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The work of the Research Division is varied and
challenging and, as befits an organization of this kind,
largely oriented towards future needs and benefits.
Projects now under way provide technical and scientific
support for the engineering and operation of a power
system that includes hydraulic and fossil-fired
generation, a large and growing proportion of
nuclear-fuelled generation, and a transmission and
distribution network that serves wholesale and retail
customers throughout most of the inhabited parts of
Ontario. They relate also to the need to help customers
to use electricity with safety and economy and with
good effect as either a complement to energy from
other sources or a replacement for it.
In work on these projects the Division co-operates
closely with other parts of the Hydro organization, with
other electrical utilities and with manufacturers of
equipment and materials. A number of projects are
supported by either the Electric Power Research
Institute in the United States or the Canadian Electrical
Association, and Hydro's research and development
costs are thus partly offset. Of course, Ontario Hydro
like other Canadian electrical utilities also contributes to
the funding of CEA research.
This report outlines a few examples of work performed
in 1980.1 take pleasure in presenting it to those who
are interested in the Research Division and its
contributions to Ontario Hydro and the electrical
industry.

F.J. Simpson
Director of Research
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Ontario Hydro, established by the Provincial Legislature in
1906, is a special statutory corporation with authority to
generate, buy and distribute electricity throughout Ontario.
Its main responsibility is to provide power to about 325
municipalities (or distribution to customers in their service
areas. In 1980 the Corporation used resources of generated
and purchased power with a dependable peak capacity of
22 561 000 kilowatts to produce 100.2 billion kilowatt-hours
of primary energy for distribution to about 2 920 000
ultimate customers.

Ontario Hydro
Research Division
800 Kipling Avenue,
Toronto, Ontario



The Research Division

The Division
Ontario Hydro not only maintains and operates its
power system but also undertakes most of the design
and construction necessary to meet growth in demands
and to replace obsolescent plant. The system is one of
the largest in the world and despite its size and
complexity still one of the best in terms of efficiency,
economy and reliability in the generation and
distribution of electricity. These facts underline the
Corporation's continuing success in meeting an
engineering challenge that has been made quite
formidable by current concerns for the environment and
for conservation of resources.
The Research Division plays an important part in
meeting this challenge. Its broad objective is to provide
sound scientific and technical support for the planning,
design and operation of the power system. In addition
to the longer-term research effort on major projects,
much investigation and testing is done to aid the
solution of day-by-day technical problems. Similar work
is applied in the development of Ontario hydro material
and performance specifications and standards, and in
the quality control of material and equipment
purchased.

Facilities and Services
Most of the Research Division's work is performed in
the large complex on Kipling Avenue in western
Metropolitan Toronto shown above. The main building,
named in honour of Dr. W.P. Dobson who was Director
of Research from 1914 to 1953, was first occupied in
1961. Along with the adjacent pump testing facility and
the high-voltage, high-current, radioactive-materials and
aquatic-biology laboratories, it provides some 30 000
square metres of accommodation. High-voltage testing
of full-scale transmission structures and equipment is
performed at an outdoor test station at Kleinburg, about
30 kilometres north. The work of the the Division also
includes field services performed wherever required in
the Province.

The Report for 1980
The pages that follow include brief descriptions or
photographs of a few examples of work now in
progress or recently completed. These provide some
insight into the breadth and significance of the
Division's research and development program.
Information in greater detail on some of the subjects
discussed is available in published technical papers or
in reports that can be obtained from the address given
on page 2.
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Major Areas of Research:
Generation

Qualification of CANDU heat-transport-system
components
Reliability of the systems that circulate heavy water
through reactors and steam-generators is a prime
requirement for safe and economical operation of
Ontario Hydro's CANDU nuclear generating units. At
the Research Division's Pump Test Complex, work
continued in 1980 on the testing and qualification of
pumps, filters and seals to be installed in the
primary-heat-transport system of new units at Pickering
and Bruce Generating Stations.

Pressure-tube replacement
Bombardment by neutrons from the nuclear reaction
causes gradual elongation or creep of the
zirconium-alloy (Zr-2.5% Nb) pressure tubes in CANDU
reactors. Allowance is made for this in the reactor
design but experience and accurate measurements on
units in service have shown that the process is more
rapid than initially expected and that rates of elongation
vary widely from one tube to another. Ultimately coolant

feeder tubes may touch and fret and there may be
difficulty in operating the on-power fuelling machines. In
accordance with the Ontario Hydro Creep Engineering
Design Plan, however, work is well under way on
development of improved metallurgical procedures for
fabricating zirconium-alloy tubing to be used in an
extensive program of pressure-tube replacement at
Pickering and Bruce. Trial batches of tubing have been
produced by modified fabrication routes that are
industrially practicable, and tests of these show a very
satisfactory combination of mechanical strength and
ductility. There are indications that pressure tubes
made with the new procedures will have a useful life
about twice that of tubes in units now in service.
An electromagnetic-impulse metai-forming technique,
now under study in a special laboratory, will expedite
pressure-tube removal and lessen exposure of
personnel to radiation. A large specially controlled
electromagnetic impulse will collapse the pressure tube,
permitting separation from the end-fitting at a rolled
joint.

This mock-up cf fuel channels and end fittings in a CANDU
reactor at Pickering GS is being used in the development of
automatic or remotely controlled tools for retubing the
Pickering reactors in 1985. The hardware is complete in only
one of the nine channels; in the eight other positions, the
calandria and pressure tubes are missing and the end
fittings are made of wood. However, feeder pipes are fully
represented in all nine positions as restricted access at the
reactor face is an important consideration in tooling design.



Steam-generator integrity
In experiments with laboratory loops that simulate the
pressure and temperature conditions of
steam-generators at Bruce GS, the rates at which
heavy-water leaks from holes of various sizes, shapes
and locations are being measured and compared with
the results of analytical study. The understanding thus
gained of the behaviour of leaks and leak paths is
expected to lead to development of improved methods
for predicting the location and geometry of holes, the
rate of steam-generator-tube deterioration and the
optimum time for shutting down to make repairs.

Corrosion protection
A major research program is under way to find methods
for protecting nuclear steam-generators from denting,
an effect of corrosion that has cost some electric
utilities in the United States hundreds of millions of
dollars. Using materials and aqueous environments
specific to Ontario Hydro's steam generators, similar
conosion has been created in the laboratory and the
effects of some of the chemical variables have been
determined.

Testing for earthquake resistance
A large triaxial shaker for seismic qualification of
nuclear power plant components has been developed
and built and was used in December in the qualification
of two large valves for Pickering GS B. The triaxial
feature provides better simulation of earthquake
vibration at lower testing costs. The shaker has a table
about 1.5 metres square and is capable of shaking
masses of up to two megagrams with accelerations of
as much as 1.8 g.

Research Division staff took part in an inspection of the
vacuum building at Pickering GS during a planned
shut-down of the station in May. Their reports indicate that
after 10 years of operation the building and its concrete,
metal and plastic components are generally in good
condition. Measurements made during pressurizing,



At the left, a technologist is being lowered through a
downcomer from the water tank at the top of the Pickering
GS vacuum building while he examines the fiberglass-
reinforced plastic pipe for evidence of deterioration and
anomalies. At the same time he is using a Barcol gauge to
measure surface hardness and a magnetic sensor to
measure wall thickness in co-operation with a companion
outside the pipe. The inspection showed the pipe to be
generally in good condition with hardness and thickness as
expected.

Station controller
A microprocessor-based programmable controller is
being developed for Darlington GS. This cost-effective
alternative to conventional relaying has several unique
features - automatic ground-fault detection and
location, high-voltage-transient protection,
computer-aided programming functions, and direct
operation off the station battery. A prototype is now
being tested.

Nuclear-fuel supply
A computer model has been developed to help the
Fuels Division determine optimum inventory levels of
nuclear fuel and the products used in its manufacture.
The model computes the least costly way of assuring a
reliable supply of finished fuel, taking into account the
costs of fuel shortages that might arise from
uncertainties in fuel requirements, variations in mine
and mill outputs and force majeure events such as
strikes and fires.

Hydro-electric unit efficiency monitor
In co-operation with the Hydraulic Generation and
Transmission Division, a monitor for hydro-electric units
is being developed which provides the operator with a
display of the ratio of power output to water flow. A trial
installation at DeCew Falls GS uses a desk-top
computer with input from scroll-case pressure and
generator outpui. The operator can optimize efficiency
by adjusting the gate position to maximize the displayed
ratio.

The vacuum building is part of the emergency radioactive-
material containment system at Pickering GS. In the unlikely
event of a loss-of-coolant accident in one of the nuclear
reactors, expanding radioactive steam would flow through a
connecting duct into a volume of about 80 000 cubic metres
that is maintained at a pressure of about 10 kilopascals, or
0.1 atmosphere, to receive it The resulting rise in pressure
would push approximately 9 400 megagrams of water out of
a storage tank at the top of the building, through a system of
risers, downcomers and spray headers, and down to cool
and condense the steam below. Some of the risers and
downcomers can be seen in the view of the interior of the
tank at the left. The dark coloured rings are fiberglass-
reinforced-plastic stiffeners installed during the shut-down to
mcreasa satelv marains as reauest&d bu tha Aiamir.
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Transmission and
Distribution

Tower-lifting tests
Requirements for transmission of increased electric
loads over existing lines make it necessary to heighten
tower structures in order to increase conductor-to-
ground clearances. On transmission lines of critical
importance to the Hydro system and its loads, this work
has to be done with the conductors energized. Special
tower lifting machines, built to specifications of the
Transmission Systems Division, were tested to assess
the capacity, r afety and reliability of the machines and
the effects of lifting on tower structures. These tests led
to recommendations for improvements in machine
instruments and controls, and minor structural repairs.

Probabilistic approach to uprating
of transmission lines
When transmission line is uprated by installation of
larger conductors without other physical modification
there is a need to express the change in reliability in
terms of failure risks and associated costs. A proposed
probabilistic technique would assess these factors on
the basis of statistical data on such variables as
weather, mechanical loading and material properties.
This allows determination of the optimum trade-off
between the increase in transmission rating and the
costs of modification and increase in failure risk. The
technique has been applied in evaluating uprating
alternatives based on several conductor sizes for an
existing line.

Direct-current cable under Lake Erie
The proposed interconnection with General Public
Utilities in Pennsylvania by high-voltage, direct-current
cable under Lake Erie has presented a major
technological challenge. Use of the earth as an
emergency current-return path has made it necessary
to study grounding, interference effects, electrolytic
corrosion and safety aspects. Studies have been made
also of the mechanical and thermal properties of the
lake bottom and of possible measures to protect the
cable from damage by ice, ship anchors and fishing
trawler nets.

Streetside subtransmission lines
Compact, aesthetically improved subtransmission lines
that incorporate new types of insulators and other novel
features have been developed for construction in
densely populated or environmentally sensitive areas
where the only alternative might be a much more costly
underground system. These lines operate at 115 kV or
138 kV but have dimensions similar to existing
distribution feeders of lower operating voltages that are

The use of pressurized sulphur hexafluoride (SFe) gas for
high-voltage insulation in compact substations was
introduced in North America about 10 years ago, but to date
little information has bean gathered on the effects of faults in
SFe-insulated equipment. The photograph shows a plasma
jet through a hole burnt in an SFe bus-duct by a
32-kiloampere arc. This was a result of one of a series of
tests made to determine factors affecting duct burn-through
and the composition and distribution of arcing by-products,
and to establish safe clean-up procedures. In an operating
substation, such an event will be confined and will occur
only rarely.

New insulators reduce TVI and Rl
A technique for forming a semi-conductive layer on the
surface of porcelain insulators for distribution lines has
been developed by Ontario Hydro and adopted by
several insulator manufacturers. These insulators
significantly reduce television and radio interference
from levels that can result with conventional insulators.

System reliability
Evaluation of transmission-system reliability requires
extensive use of computer time. In an effort to lessen
this burden, several new approaches were assessed.
One of these exploits the sparsity of the power system
matrix using multi-block formats. Another uses a hybrid
analogue/digital computer.

Forewarning of insulation failure
Improved substation reliability is the objective of
research into early signs of insulation failure in
high-voltage apparatus. Detectors are being developed
that would give operators advance warning so that

H action can be taken before final failure



Re-radiation of radio broadcast signals - Pick-up c,?».
placed at various locations on a transmission tower measure
induced radio-frequency currents in the tower. This work is
being done at points along a 230 kV test line near Milton TS
to determine what effects insulation of the overhead ground
wire and installation of tuned stubs have on re-radiation of
signals from a nearby AM broadcast transmitter and on
resulting distortion of the signal pattern. The Research
Division is participating in a joint investigation of techniques
for predicting and controlling this phenomenon with support
from the Canadian Electrical Association, the broadcast
industry and the Federal Department of Communications.



Energy Utilization and
Conservation

An important function of the Research Division is to
co-operate with other parts of the Corporation and with
other agencies of government and industry in
developing information and techniques which would
ensure that electricity is used efficiently and safely and
with optimum effect as one of the alternative sources of
energy available to consumers.

Solar-electric water heaters
Use of solar radiation to supplement electricity in
heating water can substantially reduce consumption of
non-renewable energy. Six solar-assisted water-heaters
have been tested at the laboratory and five are being
installed in the homes of employees where they will be
monitored for performance and for solar contribution to
energy requirements. Savings in energy costs of 35 per
cent or more are expected.

Electric-oil dual-source heating
Supplementary electric heating can displace use of
fossil fuels for home heating. In several programs,
resistance heaters have been installed in the plenums
of oil-fired furnaces in more than 50 homes throughout
Ontario. Instrumentation installed by the Research
Division will measure the electric energy used and
estimate the fossil-fuel consumption displaced in these
dual-source heating systems.

Effects of thermal insulation on wiring
A study was made to determine the effects of the
increasing levels of thermal insulation in residences on
the reliability and safety of electric wiring. This showed
that high levels of thermal insulation can cause
conductor temperatures to rise above recommended
levels but provided no evidence of severe corrosion of
wiring.

Continuing studies
Work continues on investigation of the safety and
reliability of domestic wiring systems, on measurement
of the efficiency cf major home appliances, on
evaluation of an electric heat-pump designed for home
heating in the Canadian climate and on study of
heat-storage furnaces which would improve effective
use of the electric generation and distribution systems.

The statistical consulting unit is assisting in a continuing
study of the feasibility of a time-of-use rate structure.
The work includes development of methodology for
comparing alternative time-of-use rate schemes and
selection of samples for a time-of-use rate experiment.

This resistance heater is being installed in the plenum of an
oil-fired furnace. Electric connections are arranged to prevent
simultaneous operation of oil and electric heating and to
allow the oil to supply all the heat during very cold weather.
The electric heater is expected to displace more than half of
the usual oil consumption without increasing peak demand
on the power system.



7/ie panels on the roof will collect solar energy to
supplement electricity in heating water for domestic use. The
house is one of five owned by Ontario Hydro employees in
the Toronto area where the Corporation has installed
solar-assisted water heaters to obtain information on the
performance of equipment and on the effectiveness and cost
of installation and maintenance techniques. Fifty or more
solar-assisted water heaters will be installed at various
locations in Ontario during 1981.

, 1 «1



Instrumentation in the cabin of a helicopter is being used to
analyze samples from the plume of stack gases from a
coal-fired generating station. This was part of Ontario
Hydro's contribution to a major study of the atmospheric
transport and transformation of pollutants over northeastern
North America. Oxidation rates for S02 and NO were
determined in plumes from Nanticoke GS, in a rural
environment, and Lakeview GS, in an urban environment,
and with winds that provided relatively clean and relatively
polluted background conditions. The results have improved
understanding of atmospheric processes and have provided
better input for mathematical models.

This system in the Soils Laboratory measures the
permeability of clayey soils with very small hydraulic
gradients. The information -;& used to assays tti$ suitability of



Environmental Protection

Disposal of radioactive waste
Work is continuing under the Canada-Ontario
co-operative program to develop methods for safe
underground storage and disposal of radioactive
wastes. Projects involving the Research Division
include exploration of the thermal and mechanical
properties of potentially useful rock types, assessment
of methods for sealing shafts and tunnels, and design
of waste containers and development of methods for
protecting them from corrosion a nd mechanical
damage. The DWision is also assisting in assessment of
environments! tinpact. A technique is being sought to
predict the flow pattern of water in rock containing
interesting cracks.
The performances of asphalt, organic polymers and
polymer-impregnated cement for waste encapsulation
have been evaluated as part of the research program
for management of low and medium level radioactive
wastes. The removal of "C and general stripping of
radionuclides from spent ion-exchange resin is also
being studied.

Removal of PCBs
Processes based on various solvent cleaning
techniques have been developed for decontaminating
transformers and capacitors that had contained PCBs
(polychlorinated biphenyls) as insulating liquids. These
processes will clean solid materials to a state that
permits disposal as conventional industrial scrap and
direct a concentrated stream of removed PCBs to a
suitable storage or destruction facility.

Acid rain - Its causes, effects and control
In 1980 Ontario Hydro co-operated with Environment
Canada, the Ontario Environment Ministry and the US
Environmental Protection Agency in a large-scale field
study designed to enhance our understanding of acid
rain as affected by the long-range transport and
chemical transformation of pollutants in the atmosphere.
Research scientists also initiated the development of a
computerized mathematical model to be used for
determining the effects of individual pollution sources
on the acid rain falling in sensitive areas such as
Muskoka and Haliburton. When fully developed this
model will be capable of determining the contribution of
individual generating stations to the acifel rain falling on
any given area.

Strobe-light installation and eel counting:
Migrating American Eels cause problems at R.H.
Saunders-St. Lawrence GS by entering the draft tubes of
turbines that have been dewatered for repair. However,
strobe lights in a test installation at the eel ladder at
Saunders have been effective in repelling over 90 per cent of
the eels, and installation of lights at dewatered units has
been proposed.
Research into the use of strobe lights to repel fish that enter
the cooling-water intakes of nuclear and fossil-fuel generating
stations is continuing. A test installation of a combined
rope-net strobe-light scheme is planned for the spring of
1981 at the Pickering GS intake.



Resources and Costs

The Research Division's resources of plant and
equipment are shown and described in outline on page
3. At the end of 1980, the Division's personnel
resources consisted of a total regular staff of 609. The
administration and organization of staff are shown on
page 4. The distribution of staff in broad occupational
classes is shown at the right, and its application in
various categories of work (Divisional Services
Department excepted) is shown below.

Proportions of total salary cost for various
categories of work:

• Testing—performed to prove the value or determine
the nature of something;

• Consultation—provision of advice or information to
aid in making decisions;

• Technical Investigation—application of scientific or
engineering principles to solving non-routine
problems that do not require new knowledge or
materials;

• Research—original investigation in some field
undertaken to establish facts or principles.

• and Development—application of research
discoveries and other scientific knowledge toward
improvement of products and processes as required
to meet current and expected needs of Ontario
Hydro.

Occupationa! classification of Research Division staff

Testing 14%

Consultation 8%

V
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Support
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Proportions of gross costs for major areas of
research

Generation
42%

Research;
Development

50%
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Other
Studies &
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17%

/
Environmental /

Protection / ,
12% I ' ,

Energy Utilization & r "
Conservation V

3% . . - « •

System
Control

8%

Transmission
& Distribution

18%

The total of all costs, including those for space, material
and equipment, etc, for work done by the Research
Division in 1980 was approximately $29.3 million.

Costs were met or allocated as follows:
Revenue from work done for other organizations $1.3 million

9-8 million
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Presented

Air Pollution Control Association
—73rd Annual Meeting, June 1980, Montreal, Quebec:
Cleaning a western Canadian coal by spherical
agglomeration: C.H. Chen, Y.V. Nguyen
Identification and control of sources of airborne coal dust at
large storage coal piles: Y.V. Nguyen, M.R, Booth

American Society of Lubrication Engineers
—35th Annual Meeting, May 1980, Anaheim, California:
The effects of radiation on lubricants in nuclear generating
stations: J.S. Fenie, Paul Leinonen, B. Neil, E. Wharton

Canadian Institute of Mining and Metallurgy
—Annual Conference, August 1980, Halifax, Nova Scotia:
Corrosion problems associated with welds at Bruce Heavy
Water Plant: M.G. Hay

Canadian Nuclear Society
—Conference, June 1980, Montreal, Quebec
A tool for the prediction of feeder and fuelling machine
interferences caused by the elongation of pressure tubes in a
CANDU reactor: A.H. Chung, and D. DasGupta (Design and
Development Division)
A Monte Carlo model for the assessment of the unavailability
of reactor regional overpower trip systems: A.H. Chung, and
M. Khanna (Design and Development Division)

1980 CIGRE Conference
—August 1980, Paris, France:
Control of conductor galloping by detuning: D.G. Havard,
and J.C. Pohlman (consultant)
Diagnostic testing of generator insulation without service
interruption: M. Kurtz and G.C. Stone (Ontario Hydro), D.
Freeman, V.R. Mulhall and P. Lonseth (Canadian General
Electric)

Fifth Symposium on Engineering Applications of Mechanics
—University of Ottawa, June 1.980, Ottawa,Ontario:
Fatigue crack growth in A516 Gr 70 steel and associated
welds: B. Mukherjee

First Seminar on Advanced Ultrasonic Technology
—June 1980, Longueuil, Quebec:
Inspection uncertainty and decision making: D.V. Leemans

Institute of Electrical and Electronics Engineers
—Winter Power Meeting, February 1980, New York, NY. :
Computing methods and devices for the reliability evaluation
of large power systems: K. Gallyas, J. Endrenyi
Gas-insulated substations fault survey: F.Y. Chu, and V.
Tahiliani (Electric Power Research Institute)
Measurement of soil thermal properties - instrumentation and
techniques: S.A. Boggs, F.Y. Chu, H.S. Radhakrishna, J.
Steinmanis

Predicting the structural performance of transmission lines
uprated by Reconductoring: S.G. Krishnasamy, G.LFord
Studies of Power Arc Faults in SFt-lnsulated Equipment: F.Y.
Chu, S.A. Boggs, and C.K.Law (Ian Martin Associates)
Transformer models for transient studies based on field
measurements: E.P. Dick, W. Watson

—Summer Power Meeting, July 1980, Minneapolis,
Minnesota:
Multi-frequency surge withstand capability tests for protective
relays: Z.J. Vlah, S.M. Harvey
Synchronous machine models by standstill frequency
response tests: M.E. Coultes, W. Watson

Institute of Public Utilities
—12th Annual Conference, December 1980, Williamsburg,
Pennsylvania:
Integrating power system planning and operations with
outage costs - the Ontario Hydro experience: L.D. Wilson

International Conference on Materials Performance in Nuclear
Steam Generators
—October 1980, St. Petersburg, Florida:
Low-cycle fatigue of steam generator tubes in the vicinity of
roll joints: B. Mukherjee, M.H. El Haddad, M.L. Vanderglas,
D.V. Leemans
Studies of denting of steam generators with simulated fresh
water in-leakage: J. Brown, F. Gonzalez, D.E. Hey, A. M.
McKay

International Conference on Water Chemistry of Nuclear
Reactor Systems
—October 1980, Bournemouth, England:
Corrosion studies of CANDU nuclear steam generator
materials under fault water conditions: J. Brown, D.P.
Dautovich, D.E. Hey, A.M. McKay, P.J. King

International Water Conference
—October 1980, Pittsburg, Pennsylvania:

Condensate, feedwater, steam sampling and analysis in
Ontario Hydro thermal generating stations: J. Brown, R.E.
Massey

Intermediate Range Atmospheric Transport Processes and
Technology Assessment
—October 1980, Gatlinburg, Tennessee:
Mesoscale Dispersion from Tall Stacks into a Shoreline
Environment: P.K. Misra

Second International Conference on Numerical Methods in
Fracture Mechanics
—July 1980, Swansea, United Kingdom:
Weight functions for plane and axisymmetric crack problems:
M.L. Vanderglas



Special House of Commons Committee on Alternative Energy
and Oil Substitution
—July 1980, Ottawa, Ontario
The role of heat pumps in a changing energy supply and
cost scene: S. Strieker

Symposium on Plumes and Visibility
—November 1980, Grand Canyon, Colorado:
The occurrence and nature of brown plumes in Ontario: O.T.
Melo

The 12th Annual Air Pollution Workshop
—May 1980, Fort Collins, Colorado:
Tritium uptakes and desorption kinetics in Toronto: F.S.
Spencer

Published

American Meteorological Society
—Volume of Conference Papers, Second Joint Conference
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