relia
bility, with fossil-fired units of the same size and vintage in 
Ontario. Pickering, as do all Ontario Hydro's existing and planned 
nuclear stations, uses a CANDU-PHW (Pressurized Heavy Water) Nuclear 
Steam Supply System (NSSS) designed by Atomic Energy of Canada 
Limited (AECL). Pickering was preceded by about three decades of 
close co-operation between AECL and Ontario Hydro in the design, 
construction and operation of NPD (Nuclear Power Demonstration) 
and Douglas Point, Canada's invaluable CANDU-PHW "Knowledge 
Generators". 

Net Capacity First . 
MW Electricity Type 

NPD 22.5 1962 CANDU-PHW: 
Douglas Point 206 1967 CANDU-PHW 
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Pickering was committed by Ontario Hydro late in 1964, less than 
two years after startup of NPD and three years before the 200 MW 
prototype, Douglas Point, produced its first electricity. The 
initial capital cost of Pickering was $746,000,000. This large 
financial risk was taken in order to maintain the momentum of 
Canada's nuclear program. It represented confidence that the 
CANDU-PHW concept was technically sound, and the proper economic 
choice for Ontario and Canada. Early experience at Pickering has 
been excellent and the highlights are briefly described below. 

Reliability 

IN-SERVICE DATE RELIABILITY 

One very important measure of reliability is whether or not a 
generating unit goes into service on or ahead of schedule. 
Planned In-Service Dates were originally established in 1964 for 
Units 1 and 2, and in 1967 for Units 3 and 4. Largely because of 
a 10-month construction strike in 1967, the actual In-Service 
Dates of Units 1 and 2 were 9 and 3 months respectively, later 
than originally planned. However, Units 3 and 4 were declared 
In-Service 4 and 3^ months, respectively, ahead of schedule. 

First critical generally occurs soon after construction is complete. 
The time taken to go from first critical to first electricity, 
then to full power and finally to commercial service is a signif
icant measure of reliability. 

We were particularly pleased at the short times required to go 
from first critical to full power: 

Unit 1 95 days 
Unit 2 53 days 
Unit 3 18 days 
Unit 4 12 days 

This is a dramatic indication of the soundness of the basic 
design and the total design, construction and commissioning effort. 
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It also demonstrates one of the many advantages of building 
multiple identical units at one location. 

OPERATING HISTORY 

Unit 1 produced first electricity in April, 1971, Unit 2 in 
October, 1971, Unit 3 in May, 1972 and finally Unit 4 in May, 
1973. 

We decided to take a four-week planned outage on each unit after 
its first year of operation, primarily for turbine-generator 
inspection. 

This has been done on Units 1, 2 and 3 but has been deferred 
until 1975 for Unit 4. 

On Unit 2, the planned outage had to be extended by four weeks 
due to a generator rotor ground fault. 

In 1972, Ontario Hydro suffered a four-month strike and during 
the strike period we did not operate Pickering. 

In 1974, Units 1, 2 and 3 again had planned outages of about four 
weeks each, to modify the Row 7 blading on each of the three low 
pressure turbines on each unit. 

Commencing August 10, 1974, Unit 3 suffered a long forced outage 
until March 31, 1975 due to leaking pressure tubes. 

A highlight of the operating history was an uninterrupted period 
of full power operation of Unit 2 for 217 days, 3 hours between 
August 2, 1974 and March 8, 1975. In fact, during the 261 days 
from July 12, 1974 to March 31, 1975 Unit 2 operation was interrupt 
for only three brief intervals of 15, 20 and 12 minutes respectivel 
with the unit still at full power after March 31, 1975. 

PRODUCTION RELIABILITY 

The following production reliability data excludes the four-month 
strike shutdown period in 1972. 
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Over the lifetime of a generating station, production reliability 
can be measured by many criteria. 

However, our CANDU-PHW units, with their unmatched low fuelling 
costs, are never shutdown or derated for economic reasons. Net 
Capacity Factor (NCF) is, therefore, the best single production 
reliability indicator. 

NCF subtracts all lost production. During an outage a unit is 
penalized for electricity that it consumes and, while operating, 
any energy produced in excess of the declared unit capacity is 
ignored. 

LIFETIME NCF 

The average NCF to February 28, 1975, covering 10.2 unit-years 
is 77.8%. The corresponding average Gross Capacity Factor (GCF) 
is 78.4%. 

NCF GCF 

Unit 1 
Unit 2 
Unit 3 
Unit 4 

79.2% 
80.7% 
61.8% 

- 92.8% 

79.8% 
81.3% 
62.5% 
93.3% 

Weighted Average 77.8% 78.4% 

WINTER PEAK NCF 

In Canada, nuclear unit reliability is particularly important 
for both system security and customer economics during our 
winter peak load periods of December, January and February. 

For the 1972/73 winter peak period, the three units then in-
service had an average NCF of 96%. 

For 1973/74 with all four units in-service, the average NCF was 
95%. 

For 1974/75, the average NCF dropped to 67% because of the Unit 3 
pressure tube problem. 
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Winter Peak 

1972/73 

Unit 1 99.4 
Unit 2 90.2 
Unit 3 97.6 
Unit 4 Not In-Service 

ANNUAL NCF (1973 and 1974) 

In the full calendar year 1973, the four units had an average NCF 
of 83.4%. Unit 2 was low due to the generator rotor ground fault. 

In 1974, the average NCF was 74.3%. Unit 3 was low because of 
the pressure tube problem. 

1973 1974 

Unit 1 92.5% 72.0 
Unit 2 69.0 88.4 
Unit 3 85.1 42.7 
Unit 4 90.1 (6% months) 93.9 

ECONOMICS 

For base-loaded units, the valid economic criterion is Total 
Unit Energy Cost (TUEC tn$/kWh). The components of TUEC are: 

- Capital UEC 
- Operating and Maintenance (0&M) UEC 
- Fuelling UEC 
- Heavy Water Upkeep UEC 

HEAVY WATER UPKEEP UEC 

Heavy Water is very expensive and must be conserved. Its cost 
has been about 66 $/kg, and like most things today, the cost is 
increasing. 

Each Pickering reactor contains about 500 Megagrams, costing 
33 million dollars. 

Heavy Water is not consumed, but it can be lost, or it can be 
downgraded by mixing with natural water. If downgraded, it 
must be upgraded to restore its isotopic purity to the range 
of 99.7 - 99.8 mass per cent. 

1973/74 

89.2 
94.0 
99.5 
95.9 

1974/75 

72.4 
100.0 
-0.9 
96.1 
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Upkeep » Loss + Downgrading Equivalent Loss (DEL) 

In 1965 when heavy water was hoped to be less expensive than 
it is today, Ontario Hydro set a target of 0.2 m$/kWh (corresponds 
to 1.3 kg/h per unit at 80% NCF and 66 $/kg). 

That target has very nearly been met, with an actual lifetime 
average of 1.8 kg/h per unit. As is the case with other cost 
factors, inflation has raised the price of heavy water such that 
the corresponding Heavy Water Upkeep UEC is now approximately 
0.5 m$/kWh. 

We would consider 2.5 kg/h to be acceptable but we would work 
hard to reduce it. 

Despite the acceptable results to date, we will likely make 
improvements such as replacing the heavy water recovery equipment 
which requires excessive maintenance and radiation dose. 

As can be seen later in this report, the cost of .heavy water 
upkeep corresponds to about 5% of TUEC, 

FUELLING UEC 

The unique and exceptionally low fuelling cost of CANDU-PHW 
units has been previously demonstrated by NPD and Douglas Point.. 
The actual Fuelling UEC at Pickering, without taking any credit 
for potential recovery of plutonium, has been: 

1973 0.91 m$/kWh 
1974 0.88 m$/kWh 

TOTAL UNIT ENERGY COST (TUEC) 

Ontario Hydro is fortunate in having a coal-fired station of 
similar size and vintage as Pickering.- This permits meaningful 
economic comparisons without having to make adjustments for unit 
size or capital cost inflation. 

As a measure of relative economy, we therefore compare Pickering 
TUEC with the TUEC of our 4x500 MW Lambton coal-fired station 
which went into service about two years before Pickering. 
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The following table is a recent (March 1975) maturity cost 
estimate for Pickering and Lambton. It is an estimate, since 
Lambton is not base-loaded and Pickering is not yet mature, 
but it is based on actual cost experience. 

It is based on 80% NCF, low sulphur coal, Ontario Hydro capital 
depreciation conditions of 30 years life and 8% capital interest 
rate, and is in 1975 dollars. 

Pickering Lambton (1) Lambton (2) 

Capital UEC 4.60 1.70 1.70 
O&M UEC 1.10 0.96 0.96 
Fuelling UEC 0.98 10.60 13.52 
Heavy Water Upkeep UEC 0.35 

TUEC (m$/kWh) 7.03 13.26 .16.18 

0&M UEC is somewhat higher for both Pickering and Lambton than 
. in previous published estimates due to inflation and addition 
of corporate overheads. 

Pickering Fuelling UEC and Heavy Water Upkeep UEC are somewhat 
higher than in earlier published estimates because of inflation. 

Lambton Fuelling UEC is dramatically higher than earlier published 
estimates due to fossil fuel inflation. Because of the rapid change 
in coal prices, two values have been shown for Lambton Fuelling UEC. 

1. 10.6 m$/kWh corresponding to the average cost of fuel 
in our current coal inventory. 

2. 13.52 m$/kWh corresponding to the current cost of new 
coal to replenish our coal inventory. 

For case 2, which is the most relevant for the near future, 
Pickering TUEC breaks even with Lambton at about 22% NCF. In 
May, 1973, before fossil fuel prices escalated so dramatically, 
the break-even NCF was about 60%. 
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In 1974, despite the relatively low NCF (74.3%) due to the 
pressure tube problem, the actual TUEC for Pickering was 
8.05 m$/kWh. If Lambton had been required to operate at the 
same NCF (74.3%), its 1974 TUEC using low sulphur coal would have 
been at least 9.1 m$/kWh. 

We now expect that the original capital cost of Pickering GS 
will have been repaid, due to coal cost savings, by the end of 
1978, when the four Pickering units will be "children" only 
five to seven years old. 

CAUSES OF LOST PRODUCTION 

In broad terms and excluding the 1972 strike, the lost production 
and corresponding effect on NCF, up to February 28, 1975, has 
been due to: 

* NCF 

Unit 3 Pressure Tubes 
Fuel Handling Systems 
Other NSSS Problems 
NSSS In-Service Inspection 
Turbine and Auxiliaries 
Generator and Auxiliaries 
First Turbine Inspections 
Others 

TOTAL 100% *22.2% 

* The 22.2% NCF Reduction corresponds to 100 - 77.8 = 22.2% 
where 77.8% is the Lifetime NCF quoted earlier in this 
report. 

% of Total 
Lost Production 

24.4 
10.2 
13.8 

>n ~ 6.6 
18.4 

i 14.6 
! 6.8 

5.2 

Reduction 
(% NCF) • 

5.4 
2.3 
3.1 
1.5 
4.1 
3.2 
1.5 
1.1 
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EQUIPMENT PERFORMANCE 

Some significant equipment performance highlights are: 

1. Steam Generator Tubes 

There are approximately 31,000 monel tubes for each reactor. 
Of these, only one tube has developed a leak. The leaking 
tube was located and plugged in 120 hours. Eddy current 
scanning of other selected tubes showed no indications of 
significant corrosion or fretting. The single leak is 
believed due to foreign material in the tube. 

2. Heat Transport Pumps 

Each reactor has 16 heavy water heat transport pumps, of 
which 12 are required at full power. 

These pumps and their motors have performed almost flawlessly. 
No major maintenance has been required, and the occasional 
seal replacement has had negligible effect on electricity 
production or heavy water upkeep cost. 

3. Pressure Tubes 

Each reactor has 390 Zircaloy-2 (Units 1 and 2) or Zirconium 
2-1/2% Niobium (Units 3 and 4) pressure tubes containing the 
fuel and heat transport heavy water. 

On August 10, 1974, a pressure tube leak was discovered in 
Unit 3. The faulty tube was identified and replaced by 
September 3, 1974. 

During startup on September 5, 1974, it was realized that 
additional tubes were leaking, or about to leak. 

As a result of a remarkable, disciplined, and yet almost 
spontaneous pooling of effort by AECL, Ontario Hydro, Canadian 
General Electric Company and westinghouse Canada Limited, the 
following were accomplished by December 31, 1974. 
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(a) A total of 17 leaking tubes were identified and isolated. 

(b) The remaining 373 tubes were found not to leak. 

(c) An ultrasonic survey of 70 tubes was completed. All 
were crack-free. 

(d) The cause of the 17 leaks was determined, in considerable 
detail. 

(e) A program was established to 

(i) Replace the leaking tubes by March, 1975. 

(ii) Restart Unit 3 by April, 1975. 

(iii) Inspect tubes in other units such as Pickering 
Unit 4, and Bruce Units 1 and 2 which are under 
construction. 

(iv) Eliminate the problem in future reactors, including 
Bruce 1 and 2. 

The leaking tubes were all replaced by the end of February, 
1975, and Pickering Unit 3 was returned to full power on 
March 31, 1975. 

The leaks were due to tiny axial cracks in regions of high 
residual stress near the rolled joints which connect the 
Zirconium-Niobium pressure tubes to the stainless steel end 
fittings. The stresses are the result of an inadequate 
rolling procedure. The cracks are produced during long 
periods of cold shutdown conditions during which zirconium 
hydrides precipitate in the stressed region causing. local 
weakness. At normal operating conditions of about 250°C 
the hydrides are in solution, the material is ductile, the 
cracks do not propagate, and stress relief gradually takes 
place. 

The pressure tube leak problem is described extensively in 
the attached Appendix. 
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4. Turbine-Generators and Auxiliaries 

In general, the turbines have performed well, with no major 
damage and negligible wet-steam erosion. 

Significant problems include: 

(a) Failure of several blades (all in Row 7) in Unit 1 and 3 
low pressure (LP) turbines during the first year of 
operation. 

(b) Failures of expansion bellows in steam inlet lines to 
the LP turbines. 

(c) Tube and gasket failures in the live steam reheaters. 

(d) Sticking emergency stop valves (an early problem that 
has been solved). 

(e) A generator rotor ground fault. 

(f) An unacceptable frequency of hydrogen-to-stator cooling 
water leaks due to water-box gasket failures, water-box 
vent line failures and leaking conductors. 

ON-POWER REFUELLING 

Refuelling at full power, which is a unique advantage of CANDU 
reactors, has been previously demonstrated at NPD and Douglas 
Point. 

There are two fuelling machines for each reactor. They are 
complex and must perform difficult tasks in a hostile environment. 

At Pickering, computer-controlled on-power refuelling was accom
plished on schedule, and has met reactivity needs while causing 
about 10.2% of the total lost production, corresponding to 2.3% 
reduction in NCF. 

Lost production has generally been due to deratings because of 
temporary low reactivity, rather than outages for repairs. 
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To reduce future production loss and to reduce maintenance 
efforts and radiation dose at Pickering and future CANDU-PHW 
stations, a vigorous development and improvement effort is 
being maintained. 

FUEL PERFORMANCE 

Each reactor contains about 5,000 fuel bundles and by the end of 
1974, a total of 48,000 had been irradiated. 

Of these, only 101 bundles, or less than 1/4 of 1% have become 
defective. 

All except seven of these defects occurred in Unit 1 between 
September, 1971 and May, 1972. 

The defects occurred as a result of excessive localized power 
increases experienced by certain fuel bundles, caused by either 
improper control rod movement or by fuel movement from low flux 
to high flux conditions during on-power refuelling. 

The relation between burnup, initial power, power increase and 
defect probability has been accurately established. 

Simple changes in control rod sequencing and refuelling programs 
has virtually eliminated fuel defect^ since May, 1972, the defect 
rate since then being only 1/60 of 1%. 

Defective fuel is removed at full power (an advantage of on-power 
refuelling) and has had negligible effect on reliability, economy, 
staff safety and environmental impact. 

RADIOACTIVE EMISSIONS TO THE ENVIRONMENT 

Our license limits for radioactivity releases to air and to water, 
established by the Atomic Energy Control Board of Canada, conform 
to the recommendations of the International Committee on Radiological 
Protection. 

Ontario Hydro and AECL have established design and operating targets 
of 1% of these license limits for all new CANDU stations. 
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Although Pickering was designed before these targets were adopted, 
they have been met. For example, the actual experience at 
Pickering in 1974 is as follows: 

1. Emissions to Air % of Limit 

Tritium 0.22 
Iodine-131 0.02 
Particulates 0.07 
Noble Gases 0.20 

2. Emissions to Water % of Limit 

Tritium 0.09 
Gross B~y 0.29 

HEAVY WATER PRODUCTION IN CANADA 

Dependable supplies of heavy water at reasonable prices are vital 
to meet Canada's domestic and export CANDU-PHW needs. 

Very roughly, the quantity of heavy water needed is 1 Megagram 
per Megawatt (1 Mg/MW) of new electrical capacity. 

Canadian heavy water plant (HWP) capacity at present is a nominal 
150 kg/h consisting of: 

- Bruce HWP-A (100 kg/h) owned by Ontario Hydro. 

- Port. Hawkesbury HWP (50 kg/h) owned originally by 
Canadian General Electric and now by AECL. 

Assuming Net Capacity Factors of 70 - 80% can be achieved, their 
combined output would be 900 - 1000 Mg/a. 

Both plants reached essentially full capacity during 1973. 

In 1974, the actual Net Capacity Factors were: 

Bruce HWP-A 76% 

Port Hawkesbury HWP 69% 
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In order to approach design capacity, one major problem had to 
be recognized and overcome. This problem was a phenomenon not 
uncommon in the chemical and petroleum refining industries, 
and commonly known as "foaming instability". 

The major solution was to modify the enriching unit trays, but in 
addition, literally hundreds of smaller improvements to components, 
chemical control and operating procedures were necessary to achieve 
reliable operation at high capacity (about 97% of design capacity). 

These plants, the first in Canada and by far the largest in the 
world, are reaping the benefits of an intensive research and 
development effort. 

The production from Bruce HWP-A and Port Hawkesbury HWP can 
satisfy a CANDU-PHW expansion program of about 1000 MW/a. 

Within a few years, Ontario Hydro's nuclear expansion will be 
about 2500 MW/a, with additional expansion in other parts of 
Canada (Quebec and New Brunswick) and reactor exports to Korea, 
Argentina, etc. 

Accordingly, five additional heavy water plants are under 
construction or planned, to increase nominal Canadian HWP capacity 
to 600 kg/h, as follows: 

HWP Owner Capacity 

Glace Bay. AECL 50 kg/h 

La Prade AECL .100 kg/h 

Bruce HWP-B Ontario Hydro 100 kg/h 

Bruce HWP-C Ontario Hydro 100 kg/h 

Bruce HWP-D Ontario Hydro 100 kg/h 
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CONCLUSION 

This report has described some of the events, problems, successes 
and performance criteria that Ontario Hydro, as the owners and 
operators <->f both Pickering GS-A and the Bruce HWP-A, consider 
most relevant in judging performance. 

The most costly single problem encountered so far at Pickering 
has been the Unit 3 pressure tube leaks. However, the knowledge 
and experience gained during the investigation and tube replacement 
programs have simply reconfirmed the inhererit safety and main
tainability characteristics of the pressure tube concept. 

Pickering is the first of a series of CANDU-PHW commercial stations, 
while Port Hawkesbury HWP and Bruce HWP-A are the first in a series 
of plants needed to provide the supporting supplies of heavy water. 

Table 1 is a list of CANDU-PHW commercial nuclear units operating, 
under construction, or planned in Canada and for export. 

Most are in Ontario, where in 1974 the 2300 MW of ' CANDU-PHW capacity 
supplied 17% of the total electrical energy. 

By 1990, CANDU-PHW units should provide 60-65% of Ontarios electrical 
energy economically, with minimal negative environmental effects, 
and using a secure indigenous primary energy resource 



Table 1 

CANDU-PHW COMMERCIAL UNITS 

Status 

OPERATING 

UNDER 
CONSTRUCTION 

PLANNED 

Station 

Pickering GS-A 

Bruce GS-A 

Gentilly 2 

Rio Tercero 

Pickering GS-B 

Pt. Lepreau 

Bruce GS-B 

Korea 

Darlington GS 

Location 

Ontario, Canada 

Ontario, Canada 

Quebec, Canada 

Argentina 

Ontario, Canada 

New Brunswick, 
Canada 

Ontario, Canada 

Korea 

Ontario, Canada 

Net Capacity 
(MW) 

4x514 

4x745 

1x600 

1x600 

4x514 

1x600 

4x750 

1x600 

4x800 

First 
Electricity 

1971-1973 

• 1976-1978 

1979 

1979 

1980-1982 

1980 

1981-1983 

1980 

1982-1984 

I 

en 
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CRACKING OF PICKERING UNIT 3 PRESSURE TUBES 

by L.J. Ingolfsrud 

Manager of Engineering 

Power Projects 

Atomic Energy of Canada Limited 

1. INTRODUCTION 

On August 10, 1974, while Pickering Unit 3 was shutdown for 
turbine-generator repairs, leakage of heavy water from the 
heat transport system into the pressure tube-calandria tube 
gas annulus system was detected. By August 17 the leaking fuel 
channel, J-16, had been identified and by August 30 this channel 
had been replaced. During September fuel channels J-4 and J-8 
were also identified to leak and by October 8th these were 
replaced. 

Subsequently, improved detection methods identified 14 additional 
leaking channels and the cause of failure, based on the examina
tion of the removed J-16 fuel channel components, was established 
as hydride cracking of the zirconium 2-1/2 % niobium pressure 
tubes. The location of the failures was adjacent to the rolled 
joints connecting the pressure tubes to the stainless steel end 
fittings, at the coolant inlet of the fuel channels, on the West 
end of the reactor. 

A large scale investigation was carried out to determine the 
specific cause of failure and the extent of cracking in Pickering 
Unit 3. At the same time work was initiated for the supply 
of tools, methods and materials for a large scale retubing of 
the reactor — if necessary, replacement of all 390 channels. 

The months of October and November were consumed in finding 
the leaking channels, and isolating them from the heat transport 
system. By the beginning of December, the 14 leaking channels 
had been isolated from the heat transport system and no further 
leaks could be found. Also 6 West inlet fuel channels which 
were not suspected to leak were ultrasonically examined, and 
no cracks were found in any of these. This evidence strongly 
indicated that the failures were limited in number. 
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During December, 70 additional rolled joints were ultrasonically 
examined and were found to be crack free. This was followed 
by a sustained pressurization of the heat transport system 
with no further signs of leakage. 

At the beginning of January, 1975, laboratory and site investi
gations had progressed sufficiently to establish that further 
failures were unlikely and that there was no hazard to the 
safe operation of the reactor. 

The fourteen channels have been replaced and the unit was 
returned to service on March 31, 1975. 

The following sections describe some of the key aspects of the 
work associated with the Pickering failure, and where relevant, 
for the 4x750 MW Bruce Generating Station, whose first unit is 
scheduled to start-up early in 1976. 

2. NATURE OF FAILURE IN PICKERING UNIT 3 

Investigations carried out at Chalk River Nuclear Laboratories, 
Whiteshell Nuclear Research Establishment, Canadian General 
Electric Company, Ontario Hydro Research, and Ontario Hydro 
Central Nuclear Services, have"determined the cause of cracking 
of the Pickering Unit 3 pressure tubes to be related to the 
method of making the rolled joints and to the use of zirconium 
2-1/2% niobium pressure tubes. 

Wall cracking has occurred in the pressure tubes about 25 mm 
from the West end pressure tube/end fitting rolled joint. In 
all cases this was the coolant inlet end of the fuel channels. 
The cracks are less than 25 mm in length and have started from 
the inside surface of the pressure tube. The initiation of the 
cracks is near the innermost point of contact of the rollers 
of the rolling tool, when these tools have been extended too 
far into the tube beyond the parallel bore of the end fitting. 
This results in high residual stresses in the tube wall. 
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The cracks have developed due to these high residual stresses 
in combination with certain long periods of cold shutdown, 
which have been unique to Unit 3. It appears that the small 
amount of hydrogen normally found in the pressure tubes migrates 
to areas of high residual tensile stress near the inner surface 
of the pressure tube. While the mechanism for crack initiation 
has not been identified, it appears that once started the cracks 
will proceed through the tube wall by the repeated formation 
and fracture of zirconium hydrides at the tip of the crack when 
the heat transport system is cold. When the system is hot 
(above 170°C), the hydrogen is in solution and crack growth 
will not proceed. Examination of the crack surfaces has con
firmed this. The location and nature of the cracks are shown 
in Figure 1. 

The above phenomena have been experienced under similar circum
stances during the development of zirconium 2-1/2% niobium fuel 
sheathing where hydride cracking occurred at the sheath to end 
cap welds. Investigations of these failures indicated that the 
necessary conditions to initiate the failures in the fue.1 
sheath were: 

(a) High residual tensile stresses. 

(b) A stress-raising surface defect. 

(c) A temperature cycle to cause hydrogen to migrate 
and precipitate as zirconium hydrides at the defect. 

It was also shown that a reduction of the tensile stresses by 
stress relief or by a change in geometry, to eliminate stress 
concentrating defects, would prevent failures. 

The above work supports the theory that cracking will not occur 
below a certain threshold stress even though hydride concentra
tions and stress raising defects may be present. 
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3. ROLLED JOINTS 

Since the failures were in an area affected by the rolling 
procedures, a major part of the investigation was related to 
an understanding of the variables in the making of rolled 
joints, as follows: 

(a) Determination of rolled joint dimensions in each 
reactor. 

(b) Experimental stress analysis of rolled joints to 
determine the effect of extended rolling, rolling 
variables, and operating conditions. 

(c) Determination of hydride orientation and concentra
tion, and their relevance. 

3.1 Rolling Conditions 

Data available from pre- and post-operation gauging in 
the 4 Pickering Units and Bruce Units 1 and 2 indicates 
that all rolled joints are extended (incorrect rolling -
Figure 1) but to different degrees. The greatest extension 
is 21 mm and has occurred on the West end of Bruce Unit 2. 
The smallest extension is 8 mm on the East end of Pickering 
Unit 2. r ^ 

The variations in extension have resulted from chang .s in 
fuel channel design, installation specifications and pro
cedures, and the condition of the rolling tool. 

3.2 Experimental Stress Analysis 

Based on the knowledge that high tensile stresses are a 
necessary part of the hydride failure mechanism, experi
mental stress analysis of rolled joints duplicating 
Pickering and Bruce conditions was carried out. In addition, 
dynamic rolling stresses and the effect of installation 
variables, rolled joint geometry, rolling tools, stress 
relief, and operating conditions have been determined. 
The significant results are: 
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(a) Extended rolling sets up high residual tensile 
stresses over a 25 mm length on the inside of the 
tube adjacent to the rolled joint and beyond the 
roller position. The tensile hoop stress is a 
maximum of about 500 MPa in the as-rolled condition. 
At the channel inlet joint this drops to about 400 MPa 
after the first reactor operating cycle. There are 
also similar but somewhat lower axial tensile stresses 
at the inside surface. The outside surface of the 
tube has compressive stresses in this area. 

(b) The effect of different amounts of propulsive rolling 
during the initial rolling stage does not influence 
stresses. 

(c) Eccentric rolling produces high residual stresses 
which have an irregular distribution. 

(d) The condition of the rolling tool seems to have a 
large influence on stresses produced in extended 
joints but not in "good" joints. 

(e) The original design for Pickering and Bruce joints 
located the rollers inside the parallel bore by an 
amount equal to the inboard extrusion of the tube. 
Increasing the extension of the rollers gives an 
increase in the residual stresses, up to about 12 mm 
extension after which these stresses decrease. The 
optimum position is for the rollers to be about 12 mm 
inside the parallel bore. Proper location of the 
rollers is a key factor in minimizing residual stresses 
in the pressure tubes adjacent to the rolled joints. 

(f) The residual hoop tensile stresses measured at the 
transition area on the East outlet end of channel J-16 
removed from Pickering Unit 3 after two years of 
service, are less than 210 MPa. Tests show that these 
stresses were initially about 400 MPa. 
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(g) Properly rolled joints will have residual stresses 
of about 200 MPa in the as-rolled condition and a 
slight reduction will probably occur during the 
operating cycle. 

(h) Reducing the diametral clearance between the end 
fitting and pressure tube to less than 0.1 mm has 
a favourable effect on residual stresses but is 
difficult to apply. 

(1) Local stress relief of the transition region of 
extended joints gives a large reduction in the 
residual tensile stresses to about 100 MPa and does 
not adversely affect the strength or leaktightness 
of the rolled joint. 

Figure 2 illustrates some of these effects. 

3.3 Hydride Orientation 

The orientation of zirconium hydrides within the pressure 
tubes is normally circumferential (ie, "parallel" to the 
circumference) and uniformly distributed throughout the 
-tube. The introduction of combinations of large residual 
and operating tensile stresses tends to concentrate the 
zirconium hydrides and re-orient them in the radial direc
tion. This has occurred in the area of cracking in the 
Pickering Unit 3 pressure tubes and has been confirmed by 
hydride examination of extended rolled test joints. It 
may be concluded from the results of this work that: 

(a) Extended rolling has initiated conditions which 
permit the concentration and orientation of hydrides 
in the radial direction in the area just inboard of 
roller contact. 

(b) The distribution of radial hydrides closely follows 
the pattern of residual tensile stresses shown in 
Figure 2. 
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(c) Concentration and re-orientation of hydrides into 
the radial direction occurs when the hydrogen in 
solution diffuses and precipitates during cooling 
down or when the heat transport system is cold. Hot 
conditioning prior to first critical, or initial 
operation, followed by cooldown of the heat transport 
system will cause this to occur in the highly stressed 
area. 

(d) It is not known whether the existence of radial 
hydrides contributes to crack initiation and long 
term tests have been initiated to determine their 
effect. Other investigations are being carried out 
at the Whiteshell Nuclear Research Establishment, 
where it is known that zirconium alloy tubes containing 
significant quantities of hydrogen have operated with
out failure although they have been subject to cold 
conditions and contain radially oriented hydrides in 
certain areas. Although design features and operating 
conditions are different, there is some supporting 
evidence available. 

(e) Local stress relief of the affected area causes a 
random re-orientâtion of the hydrides with only a 
small amount of radial hydrides being formed at the 
inner tube surface. This condition is considered 
to be an acceptable one. 

4. CONDITIONS IN OPERATING REACTORS 

There is limited but pertinent information available from 
reactors using cold worked zirconium 2-1/2% niobium pressure 
tubes, with the Pickering Unit 3 investigations providing the 
most relevant information. 

4.1 Pickering Unit 3 

(a) Seventeen pressure tubes with through-wall cracks 
have been detected. These tubes have been replaced. 
The heat transport system has been pressurized cold 
to 9 MPa for a significant length of time and no 
other leaks detected. 
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(b) A complete inspection of all of the fuel channels 
using an acoustic emission leak detection technique, 
has confirmed that no other pressure tubes are 
leaking. 

(c) Examination of leaking tubes shows that the cracks 
are at the extended rolled area on West end inlet 
channels. This is based on examination of the three 
channels originally removed from the reactor, and 
8 of the 14 other leaking channels. 

(d) Based on the result of the acoustic emission leak 
tests a significant number of non-leaking channels 
have been examined for cracks by ultrasonic techniques. 
In total 40 West inlet, 10 West outlet, 10 East outlet, 
and 10 East inlet joints were examined. No cracks 
have been detected. 

(e) The following conditions are common to tubes which 
have failed: 

I All failures are at West end inlet. No cracks 
have been observed at the East end. 

II Pressure tubes are harder at the West end. 

III Operating temperatures are 44aC lower at the 
inlet end. 

IV Operating pressures are slightly higher at 
the inlet end. 

(f) Pickering Unit 3 has had three major periods of 
extended outage during its operating history from 
May 1972 to the present. These occurred during: 

* June 29 to November 6, 1972 (operating staff 
strike 131 days) 

• June 27 to August 10, 1973 (planned outage 
46 days) 

May 10 to June 10, 1974 (planned outage 
30 days) 
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* This long shutdown occurred just 57 days 
after first electricity was produced. All 
crack initiation is believed to have taken 
place during this shutdown, with crack growth 
occurring during the two long planned outages. 

Three characteristic oxide rings on the fracture 
surfaces (See Figure 1) confirm that crack growth 
has occurred when the reactor is cold, and is 
arrested when hot. 

(g) Examination of material, installation and inspection 
records has revealed no other specific characteristics 
pertinent to the failures. While it appears that a 
larger than expected proportion of leaking tubes were 
associated with a particular manufacturing batch, the 
significance of this has not been established. 

Other Reactors 

(a) The reactors of NPD, Douglas Point, and Pickering 1 
and 2 have operated for many years with no evidence 
of cracking. These reactors have Zircaloy-2 pressure 
tubes. 

(b) A cold worked zirconium 2-1/2% niobium pressure tube 
has operated in NPD for a period of five years without 
leaking. Some differences in tube properties from 
Pickering production tubes exist. Extended rolling 
is not thought to have occurred. An ultrasonic 
examination of this tube is planned for this summer. 

(c) The KANUPP reactor in Pakistan, which uses heat 
treated zirconium 2-1/2% niobium pressure tubes, has 
rolled joints without extended rolling. It is also 
believed that its operating conditions are not unlike 
those that have occurred in Pickering Unit 3. There 
have been no reports of leaks in this reactor. 
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(d) Inspection of 960 rolled joints in the channels 
installed in Bruce Unit 2 have shown that while 
the joints were extended-rolled, no cracking has 
occurred. 

LIMITATION OF FAILURES 

All of the above tends to support a failure threshold theory 
wherein failure by hydride cracking will not occur if a stress 
threshold is not exceeded. The limited number of failures and 
the absence of cracking in other examined tubes, provides strong 
evidence that stresses have been reduced by operating temperatures 
to below the failure threshold and cracking is unlikely to occur. 

In Pickering Unit 3 extended rolling resulted in high residual 
stresses at or near the threshold level. Initial operation 
caused a decrease in stresses in most tubes to below the threshold 
value before the long shutdown caused by the 1972 strike, however, 
cracking was initiated in the extended region on a small number 
of West inlet rolled joints at the time of this shutdown. Crack 
growth resulted in through-cracking of these tubes. No cracking 
has occurred at East and West outlet ends since the higher 
operating temperatures have relaxed the residual stresses more 
rapidly to values below the threshold. East inlet cracking has 
not occurred ŝ ince the softer pressure tube material at this 
end would not sustain as high residual stresses and initial 
operation has reduced these below the threshold. The far' 
that only a small number of tubes have cracked and failed is 
attributed to conditions which are peculiar to these tubes. 
The specific cause of crack initiation has not been identified 
and is the subject of an extensive research program. 

The residual stresses in the reactor, based on the J-16 measure
ment, have been significantly reduced by reactor operation and 
further failures are unlikely. 

It would appear that the initial operation of Pickering Unit 3 
was a significant factor in initiating the failures. Had this 
unit not been subject to an early long shutdown but had remained 
in service continuously, stresses would have been sufficiently 
reduced that cracking would not have occurred. 
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Although the other Pickering units also have extended rolled 
joints, failure due to hydride cracking is not expected. 
Pickering Unit 4 has cold worked zirconium 2-1/2% niobium 
pressure tubes, however, the nearly continuous operation of 
this unit (96% lifetime operating factor, 93% lifetime capacity 
factor) has permitted sufficient reduction in stresses during 
early operation to prevent cracking. Ultrasonic examination 
of a number of channels during the spring or summer of 1975 
should confirm this. 

The pressure tubes of Pickering Units 1 and 2 are cold worked 
Zircaloy-2. This material has been widely used for many years 
for pressure tubes, fuel sheathing and core components. There 
have been TIO recorded failures of this material due to hydride 
cracking or information that this alloy is subject to such 
failures. This gives us a high degree of confidence that such 
failures will not occur in Units 1 or 2 at Pickering. 

6. SAFETY CONSIDERATIONS 

As a part of the pressure tube investigations it has been 
established that should undetected cracks exist in some pressure 
tubes they would not constitute a hazard to the safe operation 
of the reactor: 

(a) The failure mechanism requires the existence of a high 
tensile stress and the concentration of radial zirconium 
hydrides. These conditions exist adjacent to the rolled 
joint of the pressure tube and end fitting assembly. 
These conditions do not exist in other areas of the 
pressure tube. 

(b) The cracks which form in the cold shutdown condition are 
stable and do not increase in size during unit operating 
conditions. The leaking pressure tubes removed from Unit 3 
have demonstrated this by exhibiting characteristic oxide 
,rings each showing a period of cold crack growth followed 
by stabilization during hot operating conditions. 
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(c) Cold pressure-cycling tests and hot fatigue-cycle tests 
have been performed on cracked tubes from Unit 3. The 
tests have shown that the existing through-wall cracks 
are stable and will not propagate rapidly. 

(d) The Unit 3 pressure tube through-wall cracks are less 
than 20 mm in length and are significantly less than 
the pressure tube critical crack length (about 70 mm at 
operating temperature). Tests on the irradiated material 
from Unit 3 pressure tubes have confirmed this. 

(e) Examination of the removed Unit 3 pressure tubes has 
shown the cracks to have a characteristic shape which 
will result in penetration of the tube wall and detection 
of leakage long before the crack length approaches critical 
crack lengths. 

(f) Cracks in the vicinity of the rolled joints will not 
affect the capability of the pressure tubes to withstand 
failures due to other causes. The testing of cracked 
Unit 3 pressure tubes has demonstrated no reduction in 
burst strength capability. 

7. OTHER WORK 

All of the activities and work undertaken during the Pickering 
"crisis" cannot be detailed in this paper. Some of the more 
important findings, however, are described below: 

(a) Leak Detection 

The gas annulus system on Pickering has provision for the 
detection of leakage into it, but being an arrangement of 
inter-connected headers and sub-headers, made location of 
a leaking fuel channel a difficult and time consuming 
process. The development of techniques to "hear" the 
leaks using acoustic emission equipment proved to be a 
rapid and reliable method of scanning the reactor and 
locating leaking channels. 
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The method used consisted of placing highly sensitive 
microphones on the end fittings and recording a charac
teristic noise pattern which was compared with the pattern 
provided by an artificial leak. Suspected leaking channels 
were confirmed by isolating them from the heat transport 
system and pressurization with the fuelling machines. 

(b) Crack Detection 

At first, the process of inspecting individual fuel 
channels for cracks required the channel to be defuelled, 
isolated from the heat transport system, and drained. This 
was a time consuming process which limited in-situ inspec
tions to a relatively few fuel channels. The necessity 
to carry out large-scale crack inspection resulted in the 
development and use of a device containing an ultrasonic 
detector which can be placed in the fuel channel by the 
fuelling machine and does not require defuelling. 

(c) Installation of Rolled Joints 

As a result of the extensive investigations of the rolled 
joints, a much better understanding of rolled joint tech
nology has been gained. This has resulted in improved 
tooling and procedures to ensure highest quality rolled 
joints in future reactors. 

(d) Fuel Channel Replacement 

The design of CANDU reactors provides for the replacement 
of fuel channels. Until Pickering there has been little 
experience in this work and the amount of effort that 
would be required has largely been a matter of opinion. 
The Pickering experience has permitted proof-testing of 
tools and procedures that had been provided, has resulted 
in significant modifications in methods for the future, 
and has demonstrated that a large scale retubing operation, 
although a major undertaking, can be executed in a straight
forward and expeditious way, with acceptable radiation 
dose. This success has been a result of close collaboration 
of the station operators and the designers. 
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(e) In-Sltu Stress Relief 

In-situ stress relief of the extended rolled joint areas 
in Bruce Units 1 and 2 has been adopted to reduce residual 
stresses to low values in order to ensure that Pickering 
type failures would not occur. The proximity of the 
stress-relieved area to the rolled joint has required the 
development of tools and procedures which would heat the 
pressure tube sufficiently without affecting the strength 
and leak tightness of the rolled joints. 

Improved rolling procedures will be used on Bruce Units 3 
and 4, and on all future reactors, to ensure low residual 
stresses. 
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THE CANADIAN HEAVY WATER SITUATION , 

by 

A. Dahlinger 

Atomic Energy of Canada Limited 
Heavy Water Projects 

Tunney's Pasture, Ottawa, Ontario 

SUPPLY AND DEMAND 

In its support of the CANDU program, the Canadian heavy water industry 
has become the largest in the world. Its growth during the next several years 
will take it to the position where, by 1980, we shall have G.S. plants installed 
with a design capacity of almost 600 Kg/hr. (see Table 1) • 

TABLE 1 

CANADIAN PRODUCTION PUNTS FOR HEAVY WATER 

Design Capacity In Operation or Start-up Dat<; 

Port Hawkesbury 48.3 Yes 

Bruce A 96.6 Yes 

Glace Bay 48.3 1975 

Bruce B 96.6 1978 

La Prade 96.6 1979 

Bruce D 96.6 1979 

Bruce C 96.6 1980 

During 1974, production from Canadian plants totalled 993 Mg or over 
75% of design capacity. Figure 1 illustrates this production on a month by 
month basis during the last two years. Towards the end of 1974 and during 
early 1975, some production problems and particularly lack of capacity in final 
enrichment by distillation reduced output. During this later period, almost 
100 Mg of 20% of D2O was extracted at Bruce and Port Hawkesbury which still 
remains to be upgraded. (It should be noted that the dotted line in Figure 1 
includes this 20% water). Because the finishing unit at Glace Bay has just been 
commissioned, this available finishing capacity is being used to finish 20% D2O 
from Bruce as a means of minimizing the effects of the current mis-match on 
extraction and finishing units. 

' Following the planned maintenance shut-downs at Bruce and Port Hawkes
bury, we have confidence in returning to production levels of close to 80% of 
design. Future expectations are shown in Figure 2 using production estimates 
of 70% design capacity. These curves include production from the Bruce plants, 
La Prade, Port Hawkesbury and from Glace Bay which is currently being commissioned 
and which will be producing its first heavy water later this year. 

Up to the end of 1977, Canadian heavy water production and foreign 
purchases are pooled for the joint benefit of Ontario Hydro and AECL. Beyond this 
time, Ontario Hydro will be meeting its needs from its own plants and AECL1s 
production will be used for all other plants, i.e. in other provinces and for the 
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export program. AECL's forecast production of heavy water is shown in Figure 3 
at the 70% production level. This curve represents cumulative supply from our 
plants and the heavy bars indicate committed reactors (with a contingency reserve), 
while the dashed bars show uncommitted charges of 500 Mg, i.e. the charge of 
heavy water required for each 600 Mw CANDU. It will be seen that there will be 
sufficient heavy water from existing plants for at least two reactors per year. 
This, as indicated above, is based on the conservative production estimate of 70% 
design and without any foreign purchases of heavy water. 

Up to the early 1980's, we believe that the supply situation is in 
reasonable balance with the demand as currently foreseen for Canadian electrical 
power generation. Beyond this period, our knowledge of demand becomes less 
precise but it is our belief that the growth in nuclear power will continue even 
under pessimistic forecasts of total power consumption owing to the increasing 
cost of fossil fuel and to the limits of available hydro-electric power. In 
addition, we are likely to see further use made of steam from nuclear reactors 
in other energy intensive industries. This outlook causes us to believe that 
additional heavy water plants will be required in Canada and in other regions, 
and in view of the size and complexity of these plants, it will be necessary to 
commit these new plants before the end of this decade. 

PRICING 

The price of heavy water is established by AECL on a cost recovery basis 
and as with almost all other items, our costs have increased dramatically over 
the past year. Our heavy water costs are currently divided approximately as follows: 

TABLE 2 

BREAKDOWN: 
HEAVY WATER COSTS 

Capital 60% 

Thermal Energy 20% 

Electrical Energy 7% 

Operation § Maintenance 13% 

We are now projecting costs of $134/Kg (mid-1975 dollars) for water 
delivered 1978/79. Steps to minimize the inflationary effect of higher fuel 
prices have already been taken by both Ontario Hydro and AECL through the use 
of steam from CANDU reactors at both Bruce and La Prade. It is expected that 
this approach will be followed in future plants in view of the energy intensiveness 
of the GS process. 

STATUS OF PLANTS 

The performance of the Port Hawkesbury and Bruce A plants have already 
been referred to in the very practical terms of their production during the 
last year. 
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Late in 1974, Federal government authorization was given for AECL to 
negotiate the purchase of the Port Hawkesbury plant from CGE and last month, 
the purchase of this plant was completed. It is particularly relevant that the 
contribution of CGE staff to the Canadian heavy water program be acknowledged. 
This effort, and the effort of staff from the G.E. corporate research centre 
at Schenectady, resulted in the first reduction to practice of the large CS 
plant concept and this significantly increased our knowledge of the process. 

At Glace Bay despite an extremely adverse winter, which severely 
retarded progress, commissioning of water treatment and the final enrichment 
systems are complete and, by mid-June, all units of the North plant will be 
undergoing commissioning. No major problems have been encountered with the 
equipment and systems handed over for commissioning. First heavy water production 
from natural water is expected before the end of 1975. Before this, a substantial 
amount of reactor grade product will have been upgraded from 20% concentration 
for the other Canadian plants where final enrichment is currently limiting. 

At the La Prade plant, owing to delays in land acquisition, construction 
was started in November 1974. Since that date, however, work has continued on 
schedule and dyke work was completed in order to allow continuity of site work 
during the spring flood period. 

All major items of equipment have been ordered although long deliveries 
and extended projections of site work are delaying the projected completion of 
construction until late 1978. 

A nucleus of experienced staff has been recruited for La Prade and 
specialized training at heavy water plants is already underway. 

Significant progress has also been made at the Bruce site by Ontario Hydro 
in their expansion program, and authorization was recently granted for the fourth 
800 Mg plant at this site. 

FURTHER DEVELOPMENT 

Although the operating performance of our plants during 1974 has been 
highly satisfactory, there still remains considerable potential for improve
ment and there is ample justification for continued development. 

Our activity in this area is primarily directed at improving the 
productivity of GS plants through increasing the reliability of equipment, 
through increasing the throughput of feedwater and through improving the efficiency 
of extracting deuterium. Our efforts are also directed at improving the process 
for future plants. In addition, we are continuing to investigate and develop 
alternate processes which show promise for improved economics. 

The following comments illustrate some of the major development projects: 

Sensitive simulation models of our heavy water plants have been developed 
and this technology has proved to be a valuable tool in diagnosing operating 
problems which limit production and in evaluating a number of potential process 
improvements at existing and new plants. This development has also assisted the 
design of our new La Prade plant. 
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Dynamic simulation models are also being used to study the dynamic 
response of deuterium inventory distribution to changes in process parameters. 
These models together with an on-line deuterium analyser developed at CRNL and 
recently installed at the Bruce HWP will assist in minimizing production loss 
during start-ups, shut-downs and process upsets. 

A further activity which has demonstrated its value during 1974 has 
been gamma scanning of GS plant towers. This is permitting a precise measure
ment of foam and froth heights on trays, the detection of hole plugging on seive 
trays and other internal structural damage. It is foreseen that other process 
industries will also be able to benefit from this technique. Work on gamma 
scanning again demonstrated the cooperation in the heavy water industry through 
the use at Port Hawkesbury by a team from Ontario Hydro of the portable gamma 
scanning equipment developed and built by CRNL for Ontario Hydro. 

The field of chemical analyses of process feedwaters continues to be a 
major activity in support of the process. Small differences in the chemistry 
of the feedwater supply have large effects on the rate of fouling which reduces 
the operating efficiency of plants. The related study of corrosion phenomena 
is a key to the selection of materials and their use. 

As reported previously, work is continuing on two new processes for 
heavy water production. One of these, the amine hydrogen exchange process, is of 
particular interest in view of the construction of new ammonia plants in Alberta 
which can provide the necessary hydrogen streams. A detailed study on the 
economics of this process is nearing completion with the objective of establishing 
its competitiveness compared to the GS process. 

In conclusion, the Canadian heavy water industry is in a healthy state 
with existing plants producing at a satisfactory rate, and with our construction 
program preparing to produce increasing requirements for the future. Currently 
planned capacity is in balance with projected needs, but care is necessary to 
ensure that new plants can be committed in time to meet any changing demands. 
Additional efforts are also required to minimize production costs for heavy 
water and to ensure that costs do not increase at rates higher than the current 
inflationary trend. 
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CANDU MILESTONES 

J . L . Gray, Pas t P r e s i d e n t , AECL 

Mr . C h a i r m a n , e t c . 

I selected this title and general theme as I thought I 

might be able to identify some of the "Milestones" in the CANDU 

programme from my personal viewpoint that might be a little 

different from that of others. 

The CANDU nuclear reactor system represents an important 

achievement, unique in Canada, in the sense that the essential 

sequence of events from pure research, applied research and develop

ment, through research reactors, prototype power reactors to 

commercial power reactors was continuous with a successful end 

result -- the CANDU family. This has been achieved, in the main, 

by Canadians working in Canadian establishments in both the public 

and private sectors. Various individuals and groups have 

played key roles in this sequence of activities and there were 

Milestones enroute that were critical and in some cases essential 

to the successful progress of the several phases of the programme. 

Appended is a chronological listing of significant 

events starting back in 1942-43. It would be easy to run 

through these events and indicate their contributions — not 

all were positive contributions — but I plan to discuss the more 

general Milestones as I see them rather than specific events. 

I am not suggesting the events were not important, they were; 

but many were possible only because of the atmosphere and conditions 

that existed in Canada when nuclear energy appeared on the scene. 
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Some aspects of the development of CANDU may on 

reflection seem pure luck but more than luck was involved. 

The programme started under wartime conditions. 

French and British scientists came to Canada because they had 

nowhere else to go. Men like Kowarski not only saw the nuclear 

possibilities of heavy water ~ they brought the world's supply with 

them. 

The U.S. encouraged work in Canada and over the early 

development years contributed much to the success of CANDU. 

The British contribution was primarily the secondment 

of scientists and engineers to Canada. 

The conditions that existed at the start of nuclear 

development were certainly abnormal but fortunate for Canada; 

we were in on the ground floor and the nuclear system chosen — 

or assigned — involving heavy water moderation offered, scientif 

ically at least, the best prospects for an efficient thermal 

reactor. Following the end of the war when the British and 

French personnel returned to their own countries the Canadian 

programme could have stagnated had it not been for people like 

the Rt. Hon. C D . Howe and Dr. C.J. Mackenzie. They were not 

nuclear scientists but they understood the possibilities and 

were prepared to support the personnel who had been assembled 

to direct a programme. 

In 1946 "the powers that be", including Mr. Howe and 

Dr. Mackenzie, arranged for the passing of the Atomic Energy 

Control Act and the establishment of the Atomic Energy Control 

Board. The Board inherited broad responsibilities, including 
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two government contracts with Defence Industries Ltd. (a wholly-

owned subsidiary of Canadian Industries Ltd.), one for "construction" 

of the Chalk River plant, the other for "operational management" 

of the finished plant. With the end of the war, CIL wanted out 

of the management contract and the AECB asked NRC, as the only 

Canadian organization with appropriate experience at the time, 

to take over the contract . 

As the atomic energy projects increased in scope and 

complexity, a Crown corporation, Atomic Energy of Canada Limited, 

was established with responsibilities for planning, financing and 

management of all such activities and the responsibilities of the 

AECB were restricted to safety, health and other regulatory 

matters . 

The separation of control and regulation, under the 

AECB, from development and promotion, under the NRC and later 

AECL, turned out to be a key decision. Although some of us 

who have been involved in obtaining permits from the AECB have 

had second thoughts as to their reasonableness at times, there 

is no doubt in my mind that the Canadian structure for regulation 

and control of atomic energy .has contributed much to the success 

of the CANDU programme. Not only has the requirement for review 

at all stages by the AECB ensured that the designers, constructors 

and operators pay particular attention to safety but, in general, 

the government and the public have been satisfied that the 

safety and control procedures of the AECB are in fact effective. 
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The relationship between C D . Howe and C.J. Mackenzie 

was an initial important Milestone. Mr. Howe knew Dr. Mackenzie — 

he had been his professor at Dalhousie and he was the sort of 

man who was not afraid to take some gambles with the right 

people. C.J. Mackenzie's involvement as head of the National 

Research Council, in the early and very important formative 

years of nuclear development, was undoubtedly a major factor 

in the programme. Perhaps Canada and CANDU were just lucky to 

have the Howe-Mackenzie combination — another Minister and a 

different personality as President of NRC might not have kept 

the nuclear programme on the rails during the very critical 

early period. Be that as it may -- they were there and even 

though Mr. Howe disappeared from the scene due to the vagaries 

of voters, the major nature of the development programme had 

been launched and by the time Dr. Mackenzie retired from direct 

participation in 1954, the pattern was well established. 

One of Dr. Mackenzie's greatest strengths, in my 

view, was his personality coupled with his general technical 

competence and integrity. As acting President of NRC directing 

Canada's role as a significant contributor to the allied war 

effort through R & D associated with military applications, he 

came in contact with many of the senior scientific and technical 

personnel in the U.K. and the U.S. These contacts seemed 

invariably to develop into friendships marked by mntual respect. 

Dr. Mackenzie with these excellent contacts was able to arrange 

for the secondment of very distinguished and able people from 

the U.K. One was Dr. J.D. Cockcroft. 
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When the Canadian nuclear programme was launched 

Dr. Cockcroft was placed in charge and managed to keep the 

laboratories in Montreal on an even keel despite the initial 

undisciplined activities of a few young scientists of limited 

experience. He was personally active in the design of ZEEP 

and NRX and was very successful in getting the Chalk River 

Nuclear Laboratories built, manned and into operation. The 

start-up of ZEEP in September 1945 was the first facility 

Milestone -- a heavy water natural uranium reactor. The start-up 

of NRX in July of 1947 must be one of the major steps in the 

programme. It will soon be 28 years old and is still one of 

the world's best research and development reactors for its 

size. Without NRX the whole Canadian programme might have been 

quite different. 

Dr. Mackenzie's status in the U.K. helped him recruit 

Dr. W.B. Lewis when Sir John decided he should return to Britian 

in 1946. Now, Dr. Mackenzie knew that Lewis was a very able 

scientist who had proved his abilities in his wartime work on 

radar in the U.K. but I doubt if he knew just what he was 

getting. W.B. Lewis has not only been a major Milestone in 

CANDU, but a cornerstone. On reflection it is hard to speculate 

on just what CANDU would have been without Lewis. There is no 

doubt about his capability as a scientist -- physics is his 

specialty — but he is prepared to enter the lists with mathematicians 

chemists, biologists, metallurgists and even geneticists — he 

even considers himself equal to any engineer. Some of us who 

had to live with Lewis often wished he had a wife so he could 

lose an argument gracefully -- but then he very seldom lost'. 
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Those of us who were on the receiving end of Lewis' intellect, 

vigor and dedication to a system in which he believed never 

ceased to be amazed not only at his detailed understanding of 

the nuclear system but his broad view of many things, and 

particularly the place of nuclear energy in the future. 

This may seem like a eulogy of Lewis -- it is not 

meant to be as life with this man was not always easy -- but 

if I had to pick one person who has contributed most to the success 

of CANDU it would be W.B. Lewis. Having said that let me also 

say that Lewis could not have built CANDU successfully on his 

own. He had to have other scientists and engineers on the 

team and particularly in the area of applied work that produced 

the reactors and the fuel to run them. 

The formation of AECL as a Crown Company in 1952 

was certainly a major event. It recognized nuclear energy as 

being of significant importance, much too big and probably too 

commercial to remain as a division of the NRC. But what is more 

important it brought in the outside world to the direct and 

specific management of AECL. Although NRC is "an advisory 

Council" made up of independent individuals from across Canada 

it does not function in the same manner as a Board of Directors 

under the Companies Act. 

C.J. Mackenzie and C D . Howe selected directors 

carefully and although the AECL directors I have known have 

all made their individual contributions, those of two of the 

early ones were particularly significant. Dr. R.L. Hearn, 

as Chairman of Ontario Hydro, was very far-seeing and felt 
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that Hydro should at least have a thorough understanding of this 

new potential source of energy and he offered to second some Hydr 

personnel to look into t,.e practical possibilities of nuclear 

power. He found in his organization a highly qualified technical 

engineer who also had a clear and open mind and offered Harold Sm 

to head up the Hydro group. Dick Hearn not only contributed 

some Hydro personnel, he contributed an understanding and 

sympathy for the nuclear power development programme. When 

Harold Smith moved to Chalk River to head up the Nuclear Power 

Group to study the design of a nuclear power reactor we had an 

ideal counterpoise to Lewis and the Group was very successful in 

launching the CANDU series. 

The other director who made an early and continuing 

contribution was the late Dr. G.A. Gaherty. As President of 

Montreal Engineering Co. Ltd. and a very knowledgeable person 

in conventional power systems -- and a fellow engineering student 

with C.J. Mackenzie at Dalhousie -- he saw the future prospects 

clearly and offered to second a promising engineer, J.S. Foster, 

to the group. This was another notable event as it not only 

brought in a person of John Foster's capacity and integrity, it 

brought a tie with the consulting fraternity. 

The story from the start of the Nuclear Power Group 

is well known — CGE became involved and supplied NPD. The 

AECL design group that eventually became Power Projects went 

on with Ontario Hydro to produce Douglas Point, Pickering, etc. 

and Gentilly-1 in co-operation with Hydro-Quebec. 
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Behind all this is perhaps the greatest single 

achievement or Milestone of the CANDU story -- the co-operation 

and collaboration between AECL and Ontario Hydro. It is hard 

to say whether Dick Hearn or Harold Smith contributed most to 

cementing the relations between the developer/designer (AECL) 

and the user (Ontario Hydro); both were necessary and whether it 

was "Contact Cement" or "Crazy Glue" that was used -- the joint 

has remained solid over the years. 

Some of you are probably saying "So what! -- what's 

so great about co-operation between the utility and the nation's 

nuclear R & D establishment — surely it's just a natural event". 

It may seem natural and right but Canada offers the only example 

in the world where there has been -- to now at least -- effective 

co-operation between the developer/designer and the utility. 

It does not exist in Europe although there are signs of it coming 

in the U.K. It does not exist in the U.S., where the industrial 

giants were able, with financial assistance from the government, 

to design, develop, manufacture and supply to the utilities 

their own proprietary reactor systems on more or less commercial 

terms. Japan and Germany through license arrangements are 

somewhat similar to the U.S. The U.S. system has worked for the 

thermal reactors but as they face the development of a complete 

fuel cycle system or the fast breeder the pattern does not seem 

to fit and they are having their difficulties in launching really 

effective programmes. 

There is another important condition that some of you 

will recognize -- the programme support by the Government of 

Canada over the years. It was necessary to convince Ministers 
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and convince Parliament that we had a good thing in the Canadian 

nuclear programme. And in the process it was necessary to 

in particular to obtain the sincere support of senior government 

officials, particularly at the Deputy Minister level. Again 

C.J. Mackenzie started all this during the war years and any of 

you who have read the recent publication, "The Mackenzie-McNaughton 

Wartime Letters", will recognize Dr. Mackenzie's technique. The 

technique was not one of trying to blind non-technical people with 

science and technology but to explain the programme and keep the 

relevant individuals informed of policies and progress on a 

regular basis. The senior civil servants that I met over the 

years were all highly intelligent people, dedicated to their jobs 

and their responsibilities; once they understood the objectives 

and requirements of the nuclear programme and came to know and 

respect many of the individuals in AECL and Ontario Hydro, they 

were prepared to support our recommendations, within certain 

budgetary restrictions. I picked up the technique of keeping 

officials informed from Dr. Mackenzie and keeping the Minister 

generally informed from W.J. Bennett, AECL's President from 

1954 to 1958. Bill Bennett was particularly good at briefing 

Ministers -- he had been closely associated with Mr. Howe for 

a number of years. 

I do not know just how nuclear programme managers in 

other countries kept the relevant government departments and 

agencies informed but I do know that it was an essential part 

of our programme if we expected to get reasonable government 

support when there were always conflicting demands on the public 
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purse. When I look back at some of the projects that were 

approved I marvel at the intelligence of Ministers and Parliament. 

The first major project.in which I was involved was 

NRU. For a country like Canada to undertake to build and 

operate the most powerful research and development reactor in 

the world in the very early 1950s was a dream -- but it came 

true. With NRX and NRU Canada was in a unique position to carry 

out meaningful fundamental research work that helped many of 

our scientists to gain world recognition. It allowed applied 

development work to proceed on core materials and particularly 

fuel that made CANDU possible. It helped the U.S. in a major 

way with their technical programme and particularly fuel development. 

This was the era of maximum collaboration with the U.S. 

and must be one of the significant steps to the success of 

CANDU, particularly CANDU fuel. The collaboration was close and 

effective while it lasted .but when the industrial giants took 

over the U.S. power reactor programmes it came to an end so far 

as the applied work was concerned. In the research area there is 

still excellent collaboration in many areas. 

With NRU setting the pattern of approval of major 

projects, the approval of other major projects that followed 

was relatively easy so long as we explained them properly to 

senior officials and had a good sensible story for Ministers. 

The pattern of NRU involved a joint participation, international 

in this case, with a revenue from sale of services and product to 

partly offset operating expenses. NPD, Douglas Point and 

Gentilly all involved other parties: the utilities and the Canadian 

private sector, and all promised some revenue. This general 
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pattern held in part for Pickering I and II — a federal 

investment that has really paid off. 

NRU was a very significant step along the route. It 

was launched prior to the formation of AECL and was a major 

factor in the decision to form a Crown Company. It was AECL's 

first major project. It was a very advanced design and it was 

designed and built entirely by Canadians with a large input from 

the private sector. It cost more than anticipated, it took 

longer to build than was scheduled and we all learned a lot 

about our shortcomings -- within AECL, the consultants, the 

contractors and the suppliers — but we did produce an excellent 

reactor that gave us all courage to tackle the power reactors. 

It also set the pattern and confirmed the need for large, high 

cost, high technology projects if nuclear development in Canada 

was to proceed. 

Fuel development in Canada is certainly a CANDU Milestone. 

The credit must lie in many areas. Lewis and others said it must 

be natural uranium. Admiral Rickover developing his uranium 

oxide fuel making maximum use of NRX and NRU with the excellent 

loops mostly supplied by the USAEC. The metallurgical and chemical 

engineering groups at AECL were well equipped with physical 

facilities and with what was more important, top-flight personnel. 

The contracts for manufacturing development with Canadian 

industry, though costly, went well, so that Canada now has two 

highly qualified fuel manufacturing facilities that equal any in 

the world. CANDU fuel has been discussed on many occasions and 

will continue to be. It is an essential part of the CANDU system 
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economy and I am sure we in Canada know more about our fuel than 

any other country knows about theirs . 

One of the major reasons for the success of CANDU 

has been the base upon which it was developed. The AECL 

laboratories are the principal technical base with the broad 

spectrum of competence from fundamental research through develop

ment, application and operation of major facilities. Universities 

have had very little involvement in the applied end but they do 

participate to a major extent in some research fields and they 

supply a very important segment of the manpower. Canadian 

industry supplies most of the nuclear equipment in Canada and 

though many of our companies are not noted for their.development 

strengths the situation is gradually improving. The strength 

and depth of competence in Ontario Hydro — and other Canadian 

utilities — is a major factor in the success of the system. 

I would like to think that we have made real gains in 

promoting industrial development competence in Canada but except 

for a few of the large companies progress has been disappointing. 

I am sure AECL, Ontario Hydro and the other utilities will 

continue to encourage suppliers to strengthen their technical 

base but progress will be slow. To quote Eric Perryman, 

"clearly technology transfer is not a science, it is an exercise 

in human relations, patience and understanding". 

The competence within AECL, Ontario Hydro, Canadian 

General Electric Company and Westinghouse Canada Limited was 

clearly demonstrated during the Pickering III pressure tube 

troubles. When this story is written it should be a technical 

best seller. It clearly demonstrates the absolute necessity of 
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having -'thin a nuclear programme the ability to meet and deal 

with unexpected problems. These problems are sure to arise and 

we in Canada have had a few of them starting with the NRX "pin 

hole leak" in 1952. Some, at first blush, thought it was a 

disaster but it proved to be one of the best advanced experiments 

undertaken at Chalk River. The whole of nuclear development, 

certainly in North America, gained much from that incident. 

Having a broad spectrum of competence in the laboratories, 

in industry and the utility that can be quickly organized and 

applied to any problem is proving to be not only highly valuable 

but probably essential as the application of nuclear power grows. 

Down time on large units is very costly and saving a few days in 

the return to service pays handsome dividends. The Pickering III 

pressure tube problem is an outstanding example. 

The problem of the failed pressure tubes was not only 

solved but equally important the knowledge and understanding of 

pressure tube materials, design and assembly took a quantum 

jump. Ontario Hydro did an outstanding job of managing and 

co-ordinating the work involved, CGE and Westinghouse contributed 

greatly to both the specific Pickering problem and to the general 

design and installation of rolled joints and AECL was equipped 

with facilities and manpower to work with radioactive material from 

the reactor and to consider some of the fundamental aspects of 

the investigation and solution. It has been a very successful 

melding of competence from the utility, industry and AECL and the 

fact that the programme could be initiated quickly and pursued 

vigorously is indicative of an essential condition for success --

broad technical competence with mutual respect among the several 

parties . 
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Some of you may now be wondering where I fitted in — 

well, I played my part but I was not carefully selected because 

of known competence like many others — I was an accident. 

Dr. Mackenzie knew me fairly well through seven or eight years at 

the University of Saskatchewan and had taken pity on me after the 

war and had given me a post as Assistant to the President of 

NRC in 1948. When Ken Tupper decided to return to the Ottawa 

laboratories of NRC, Dr. Mackenzie was able to reach an easy and 

quick decision, he sent me to Chalk River to fill in for a few 

months and he got rid of an "assistant" who was not really needed. 

I am sure he did not expect that I would find a permanent home 

that kept me in the nuclear game for 25 years. If you hear 

Dr. Mackenzie claiming he selected me as carefully as he selected 

Lewis -- forget it — it was an accident — and I'm glad it 

happened. 

In summary, my selection of CANDU Milestones started 

with people, C D . Howe, C.J. Mackenzie, Lewis, Hearn and Smith, 

Gaherty and Foster and of course many many more who were essential 

to flesh out the skeleton. The formation of AECL as a Crown 

Company was an important move with the involvement of an independent 

Board of Directors. The approval of NRU shortly before AECL was 

formed was a major decision: it conditioned the decision makers 

to bigger and better projects to follow. The very close ties 

between Ontario Hydro and AECL with mutual respect for each 

other's responsibilities must be one of the major events. The 

early recognition by Hydro of the need for nuclear power and the 

guts to proceed with their programme without waiting for each 
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unit to be proven before starting the next was of fundamental 

importance. Looking back now at the steps of NPD, Douglas 

Point, Pickering I and II, then III and IV, they look so sensible 

that we are apt to forget the gambles that were taken and the hard 

decisions that Hydro had to take did not come easily at the time. 

The participation of senior federal officials in a 

sympethetic and understanding way was essential and contributed 

much to the good support the programme received from all 

political parties. 

The broad spectrum of technical competence in Canada 

spread through the utilities, the private sector and government 

laboratories is a necessary foundation required not just to produce 

CANDU plants but even more important to keep them in operation 

throughout their useful lives. I would like to say we have set a 

Milestone marker with the development of a broad industrial 

competence in development work but we are only part way -- we 

have some very good groups but we will need more as the programme 

expands and the smaller shops become more involved. 

The development of CANDU fuel was an essential part 

of the system and has been a major programme from the inception 

of Canadian reactors. The results of this programme have been 

exceptionally good due to excellent people, excellent facilities 

and a very concentrated objective -- CANDU fuel is one of the 

Essential Milestones. 

I have not discussed heavy water as it is a major 

story in itself that will continue to unfold for years to come 

but the successful operation of Port Hawkesbury and even more 

successful operation of the Bruce Heavy Water Plant also comprise 
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an Essential Milestone that is nice to have behind us. 

Conclusion 

Having selected the heavy water moderated reactor 

system and decided to fuel it with natural uranium it is 

PEOPLE who have planted the MILESTONES of CANDU on a 

foundation of COMPETENCE, CO-OPERATION, UNDERSTANDING and 

MUTUAL RESPECT. 

********* 
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CANDU MILESTONES 

Some Positive, Some Negative 

1942-43 

5 September 1945 

22 July 1947 

14 February 1952 

12 December 1952 

September 1953 

24 March 1955 

16 September 1955 

April 1957 

3 November 1957 

15 August 1958 

June 1959 

10 July 1960 

11 April 1962 

28 June 1962 

16 December 1963 

20 August 1964 

2 September 1966 

15 November 1966 

16 December 1966 

7 January 1967 

April 1967 

September 1970 

12 November 1970 

25 February 1971 

5 April 1971 

30 May 1971 

1.August 1971 

- Establishment of nuclear group at 
University of Montreal. 

- Start-up of ZEEP at CRNL. 
Government decision to proceed in 
peacetime with the nuclear program started 
and intended as part of the war effort. 

- NRX start-up. 

- AECL created . 

- NRX accident. (Opportunity to develop first 
nuclear power missed by 10 days). 

- Nuclear feasibility study launched. 

Decision announced to build NPD. 

- Canada, India announce plans for CIR. 

- Work on NPD suspended, for change-over 
from pressure vessel to pressure tube design, 

- NRU start-up. 

- NRU full power. 

- Douglas Point approved. 

- CIR start-up. 

- NPD start-up. 

- NPD full power. 

- RAPP 1 agreement announced. 

- Pickering 1 and 2 announced. 

- Gentilly 1 announced. 

- Douglas Point start-up. 

- RAPP 2 announced. 

- Douglas Point first electricity. 

- Pickering 3 and 4 announced. 

- Port Hawkeobury first heavy water. 

- Gentilly 1 start-up. 

- Pickering 1 start-up. 

- Gentilly 1 first electricity. 

- Pickering 1 full power. 

- KANUPP start-up. First CANDU reactor 
to operate on foreign soil. 
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15 September 1971 

7 November 1971 

24 April 1972 

12 May 1972 

11 August 1972 

November 1972 

3 April 1973 

16 May 1973 

28 May 1973 

18 May 1974 

Pickering 2 start-up. 

Pickering 2 full power. 

Pickering 3 start-up. 

Pickering 3 full power. 

RAPP 1 start-up. 

RAPP 1 first electricity. 

First heavy water from Bruce HWP. 

Pickering 4 start-up. 

Pickering 4 full power. 

Setting off in India of nuclear explosive 

Not listed above are such items as 

1 The discovery early on that pure D_0 
did not decompose under irradiation. 

2 The development cf Zircaloy-clad U0„ 
fuel. l 

3 Glace Bay--start of construction 196.4, 
official opening 1 May 1967, termination 
of attempts to operate the plant March 1969, 
PM's announcement of lease of plant to AECL 
October 1971. 

4 Commitment of Bruce GS, Pickering B, 
expansion of Bruce HWP, Gentilly 2, 
Cordoba, Lepreau, La Prade HWP. 


