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Session 1
POWER REACTORS

Chairman: J.M. McNally, Hydro-Quebec

ONTARIO HYDRO'S EXPECTATIONS FOR
THE CANOU REACTOR - AN OUTLOOK
OVER THE NEXT TWENTY YEARS
R.W. Bartholomew
Vice-President, Production Branch
Ontario Hydro
Toronto, Ontario

1.0

INTRODUCTION

It 1s the purpose of this paper to discuss the past, present and future
performance!1J of Ontario Hydro's nuclear units with special emphasis on
future performance over the next 20 years.
Ontario Hydro Is a public utility serving the nearly 9 million people of
Ontario. Installed capacity, as of December 1987, 1s greater than
30 000 MW(e), divided amongst three generation types:
Type

MW(e) Net

Hydraulic
Thermal
Nuclear

6 537
13 253
10 526

TOTAL

30 316

Energy production In 1987 was 126 terawatt-hours, of which 50% (63 TWh) was
from nuclear power.
Ontario Hydro's Nuclear Program, based upon the CANDU reactor design, 1s
currently made up of 16 units (Table 1) 1n service with a net capacity of
10 526 MW(e). The 4 unit Oariington station, (Table 2) now under
construction, will bring this total to more than 14 000 MW(e) by the year
1992. Cumulative operating experience with our nuclear program to the end
of 1987 was 172 reactor years.
The forecasted energy production!2! for the year 1997 1s approximately
166 terawatt-hours of which approximately 60% will come from nuclear power.
Ontario Hydro Is currently Involved 1n a Demand/Supply Planning Strategy
which will determine the need for and type of electrical generation that the
Province will require after the year 1997. One of the options 1s the
construction of further nuclear generation facilities.
The forecasted energy production!2! for the year 2006 1s approximately 191
terauatt-hours. If nuclear generation 1s Included 1n the option chosen, 1t
is estimated that approximately 60% of this forecast will come from nuclear
power.

Since the start of Its nuclear program In 1962, Ontario Hydro has used a
system of Management by Objectives to achieve excellence and ensure
excellence 1n the future. The five key objective areas are:
(1)
(2)
(3)
(4)
(5)

Worker Safety
Public Safety
Environmental Protection
Reliability
Product Cost

Each area 1s quantified by standards and targets. By measuring actual
performance against these standards and targets, Ontario Hydro management 1s
able to assess the relative performance of Its nuclear program, set
priorities and make appropriate program decisions.
This paper 1s structured around each of the objective areas,
current nuclear program are shown 1n the following tables:

Details of the

Table I
Ontario Hydro
Units 1n Service
Nuclear
Generating
Station
Pickering NGS-A
Pickering NGS-B
Bruce NGS-A
Bruce NGS-B
Total

Number
Of Units
4
4
4
4_
16

Net Capacity
HW (e)

In-Serv1ce
Dates

060
064
056
3 346

1971-1973
1983-1986
1977-1979
1985-1987

10 526

Table II
Ontario Hydro
Units Under Construction
Nuclear
Generating
Station
Darlington NGS

Number
Of Units

Net Capacity
HW (e)

In-Serv1ce
Dates

4

3 520

1989-1992

2.0

WORKER SAFETY

The worker safety goal of the Nuclear Generation Division of Ontario Hydro
1s to have Its employees be safer at work than when not at work, safer than
non-nuclear workers at Ontario Hydro and safer than workers 1n other
Industries. The program emphasizes both conventional and radiological
safety.
In the 26 years since the start of commercial nuclear operations, Ontario
Hydro's nuclear worker safety record has been very good. Highlights Include:
(1)

Over 133 million hours of work 1n Ontario Hydro nuclear stations
without a fatality to a nuclear employee.

(2)

No employees have been known to be Injured as a result of radiation
exposure.

(3)

The Injury rate to Ontario Hydro nuclear employees has been less than
7% of the average experienced In all Ontario manufacturing Industries
over the last ten years.

Radiation dose to our workers per unit of energy produced continues to be
very low. Dose has been managed by a dose control program which ensures
that workers are never exposed to greater than the regulatory limits.
Actual average worker dose 1s considerably less than these limits. The
historical Information for the period 1968-1987 can be seen 1n Figures 1
and 2. In 1985 we achieved the lowest radiation dose per unit of energy
produced since 1968 1n spite of the Increase In operating units from 2 to
16. The 1985 performance was 0.024 rem/GWh(e) and 1n 1987
0.027 rem/GWh(e). The 1987 experience equates to an average of
approximately 0.34 rem for all exposed workers.
The pressure tube replacement at Pickering Units 1 and 2 had potential for
high radiation doses to our workers. It was Initially estimated that a
total of 2 000 rem would be required for the retubing of both units.
Pickering Unit 1 retubing was completed 1n the summer of 1987 and electrical
production resumed 1n September. Only 300 rem was required to complete the
replacement of the pressure tubes. Pickering Unit 2 1s scheduled to be
completed 1n 1988 with a total dose forecast for retubing both units of
approximately 600 rem. The main factors 1n the substantial reduction of
required dose Included:
(a)

A successful decontamination by the CANDECON process.

(b)

Good radiation control procedures.

(c)

Effective shielding.

In terms of future considerations regarding worker dose we are committed to
the ALARA principle. We anticipate that as documents such as the AEC8
consultative document C-83 become regulation and International bodies such
as the ICRP review radiation risks that there will be a trend to lower
occupational dose.

Currently at our Pickering station we are operating a trial program to lower
occupational dose. An upper limit target of 2 rem per annum for personnel
with the most dose exposure has been sent. We have been successful 1n this
trial program for over a year without any disruption to the operation of the
station. We anticipate that we will be extending this program to all our
nuclear facilities 1n the near term.
The goal for the future! 3 ! 1s to ensure that maximum Individual lifetime
dose to our most exposed workers does not exceed 1QQ rem. Typically, H 1s
anticipated that the average lifetime dose will be much lower than 100 rem.
This goal has been set 1n order to achieve a more equitable risk
distribution amongst employees without Increasing the total collective risk.
Ontario Hydro 1s presently commissioning the Tritium Removal Facility (TRF)
at the Darlington Nuclear Station. The TRF was built at a cost of 126 Ml to
reduce the radiological hazards associated with tritium, to our workers and
the public. The TRF will remove the tritium from our heavy water and reduce
the average tritium content of the moderator systems from approximately
25 C1/kg to 10 C1/kg at maturity. Given the current TRF operating strategy
to detritiate the Pickering station, almost exclusively during the first few
years of TRF operation, 1t 1s anticipated that an average 250 rem
reduction/per annum In Internal dose from tritium to our Pickering workers
could be potentially achieved (Figure 3) over the next 10 years.
It should be noted that the magnitude of this tritium dose reduction
forecast 1s dependent upon the successful operation, especially during the
Initial In-service period, of the TRF. This 1s a new complex technology and
unforeseen operational problems may occur that could prevent this forecast
from being fully realized.
In addition to the above programs Ontario Hydro 1s actively researching and
developing tooling and robotics for Inaccessible or difficult maintenance to
reduce dose exposure.
Some examples of existing tool1ng/robot1csf*] that Ontario Hydro has used
are:
(1)

Pressure tube scraping tool to sample fuel channel material. This
tool allows the determination of the deuterium level of the tube
1n situ as opposed to removing a pressure tube for destructive
examination. Anticipated dose per channel using the scraping tool 1s
estimated at 1 - 2 rem while pressure tube removal requires
approximately 18 rem.
The proposed next generation of this tool would be a wet scraper
utilizing the fueling machine allowing a faster sampling and reducing
dose even further.

(2)

ROBERT - remote tooling designed for use 1n the removal and
replacement of broken moderator line pipe hangers 1n the caiandMa
vaults at Pickering NGS-A

(3)

SABRINA - a miniature submarine robot which was used to Identify leaks
In the Pickering NGS-B Unit 6 shield tank.

(4)

STANLEY - a remote-controlled mobile robot which was used to recover
fuel pencil elements from the Bruce NGS-A fuelling machine and trolley.

(5)

CANSCAN - a remotely controlled automatic eddy current probe used to
scan and Inspect steam generator tubes.

In the future, maintenance, surveillance, and Inspection robots are
anticipated to be more widely used where high radiation fields exist, thus,
protecting our workers.
3.0

PUBLIC SAFETY

Public safety refers to the protection of members of the public against
acute events, both conventional and radioactive, which would result 1n
Injury, disability, or death caused by nuclear generating station facilities
or employees.
Results achieved to date have been very good.
(1)

In over 172 reactor years of commercial nuclear operation In Ontario,
there has not been an acute release of radioactivity from any nuclear
generating station which resulted In a measurable radioactivity dose
to a member of the public.

(2)

Radioactivity risk criteria have never been exceeded based upon actual
performance at our nuclear stations.

(3)

There has been one fatality to a member of the public. This resulted
from a traffic accident Involving a Nuclear Generation Division
vehicle on a public highway during adverse weather conditions.

Since the outset of Ontario Hydro's nuclear program It has been well
recognized that risks associated with any technology can not be entirely
eliminated. Ontario Hydro 1s convinced, however, that the safety features
and systems of CANOU reactors and the operating procedures and training 1t
uses provide assurance that a high level of public safety 1s being
achieved. While our record of performance 1s good Ontario Hydro 1s not
being complacent and we will strive for Improvements In the future.
Ontario Hydro has applied an organized and systematic approach to
operational risk quantification since the start of Its nuclear program to
develop an operational risk model.t5] The approach Is currently being
modified to Incorporate Probabilistic Risk Assessment (PRA).
PRA Is an analysis that:
(1)

Identifies and delineates the combination of events, that 1f they
occur will lead to a severe accident or any other undesired event.

(2)

Estimates the frequency of occurrence for each combination; and

(3)

Estimates the consequences.

The Improved understanding of risk achieved from PRA assessment will be
factored Into system level models of risk and Is expected to Improve their
validity and usefulness.

Ontario Hydro Is using PRA for the first time on the Darlington Generating
Station In the Oarlington Probabilistic Safety Evaluation (DPSE).16J The
study has resulted In many design Improvements and better Information for
preparation of operating procedures to be used following abnormal events.
The study also determined estimates of public safety and economic risk. The
Darlington public safety/risk estimates show that the station comfortably
meets Internationally-recognized standards of public safety risk. Economic
risks were also determined to be acceptable. Once the Darlington station 1s
In-service, the operational safety program will be used to demonstrate that
the operation of the station meets the criteria for public safety Identified
1n the OPSE.
In the near term, Ontario Hydro will be applying the same assessment to all
operating stations to make certain that a high level of public safety 1s
assured and maintained.
Emergency Preparedness Response Capability
The Province of Ontario, the municipalities adjacent to each nuclear
station, and Ontario Hydro have a joint responsibility to ensure that an
adequate response capability exists to protect the public In the event of a
nuclear emergency.
This response capability must be able to protect station employees, regain
control of the affected systems, and mitigate the consequences of a nuclear
emergency to the public.
The Province of Ontario has the primary responsibility to develop and
maintain off-site emergency plans, as well as to ensure an adequate state of
preparedness.
Ontario Hydro Is responsible for the development and maintenance of a
response organization, Implementation procedures, required facilities and
equipment, training programs for Internal and external personnel, public
education programs, and participation In nuclear emergency exercises.
In specific terms, Ontario Hydro's public education program 1s an ongoing
process comprising of annual distribution of Information booklets to each
home and business within a 10 km radius of the nuclear generating facility,
local television shows, Information seminars, and articles In local papers.
On an annual basis, the emergency response capability 1s reviewed through a
series of exercises and evaluations. The results of the evaluations are
monitored, tracked, and, 1f necessary, Improvements are Identified and
Implemented.
Emergency preparedness 1s an Integral part of the safe operation of
Ontario Hydro nuclear stations. Ontario Hydro Is fully committed to this
process and 1n the future, we foresee continued training of our personnel
and staff from external organizations, continued Improvements In our
procedures, equipment, and response capabilities, and the strengthening of
communications with the public.

Emergency Operating Procedure Review
Emergency Operating Procedures (EOPs) are designed to describe the necessary
operator actions following an abnormal Incident which will minimize and
mitigate the Impact of the Incident on public safety.
Ontario Hydro Is currently engaged In a review and upgrade of EOPs. In this
review, we have consulted with other Canadian utilities, reviewed
International experience and extracted the best lessons available to
establish standards for EOP excellence. EOP areas that have been Identified
for Improvements are:
(1)

Development of generic or symptom-oriented EOPs.

(2)

Incorporation of good human factor practices to Improve usability and
effectiveness.

(3)

Formalization of an EOP training program.

(4)

Improvement of the EOP documentation process.

A pilot project Is presently underway at our Pickering NGS-B station to
Implement the details associated with thesj Improvements. Ontario Hydro
will be assessing the Impact of this pilot program and, once the
Implementation details have been refined, a major upgrade will be completed
at all other operating stations.
The process of reviewing and Improving our EOPs will continue In the-future
to ensure our capabilities to respond to a system upset and mitigate the
effects of such a system upset on public safety.
Increased Public Scrutiny
Ontario Hydro also anticipates, over the next 20 years, that the nuclear
Industry will be subjected to more extensive public scrutiny and Inquiries
with regard to the public safety Issue. Documents such as the AECB
Consultative Document C-98, which requires In-depth reliability analyses of
safety-related systems on license renewals and the Ontario Nuclear Safety
Review (Hare Commission)£73 are examples of this type of request. It 1s
our belief that requests such as these will Increase 1n the future,
requiring the nuclear Industry to commit additional resources to handle the
Increased Information and documentation needs.

4.0

ENVIRONMENTAL PROTECTION

Environmental protection means the control of those aspects of nuclear
generating station operation, both chronic and acute, which could
potentially Impair the health and/or well-being of the public or cause
adverse effects to the environment.
Emission standards are set and, to ensure the protection of the public and
environment from adverse effects of these emissions, Ontario Hydro's
objectives are:
(1)

To eliminate emissions whenever practical.

(2)

To minimize emissions by maintaining them within operating target
values.

(3)

To control emissions within applicable regulatory limits.

Table III shows the most significant sources of potential environmental
effects at our nuclear generating stations.
Table III
Sources of Potential Environmental Effects
Type

Medium

Radioactivity Emission
Heat Emission
Chemical Emission
011 Emission
Fish Entrapment

A1r/Water
Water
Water
Water
Water

Emission limits for radioactivity are specified by the AECB. These limits
are consistent with International standards.
In routine operation, emissions of radioactivity from Ontario Hydro reactors
are extremely small. To ensure rigorous control, we measure emission rates
rather than emission Impact. Ontario Hydro has adopted a target of
maintaining emissions at IX or less of regulatory limits for each major
nuclide group 1n order to maintain public radiation doses at the lowest
practical level.
During the 26 years of operating experience, Ontario Hydro's performance In
the area of environmental protection has been very good.
(1)

Emissions of radioactivity have been below the annual regulatory
limits at every station for every year of operation, typically,
emissions have been lower than IX of regulatory limits. In the last
6 years, for Instance, emissions have always been less than IX of
regulatory limits at our commercial stations.
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(2)

The frequency, duration, and severity of emissions above thermal
effluent guidelines have been very low. Chemical and oil emissions
have been controlled to low levels. No adverse environmental effects
attributable to any_of these emissions have been detected.

However, 1n Ontario, as 1n other Jurisdictions, environmental protection 1s
an area of continually-growing legislation.
The Spills B U I , 1n Ontario, places the responsibility upon the
owner/operator of the spilled hazardous material to clean up the spill
promptly, providing for claims to be settled after the cleanup. This
requires Ontario Hydro to have trained personnel and procedures available to
handle any spills which result from Its nuclear operations.
Other legislation such as Municipal-Industrial Strategy for Abatement (MISA)
of liquid effluents, which will come Into effect In 1990/91, will require
Ontario Hydro to monitor all possible liquid effluent streams and comply
with discharge guidelines for these effluents. This legislation will
require Increased resources to purchase. Install, and maintain the
additional sampling equipment and to perform the required analyses.
This 1s a trend that Ontario Hydro believes w i n continue 1n the future as
more legislation 1s passed In the area of environmental protection.
Ontario Hydro's performance with regard to radioactive emissions has been
good. However, with the operation of the Tritium Removal Facility (TRF), 1t
Is believed that tritium emissions to the environment can be lowered further
via the reduction 1n tritium content of the heavy water used to moderate and
cool our reactors. It 1s anticipated that with mature operation of the TRF,
an emission reduction of 74% of projected airborne tritium emissions could
be potentially achieved at the Pickering station alone (Figure 4 ) .
Potential A d d Gas Emission Reduction
Ontario Hydro generated 25% of Its 1987 energy production from fossil
units. This equated to 394 Gg of a d d gas emissions. In 1990, the acid gas
emission limit drops from 430 Gg/annum to 280 Gg/annum, 1n 1994 the limit
drops to 215 Gg/annum.
Options to meet these new limits Include
Installation of scrubbers; purchase of more expensive Imported electricity;
Initiatives to reduce electrical demand; burning more expensive low-sulphur
coal, oil or natural gas; and reduce coal use with Increased nuclear
generation.
The Installation and operation of the equivalent of one Darlington unit
reduces Ontario Hydro's acid gas emissions by 70 Gg. We believe the
Installation of nuclear generation to be a low cost option, over the long
term, to protect the environment from a d d gas emissions.
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5.0

RELIABILITY

Reliability of a generating unit refers to Its ability to run continuously
at the full-rated capacity. For Ontario Hydro nuclear units, reliability 1s
Important for two reasons:
(1)

To contribute to the ability of the overall power system to meet
customer demands.

(2)

To minimize the cost of power to the customer by replacing more
expensive fossil-fired generation.

Ontario Hydro measures generating unit reliability on three sets of criteria:
(1)
(2)
(3)

In-service date reliability - timeliness of new generating capacity.
Power system security - a measure of stresses on the power system.
Production reliability - a measure of the ability to produce
electricity.
In this paper, we will focus on production reliability, discussing our
lifetime performance to date and our forecasted capability over the next
20 years.
The production reliability of Ontario Hydro nuclear units has been very
good. At the end of 1987, 6 out of the 10 highest lifetime capacity factors
1n the world belonged to Ontario Hydro units.L^] Table IV shows
Ontario Hydro's ranking among the world's commercial reactors. It should be
noted that another CANOU reactor, Point Lepreau (owned by New Brunswick
Power), ranked number one 1n world lifetime performance with a gross
capacity factor of 87.5%.
Table IV
Lifetime Perfonnance Rankings
of Ontario Hydro Nuclear Units

Lifetime Cross
Capacity Factor 1

Unit
Bruce Unit 1
Bruce Unit 2
Bruce Unit 3
Bruce Unit 4
Bruce Unit 5
Bruce Unit 6
Bruce Unit 7
Pickering Unit
Pickering Unit
Pickering Unit
Pickering Unit
Pickering Unit
Pickering Unit
Pickering Unit
Pickering Unit

1
2
3
4
S
6
7
8

80.4
71.9
86.9
84.7
84.0
86.2
8S.6
61.5
60.8
77.4
82.1
79.6
79.3
87.3
86.8

TOTAL units ranked in the world - 256

Lifetime
Rankinq

21
70
3
9
12

S
6
145
149
39
16
24
26

2
4

Shown 1n Figure 5 1s the average historical capability of Ontario Hydro
commercial nuclear units and a March 1988 forecast of capability over the
next 20-year period. Major reliability trends that affect this forecast are
outlined below.
Equipment Reliability Trends
(1)

Fuel Channels

Fuel channel retubings and maintenance have a major Impact on the forecast.
Ontario Hydro has recently completed the first entire retubing on Unit 1 at
Pickering. The retube program at Pickering Unit 2 1s scheduled to be
completed by mid-1988. Recently, It was announced that Pickering Units 3
and 4 would be retubed starting 1n 1989 and 1991 respectively. The
forecasted period 1n Figure 5 Includes all retubings currently planned up to
the year 2007. It 1s expected that all units will have one retube outage
during their 40-year financial lifetime.
To extend pressure tube life as long as possible, Ontario Hydro has a number
of major fuel channel programs underway which Include:
(a)

Tube Shift - An outage during which all or some of the end fittings
are repositioned on their bearings and fixed at one end to accommodate
Increased axial lengthening, thereby extending the pressure tube
lifetime.

(b)

Repositioning End Fittings and Bearings (REFAB) - An outage during
which pressure tubes are shifted off their bearings at one end and
resupported to provide for axial lengthening, thereby, extending the
pressure tube lifetime.

(c)

Spacer Location and Repositioning (SLAR) - An outage during which
pressure tubes are Inspected for garter spring location and spacing Is
re-established by garter spring repositioning. This prevents pressure
tube and calandria tube contact and potential hydride blister
formation.

(d)

Pressure Tube In-Serv1ce Inspection Program - An owner driven
Inspection program conducted 1n addition to Jur1sd1ct1onal
requirements. Inspections of pressure tubes are conducted to monitor
known or suspected problems and determine the metallurgical state of
the pressure tubes over time.

It Is anticipated, with these rehabilitation programs, that pressure tube
life on our newer units will be approximately 30 years.
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(2)

Steam Generators

Our steam generator performance continues to be excellent. However,
rock-like deposits are continuing to build on the secondary side of the
tubesheet. Such deposits are known to concentrate aggressive Impurities
and, 1n addition, there are Indications of boiler heat transfer
Inefficiencies on some units. Our current and future plan of action 1s to
take remedial measures to remove and subsequently limit the deposit
buildup. If all remedial actions fall, an outage for steam generator
replacement Is a distinct possibility. It 1s estimated that this outage
could be as long as 1 year 1n duration but would be completed concurrent
with retubing where feasible.
(3)

Pipework Integrity

There 1s some Indication, based upon recent experience, that piping problems
may demand a large commitment of resources and affect unit reliability 1n
the future. Within this area, we have Identified three major problem areas:
(a)

Wall thinning due to erosion/corrosion mechanisms.

(b)

Stress cracking of welds.

(c)

At new stations, rigid piping systems necessitated by seismic
requirements are causing flow-Induced vibration and stress
concentrations at wall penetrations.

Examples of pipework problems that Ontario Hydro has experienced to date are:
(a)

Wall thinning due to erosion/corrosion on steam extraction piping and
boiler feedwater piping.

(b)

Cracks 1n moderator outlet lines at shield tank penetrations due to
flow-Induced vibration.

(c)

Primary heat transport feedline cracks at wall penetrations.

Ontario Hydro, over the next 2 years, will be developing a program to:
(1)

Identify and Inspect piping locations which are most likely to be
affected by a given type of failure mechanism.

(2)

Formulate an Inspection and maintenance strategy that will ensure
long-term Integrity of piping.

By the mid-1990s, the long-term Inspection plan will have been Implemented
which will significantly reduce the chances of generic pipe failures,
minimizing the effect on reliability of our units and enhance worker safety.
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(•)

Availability of Spares

The availability of spare parts for maintenance of our units Is essential
for continued operation and long-term reliability. As equipment ages and
becomes outdated and manufacturers go out of business or reduce their QA
programs. It will become more difficult to obtain the necessary spares or
have spares built to the necessary quality. Ontario Hydro 1s developing a
strategy to:
(a)

Cooperate with other utilities to gain Information on potential
nuclear suppliers.

(b)

Oevelop a capability to demonstrate to the regulatory authorities the
suitability of products based upon a combination of the supplier
quality assurance program and additional testing performed by
Ontario Hydro.

(c)

Refine the methods used to Identify suppliers whose products have a
high potential for adversely affecting reliability and concentrate
Ontario Hydro resources to resolve these problem areas.

It 1s anticipated that this strategy will be fully Implemented by the 1990s.
Programs Affecting Wear-Term Reliability
Potential reliability Improvement In the near-term can be obtained through
preventive and rehabilitative maintenance on units shutdown for extended
outages. The Pickering Upgrade program on Units 1 and 2 at Pickering,
recently took advantage of the fuel channel replacement outage to Inspect,
upgrade and rehabilitate many components. We anticipate Improved
reliability performance from these units 1n the future. Similar upgrades
will be performed on Units 3 and 4 at Pickering when they are shut down for
their retube outage.
Other potential reliability Improvements 1n the near-term Include the
enhancement of preventive and predictive maintenance work programs.
Ontario Hydro has developed, since each station was placed 1n service, these
maintenance programs. However, existing stations did not tend to be
retrofitted with the latest techniques and technology.
Preventive maintenance Incorporates an equipment call-up process which
maintains the equipment prior to equipment failure. Predictive maintenance
techniques that are used Include vibration monitoring, lube oil analysis.
Infrared monitoring, noise monitoring, and ultrasonic monitoring.
Ontario Hydro Is committed to these maintenance programs and to Improve on
them. By the mid-1990s, It 1s anticipated that all our units will be
utilizing the latest state-of-the-art techniques and equipment to Improve
our reliability.
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The reliability of our nuclear units can be affected by safety-related
Inspections, for example containment Inspections, which are performed at
pre-determ1ned Intervals during the service life of a unit.
Often, as operating experience 1s gained, additional Inspection requirements
materialize such as the In-service Inspection program for pressure tubes.
With new, and to some extent, different plants coming on stream up to 1992,
we anticipate additional Inspection requirements for those units.
Based upon past trends and experience, we foresee that. In the future.
Inspection requirements will affect the reliability of our units to a
greater extent than presently experienced (both mandatory and discretionary).
This will encourage Ontario Hydro to attempt to Improve our Inspection
techniques. In the future. In order to try to minimize the Impact of these
Increased Inspection requirements on our production reliability.
Long-Term Reliability Programs
The 1990s will see some Ontario Hydro reactors approaching 30 years of
life. Like other power plants, our stations are susceptible to the negative
effects of aging. Thus, equipment performance and plant availability and
reliability are expected to decline during the middle and later years of a
nuclear plant's life. This has also been observed In other nuclear
^ (Figure 6 ) .
The aging of nuclear plants 1s a new territory, mainly because of the lack
of a sufficient operating database. Through proper planning and an
anticipatory approach with a long-term focus, the Impact of aging can be
effectively managed. Additional resources, 1n terms of manpower and
Increased operating budgets, will have to be expended 1n order to minimize
the decline In reliability.
Ontario Hydro 1s 1n the very early
stages of Implementing a Nuclear Plant
Life Assurance (NPLA) program.t10l This program 1s Intended to provide a
systematic procedure for assessing, monitoring, and controlling the
reliability of our nuclear plants over the nominal service life of
40 years. It defines the systems and components that are most critical to
the reliability of the plant. Critical components are basically those that
cannot be economically or easily replaced and which, therefore, could limit
the life of the entire plant If they failed.
An Initial review Indicates that the majority of the critical components can
support a reliable life of 40 years provided an anticipatory approach to
data gathering, monitoring, Inspection, operations, maintenance, design
review, and research and development of these components 1s adopted.
Current plans anticipate that by the mid-1990s Ontario Hydro'will be
Implementing Initiatives to meet the objectives of this program.
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Tools for Reliability Improvements
Ontario Hydro Is currently making major Improvements to the work management
system at each nuclear station. These new Information systems will provide,
electronically, equipment work history on all components at each station.
This equipment history 1s essential for future gains 1n reliability relating
to preventive and predictive maintenance work. A new Work Management
Information system 1s Installed and functioning at the Darlington station
presently. It 1s anticipated that the Pickering station system will be
retrofitted and operational by the end of 1989. The Bruce stations will
have a system Installed by the early 1990s.
Concurrently, with the Information system Installations at the stations, a
central data program 1s being developed In order to solicit and pool the
equipment history Information. With this central program, Ontario Hydro
anticipates further enhancing predictive maintenance efficiency by:
(1)

Comparing station-to-station equipment performance and passing along
operating and maintenance lessons before problems occur.

(2)

Improving the capability to track performance of Nuclear Plant Life
Assurance critical components.

(3)

Providing equipment reliability data to Design divisions to assist 1n
the selection and design of equipment for future nuclear stations.

It 1s anticipated that this central data program will be developed and 1n
use by the early 1990s.
6.0

COST

The cost objective of Ontario Hydro 1s to produce and deliver electricity at
the lowest long-term cost to Ontario customers, while satisfying the other
objectives.
A simple and accurate method of assessing the relative economics of
different generating types, when used primarily for baseload applications,
1s the Total Unit Energy Cost.
T.tal Unit Energy Cost (TDK)
As a measure of the relative economy of our nuclear units within Ontario,
TUEC for the nuclear stations can be compared to the TUEC for coal-fuelled
stations of similar size and vintage.
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Figure 7 displays the actual and forecasted TUEC for Bruce NGS-A and
Nanticoke when used primarily for baseload application 1n Ontario.!113
The cost comparison for 1987 1s estimated to be Bruce NGS-A 27.31 $/MWh,
versus Nanticoke 33.86 $/HWh. The present cost advantage of Bruce NGS-A Is
expected to Increase with time. It 1s Important to note that this
"Inflation-resistant" characteristic of CANOU 1s due to Its very low
fuelling costs.
Recent cost analysis^] for the construction of future nuclear units
support this data. Figure 8 Illustrates the 36% cost advantage of a future
CANOU nuclear generating station compared to a future coal generating
station, based upon USA coal and assuming an 80% annual capacity factor. If
Canadian coal was used, the nuclear cost advantage would rise to over 60%.
This nuclear cost advantage 1s the margin by which the accumulated
discounted cash flow for construction, operation and decommissioning of the
coal-fuelled alternative exceeds that of the nuclear alternative over an
assumed 40-year life. This comparison Is based on all the direct costs.
Including such Items as ongoing capital modifications, the eventual
decommissioning, heavy water costs and Irradiated fuel disposal for the
nuclear option, and a d d gas emission controls for the fossil options. This
comparison also assumes one retubing during the nominal 40-year economic
life.
The time to break even, for a future nuclear station versus a future coal
station. Is 5 years after In-service, assuming an 80% annual capacity
factor, and one rev :b1ng.
*
A sensitivity analysis perrirmed on the number of retubes Indicates that the
36% cost advantage decreases tc 28% If two retubings were to be required
during the 40-year economic life.
It 1s estimated that the construction, engineering, and material costs
(excluding Interest charges) of a new station, based upon the Oarlington
design, would be 1n the order of 5 526 M$ (1988 $) which 1s approximately
10% less than the current projected Darlington NGS-A costs^S] due to
better engineering knowledge at the start of the project and due to the
Increased productivity that would result from a more compact (normal)
construction schedule.
Economics of Nuclear Manoeuvring
Presently, and through the mid-1990s, the nuclear plus hydraulic 'baseload"
generation capability 1n Ontario will frequently exceed the total system
electrical demand.
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Over the next 5 years, the amount of un-utnized baseioad generation 1n
Ontario 1s expected to Increase some ten-fold as new units come Into
service. The amount of nuclear manoeuvring performed annually will Increase
correspondingly. From time to time, during this period, It will be
necessary to shut down nuclear units for short durations (weekends) when the
amount of un-ut1Hzed baseload generation exceeds the manoeuvring
capabilities of the nuclear units.
Ontario Hydro 1s addressing a number of Issues which arise out of the need
to manoeuvre our nuclear units. These Include:
(1)

Long-term Impacts on station equipment and reliability.

(2)

Additional Impacts on plant operation, such as the potential for
Increased manpower requirements, more complex maintenance and outage
planning and Increased operating costs.

(3)

Additional Impacts on Bulk Electrical System operation, such as
Increased complexity of planning system outages and potential negative
effects on system security.

Ontario Hydro presently tracks the following Indicators which address the
Impact of manoeuvring on system reliability:
(1) Reactor or turbine trip frequency.
(2) Forced outage rate.
(3) Total plant Incapability.
We are currently putting the necessary mechanisms 1n place to measure our
manoeuvring performance, address the various operating concerns, and
minimize the effect of manoeuvring on the long-terra reliability of our units.
However, additional cost savings can be passed on to our customers 1f
Ontario Hydro can manoeuvre nuclear units. The dollar benefit Is based on
the cost savings associated with manoeuvering nuclear units rather than
spilling less-expensive hydraulic generation and/or avoiding expensive
fossil costs 1n order to match changing bulk electrical system demands.
Savings 1n the order of 100 M$, over the period 1986-2000, could be realized
based on current load forecasts and estimates of operating costs for this
period of time.
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7.0

SUMMARY

Ontario Hydro believes that nuclear power continues to be an excellent
option for the future. We have confidence 1n the CANOU reactor design and
1n our ability to meet future challenges. In this regard, we will:
(a)

Continue to strive to reduce occupational dose to further ensure
worker safety.

(b)

Remain committed to review, update and Improve upon our emergency
operating procedures and emergency preparedness response capabilities
1n order to assure and maintain the highest level of public safety.

(c)

Meet the challenge of Increased environmental protection legislation
to eliminate or minimize adverse effects on the environment as a
result of the operation of nuclear power plants.

(d)

Ensure that the high reliability of our nuclear units 1s maintained In
spite of aging of our plants, and continue to resolve current and
future engineering challenges such that our past lifetime performance
will be Indicative of our future performance.

(e)

Continue to operate our CANOU reactors to maintain their substantial
cost advantage, and, thus, assist 1n ensuring the future viability of
the nuclear Industry.

8.0
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FIGURE 1 - ONTARIO HYDRO AVERAGE ANNUAL DOSE
PER NET GENERATION 1968 -1987
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FIGURE 3 - PICKERING PREDICTED INTERNAL TRITIUM DOSE
1987 -1997 (TOTAL OF 8 UNITS)
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FIGURE 4 - PICKERING PREDICTED AIRBORNE TRITIUM EMISSIONS
1987 - 1997 (TOTAL OF 8 UNITS)
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FIGURE 5
ONTARIO HYDRO NUCLEAR CAPABILITY FACTOR
1971-2007
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FIGURE 7 - BRUCE NGS- A (NUCLEAR) AND NANTICOKE TGS
(COAL) TOTAL UNIT ENERGY COST 1977 - 2018
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•REFERS TO ELECTRICITY PRODUCTION AT NANTICOKE AND
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PREPARING FOR THE NEXT GENERATION OF
NUCLEAR POWER IN THE D. S.
E. B. Abrams
Duke Power Company
BACKGROUND
The North American Electric Reliability Council
(NERC)
projections of electric demand for the remainder of this
century indicate continued low to moderate growth throughout
the U. S. Projections range from 3.6% in the southwest to 1%
in the slower growing midwest. The plans for meeting this load
growth vary widely between regions of the country and between
individual utility systems. One fact is clear and universal:
Beyond those units already in the pipeline, no utility plans to
meet future load growth with nuclear capacity.
A historical look at plant costs makes this point perfectly
clear (see Figure 1) . No utility has the means to build a
nuclear plant that would continue this trend.
But even with low to moderate projected growth rates,
additional base-load capacity will be needed by most utilities
in the mid to late 1990's and beyond. With the hiatus on
building nuclear plants, there is essentially only one other
option for this capacity, coal fired plants. While coal is at
this time the only viable alternative, increasing concerns of
environmental impact could have a significant effect on the
economics of coal as we move into the next century.
It is vitally important for the economic health of utility
companies and consumers that competing options for base-load
capacity are available. Since the supply crises for oil and
natural gas experienced during the 1970's, coal and nuclear
generation have been seen as the only options. The crises in
cost and confidence in the nuclear industry over the past ten
years has served to remove nuclear generation from the list.
Experience in our economy has shown that it is unwise for any
industry to be totally dependent on a single source of supply.
Not only is cost difficult to control in such a situation, but
assuring a reliable source of supply can be difficult in the
face of labor and political instability.
PREPARATION
The U. S. nuclear industry and the U. S. Department of Energy
(DOE) are sponsoring coordinated activities to help return
nuclear power to a viable, attractive option for electric power
generation. The industry effort is managed by the Electric
Power Research Institute (EPRI). EPRI's Advanced Light Water
Reactor (ALWR) Project was initiated in 1985 with three major
program phases: (1) regulatory stabilization, working with the
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Nuclear Regulatory Commission (NRC) to identify and resolve key
issues related to licensing; (2) the development of a
comprehensive set of requirements applicable to the advanced
light water reactor design; (3) the assessment of small plant
options. This three-pronged effort involves extensive U. S.
utility input and guidance and is incorporating the efforts of
a broad spectrum of industry contractors. The challenging list
of goals include: greater public safety assurance, greater
plant investment protection, improved availability, system
simplification, improved constructability, operability and
maintainability.
In 1986, the U. S. Department of Energy embarked on their ALWR
industry support program, recognizing that the revitalization
of the nuclear option was necessary to ensure a diversified,
secure energy source.
DOE's ALWR program includes four
principal areas:
(1) Design Certification for both boiling
water and pressurized water reactors; (2) mid-size plant(o600
MWe) development; (3) construction schedule and technique
improvements; (4) improved instrumentation and control. All of
the DOE ALWR contracts are cost-shared, with the industry's
share at least fifty percent.
CONCLUSION
A hypothetical implementation of the aforementioned EPRI and
DOE programs is depicted in Figure 2. Now into the third year
of the programs, this figure illustrates that the successful
completion could result in the actual implementation of a
competitive nuclear option in about four years.
Regardless of the degree of success in attaining any or all of
the individual project goals, reestablishing a significant cost
advantage is the principal key' to revitalization of the nuclear
industry.
It is easy to lose sight of this overriding
importance while immersed
in the technical details of
individual projects.
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FIGURE 1

HISTORICAL TREND IN U.S. NUCLEAR PLANTS
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TABLE I - 1987 PEAK DEMAND AND ENERGY
1986 1987
Actual Actual

Actual
Change

1987
Forecast

Actualvs
Forecast

NERC-U.S.
Oi

Summer Peak Demand*
Winter Peak Demand*
Annual Net Energy for Load **

477
423
2,532

496
448
2,644

4.0
6.0
4.4

484
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2,589

2.4
1.0
2.1

47
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357

50
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375

7.0
8.9
5.0

49
68
374

1.8
2.7
0.3

NERC-CANADA
Summer Peak Demand*
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Annual Net Energy for Load **
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** Millions
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FUEL CHANNEL PERFORMANCE
BY
G.L. Brooks and E.G. Price
Atomic Energy of Canada Limited - CANDU Operations
1.0

INTRODUCTION

The overall performance of the CANDU fuel channel has shown
it to be an effective concept to contain the primary source
of heat generation for nuclear generated electricity. The
severe conditions of operation have been met with material
and design solutions that give considerable confidence that
the concept is capable of further development for higher
unit power rating. Such improved channel designs will
retain the competitive margins CANDU reactors enjoy over
generation by fossil fuel and other reactor designs, whose
performance has been improving in recent years.
Fuel channel performance, in particular pressure tube
performance, has received considerable attention because of
two unstable failures and material deterioration in the
first two commercial CANDU reactors which required
replacement of their pressure tubes. This has resulted in
renewed attention being directed towards pressure tube
behaviour and has led to the development of a comprehensive
surveillance program together with a reinforced emphasis on
research and development to understand all facets of
pressure tube behaviour. The information generated in those
programs will form the basis for design concepts that
include higher power rating, improved performance and easier
replacement.
Long-term engineering experience has shown that designs of
machines generally evolve in a series of steps that increase
performance by increasing efficiency or power output. An
emphasis on research and development ensures that such
increased performance will be achieved. An excellent
parallel to fuel channels is the performance of blades in
gas turbines. As Figure 1 shows, the improvement in the
capability of materials to resist higher and higher
temperatures is almost linear with time( 1 ). Translated into
life, turbine blades would have gone from a life of a few
hours to 10 s hours in the last four and a half decades had
the same operating conditions prevailed. There is every
reason to have confidence that a similar situation will
prevail in the case of fuel channels, although the time span
over which feedback from operation on the performance of
technical improvements is measured in years rather than months.
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In this paper the performance of fuel channels is examined
from the viewpoint of design evolution, life determining
features,'specific design problems and future development
directions.
2.0

DEFINITION OF A FUEL CHANNEL

A simplified illustration of a typical CANDU fuel channel is
shown in Figure 2. The fuel channels are installed
horizontally in a low pressure calandria tank filled with
cool heavy water- The channel has four main components: the
pressure tube; the calandria tube; the end fittings; and the
annulus spacers. Pressure tubes contain fuel and withstand
loads imposed by the high temperature, pressurized heavy
water coolant and the weight of the fuel. Calandria tubes
are connected to the calandria tube sheets by rolled joints.
They isolate the pressure tubes from the cool moderator and
provide sag support to the pressure tubes. The calandria
tubes are considered a part of the calandria structure as
well as part of the fuel channels since they provide axial
structural support to the end shields. Spacers separate the
pressure tubes from the calandria tubes and accommodate
their differential axial movement and diametral expansion.
The end fittings provide the sealing features necessary for
on-power fuelling and provide a suitable transition between
the zirconium alloy pressure tubes and the carbon steel
feeder piping of the out-reactor coolant circuit. The
internals of the end fittings comprise shield plugs and
closure plugs while externally they are supported on sliding
bearings to accommodate axial movement.
3.0

EVOLUTION OF FUEL CHANNEL DESIGN

The CANDU fuel channel design, initially conceived and
applied to the Rolphton Nuclear Power Demonstration Reactor
(NPD), was the result of four basic reactor design decisions
and the consequences of those decisions. The basic
decisions were:
the use of natural uranium fuel
the use of heavy water at high temperature and high
pressure to remove heat from the fuel
containment of the fuel and heavy water coolant by
pressure tubes
the use of low temperature, low pressure heavy water as
moderator
The consequences that arose from these four decisions were:
the fuel would need to be removed relatively frequently,
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on power, to achieve optimum burn up and efficiency.
the components of the core would need to have a low
neutron capture cross section. The timely development
of zirconium alloys satisfied that and other in-core
service requirements better than alternative materials.
However, as zirconium alloys are expensive, it was not
practical to use them in the out-reactor circuit.
hot components carrying the fuel would need to be
thermally isolated from the low temperature moderator.
fuel channels were components likely requiring
maintenance and thus all designs would necessarily make
provision for replacement.
In the derived designs, the need to make and break high
temperature, high pressure connections at power for
refuelling and the decision to use carbon steel piping in
the out-reactor circuit were satisfied with an intermediate
fitting between the pressure tubes in the core and the
carbon steel piping. This fitting was designed as a
suitable component to carry the connection for on-power
fuelling and associated fuelling machine loads, the
connection to the carbon steel feeders and the loads
involved in fabricating a rolled joint with the pressure
tube.
Some design decisions were optimized among available
alternatives. For example, a bolted seal ring connection
was favoured for the feeder connection but the use of a
welded connection was feasible.
The evolution of the fuel channel design is illustrated by
Figure 3 which shows the essential features of the NPD,
Douglas Point, Pickering, and Bruce designs. The genealogy
of the designs is also outlined in Figure 4 ( 2 ) .
The evolutionary changes in detail have been as follows:
Pressure Tube:
Originally, Zircaloy-2 was chosen in a
cold-worked (c.w.) condition to provide additional
strengthening over the annealed condition. A change to
Zr-2.5% Nb was made for the Pickering Unit 3 and 4 reactors
to take advantage of the greater strength of Zr-2.5% Nb to
reduce wall thickness and improve neutron economy.
Zircaloy-2 has subsequently shown poor long-term corrosion
and hydriding resistance in reducing heat transport
chemistries in comparison to the superior performance of
Zr-2.5% Nb.
An 82 mm diameter tube was used for NPD and Douglas Point
but from Pickering A onwards a diameter of 103 mm has been
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specified. The wall thickness has remained close to 4 mm
for Zr-2.5% Nb tubes.
The in-core length of pressure tubes has increased from
4.0 m in NPD to 6.0 m in current power reactors.
Annulus Spacers:
The spacer material was Inconel X750 in
NPD and the spacer was fitted snugly around the pressure
tube. One spacer was used. In Douglas Point and most of
the current reactors, a zirconium alloy spacer was used for
neutron economy. This zirconium spacer design is relatively
loose and was subsequently found to move from its design
position when subjected to the vibrations during channel
installation and during reactor commissioning. Operating
loads soon cause the spacer to be held in place between the
pressure tube and the calandria tube and it will no longer
move. Two spacers per channel were used initially until
neutron flux enhanced sag was more fully understood and four
were specified thereafter. The use of snug Inconel X750
spacers was resumed in reactors from Bruce Unit 8 onwards to
eliminate spacer movement difficulties.
Calandria Tube:
NPD used aluminum calandria tubes but
Zircaloy-2 has been used for all subsequent reactors because
of improved strength and neutron economy. Zircaloy-2
calandria tubes have a wall thickness of 1.39 mm, and a
diameter based on the pressure tube diameter, except for
Pickering A which used a 1.6 mm wall thickness. The choice
of Zircaloy-2 for calandria tubes combined with the chosen
manufacturing route has been continued because the material
has exhibited a low growth behaviour and its ductility is
not sensitive to neutron flux over the long term.
End Fit-tings:
End fitting material has remained a
martensitic stainless steel from NPD onwards, although the
method of fabrication has varied from casting to extrusion
to forging. A hybrid end fitting incorporating Inconel at
the inboard end was produced for the KANUPP reactor and
represents the only departure from AISI 403 type stainless
steel.
The design of the end fitting has changed significantly and
can be divided into those of the NPD-Bruce type which use a
twist-type closure and the Douglas Point-Pickering type
which use an expanding jaw-type closure. The two types also
differ in the way the fuel is supported against the flow,
using a latch in the Bruce type (with 13 bundles) and the
shield plug in Pickering (12 bundles). The Pickering fuel
channel is fuelled at the coolant inlet end but in the Bruce
type it is fuelled at the coolant outlet end. These
differences are summarized in Table I and result from basic
differences in the two types of fuelling systems. The
reasons for the two fuelling systems are historical. Both
have proven highly successful.
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Despite evolutionary changes, all CANDU fuel channels are
basically similar in design from NPD to current designs.
4.0

CHANGE MECHANISMS

The life of a fuel channel can be considered to have two
limits; a life determined by the condition of the pressure
tube and a life determined by other components, in
particular the calandria tube. The calandria tube
performance and the end fitting performance have to date
been excellent and are unlikely to impact on fuel channel
life until the design life of the pressure tube is exceeded.
Thus it is the pressure tube life that is the controlling
limit.
Pressure tubes, from the outset of the CANDU program, have
been considered to have a finite life and for this reason
the fuel channel designs have incorporated features enabling
them to be replaced. The in-reactor conditions of high
temperature, high stress and fast neutron flux were all
expected to affect the pressure tube material, and have
proven to be difficult to fully simulate in the laboratory
or in prototype reactors. Consequently, a surveillance
program has been implemented to track tube condition
throughout service life and provide guidance in estimating
future conditions at any point in time.
The three principal factors having the potential to affect
performance or life of a pressure tube are:
changes in dimensions
changes in properties
changes in composition
When a pressure tube operates outside its optimum design
envelope, then changes in serviceability can also occur as
discussed later.
Dimensional change:
Under irradiation, pressure tubes
elongate axially, expand in diameter and sag by a factor of
5 to 10 times greater than testing out-reactor would have
predicted. The rate of deformation is linearly related to
fast neutron flux. The dimensional changes establish a
definite channel life since there are practical limits in
design accommodation. In flux, the pressure tube creeps
with the characteristics of a superplastic material, (i.e.
the material exhibits very high ductility with no tendency
to localized necking). The limits of expansion in diameter
are established by coolant flow considerations. The
elongation of channels can be accommodated to the limit of
bearing travel allowed in the design. The bearing travel
was not sufficiently long in early reactors, thus
establishing definite channel rehabilitation dates.
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Operational fixes to lengthen pressure tube life by
supporting the channels in an off-bearing mode may
eventually be employed in some of the early reactors.
The pressure tubes sag to form a catenary. The limits in
sag are determined by interference with other in-core
devices or by contact of the pressure tube with the
calandria tube between spacers. Sag is unlikely to limit
fuel passage within the expected life of the channels.
While dimensional changes ultimately limit pressure tube
life, continuing progress in design and material
developments are extending the limits. Material solutions
are being sought to reduce diametral creep and axial
elongation. Design solutions accommodate axial elongation
and sag. However the linear relationship of fluence to
deformation means that development must continue to achieve
long life with higher power channels.
Property Change:
Metal properties change due to the
accumulation of neutron damage. For example, zirconium
alloys exhibit the increase in strength commonly seen with
irradiated alloys. The yield strength in early life
increases at a greater rate than the ultimate tensile
strength. The ductility and toughness decrease during early
life followed by a rate of decrease that is either zero or a
low value over the balance of life. Toughness governs the
length of a crack in the pressure tube which will remain
stable for leak-before-break under operating conditions.
The change in properties observed to date remains acceptable
for cold worked Zr 2.5% Nb.
Toughness in zirconium alloys is also influenced by the
presence of precipitated hydrides in an orientation other
than that parallel to the major stress direction. In the
absence of hydrides oriented in the undesired direction, the
data show that the toughness remains at an acceptable
level.
Composition Change: The change from metal to oxide as a
result of corrosion and the associated metal hydride
formation have the potential to cause serious deterioration
of pressure tube properties. The increase in concentration
of hydride, because of its potential influence on toughness
and defect initiation, is monitored carefully. In-situ
sampling techniques have recently been developed and are now
increasing the data base formerly restricted to analyses of
tubes removed from reactor. The interpretation of results
to date indicates that hydrogen concentrations are remaining
relatively constant with time and temperature of operation
except under specific annulus gas conditions in some
reactors.
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5.0

REVIEW OF FUEL CHANNEL PROBLEMS AND SOLUTIONS

While CANDU fuel channels have operated effectively a number
of problems have arisen which have necessitated effort to
resolve by modifications or replacement. Most of these
difficulties can be considered to be due to operation
outside the optimum design envelope due to design
shortcomings, assembly errors or fabrication flaws. The
following is a summary of these problems and their
resolution.
Operation has resulted in three classes of pressure tube
cracking. Significantly, these have all been associated
with hydrogen-based cracking modes. Firstly, incorrectly
rolled joints in Pickering Units 3 and 4 led to cracking
near the rolled joint in some tubes. In 1974/75, 69
channels were replaced of which 17 were leaking. The
solution to this problem was to stress relieve joints
already fabricated at the Bruce A reactors and to develop a
low stress rolled joint for reactors under canstruction.
However, three tubes at Bruce subsequently failed because
cracking had started before the stress relief was done. The
in-service stress relaxation was sufficient to prevent
extensive further crack initiation at Pickering and
subsequent to 1975 only one additional tube has developed a
leak (in Pickering 3).
The second class involved the failure of the pressure tube
in Pickering Unit 2. In this instance more than one factor
was involved in producing unstable rupture. Firstly one of
the two spacers had moved out of position allowing the long
pressure tube span to sag and touch the cool calandria tube.
Secondly, the Zircaloy-2 pressure tube had suffered
excessive hydriding and had built up a high hydrogen content
near the outlet end. The thermal gradients in the pressure
tube produced by contact caused the hydrogen to migrate to
the contact points and form dense solid hydride accretions
or blisters. Thirdly, the blisters cracked and after the
blisters had grown to a threshold size the cracks propagated
axially and grew to an unstable length.
Radial hydrogen
gradients in the tube prevented the crack penetrating to the
inside of the wall and leaking before the unstable length
was reached.
The use of Zircaloy-2 pressure tube material was confined to
the NPD and Douglas Point prototypes and Pickering 'A' units
1 and 2. The prototype reactors have been shutdown after
fulfilling their purpose. Pickering 'A' units 1 and 2 have
been retubed with Zr-2.5% Nb.
The third class involved two pressure tubes in the Bruce
Unit 2 reactor which had defects in them which had escaped
detection during manufacture. Two have leaked and one
failed unstably when pressurized cold after shutdown.
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Improved process control and inspection procedures will
eliminate these defects in pressure tubes in newer reactors
and limited in-reactor inspection should detect any
operating pressure tubes containing such defects.
A number of reactors have the relatively loose zirconium
alloy spacer design which inspection evidence confirms that
movement has occurred during assembly and commissioning
conditions. Such displacement of the spacers increases span
length and allows pressure tubes to touch the calandria
tubes prematurely. Contact of the pressure tubes with the
calandria tubes is not a serious concern until hydrogen
builds up in the
tubes beyond a threshold value. This
will not occur until the latter half of the design life.
The prudent move will therefore be to reposition the spacers
during the first half of the design life. An inspection and
correction system, (Spacer Location And Repositioning
(SLAR)) has been developed to correct this situation.
However when only two spacers are present in a channel the
flux enhanced sag in 6m long channels will allow some
pressure tubes to contact calandria tubes before the end of
design life. Relocating spacers is of limited benefit in
these reactors. Reactors with only two spacers will
eventually be retubed with four spacers installed.
The Pickering A and early Bruce A units allow the channels
an elongation allowance on their bearings less than they
would experience in 30 years. When the bearing travel is
used up the channels could be supported at one end outside
the normal bearings, allowing continued operation. However
since these reactors are also the ones containing only two
spacers, so that pressure tube to calandria tube contact
cannot be avoided, the solution will be to retube the
reactors incorporating greater elongation allowance.
Surveillance tests on tubes from the Pickering Unit 3 and 4
reactors have indicated that some tubes have picked up
hydrogen near the outlet end faster than expected. The
circumstantial evidence favours ingress from the annulus due
to loss of oxide protectiveness in the nitrogen annulus gas
as the mechanism. Carbon dioxide is now used in all other
units and is expected to prevent loss of oxide
impermeability. Increased oxygen concentration in the
carbon dioxide has now been recommended to further ensure
oxide impermeability.
The foregoing design problems and their rectification for
existing and subsequent reactors are summarized in
Table II.
6.0

FUEL CHANNEL RELIABILITY

Although problems have occurred with fuel channels, the
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essential flexibility and capability of the design has
enabled CANDU reactors to achieve excellent performance
records. CANDU reactors occupy seven of the top ten
positions for lifetime capacity factors(3). Pressure tubes,
as the components seeing the most severe service, might be
expected to contribute significantly to the incapability
factor which describes the percentage of down time
attributed to major components. As seen in Table III, the
incapability factor related to fuel channels in Pickering A
units to the end of 1987, even with two Pickering A units
down a total of 8 unit-years for pressure tube replacement,
amounts to 17.6%. For Bruce A the figure is 4.2% while no
incapability due to pressure tubes has been registered for
Pickering B and Bruce B(u). The operational Man-Rem per MW
for CANDU reactors during the replacement operation did not
vary from its historically low trend line during the
retubing period due to careful radiation exposure management
by Ontario Hydro.
A recent survey (s) by United Kingdom Atomic Energy
Authority of the reliability of pressure tube reactors
throughout the world indicates a failure rate for pressure
tube rupture between 2 x 10"s and 5 x 10"6 per full power
year. This is derived from four failures of pressure tubes
in 205,818 effective full power pressure tube years (EFPPTY)
of which USSR reactors contributed 136,045 EFPPTY and the
western world {mostly CANDUS) 69,773 EFPPTY.
These reliabilities compare well with those of technically
advanced equipment in general. But it should be noted that
the two CANDU failures were both in early units, and
significant design improvements have occurred since their
construction.
7.0

REPLACEMENT PERFORMANCE

Fuel channels have been replaced in two prototype reactors
(NPD and Douglas Point) and in six Ontario Hydro Power
reactors. In most cases this involved replacement of
pressure tubes, end fittings, and spacers. Replacement has
been for reasons of cracking, surveillance, and in the case
of Pickering Units 1 and 2, the removal of the deteriorating
Zircaloy-2 tubes. Thus extensive experience has been gained
in single fuel channel replacement (SFCR) and in large-scale
fuel channel replacement (LSFCR).
Histograms displaying man-rem expenditures and duration of
replacement operation per channel as shown in Figures 5(a)
and 5(b) illustrate the experience(6). Relatively high
man-rem expenditures were experienced in channel changes at
NPD and when two power reactor channels failed unstably.
The power reactor failures caused fuel failure and fuel
elements to be trapped between the faces of the opening
cracks, complicating clean up and removal operations.
However the man-rem expenditure associated with the failures
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at Pickering Unit 2 (G16channel) and Bruce Unit 2 (N06channel)
was still at an acceptable level. The early pressure tube
replacements due to rolled joint pressure tube cracking in
Pickering Units 3 and 4 in 1974/75 consumed a moderately
high man-rem exposure due to the novelty of the operation
and the learning required to optimize procedures. Recent
experience has been on reactors with relatively high fields
at the reactor face and average 6.5 days duration per
channel replacement and 19 man-rem per channel replacement.
On newer reactors a trained crew can be expected to replace
a pressure tube with a man-rem expenditure that should not
exceed 10 man-rem in 5 days duration.
By contrast, the LSFCR operations at Pickering Units 1 and 2
were carried out with an average expenditure of 0.7 man-rem
per channel and an average time of 2 days per channel.
Three calandria tubes have been replaced in power reactors
(Pickering 2 and Bruce 2) using on average 32 man-rem per
channel and an average replacement time of 6 days.
8.0

FUTURE DIRECTION

The changes that occur in pressure tubes are now reasonably
well understood and comprehensive compensating features will
be incorporated into future fuel channel designs. Fuel
channel design activity at AECL is progressing under four
distinct programs:
-

the
the
the
the

CANDU Model 3 program
Advanced CANDU Model 6 program
Advanced CANDU project
CANDU Owners Group (COG) Fuel Channel Program.

The CANDU Model 3 fuel channel program, which is currently
moving into a detailed design phase, will provide a channel
design which will produce higher power per channel than the
operating CANDU Model 6 units. The higher power proposed
will result in greater deformation of the pressure tubes and
since the current terms of reference call for the use of
conventional components, deformation limits will be reached
at shorter times than in current reactors. Nevertheless
the target fuel channel life is 25 years. Since the
intended plant life is 40 years (or greater) this will be
offset by the capability to change the channels quickly.
This replaceability is facilitated by single-ended fuelling
and a resulting design that makes the calandria tube and the
pressure tube into a single shop assembled unit which can be
removed and installed as a unit into the lattice position
(Figure 6 ) .
The Advanced CANDU Model 6, for construction in the middle
1990's, will incorporate the features of the CANDU 3 channel
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plus further material and design improvements available at
that time.
The Advanced CANDU Project provides a focus for the
development of innovative channel designs that address the
competitive needs of CANDU past the year 2000. In this
program, channel designs with particular advantages at high
power ratings are being developed.
The COG Fuel Channel Design Program is developing design
modifications that can be applied to existing channels that
facilitate maintenance and replacement or extend life of
pressure tubes.
Each of the above programs are building on the demonstration
of a successful concept to ensure that CANDU continues to
offer current and potential customers reliable and low cost
power.

9.0

CONCLUSION AND SUMMARY

The CANDU fuel channel design, through progressive
improvement of a sound basic concept, has demonstrated
reliability and effectiveness. Development of design
modifications to increase power output are driven by market
forces but are backed by comprehensive design and research
programs that are expected to increase further the
performance of the CANDU reactor.
10.0
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Table I

Pickering Type

Bruce Type

Fuel Insertion

Inlet End

Outlet End

Fuel Separation

In Fuelling
Machine

In Fuel Channel

No. of Fuel Bundles

12

13

Fuel Support Against Shield Plug
Flow

Latch in End Fitting

Closure

Expanding Jaws

Fuel Channel Bore

Same throughout Larger Bore Diameter
in end fitting
(carrier tube
fuelling)
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Rotary Motion

Table II
Problems Experienced and Rectification
PROBLEM

RECTIFICATION

1. Zircaloy-2 excessive
corrosion
and hydriding

Change to c.w. Zr-2.5%
Nb.

2. Relatively loose
Zr-2.5% Nb - 0.5 Cu
spacers (displacement
by vibration)

a) change to Inconel
"snug" spacers in
new reactors.
b) spacer relocation
techniques developed
(SLAR).

3. Two spacers. Contact not
prevented in 30 years

Four snug spacers prevent
contact for 60 years.

4. Bearing travel suitable
for 15-year service
only.

a) Bearing length and
feeder arrangement
modified to meet
30-40 yr. service.
b) Possible channel
bearing relocation
off bearing supports
at one end of
channel. (REFAB)
Low stress joint
developed (stress
relief on some joints)

5. High residual stress
rolled joints
a) Open annulus.
Activation of
A»t. {NPD, Douglas
Point).

a) Closed annulus
sealed with
Inconei bellows.
N 2 or CO2 gas.

b) Nitrogen Annulus
Gas - production
of Clfc. (Pickering A)

b) Use of C 0 2 only

c) Nitrogen Annulus
Gas - low
oxidizing potential.
Pickering A

c) Increased O 2
concentration.

High growth rate of c.w.
Zr-2.5%Nb

7. Modification of
fabrication practice.
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Table III
Station Incapability Due to Pressure Tubes (%)
Pickering
NGS A

Pickering
NGSB

Bruce
NGS-A

Bruce
NGS-B

-

-

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

14.2
53.7
54.3
53.6
52.0

0.0
0.0
0.0
0.0
0.0

0.5
17.0
14.0

0.0
0.0
0.0
0.0

Lifetime

17.6

0.0

4.2

0.0

0.1
0.0
0.3

10.5
21.3
10.0
2.3
0.1
1.1

1.4
0.4
0.7

—

-
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0.0
0.0
0.0

1.2
0.0
6.5
3.0
0.0
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FLOW THROUGH
SHIELD PLUG

NUCLEAR ENERGY
IN
THE REPUBLIC OF KOREA
TOWARD
THE 21ST CENTURY

Bong-Soo Hahn
President
fCoren Electnc Power Corponiuon

this result should be attributed to the devotion of our
staffs engaged in operation and maintenance.

[c is my great pleasure and honor to be with you
ac this Annual Conference of die Canadian Nuclear
Association which is one of the most important events
in the international nuclear scene, and to speak about
the Korean nuclear energy program.

In particular. Wolsong Nuclear Unit 1. a CANDU
unit, showed the excellent capacity factor of 92.9%.
After the early technical problems such as excessive
moisture carryover from steam generators and incidents
of heavy water leakage were resoived by the joint
efforts of Koreans and Canadians, the performance of
the unit has been improved to be one of the best
in the world.
I would like to express my sincere
thanks to the Canadians who has been involved in
the Wolsong project.

Since 'he "Atom for Peace" was first proclaimed by
the late Mr. D. Eisenhower, former President of the
U.S.A. there has been wonderful progress in utilizing
nuclear energy.
In particular, Korea has emerged
into the nuclear age only in three decades from the
age of firewood.
Last year, 1987, had a very special
meaning in che Korean electricity business. It was
the centennial to celebrate the first electric lighting in
the Land of Morning Calm.
And it was the
decennial to transmit the first nuclear electricity from
Kori Nuclear Unit 1. In addition, cumulative
nuclear generation of 100 billion KWH was achieved
in July.

Now. I would like to review the present and future
circumstances surrounding the
Korean
electricity
business.
Dunne the last two decades. Korean economy has
made very fast growth. The GNP per capita in
1987 was around 3.000 L'.S. dollars, which is 30
times higher than that ot the early 1960s. Our
international trade has grown up to the 90 billion
dollars from two billion doilors of the late 1960s.
Also, the first surplus in international trade was
achieved in modern history of Korea.
Therefore,
there is heavy international pressure to reevaiuate our
currency "Won" upwards and to open the local market
to the maximum extent.
And it is comfortably
forecasted that stable economic growth at 6 to 1%
per annum will be continued during the coming years.

The Korean nuclear energy program was initiated
in the wake of oil crises in the 1970s.
Korean
economic

nuclear
and

community
reliable

is

proud

electricity

national economic development

to

Now, the
of

supplying

support

and to provide

the
the

industry with competitiveness in international market.
The number of operating nuclear units is seven as
of today, achieving total capacity of 5.716 MWe.
Two units at Ulchin site are at the stage of startup
and will be in commercial operation in a near future.
Yonegwane Nuclear Units 3 and 4, formerly known
as Korean Nuclear Units LI and 12. are under a
design stage, whose commercial operation will be in
1995 and 1996, respectively.

The primary energy consumption increased very
rapidly until the early 1980s along with the miraculous
economic development.
But. due to efforts of eneray
conservation Jnd introduction of technology-intensive,
energy-saving industries, the future growth rate of
primary energy demand will oniy be J.S^c per year.
Therefore, -ne total energy demand is forecasted to
be 122 miilion TOE in -001. which aimost doubles

In 1987, Korean nuclear units have recorded a
remarkably high capacity factor of 79.9%. thereby
sustaining the capacity factor of 70% or over for four
consecutive years. This figure is far above the world
average.
Considering the short operating period of
10 physical years amounting about 30 reactor-years.
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the present value.
As you may be aware of,
Korea has no energy resources except small reserves
of low-quality anthracite and hydro potential.
It is
inevitable to heaviiy rely oa che import of foreign
energy resources.
Imported energy contributes 66.5%
of the total demand at present and will share 73%
in 2001.
Because of the relative convenience and high
efficiency in usage, the electricity demand grew up
very rapidly in che past decade to substitute other
energy forms.
We expect chis trend will be
continued.
At an annual growth rate of 7.2%. the
demand of electricity is forecasted to reach 156TWH
in 2001. The portion of primary energy used for
power generation will increase from 25.S% in 1986
to 34.5% in 200X.
In terms of energy resources, oilfired plants produced S9% of total electricity in 1977.

all our energy problems.
However, it is an essential
part of an energy security strategy nationally for
Korea and internationally for the world as a whole.
Not all countries will prefer to take a nuclear
option if they have other resources or if other
strategies are available to them.
But some countries
including Korea and other developing countries are
import-dependent in nearly all forms of energy.
These countries will rightly pursue to receive the
benefits from the diversities of fuel and open trade
of energy commodities.
They are prudent to
develop nuciear power in the electricity sector as
actively as possible, since chis is effectively an
indigenous fuel resource.
Typical countries who fall
into 'his category are France, Japan, and Korea.
I would note also that even countries well-endowed
with energy resources such as Canada do not wish
to neglect the merits of nuciear option.

But the share of oil is less than 10% at present,
and will be maintained at chis level even in che 21st
century.
This decrease or less dependency on oil is
attributed to the development of nuclear energy and
utilization of imported bituminous coal.
If ail
nuclear capacity of 5.716 MWe was not available, we
would have imported about 200 thousand barrels of
oil a day. equivalent to about one-thirds of the daily
consumption.

Korea is particularly concerned with energy security.
There are three main aspects in che national strategy
for energy security, I can think of.
The first aspect is constant readiness to cope with
an emergency in energy supply.
The early response
measures have to be in place and ready to operate.
should there be a distortion of normal supply of
energy.
Fossil-fired piants are very sensitive to the
energy crisis.
But. nuclear units are not because of
their particular fuel characteristics, thus making the
option
very powerful
in dealing with energy
emergency.

During the last three years, the lower price of oil
brought significant benefits to the Korean economy.
But we know that there are risks even with the
lower price.
Even though the supply of oil is more
diversified now. it is still concentrated in the Middle
East.
The Middle East remains an area where
political conflicts imply risks for economic activity of
the world.
This means that oil supply and its price
remain vulnerable to drastic changes.
Some experts
may argue that the recent price evolution has simply
been the normal kind of volatility which is expected
to continue for the time being.
Nevertheless, the
countries with no domestic resources are fully exposed
co che power of oil-exporting ones, whose influence
will be more strong in the next 10 or 20 years.
Also.
the
socio-economic
environment
and
international politics are ever changing to create
uncertainties.
Thus it is necessary to establish
measures to deal with changes and uncertainties.
Because of this uncertainty, the electric industry must
take risks in decisions.
But the energy stratezy
cannot be one-dimensional.
We cannot say "we
should do this, and then we should have done
enough." We cannot say simply that "energy will be
secured only if X percent of electricity comes from
such and such a fuel source." We are not
astrologers who foretell the next "crisis." In this
context, safely-managed nuclear power is a very
attractive option.
But it is not the sole solution to

The second aspect is che continued promotion of
structural changes through diversification of resources
and
improvements
in
energy
efficiency.
The
government
and
industry
have
to
promote
technological development of energy conservation, and.
more importantly, must keep all energy options alive.
This latter point is especially important in the
electncity sector.
We know that biased preference of
a certain energy option would increase the cost of
achieving energy security.
Therefore, chere should
be optimal mix of fuel in electricity generation bestsuited for our particular situation.
In this context.
several coal-Gred units are under construction to begin
operation in the mid-1990s, while the self-standing
nuclear cechnology is persistencly developed.
The last but not least vitai aspect of energy
security is the flexibility or competition in energy
sources.
Competition between different forms of
energy enlarges the range or energy selection, and
contributes to energy security by increasing flexibility
in
energy
supply.
The
progress
in
enercy
competition is indispensable to heaichy development of
future energy industries.
There are a great number
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self-standing nuclear technology.
Therefore, we have
arranged the scheme for full transfer of foreign
technology to Korean counterparts through the project
of Yonggwang L'nits 3 and 4. aiming at the
localization ratios or up to 79% in design and 72%
in equipment and material.
However, the construction of .Yonggwang Nuclear
Units 3 and 4 has been the subject of some criticism
over the suspicion on reactor safety in the wake of
the Chernobyl accident.
It was also alleged that
economic merits of nuclear power over other enerev
resources have disappeared due to lowered prices of
fossil fuels.
In spite of these criticisms, however, we
are determined to pursue nuclear eneray because we
do not want to heavily rely on energy import.
Nuclear energy, in fact, is an indigenous resource
once reactor technology and proper fuel cycle are
arranged and established.

of energy technologies especially in nuclear option,
which hold an immediate promise.
We want to
actively participate in the development and disseminate
these technologies.
One example or' our efforts is the standardization
project which incorporates new concepts of advanced
thermal reactors. We also intend to actively
cooperate in search of new technologies which offer
great promise for more distant horizons, such as
economically feasible breeder and other new concepts
of reactor or even fusion power.
We must not
ignore these distant horizons by having our minds set
only for our present-day issues.
Based upon the previous observation and argument.
Korean nuclear vision for the 21st century can be
drawn as follows:
Firstly, the nuclear energy will be a major energy
resource.
Secondly, the nuclear fuel cycle will provide
uninterrupted fuel supply and radioactive
wastes will be managed in safe and reliable
manner.
Thirdly, substantial betterment of economics and
safety of nuclear energy will be achieved
through systematic innovation of technology.

The first step in our nuclear strategy toward the
21st century is to standardize the nuclear power
plants. This will. I believe, reduce the construction
cost as well as time and improve the overall quality
of the plants.
Once the standardizatioi program is
complete, the next step will be technology selfreliance.
We hope the self-reliance of technology will
be accomplished by the end of this century.
The thermal reactor technology is projected ra
occupy the majority of world nuclear capacity even
in the first quarter of 2000s.
Therefore, major
reactor suppliers in the world concentrate on
improving the thermal reactor technology.
Our
standardization program follows this trend and will
incorporate major improvements from these efforts.
In order to diversify the nuclear option, the
technology of CANDU reactor, as a supplement to
PWR technology, is included in the standardization
program.
But standardization, in a sense, may be
considered freezing of existing technology at a point
of time.
If there are no sufficient momentum for
new units to meet the electricity demand, there exists
a risk that newiy-ordered units may be out of date
in technological term when they are in service.
Therefore, we have to make a good balance between
continuation of standardized units and the growth of
electricity demand.

The Korean nuclear industry will pursue its
activities within the context of these frameworks to
be among the leading ones in the world, enjoying
safe, reliable and economic nuclear energy.
At present, there are two types or power reactors.
PWR and CANDU in Korea.
Wolsong L'nit 1 is
a CANDU from AECL of your country.
Others are
PWRs or Westinghouse. Combustion Engineering of
the U.S.A. and Framatome of France.
We recognize that the difference of reactor types
and suppliers have caused many difficulties in
licensing.
operation.
localization,
and manpower
buildup.
Although we somehow achieved rather
satisfactory accummulation of nuclear technology, it is
right co acknowledge that we had to struggle along
to secure the skilled manpower and achieve technical
self-reliance in the ensuing process.
The first three units, including Wolsong, had to be
constructed under the bases of turnkey contracts,
because of the very limited domestic capability.
Next
six units were constructed via component approaches
or
non-rumkey
contracts
to
encourage
local
participation and to build nuclear capability as much
as possible.
Localization ratios, the indicators of
domestic participation, are 46% in design engineering
and 40% in material and equipment manufacturing at
Ulchin project.
Even though the local capability
has been buiit UD to this level, it fell short of having

In parallel with the standardization program, we try
to bstter the performance of operating units in ail
areas of operation anr1 maintenance as well as reactor
safety.
A few bat good examples of these efforts
are refurbishment of 10 year-old Kon Unic 1 and
adoption of extended refuelling cycle tor PWRs.
Some experts predict that economically compatible
fast breeder technology may not be avaiiabie tor some
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time even in the 2000s. Thus, some advanced
countries are either reducing or delaying their breeder
programs.
They say that most important cask to
vitalize the breeder technology is the rationalization or
cost and safety criteria.
Other external reasons of
slowdown include the hope chat the life-time of che
the present thermal reactors will be extended without
difficulties, che reliability and economics of LWRs are
steadily improvtns, and that there are abundant stocks
of inexpensive uranium for the time being.
Therefore, we believe that this is the best time for
a developing country to have an access to this high
technoiosy with relatively limited manpower and
financial burdens.
We will monitor the progress of
development and intend to participate in international
joint programs within our own capacity.

option becomes economically feasible or directly
disposed when appropriate disposal methodologies
become available.
The present capacity of storage
pools in power plants will be expanded to
accommodate spent tueis until the interim storage
facility becomes in operation.
Because fuel bundles
of Wolsong Unit 1 have special shape and
characteristics, we carefully trace the Canadian
progress to deal with che irradiated fuels.
The self-reliance on nuclear fuel cycle means
uninterrupted fuel supply to reactors whenever we
need. This supply can be assured only when we do
have large uranium stocks in our backyard, or
alternatively when che recycled raw materials are
available on our hands. Therefore, self-reiiance
becomes meaningful when we have an access to socalled
"sensitive" technologies.
Korea and other
developing countries involved in nuclear energy are
not allowed to have access to these technologies.
These sensitive technologies are at preseni monopolized
by several advanced countries.
This monopoly makes
developing have-nots be under the unilateral mercy of
those haves.
I believe that the access to the peaceful
uses of nuclear energy cannot be denied to developing
countries, if it is a key factor ;o their economic and
social development and civilization through abundant
supply of electncnv at reasonable cost.
Thereiore. t
suggest that advanced countries should develop and
transfer
non-proliferating
versions
of
sensitive
technologies to have-nots, who are committed to
peaceful utilization of nuclear energy.
This. [
believe, is the righteous way to realize the ideal of
"Atom for Peace" of the world.

In addition
to the self-reliance of reactor
technology, that of nuclear fuel cycle is also important
to achieve reliable energy supply tor a country.
The
constituents of nuclear fuel cycle are dependent upon
available natural resources, level of technology, past
nuclear history, and international circumstances.
The long-term security ot uranium sources is an
important matter as well as its optimal uses because
we import all uranium we need.
Another issue in
the fuel cycle is the safe and reliable management of
radioactive wastes and spent fuels, which draws a
great concern by the general public.
Korea has found very small uranium reserves of
low quality, which is not considered economical at
present.
All uranium we need are supplied from
foreign countries.
In order co secure the raw
material in stable, reliable and economic manner.
various logistic schemes are adopted.
-U)% of yellow
cake is supplied through long term contracts and 20%
are purchased in spot markets.
The remainders are
secured through capital investment in exploration and
development of uranium mines overseas.
One good
example of this efforts is participation in the
Dawniake Mine of your country.
With regard to fuel fabrication, CANDU fuels are
domestically fabricated to supply Wolsong Unit 1. I
know chat during the development stage we were
greatly indebted to your cooperation.
PWR fuels will
also be localized in 1989.
The production capacity
is sufficient to supply fuel to all the units either in
operation or under startup test.

Now.
safety.

let

me touch

upon the issue of

nuclear

The safety concepts of nuclear energy has been
drastically changed since the accident of Three Mile
[sland Unit 2.
Also the disaster of Chemobyi
stresses that, in order to continue the development of
nuclear option, high standards of safety are essential
to build che confidence in the public mind.
We
have always held this view and put into practice in
our safety policies.
TMI accident prompted revaluation of our
reactors, which resulted in several modifications of all
operating units.
The Chernobyl catastrophe was also
carefully analyzed.
But, che reassessment of Korean
reactors did not result in any changes of basic
physical design.
Anyhow, because one of the major
causes of these accidents were attributed to human
errors, there prevails a strong conception that the
human factor or man-machine interface should be
incorporated into rhe design ana operation.
Therefore, modification ot plant control jna operand.

In establishing
the scheme
for spent fuel
management, factors to be considered include optimal
utilization of resources, economics, technical impacts
on future energy industry and environmental effects.
Considering these factors, general approach is to
store in a centralized storage facility so (hat spent
rueis may dither be materialized when the recycle
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systems are being made to alleviate or minimize
human errors.
Also plant diagnostic systems and
plant simulators are being developed and installed to
aid operation starts and to mitigate unwanted
consequences 01 mishaps.

generation.
In the forthcoming century, nuclear
energy will be a major energy resource.
We intend
to be self-reliant both in reactor technology and
nuclear fuel cycle.
Korea pursues high standards in
nuclear safety and will contribute 10 the peaceful uses
of atom.

Korea has followed the identical regulatory rules
and practices of nuclear exporting countries, which are
quite different even for a same reactor type.
Some
countries have more flexible rules while others suck
to soiid practices and formality.
Although strict
licensing and regulatory practices may be justified to
secure safety to the highest level, excessive or undue
safety requirements and licensing formality hamper the
sound utlization or nuclear energy.
In this context.
[ believe it necessary to streamline licensing processes
and rationalize safety requirements to incorporate
technical innovations and achievements.
Otherwise.
the vitality cf nuclear industry may not be assured.
In paralell with our standardization program, which
I mentioned earlier, unified rules and regulations wiil
be developed which are suitable co particular
circumstances in our country.

Ladies and gentlemen!
We all know that Korea and Canada have been
keeping a close relationship in che field of nuclear
energy.
Since the early time of the Wolsong project,
there have been exchanges of information on policies
and technologies through various programs.
In
addition, we have cooperated for mutual benefits
related to the development of uranium mines in your
country.
The necessity of cooperation basea on
mutual understanding and crust can not be overemphasized.
Awaiting the 21st century, as we did
in the past, we will expand our cooperative activities
co flourish in the nuclear age together.
I conclude my talk by expressing my thanks to
Canadian Nuclear Association for having given me the
opportunity to address to this distinguished audience.

t think this is time to wrap up my discussion.
As a country which has to depend on the import of
fossil fuels. Korea has embarked on a large nuclear
program so as to be seif-reiiant with regards to power

Thank you very much for your attention.
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Nuclear Power in the Netherlands

The post-Chernobyl situation

drs. H.F.G. Geijzers
Min. of Economic Affairs, the Hague

When the end of the world is coming, be
sure to be in Holland. Everything there
is happening some 50 years later
(Heinrich Heine).

1.

In order to have a good picture of the nuclear power situation in the
Netherlands, a short historic overview is necessary. The public controversy on nuclear power started around 1975, after a government decision
to add 3000 MWe to the already operating Borssele and Dodewaard plants
(ca. 500 MWe). The controversy was channelled

through a government-

organised public debate, which formally started in 1981 and was finalized in 1984. After that debate, the government decided on nuclear
expansion of up to 4000 MWe. Parliament agreed in the summer of 1985 and
siting procedures started later that year. Early 1986 brought a government decision on three definite sites and two more pending further
study. Parliamentary approval, scheduled

for early may, was however

postponed due to the Chernobyl accident in late april. A newly elected
government later that year decided on an overall review and commissioned
a number of studies. Twenty studies were completed in may of this year,
1988.
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2.

The Review Studies, both done by research institutions and departemental
organisations, are grouped in 5 themes:
-

Chernobyl; the international developments and reactions;
Safety of nuclear power plants, both the existing two and possible
new ones;
External effects of severe accidents;
Accident managment of severe accidents;
Economic effects of severe accidents.

All 5 themes are briefly discussed in this paper, together with some
views on future developments.

3.

Theme 1, the Chernobyl-reactions and developments, briefly summarizes
the results of the international reviews of the accident itself: the
IAEA post-accident

review meetings and

the analyses by a number of

national researchers as compiled by the OECD Nuclear Energy Agency.
Secondly, based on NEA-reports, a global comparison is made between the
Chernobyl RBMK-reactor and western light water reactors. On this basis,
the specific issues are defined for further safety review of the Dutch
NPP's. Finally theme 1 describes the international action in the field
of post-accident management

that was decided

upon, such as the two

IAEA-conventions on early warning and mutual assistance together with
related action in the EC.

4.

Based

on the global safety issues defined

in theme

1, the theme-2

studies are focused on the Dutch NPP's. The safety of the' two existing
nuclear stations in Borssele en Dodewaard are reviewed, with respect to
their operation; this was done by three OSART-missions in 1986 and 1987,
one for Dodewaard and two for Borssele. Furthermore specific studies
were done on fire protection, human performance, reactivity accidents
and on containment performance; this last study was done by the German
GRS, the others were done by the Dutch regulatory service. They all
conclude

that

the two existing NPP's are safely operated

and have

sufficiently enough safety margins. Nevertheless, a number of recommendations are made, both

for some backfitting as well as additional

studies and training.

65

More important however was the safety-evaluation of new NPP's. Partly
because of the size of the Chernobyl-source term, partly because of the
role of the source term in the public discussion, it was decided to have
an overall source term review study done by ECN. ECN not only reviewed
the international source term discussion, but also made a full analysis
of three parametric source terms, i.e.. 10%, 1% and 0,1%. Based on this
analysis ECN concluded that it should be achievable to set quantitative
source term conditions for new NPP's, to be demonstrated by a PRA. The
conditions are as follows:
0,1 % source term, probability ^ 1 0 ~
1%
10%

source term, probability ^ 1 0 " 7 - 10~
source term, probability ^ 1 0 ~

The last probability could be considered as to be excluded.

Based on these suggested source term conditions, it was decided to have
the succeeding consequential analyses of severe accidents in the other
themes to be concentrated on 0,1% and 1% source terms. Also a number of
additional

hypotheses

regarding

radiation

developed

by

and

presumptions

intervention

were

formulated,

levels. These

the Ministry of Environment

working

and consisted

especially
levels were
of a range

between a 5 mSv and a 50 mSv effect.

In theme 3 a number

of

external effects were

calculated. Separate

studies on atmospheric, soil and surface water depositions, based on the
specific

Dutch

circumstances. Worthwhile

mentioning

are

the

health

effects that were calculated for the reference site that was previously
used in the siting procedure. For the most severe (1%) accident it was
found that even without preventive measures no acute fatalities would
occur, together with up

to

1000 cases of

radiation

diseases

(with

preventive measures) in 5% of the weather conditions. As to late effects, the additional risk factor would be 0,05 to 0,15%, dependent of
the distance to the reactor.
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8.

Theme 4 then briefly discusses two specific accident managment measures,
i.e. the preventive policy of securing siting suitability in the most
populated

site

of Moerdijk,

and

a

technical

feasibility

preventive evacuation of all potential 5 sites. In both

study

of

cases the

Moerdijk site creates some doubt, as veil as to a timely evacuation as
to population development in the surrounding area.

9.

Theme 5 then deserves some special attention, since it had to break new
grounds in the Dutch situation. To give a representative picture of
economic effects of a severe reactor accident, it was decided to concentrate on rather extreme scenario's. Three scenario's for two sites
were

developed,

the

industrial

one

in

the

direction

of

the

Moerdijk-Rotterdam area, the agricultural one of Moerdijk-Utrecht and
finally a drinking water scenario with rhe radioactive cloud concentrating on the huge IJsselmeer area. Each scenario has two source term
variants,

together

with

two

intervention

policy

levels. With

this

approach, a large part of the country was covered and the effects were
calculated through a number of pathways.

10.

For the 12 different cases that were considered, it was found that in
all cases but one the result was an economic damage of around 16 billion
guilders. This amount is roughly split over 7,7 billion for the loss and
decontamination of the NPP together with the substitution of electric
power; 5,5 billion for losses in the argicultural sector, mainly because
of loss of export markets due to customer reaction; 1,5 -'2,0 as direct
production losses and their impact on GNP and the remaining 1,5 - 2.0
billion

for

various

other

sources.

Only

the

most

severe

Moerdijk-Rotterdam case with a stringent intervention policy gives an
almost doubled effect (30 billion). The additional items are a larger
loss of economic production and its succeeding GNP-Impact

(5 billion)

together with the costs and effects of evacuating the wider Rotterdam
area (9 billion).
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11.

With the review studies completed, the next question is what will happen
in the decision making process. A number of independent advisory bodies
has been asked to review the study results and to advise on the fuel mix
for power generation. This review period is expected to be completed in
the second half of 1988. A government position is then coming forward in
early 1989, with a possible parliamentary debate later that year. It
should

be noted

however

that

the utility

sector

is planning major

investment decisions on new baseload capacity later this year and again
in 1990 of around 6000 MWe for the situation up to 2000 and that general
elections will take place in may 1990.

12.

Given this rather delicate timing and decision-making process, a listing
of the main issues that play a role in this process should be mentioned.
The most prominent condition is social and political acceptance. This is
a political question that is beyond the scope of this paper. As the
nuclear waste issue is still considered as the most difficult one,
possible assistance in solving this issue comes as a good second one.
Furthermore, the assurance of adequate safety levels, the degree of
technology transfer and an adequate participation of our local industry
should also be mentioned.

13.

Public acception and public perception are determinant. A brief review
of the present situation is given on the basis af a recent survey,
commissioned by the utilities. It should be noted that, after a 63% peak
awareness in mid-1986 because of Chernobyl, today's level is back at the
modest

1985-level of around

top-ten
following

issue

today.

10%. Nuclear

Further

table. Remarkable

power

survey-results

are

is therefore not a
summarized

in

the

is a small, but nevertheless meaningful

shift in the number of reported "don't know's". Meaningful also when
a choice is made between coal and nuclear, when no other alternatives
are available. When confronted with the environmental coal-issues, it
could be said that there is some kind of a majority that is not against
nuclear power.
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Public perception; survey march 1988

1980

1988

49%
36%

46%
32%

12%

102

3%

12%

against new NPP's
closing down fiorssele
and Dodewaard
favor expansion
don't know

if no alternatives available
favor coal

58%

favor nuclear

24%

don't know

18%

with environmental awareness of coal
favor coal

432

favor nuclear

36%

don't know

21%

drs. H.F.G. Geijzets
Ministry of Economic Affairs
6, Bezuidenhoutseweg
P.O. Box 20101
2300 EC The Hague
The Netherlands
Phone +31 70 796470
Fax +31 70 474081
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ISSUES AND TRENDS IN CANDU MAINTENANCE
BY
A. R. MCKENZIE
STATION MANAGER
New Brunswick Electric Power Commission
Point Lepreau Generating Station

THE ISSUES
Operation must be safe. The industry has been unable to convince
the public that nuclear power stations are acceptably safe. The
accidents at Three Mile Island and Chernobyl have had a devastating
effect on public confidence. Proper maintenance plays a major part in
reducing accident frequency and by increasing the reliability of plant
equipment.
Nuclear power stations must achieve high availability. It must be
possible to run at high capacity factor to keep unit energy costs low
and it is important to have nuclear units available to run on the
system when they are most needed.
Radiation doses must be kept low. Well planned maintenance reduces
the radiation dose received by the plant staff and Dy keeping plant
equipment in top class condition, reduces radio-active effluent
releases to the environment.
Plant life should be extended. Nuclear plants become more
expensive to build year by year because of inflation and because of
escalating regulatory requirements. Maintaining existing plants over
a long lifetime is usually cheaper than building new plants. Also if
plants can be amortised over a longer lifetime, unit energy costs are
reduced. Good maintenance extends component life.
Plant Maintenance Costs should be reduced. Nuclear plant
maintenance is more expensive than for a conventional plant for a
number of reasons. These include the higher complexity of the plant,
the need to prove by audit that regulations have been complied with
and the precautions necessary when working with radio-active
equipment. Maintenance costs are an important factor in cost
competitiveness of nuclear versus conventional thermal plant.
It is believed that all utilities operating nuclear generating
stations will agree with these issues and will be striving to achieve
good performance in them all. However, in detail there are
considerable differences in how nuclear utilities organize and carry
out their maintenance. For example, in Ontario Hydro multi-unit
stations, most maintenance staff work on shift. When achieving 80
percent capacity factor and with four units in a station, one or more
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of the units is shutdown for maintenance for four fifths of the time.
Thus overhauling a shutdown unit is a normal part of the maintenance
staff's daily workload whereas at a single unit station achieving the
same capacity factor, the unit is shutdown for only one fifth of the
time. This has significant effects on the way in which the
maintenance staff is organized and carries out its work.
Point Lepreau is a single unit station and its maintenance
management philosophy has been developed in conjunction with
maintenance at other N.B. Power facilities. The ongoing development
of the maintenance management philosophy within N.B. Power and some of
the recent "thrusts" will now be described.
THE DEVELOPMENT OF MAINTENANCE MANAGEMENT AT N.B. POWER
The New Brunswick Power is a "small" Eastern Canadian provincial
utility with a gross one hour peak demand of 3100 MVv (including
exports). This demand is supplied from the following sources:
Installed

1.
2.
3.
4.

Hydro
Fossil Fuelled
Nuclear
Imported (From
Hydro Quebec)

Percentage (1986
Capacity
Load Supply)

865 MW
1,695 MW

630 MW

21 .5%
10 .2%
33 .2%
35 .1%

In the early sixties the demand for power within the province and
from neighbouring utilities began to rise sharply. In order to meet
this increasing demand N.B. Power judged it economical to build larger
and more complex generating stations. Larger plants were more
efficient, fuel costs were low and utility profit margins were
adequate. Efforts to reduce operating and maintenance costs therefore
received a low priority.
By the late 1960*s fuel costs were rising, leading to an increase
in overall plant operating costs. Priority was now given to reducing
operation and maintenance costs, and the actions taken included the
development of a central, computerized preventative maintenance
program to print batch work orders.
During the mid seventies fuel costs continued to climb placing
further management emphasis on efficient operation of their Generating
Stations. It was quickly realized that one area where improvements
could be made was that of plant maintenance costs, which may run as
high as 40% of the yearly operating costs depending on the type of
generating station.
Two events occurred around this time which led to development of an
advanced computerized Maintenance Management System amongst other
changes. The first event, which occurred in 1972, was the committment
by N. B. Power to build a CANDU 600 Nuclear Generating Station. This
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decision required that a small utility with little experience in
nuclear generation must develop an organizational structure which
could commission and then operate such a plant.
The second event was the engagement of a consultant in 1978 to
carry out a worker productivity study in the maintenance department of
the Coleson Cove oil fired generating station. Based on the results
of the study, the consultant was able to point out areas where large
improvements could be made, and to suggest possible techniques which
could be used to improve productivity in these areas. This study
re-asserted the importance of developing a high quality computerized
maintenance management program and the re-organization of plant stores
and tool crib layouts which would reduce delays in obtaining tools and
materials.
By 1984 the primary structure for the computerized maintenance
management system was available in most N.B. Power plants. The
consultant returned to Coleson Cove in 1985 to do a follow up
productivity study. The results showed that productivity had doubled
from the 1978 level and confirmed that management was heading in the
right direction.
At the present time,
continue for most NBEPC
made to the maintenance
and building layouts in
levels in the future.

periodic productivity studies are scheduled to
plants,and adjustments are continually being
management system, organizational structures
order to attain even higher productivity

PLANT MAINTENANCE PRODUCTIVITY
a)

Productivity Measurement
In order for management to use the results of these productivity
measurement studies effectively, it was important that they
understand the criteria from which the results are derived.
Therefore management and the consultant jointly defined the terms
"Productive Time" and "Non-Productive; Time" as follows:
Productive Time: The actual "hands on" or "wrench" time for
maintenance work at the job site.
Non Productive Time: The time spent on "Get Ready", "Put Away"
and "Miscellaneous" activities. It includes activities such as
walking to or from the job, getting tools and materials,
obtaining a work permit, and doing the paperwork.

Using these criteria as a basis, a form was then developed,
breaking maintenance work into a series of pre-specified job tasks.
This form was then used as the data collection media for a time and
motion study. The study covered a wide range of maintenance
activities. It also examined productivity in the various departments,
mechanical, electrical, etc. so that a wide range of data was
available when the study was complete.
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True worker productivity is made up of two distinct components,
"Worker Utilization" and "Worker Performance"; their interrelationship
is defined as follows:
Overall Productivity = Worker Utilization X
Worker Performance
Work Utilization is an indication of how effectively maintenance
personnel are used from when they start to when they finish their work
shift and it can be represented as "Percentage Productive Work".
% Productive Work= Productive Work Time X 100
(Utilization)
Total Time Spent At Work
Worker performance on the other hand is a measurement of how fast a
worker completes a job.
Worker Performance = Productive Work Time X 100
Standard Work Time
So far it has been difficult to assign a value to worker
performance since standard job time data bases are not yet readily
available for the maintenance operations. Percentage Productive work
on the other hand can easily be determined from the results of the
time and motion study. For this reason management is willing to use
Percentage Productive Work alone as one measurement for assigning a
value to Plant Productivity and also for assessing performance of the
management maintenance strategy.
In order to get a complete picture, the consultant also looked
qualitatively at the organizational support structures within the
plant. The review included such factors as work method improvements,
departmental interaction, training requirements and poor motivation
areas. Based on all the information collected, recommendations were
made to management on possible actions for improvement.
Resuits/Recommendations
Since productivity monitoring began in 1978 six studies have been
completed with more presently in progress. The first study in 1978
was perhaps the most revealing of all and showed that the percentage
of productive work at the Coleson Cove Thermal Generating Station was
around the 20% level. As a result of this study it was apparent which
areas should be targeted for improvements. For example, it was
evident, that a large amount of time was spent "waiting" for parts,
tools, permits, etc.
The consultant's recommendations based on this first study were as
follows:
1.

Maintenance Planning should be introduced into the plants.

2.

Supervisor's Management Performance should be increased.
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3.

The working practices of several support systems and support
groups should be redefined and reorganized to reduce maintenance
losses in the field.

In 1985 the consultant returned to Coleson Cove and completed a
follow-up study. The percentage productive work level had risen from
the 20% level in 1978 to the 50% level in 1985. This was a gain of
150%, which more than doubled the target value proposed by the
consultant in 1978. This gain was made possible by management's
committment to the consultant's initial recommendations and adherence
to a well defined maintenance management strategy.
Based on the results to date the consultant has indicated that a
percent Productive Work Value of 60% should be achievable in most
plants. However, N.B. Power feels that based on experience thus far,
productivity levels upwards of 65% is achievable.
MAINTENANCE MANAGEMENT IMPROVEMENTS
Using the first Coleson Cove study as a baseline for further
studies, N.B. Power set out to implement some of the consultant's
recommendations. The first step in this process was to design a
Maintenance Management Strategy. This included development in the
following areas:
1.

Development of a comprehensive Computerized Maintenance Management
System which would be made available to all generating plants.

2.

Development of Maintenance Planning capability in the plants.

3.

Re-organization of "Waiting Areas"

The second step was to introduce this strategy efficiency into the
plant environment.
Computerized Maintenance Management
It was clearly evident that in order to achieve a higher aegree of
efficiency in the plants a computerized maintenance management system
would be essential to strengthen management control ofday-to-day
maintenance work in all generating stations. Information required for
planning decisions, work scheduling, parts location and inventory
would have to be readily available. Through both in-house development
and by incorporating ideas used by other utilities, N.B. Power
produced a system made up of three main sub-systems:
1.

A Maintenance Work Order System. This would improve management
control of day-to-day and long term work scheduling.

2.

A Plant Spare Parts and Inventory System. This would increase
productivity on the floor, by ensuring that commonly used parts
were always available and could be readily located.

3.

An Electronic Timekeeping System. This would permit management to
keep track of available manpower data.
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The development of this system has assisted management to increase
productivity and make best use of the available resources. It also
provided a tool necessary for implementing other types of maintenance
strategy programs (eg. planning and scheduling). Without a doubt this
system alone has made possible the large gains in plant productivity
experienced by N.B. Power in the last 10 years.
Planning
"Planning" has been defined as "the process of stating objectives
and then determining the most effective activities or accomplishments
necessary to meet the objectives". The commissioning of Point Lepreau
made it necessary to assess work, sequence any complex job in logical
format and update the logic as work was being performed. This
fostered a strong commitment to front end job planning, review of work
being done and changes to improve scheduling.
In order to achieve a higher degree of planning in the plant
structure the following action was taken:
1.

Maintenance planning was introduced into the plant organizational
structure by the creation of "Maintenance Planner" positions.

2.

Training Courses on planning and scheduling techniques were
provided for supervisors, maintenance planners and hourly paid
maintenance staff.

3.

The computerized maintenance system was extended to make possible
the use of Critical Path Method and PERT techniques in the
planning of system and unit outages.

4.

Plant planning logic was clearly defined and daily planning
meetings were introduced to schedule daily and long term work.
These meetings also serve to co-ordinate the activities of the
different work groups.

5.

A centralized plant planning group was created to control the
execution of all work done in the plant.

Using the data from the monthly planning reports it is now possible
to obtain a monthly estimate of plant and departmental productivity.
The addition of maintenance planning, aided by the use of a
computerized on-line Project Management System, has provided the plant
organization with the ability to plan and control both physical and
human resources while maximizing productivity.
Reorganization of "Waiting" Areas
As indicated by the 1978 productivity study, a large amount of time
was being lost in areas designated as "waiting". These can be further
broken down into:
1.

Tool Crib Area

2.

Spare parts stores
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In order to increase productivity in this area management began to
redesign the layout of both tool crib and stores facilities. The most
successful design of tool crib has been at the Coleson Cove plant.
Much time has been saved using this tool crib. Productivity has been
increased due to better tooling management and less time spent
"waiting" for tools. The Coleson Cove tool crib is now used as a
model for change in other N.B. Power plants.
The best example of spare parts and inventory stores facility is
located at Point Lepreau. The design of this facility took place
during the commissioning phase of the plant. As the plant approachea
the last stages of construction and initial stages of commissioning, a
large inventory of spare parts was being delivered from the equipment
manufacturers, and was being catalogued and placed in stores. To
respond quickly with parts needed for repairs or design changes during
commissioning/start up, these parts had to be easily accessible.
The design of the stores combined with a computer inventory system
have made it possible to determine quickly whether a specific part is
presently in stock and establish its location before going to the
stores counter. The final result has been an increase in productivity
due to less waiting time.
1.

Planning and Scheduling skills
Regular use of Critical Path Method, PERT and logic diagrams at
the work assessment level.
Greater use of computer in efficiently applying planning and
scheduling techniques.

2.

Maintenance Skills
- New and improved maintenance methods must be introduced when
these become available. The "Reverse Dial Indicator Method" is
one example where the time needed to align machinery has been
significantly shortened and hence productivity has increased.
- Training is necessary on both new and old tooling to improve
worker performance and hence productivity. Skill levels tend to
decline from lack of use. An obvious example is in welding.
- Training programs are necessary on complex equipment which
requires a deep understanding to provide effective maintenance.
For example maintenance of plant control computers.

3.

Industrial Engineering Techniques
There should be training courses on Work Simplification, Job Time
Estimation and Manpower Optimization. New emphasis must be placed
on developing these industrial engineering skills in both plant
management and plant maintenance staff. "Work
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Simplification" is defined as the "organized use of common
sense". The goal with this technique is to teach maintenance
staff how to look at alternate, more efficient methods of
completing a job. Presently, many jobs are carried out according
to pre-written maintenance procedures and normally no further
thought is given to changing these procedures. There is a good
deal of scope for greater productivity in this area.
4.

Reduction in Paperwork
At a nuclear power station there is an enormous amount of paper
work. This is created in a attempt to control work effectively,
allowing it to be completed in conformance with all required codes
and standards and then be audited by the Quality Assurance staff
and the Regulators. "That job will take 15 minutes to do and 45
minutes to complete the paperwork" is typical of the comments
heard from plant staff. Computers again offer the possibility
that paperwork can be drastically reduced while still offering the
control of work and ability for audit. There is much productivity
gain available in this area.

Tooling and Materials
Productivity studies have shown that obtaining and transporting
tools and materials to the worksite required some attention. The
design of tool cribs and spare parts stores facilities must
continually be improved to minimize time spent waiting for a
particular tool or part. "Pre-kitting" job may be used more
frequently for periodic and preventative maintenance jobs.
Pre-kitting involves the prior collection of all tools and parts
needed to complete a job. The tools and materials are assembled on a
pallet and delivered to the work site, at the appropriate time. This
prevents the lost productivity involved in returning for tools and
parts, and the waiting time associated with these operations.
Selection of tools required to complete a maintenance operation is
very important. Much can be learned from service industries such as
the automobile repair industries and some industrial machine shops.
In these industries speed is essential in order for the shop to remain
profitable. The shops tend to be stocked with tooling appropriate to
their needs. For example bolting and unbolting operations make up a
large portion of repair operations and for this reason pneumatic air
tools are a compulsory item in these type of shops. Work
simplification techniques are used even at this level. Cutting is
used where it is faster than unbolting and parts are replaced as
opposed to being repaired in some situations; whenever possible the
same techniques should be applied to utility maintenance.
Predictive Maintenance
The object of these programs is to predict when maintennce is
reguired as opposed to overhauling a component on a periodic basis or
waiting for the component to fail.
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N.B. Power has recently installed a computerized vibration
monitoring program in most of its larger rotating machines and
designated bearing points. These readings are compared to a baseline
signature which is used to determine whether any changes have occurred
in the machine vibration, characteristics.
A similar principle has been applied to motor actuated valves
(MOVATS Monitoring). It has been possible, using this offline
technique, to determine whether valve packing is beginning to
deteriorate, whether a valve is passing and if the operational
characteristics have changed from the design characteristics.
Recently a Thermo-Vision infrared camera was used to monitor generator
slip ring temperature periodically in order to predict when
maintenance is required. Utility productivity can benefit greatly
from these types of programs and new applications should be explored
as they arise.
Preventative maintenance programs vill continue to play an
important role in present plant maintenance. However, more emphasis
must be placed on preparing and carrying out these repeat procedures
regularly and more efficiently.
New Technology
Perhaps the most interesting area of future maintenance management
will be the application of new technology. N.B. Power will continue
to improve its existing computerized maintenance management program
with the addition of new hardware, software, maintenance history data
bases and fine tuning of existing programs. PC based computers are
now beginning to play a more major role and this trend will continue
as software and silicon chip technology improves.
Many interesting and practical applications will come from the
quickly developing CAD/CAM technology. It is conceivable, that in the
near future that maintenance engineers and assessors will be able to
generate drawings of items to be fabricated on PC CAD systems. By
dumping drawings into a CAM program the necessary machining steps can
be simulated, and then used to print a tape, store on a disk or even
be directly down-loaded into a Computerized Numerical Control (CNC)
machine on the shop floor.
Future plants will no doubt be designed using CAD systems. The
drawings produced by these CAD systems will form another extension of
the computerized maintenance management system. Plant staff will call
them up on a computer terminal, as required. On-line modification will
ensure that the latest revision is always available and the drawings
are immediately updated. On a smaller scale plant engineers and
assessors will be able to quickly create, modify and store
orthographic and isometric views of objects to be fabricated. This
will be very advantageous in piping systems where existing lines and
weld procedures are continually being modified, but not updated.
Other technology now being developed for maintenance usage includes
laser and telerobotic technology. Gas and crystal lasers are now
being used for simple applications such as coupling alignment on large
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machines (eg.: Turbines) and as accurate measuring devices (eg.
Pressure Tube Creep). Gas lasers will become increasingly more
predominant in the cutting, welding, drilling and heat treating areas,
due to their high working speeds, accuracy, simplicity of tooling,
portability and high quality results.
Telerobotic applications will become more predominant in hazardous
(Radiation) maintenance situations (eg. pressure tube removal). As
the existing generation of nuclear generating stations become older,
more and more applications for this type of equipment will be found.
With continued advances in electronics coupled with the development of
miniature hydraulics, these machines will continue to improve upon the
high power to weight ratios already achieved. The working speeds of
some of these machines are already approaching the working speed of a
man in some operations. The newest generation of telerobotic systems
have the ability to extend the sense of "touch" (eg. Force reflection)
to the operator, allowing such delicate operations as the screwing or
unscrewing of a bolt. In many cases the usefulness of the machine
will only be limited by the imagination of the utility personnel
itself.
There will be many new applications and new technologies that will
develop quickly in the coming years. The most difficult aspect of
this phenomena is the ability of an individual or utility to remain
aware of the new technologies. The best solution is to ensure that
there is a constant inflow and circulation of literature on this
subject (eg. magazines, journals, etc.). Visits to other plants and
other industries are an important element in the adoption of new
ideas.

79

REGULATION - VISIBLE AND VIGOROUS
by Z. Domaratzki
Presented at the Annual Conference
of the
Canadian Nuclear Association
June 13, 1988
Winnipeg, Manitoba.
ABSTRACT
The Atomic Energy Control Board (AECB) is moving to become a more
visible and publicly oriented organization. The objective is to
interface more with the general public and to take socio-economic
considerations into formulation of regulatory policies and decision. In addition, the inner workings of the AECB will be
made more transparent to the public. Visibility and transparency
will benefit the AECB (and the nuclear industry) only if any new
audience agrees with what it sees. To achieve greater acceptance
the AECB will need to be seen to be responding to criticisms and
recommendations for improvements by duly constituted bodies such
as the Ontario Nuclear Safety Review and the Siting Process Task
Force on Low-Level Radioactive Waste Disposal. The extent to
which the AECB can change in response to these outside bodies
will, to a significant extent, depend on the acquisition of

additional resources.
RESUME
La Commission de controle de l'energie atomigue (CCEA) est un
organisme qui devient de plus en plus visible et qui s'oriente
de plus en plus vers le public. Le but vise est de communiquer
davantage avec le public en general et de tenir compte de considerations socio-economiques en etablissant les politiques ou en
prenant des decisions relatives a la reglementation. De plus,
les rouages de la CCEA deviendront plus transparents aux yeux
du public. La visibility et la transparence profiteront autant
a la CCEA qu'a l'industrie nucleaire seulement si tout nouvel
auditoire est d'accord avec ce gu'il voit. Pour etre mieux
acceptee, la CCEA devra montrer qu'elle sait repondre aux
critiques et aux recommandations d1amelioration venant d'organismes dument constitues, comme I1Ontario Nuclear Safety Review
et le Groupe de travail charge d'etudier une nouvelle strategic
pour le choix des sites d'evacuation des dechets a faible radioactivite. Dans une tres grande mesure, l'ampleur avec laquelle
la CCEA pourra changer ses facons de faire en reponse aux organismes externes dependra des ressources additionnelles qu'elle
obtiendrait.
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1.

BACKGROUND

One of the challenges as well as one of the rewards of being
associated with Canadian nuclear activities is that you
continue to be part of an ever evolving process. A recent
AECB paper (Reference 1-1) traced the evolution of the
Atomic Energy Control Regulations from 1947 to 1987. Even
more recently, Dr. Rene Levesque in an address to the
Canadian Radiation Protection Association recalled some of
the major milestones in the evolution of the Atomic Energy
Control Board (Reference 1.2). He noted that regulation was
legally separated from promotion in 1954 by an amendment to
the Atomic Energy Control Act. However the Board at that
time consisted of only one full-time member, the President,
and four part-time members, including the Presidents of AECB
and Eldorado. It had very few staff and depended on other
government departments to do licensing assessments and
inspections, primarily for radioisotopes. Clearly the Board
was neither very independent nor very visible.
In 1956 a second milestone occurred: a committee was formed
to advise the Board on the safety of the first non-AECL
reactor, the McMaster Nuclear Reactor. Consideration of the
NPD and Douglas Point reactors was soon added and a few
staff members were hired to assist the committee.
The 1960's saw a rapid expansion in the scope of the Board's
activities as it took over direct control of the regulation
of radioisotopes, transportation of radioactive materials,
heavy water production plants and other types of nuclear
facilities. AECL sites, however, continued to be excluded.
The AECB also became deeply involved in international
safeguards with the International Atomic Energy Agency, and
bilaterally with other countries.
By the early 1970's more significant changes occurred. The
presidents of AECL and Eldorado were not reappointed as
Board Members. The AECB staff developed its own competence
and began to report directly to the Board on reactor safety
and licensing matters, where, before this, the reports were
only from the advisory committee. The activities of both
AECL and Eldorado were increasingly brought under AECB
regulatory control.
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This evolution of the AECB continued steadily until the
mid-seventies, when a number of major but unconnected events
occurred within a period of several months in late 197 5 and
the first half of 1D76:
radioactive contamination was discovered in various
places in the Toronto area, left over from the World
War II period;
a Royal Commission under James Ham issued its report
which was critical of the way radiation protection was
regulated in Ontario uranium mines;
there was a public outcry over the discovery of
radioactive contamination in the town of Port Hope and
other sites of Eldorado's operations in that general
area;
AECB staff recommended to the Board that the Bruce
generating station be limited to 63% of full design
power because the emergency core cooling system could
not be shown by the licensee to be effective above that
power;
a new President was appointed who was neither an
ex-AECL employee nor a person with a nuclear
background.
By comparison with the previous pace of the evolution of
nuclear regulation in Canada, the combined effect of these
developments was electric. The AECB staff was reorganized
and the AECB expanded to exert increased direct control over
uranium mining and other fuel cycle facilities including
waste management. The AECB's human and financial resources
were, over the following years, doubled and then trebled
compared to 1975 levels. The Board was given funding to
have research done in support of its regulatory activities.
The 1970's also saw a marked change in public attitudes
towards ionizing radiation in general, and nuclear power in
particular. There was more open and growing public
skepticism and resistance to the industrial uses of nuclear
energy, whether it be for nuclear power plants or
sterilization of food. At the same time there were other
factors at work which influenced not only the regulations
that the Board makes, but also its style and method of
regulation. For example, in September, 1986 the government
announced its Regulatory Reform Strategy. The strategy sets
out a process for producing regulations which involves
consultations with Canadians most likely to be affected, the
conduct of socio-economic impact analyses, an opportunity
for public comments and a Cabinet review before
promulgation. A new office was set up in the government to
administer the process.
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On the commercial side the government gave evidence of its
commitment to privatization by concluding an arrangement for
putting Eldorado into the private sector. Many in the
nuclear industry are waiting to see if privatization becomes
a fact of life for other enterprises such as AECL.Medical
Products Division. In the reactor domain, decommissioning
of reactors is assuming a higher profile with three power
reactors now being decommissioned. Ontario Hydro's decision
to replace all the pressure tubes in Pickering Units 3 and 4
starting in 1989 and 1991 is a clear indicator that
re-tubing of many or most operating reactors is probable.
On the waste management side there is heightened interest
being shown by the public and elected representatives at the
same time as the AECL research in Manitoba is getting
increased recognition both at home and abroad.
As the new president of the AECB, Dr. Levesque arrived on
this evolving scene with his own insights. One of his
primary objectives is to increase the visibility of the
AECB. The AECB is, therefore, considering ways by which the
existence and competence of the nuclear regulator can be
brought to the attention of a larger proportion of the
general public. In doing so there is a recognition that the
more the AECB becomes visible, the more people will expect
to know how the AECB operates and arrives at its decisions.
Therefore greater transparency will be needed. Now if the
operation of the AECB is to become more visible and
transparent we must ensure that the competence of the AECB
is not only real but is also apparent. This also includes
an examination of the independence of the AECB, not in a
legal sense, but in a technical sense. Of those who are
aware of the existence of the AECB there seems to be a
disturbingly high proportion who believe that the AECB is
overly dependent on the licensees for its information. Dr.
Levesque is of the view that the AECB staff as a whole lacks
expertise in certain disciplines and lacks sufficient depth
of expertise in others. Obviously the AECB should not try
to match the licensees in every respect. This is a question
of balance which has no absolute answer. The AECB is still
reviewing this question of resources but has not yet arrived

at a conclusion.
2.

VISIBILITY

As a creature of government, the AECB has all of its
expenses paid out of moneys appropriated by Parliament. The
expenditures by the AECB are not insignificant. For the
year ending in March, 1988, the total use of Parliamentary
appropriations was twenty-three million dollars. Obviously,
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we are called upon as a matter of routine to demonstrate
that we use these funds in accordance with government
policies and in an efficient and effective manner. The
Auditor General of Canada, the Comptroller General of
Canada, Treasury Board, and Parliamentary committees are the
bodies which under normal circumstances ensure that the AECB
makes effective use of taxpayers' funds. It is a matter of
pride to the AECB that oversight bodies have consistently
concluded that the AECB manages the Parliamentary
appropriations very well. It is a matter of some
frustration to our new president, however, that we get
inadequate feedback from our clients. There is a good deal
of feedback from our licensees but the clients whom the AECB
serves, the people of Canada, are hardly aware that we
exist.
Our objective in increasing our visibility is twofold. The
first objective is to expose to a broad section of the
Canadian public the role of the AECB and explain how it is
discharging its responsibilities. From such an undertaking
the AECB would hope to receive a better indication of what
people consider to be our strengths and weaknesses and to
modify our modus operandi accordingly. Our second
objective, which can be reached if our performance meets
with the demands of our clients, is to ensure that Canadians
can benefit, if they choose to do so, from nuclear
activities without being unduly concerned about impacts on
their health or safety.
To assist the AECB in developing a plan for improving its
visibility it will be engaging consultants in the fields of
public awareness surveying and communications. By
determining how the AECB is viewed by the public, we will be
able to see where the public disagrees with our current
principles and practices, and change in accordance with the
demands of our clients. In some areas we may be made aware
of misconceptions which could be addressed by improved
communications in accordance with an organized plan.
To embark on a plan which has as an objective increased
public visibility is a daunting task to a technically
oriented organization such as the AECB. The first reaction
is to study the problem to death, perhaps with the
sub-conscious hope that the problem will go away. There
are, however, several obvious small steps that can be taken
immediately. (Even the longest journey begins with a single
step!) We must seek out ways to make ourselves more
available to the media, the elected representatives of the
people and the people themselves. Dr. Levesque in his first
visits as president to the power reactor plants made it a
point to inform the local press that he would be in the area
and would be available for discussions. In each case the
response was positive and reporters seemed to appreciate
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meeting with him. Their stories were printed in the local
papers only but even this coverage is a positive step. This
example can be transposed to other situations; for instance
when attending a conference in Winnipeg AECB staff should
ensure that the media are made aware of their presence and
their availability for interviews in their area of
expertise.
The elected representatives of the people are also available
if we make the effort. In the last few months a
controversial licensing action was the proposed renewal of
the licence for the Port Granby waste management facility on
the shore of Lake Ontario. The local populace, through its
representatives, let it be known it was incensed that more
radioactive waste was being deposited in a facility which
was recognized by all concerned as being deficient in some
respects. In this charged atmosphere it would have been
very convenient for the Board and its sta-f to isolate
themselves and conduct its affairs through the mail.
Instead, our Board chose to invite the representatives to
one of its regular meetings in Ottawa and then to propose
that for its next regular meeting it should meet near Port
Granby. Furthermore it would meet in public and hear the
views of the public. Such opportunities are not commonplace
but neither are they rare.
The people themselves are the most difficult to approach
directly simply because of the numbers. Speakers bureaus
are a popular way of advertising the availability of nuclear
regulators or others to address groups of people. While
such efforts are commendable there is something sterile
about addressing a service club whose members may or may not
have any real interest in the topic. A more profitable
group to deal with may be the people who live near
facilities as they are the most likely to have questions or
concerns. Our experience with environmental monitoring
committees has been mixed but we remain open to invitations
to be members of groups who wish to keep an eye on the
performance of facilities in their vicinity.
3.

TRANSPARENCY

If the AECB is successful in increasing its visibility it
follows that we must then explain to our audience the nature
of our mission and how we are accomplishing it. Our mission
is to ensure that the public can benefit, if it chooses to
do so, from nuclear activities without undue concern about
their health and safety or the effect on the environment.
We believe that if people understand the process that the
AECB follows in ensuring the safety of nuclear activities
those same people are more likely to accept that their
interests are being protected. It is easy to distrust both
the industry and the regulators when a person does not
recognize that there is a difference between
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them. We must make people aware of our independence from
the industry, the process we follow in makiny decisions
about the acceptability of proposed activities, our
demanding safety standards and our approach to ensuring
ongoing compliance with regulations and licences. It is
disappointing to have members of the public view the AECB as
being in bed with the nuclear industry at the same time as
the industry is accusing us of making unreasonable demands
and threatening the financial viability of a safe endeavour.
To become reasonably transparent to the public is essential
if we are to achieve our mission, and is probably the most
difficult task we face.
4.

EFFECTIVENESS

Being visible to the public and its elected representatives
will only benefit the AECB and the nuclear industry if the
audience agrees with what it sees. To date the AECB has
usually received a good report card from bodies which have
had an opportunity and a mandate to examine the operation of
the AECB. Among those who have reported favourably on the
AECB have been:
(a) The Select Committee on Ontario Hydro Affairs
which looked at the question of reactor safety in the
post-Three Mile Island period.
(Reference 4.1)
(b) The Bayda Commission which studied uranium mining
in Saskatchewan. (Reference 4.2)
(c) The Auditor General of Canada who looked at the
regulatory process and AECB management (without
examining technical issues). (Reference 4.3)
(d) The Ontario Nuclear Safety Review of Dr. Hare
which examined reactor safety in the post-Chernobyl
period. (Reference 4.4)
Two duly constituted bodies were rather critical of the
AECB. One was the Siting Process Task Force on Low-Level
Radioactive Waste Disposal (Reference 4.5) and the other was
the Standing Committee on Environment and Forestry.
(Reference 4.6) Both bodies were critical of the way in
which the AECB regulated the handling of nuclear waste.
If we assume that the six bodies referred to above are
representative of the Canadian public at large we get a good
indication of how we should proceed to ensure that the
public will consider us to be an effective body. We must
continue on course where we are considered effective,
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improve where weaknesses are identified and change where
valid criticism is made.
We consider that there is both tacit and open support for
the generally demanding requirements of the AECB in the area
of reactor safety. The message we hear is that people
expect us to enforce these requirements strictly. For
example, the first principle for reactor safety as given in
the 1972 paper by D.G. Hurst and F.C. Boyd (Reference 4.7)
is that "Design and construction of all components, systems
and structures essential to or associated with the reactor
shall follow the best applicable code, standard or practice
and be confirmed by a system of independent audit". For
construction of pressure retaining components of nuclear
systems everyone recognizes that an appropriate standard is
Section III of the ASME Boiler and Pressure Vessel Code.
When we apply this principle to the design of computer
controlled shutdown systems in Darlington we must continue
to require high quality in the design, implementation and
documentation of the software. While there may be room to
dispute which is the best applicable standard there is no
doubt that we must require software design which recognized
experts in the field would accept as being of high standard.
Similarly, we believe that there is tacit support from
outside the nuclear industry for enforcement of regulatory
requirements spelled out in AECB Consultative documents such
as "Requirements for Containment Systems for CANDU Nuclear
Power Plants". We believe, for instance, that people expect
us to enforce strictly the requirements for in-service
leakage tests included in that document.
People new to the reactor safety field generally look with
favour on the scope of accident analysis required in the
licensing of power reactors. They also expect these
analyses to be updated in light of new information. For
instance the disaster at Chernobyl quickly and correctly
brought demands from Canadians for a review of the safety
analysis for CANDU plants to ensure that we understood the
implications of Chernobyl. Some years ago we had already
concluded that the thoroughness of accident analysis at
nuclear power plants should be increased. The Board
signalled this at the time that Darlington was licensed for
construction in 1981. The Ontario Hydro Darlington
Probabilistic Safety Evaluation (a 20 volume document) is
the most obvious response to the regulator's demand for a
more thorough safety review of plants.
There have been times in the design and construction of
nuclear power plants where the performance of the AECB has
been found wanting (with valid justification I might add).
The highest profile event was the licensing of Bruce A
reactors for high power operation in 1976 at a time when the
question of effectiveness of the emergency core cooling
system was a topic of severe disagreement between Ontario
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Hydro and staff of the AECB. The Board permitted operation
of Bruce A on condition that an improved emergency core
cooling system be installed expeditiously. It is now a
matter of history that installation was not complete until
March, 1987; almost eleven years after operation of the
reactors had started! A good summary of this topic can be
found in a report prepared by Energy Probe for the Ontario
Nuclear Safety Review (Reference 4.9). We believe that if
we are to earn the support of the public we must demonstrate
better performance at Darlington. Certainly it is the AECB
intention that operation at power will only be permitted
when all significant safety issues have been resolved.
For the AECB to discharge its responsibilities in an
effective fashion it must also continue to learn from world
wide experience and ensure that safety requirements are not
out of line with the rest of the world. In the field of
radiation protection, for instance, we continue to follow
the recommendations of the International Commission on
Radiation Protection but we are also keeping aware of and
participating in research which might affect radiation
protection standards. An obvious case in point is the
results of investigations in England which indicated a high
incidence of childhood leukemia in the vicinity of one
nuclear facility. We have instituted research work to study
this possibility around Canadian facilities.
The AECB participated for many years in the development by
the International Atomic Energy Agency (IAEA) of a series of
codes and standards for reactor safety. These standards are
being reviewed in light of operating experience in general
and the Chernobyl disaster in particular. We are again
participating in this endeavour to ensure that Canadian
standards and practices benefit from world-wide experience.
An analogous undertaking in the last year has been the
preparation by the IAEA of a document on basic safety
principles for reactor safety (Reference 4.10). In
comparing Canadian practices against these basic safety
principles it is reassuring (but not surprising) to see that
our practices are generally consistent with the rest of the
world. In two specific areas it appears that others put
more emphasis. The first is in the approach towards severe
accident management. There is a growing trend in other
countries to predict the probable course of severe
accidents, install equipment to monitor the progress and
train operators to respond to such severe events. Also,
other countries appear to be putting more emphasis on
emergency planning than is the case in Canada.
There are also some very specific technical areas where we
are keeping abreast of developments. As members of the
International Piping Integrity Review Group (IPIRG) the AECB
is involved with other countries in the study of piping
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failure. We also have a vital interest in the standards to
be used for software design for critical applications, in
particular software for the shutdown systems at Darlington.
While some of the recognized expertise in software design is
in Canada we recognize that a great deal of work has also
been done in other countries. For this reason, we have
developed contacts in the USA, France, Germany and the
United Kingdom. We want to benefit from their views and
experience rather than operate in isolation in Canada. We
also wish to ensure that Canadian standards are not
inconsistent with those in the rest of the world.
Like all responsible organizations the AECB questions, on an
ongoing basis, its practices and requirements and must be
prepared to modify them where appropriate. However, it is
equally important that we are responsive to the criticisms
of duly constituted bodies outside the nuclear industry. If
we are to be seen, by the public whom we serve, as an
effective regulator it is essential that we change in
response to valid criticism. In this regard, there have
been three different groups that have tabled reports in 1988
which include recommendations for improvement of the AECB.
(References 4.4, 4.5 and 4.6).
The Standing Committee of Parliament on Environment and
Forestry and the Siting Process Task Force both addressed
radioactive waste management. The theme of both reports as
they apply to the AECB is common - the AECB should work much
more closely with the public. It should make known more
clearly its safety requirements and it should factor into
its decisions not only technical considerations but also
sociological considerations. On the documentation of
criteria for public review the two reports are very similar:
"
, Environment Canada, in collaboration with the
Atomic Energy Control Board and the other federal and
provincial departments and ministries concerned, should
immediately formulate and make public the selection
criteria fcr potential disposal sites for high-level
radioactive waste." (Reference 4.6)
and
"Therefore, we recommend that the Atomic Energy Control
Board establish up-front a set of explicit, detailed
safety standards
" (Reference 4.5)
On the social side the thrust of the reports was that the
AECB should become much more involved with the public with
the intention that the AECB consider matters other than
health, safety, security and protection of the environment.
The relevant recommendations are:
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"a consultation mechanism should be set up to require
public participation in making decisions on moral or
ethical questions" (Reference 4.6)
and
"Therefore, we recommend that the Atomic Energy Control
Board undertake public information programs as part of
the siting process to ensure that regulatory
requirements, their rationales and their impact on the
siting of facilities are clearly understood"
(Reference 4.5)
These recommendations parallel those of Dr. Hare in his
review of reactor safety when he recommended that
"Its (AECB) staff complement should be increased to
permit a broader programme, particularly in the
radiological, socio-economic and environmental areas."
and
"That the Atomic Energy Control Act be amended so as to
increase the Board's membership to permit appointments
of persons expert in socio-economic and environmental
These three duly constituted bodies were unanimous in their
consideration that the AECB should depart from its primarily
technical approach to safety and take into account social
considerations. If we are to merit the confidence of the
public it is apparent that we must change in response to
these recommendations.
In addition to the recommendations addressing socio-economic
considerations the Hare report also raised a large number of
technical issues. We were, of course, pleased to see that
Dr. Hare concluded that the AECB is "an effective regulator
of Canada's entire nuclear industry". We are in agreement
with most of his comments and recommendations that apply
directly or indirectly to the AECB and in fact found that
they confirm our own views of the AECB (in particular those
of our new president). I would like to highlight those
recommendations and comments which are particularly relevant
to improvement of the AECB's effectiveness or the assurance
of reactor safety. These are:
that a consistent policy be established by the AECB
governing the backfitting of existing reactors.
that relations between Ontario Hydro and AECB become
more formal and that reasons for all regulatory decisions be
fully documented.
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that the consequences of fuel channel failure on
adjacent channels requires further investigation.
that the AECB should verify in detail the many complex
computer codes which are used in the safety analysis of
reactors.
that the AECB should make itself much more visible to
the average citizen and influential groups outside the
nuclear industry.
that the AECB should formulate a retirement policy for
each plant.
that probabilistic safety evaluations should be
undertaken for operating reactors.
that refresher training programs for operators and
shift supervisors be immediately upgraded.
that the AECB should be given substantial additional
resources.
We agree with the substance of the above recommendations and
will be addressing them to the extent that our resources
permit. Resources in some case include more than just
additional staff; they include also significant money for
research. On the question of consequences of a fuel channel
failure on adjacent channels the AECB may yet be obliged to
launch its own research program. Our licensees are
reluctant to conduct further research since they are
convinced that failure of one channel will not propagate to
others. In order to obtain the necessary confirmatory tests
the AECB may need to fund the work. Clearly, our research
budget of three million dollars per year would be inadequate
to accommodate a series of tests which would cost in the
order of five million dollars.
5.

EFFICIENCY

Every outside body which has looked at the AECB has
recommended that the AECB do more. None has recommended
areas where our activities should be curtailed. At a time
when the government policy is restraint and downsizing, one
can undertake additional activities only by increasing
efficiency or by changing our emphasis. Some of the
recommendations we can address because they do not require
much additional effort e.g. more formal relationship with
licensees, better documentation of reasons for regulatory
decisions, policy on back-fitting. In our involvement in
operator training, for instance, we are considering changes
which would see less effort going towards examining the
knowledge of individual operators. This could free up
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resources which would allow us to spend more effort
reviewing the quality of the training material, the delivery
of training programs and the effectiveness of internal
testing arrangements. However, implementation of some of
the recommendations can only be accomplished if the AECB is
given significant additional resources. A broad involvement
in socio-economic matters and public information programs
cannot be done with existing resources. Even more so, an
independent review of safety analysis codes would require
many more people and a significant increase in our research
budget. Dr. Hare recognized this fact in his report and
recommended increased resources for the AECB. His
recommendations will lend support to our efforts to acquire
more resources.
6.

CLOSING STATEMENT

It is apparent that public support for all nuclear
activities is dwindling. In such a climate it is understandable that the public demands that the regulatory agency
increase its vigilance. The AECB is required to and will
respond to such demands. We believe, however, that if the
regulator is recognized by the public and is seen to be
doing an effective job in protecting the public, then people
may have more confidence in nuclear activities. Whether
this assumption is correct remains to be seen. Nevertheless, our objective is to become more visible to all, to
be vigorous in pursuing our responsibilities and hopefully
to win the confidence of our clientele - the people of
Canada.
7.
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INTRODUCTION
Thank you, Mr. Chairman. There are two main points of my paper
on Canada's role as a uranium supplier to the world. The first
is that the future of nuclear power as an energy source is not
constrained by its fuel resource base. The constraints will
more likely be political. The second is that Canada has the
resources, the technology and skills, and the political will to
remain the world's leading producer and supplier of uranium for
peaceful purposes on a competitive basis for many years to
come.
This is the same message that Canadian spokesmen have been
giving for years. I believe in this case that no news is good
news. Stability has some value.
On the demand side, stability should also prevail, at least in
the medium term. Fifteen years ago, the base of installed
nuclear capacity was small, but anticipated growth rates were
high. Security of uranium supply was the concern, wrongly as
it turned out. It was the high demand estimates that proved to
be unreliable. Nonetheless installed nuclear capacity grew
steadily, although less rapidly than originally anticipated.
We now have a substantial demand base, but fairly low projected
growth rates.
This is not the most dynamic future one could imagine for a
world-scale energy resource, but as commodity prospects go it
is not a bad one. Canada has a number of additional uranium
projects ready to be developed as markets warrant, and is well
placed to maintain its leading role.
I would like to look briefly at uranium in the broader energy
context, review world demand and supply with a focus on
Canadian supply capabilities, and conclude with remarks on
recent government initiatives: foreign ownership, the Eldorado
Nuclear Limited / Saskatchewan Mining Development Corporation
(SMDC) merger, and free trade with the United States.
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FUTURE DIRECTIONS
Looking at uranium in a broader context, we see that the
nuclear power enterprise itself faces an uncertain future. At
a time when concerns are mounting about the environmental
impact of emissions from the burning of fossil fuels, nuclear
power should be seen as a clean, environmentally sound and
sustainable economic source of electricity.
Electricity itself is a preferred form of energy. It is
clean, versatile, and precise in application at the point of
use. It is ideally suited to highly productive modern systems
in industry, services, and homes. Electricity use is growing
both in absolute terms and in its share of the energy market.
Many of the world's developing regions, in the throes of rapid
urbanization and industrialization, are desperately in need of
more clean electricity. The question is: what share of the
electricity market will be fueled by uranium?
Studies continue to show that in most of the world's
industrial regions, nuclear power, properly managed, has a
significant cost advantage over coal, the other solid energy
fuel. Yet in many countries, coal is winning orders as the
preferred near-term source of electricity. Whatever long-term
global detriments there may be to mining and burning coal, it
seems acceptable as an immediate local investment to the
utilities who make these decisions.
Coal is abundantly available in a highly competitive global
market. New technologies are being developed to minimize its
environmental impact, and plants are available in attractive
unit sizes. Coal will remain a tough competitor for uranium.
Thus, despite compelling evidence of its merits, nuclear power
will not be the automatic choice for new capacity on a world
scale. It will have to compete across the entire spectrum of
factors that influence those decisions - economics, the
availability of financing and infrastructure, security of
supply, environmental impact and, increasingly, public
acceptance.
While Chernobyl's immediate impact on electricity generation
planning was fairly small, and the panic that it caused has
passed, public concerns about nuclear power continue at a high
level in many countries. Those contemplating embarking on
nuclear power programs are looking at this step very
cautiously. Many countries, especially in Europe, have
deferred such programs, and some have renounced them outright.
Even some countries not traditionally noted for their
sensitivity to public opinion have cancelled, deferred or
relocated reactor projects. Sweden, with the highest per
capita use of nuclear power in the world, has decided to phase
it out. It will be instructive to see how Sweden manages this
issue, as the alternatives are not easy.
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It looks as if significant growth in nuclear power will be
limited to a fairly small group of committed countries and
regions, until some new developments revive interest.
There are many possible triggers for a re-evaluation of nuclear
power:
- environmental concerns about the sustainability of
resource use, where nuclear has an excellent case;
- the actual shock of electricity shortages;
- new concerns about oil availability in the 1990s;
- a longer-term view of financing infrastructure for growth
in the industrializing regions;
- a breakthrough in technology;
- a shift in public attitudes brought on by better
understanding, through public information programs like
those of the CNA.
Meanwhile, the uranium industry must continue to share the
uncertainty about the longer-term future.
DEMAND AND SUPPLY
Requirements
Let me now turn to the demand and supply situation in a little
more detail. At the end of 1987, there were about 245 GWe of
nuclear power capacity in the Western world, along with about
35 GWe in the Soviet bloc, most of it in the Soviet Union. By
the year 2000, capacity in the Western world is expected to
grow to about 3 50 Gwe.
Currently, as shown in Figure 1, about 90 per cent of the
Western world's nuclear electricity generation is in the
industrial democracies of the OECD, and almost 80 per cent of
this is in the top seven nuclear power countries (United
States, France, Japan, West Germany, Canada, United Kingdom,
Sweden). Of the OECD countries, France and Belgium rely on
nuclear power for almost 70 per cent of their electricity
generation, as shown in Figure 2, while Finland, West Germany,
Japan, Spain, Sweden and Switzerland have all exceeded the
25 per cent level.
Although the United States generates less than 2 0 per cent of
its electricity supply from nuclear sources, it leads the world
in terms of installed nuclear capacity. Figure 3 indicates
that Canada obtains over 15 per cent of its electricity from
nuclear sources, while Ontario derives 50 per cent of its
electricity from nuclear power.
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Ontario is often compared with Quebec and Manitoba, which have
abundant hydro sources (at least as long as it rains - I
understand its been a dry spring
here) and slightly lower
electricity costs, but Ontario!s costs, now based on uranium,
are much lower than those in most of the industrial world,
including those just across the U.S. border.
In most cases nuclear is the preferred source for regions that
do not have economic alternatives in the form of local hydro or
coal, although there is increasing interest in imported coal.
The annual requirements for uranium in the West, about 3 9 000
tonnes U (tU) in 1987, are expected to rise to 50 000 tu by the
end of the century. Since 1985, uranium production has lagged
behind requirements, the difference being made up from
inventory. This inventory will take several more years to be
worked down to normal levels.
Supply

On the supply side, Canada's position in world uranium
production is shown in Figure 4. The bulk of the Western
world's uranium production comes from only seven countries
(Australia, Canada, France, Namibia, Niger, South Africa, and
the United States). Five of the seven major producers have
either small nuclear power programs or none at all, so most of
the world's uranium supply is traded internationally. The U.S.
and France, with the world's largest nuclear power programs,
supply one-third to one-half of their own needs, leaving
Canada, Australia, and Africa as the major exporting regions.
The nuclear fuel cycle lends itself to greater energy independence through investment in capital and technology, and most of
this investment is within the consumer country. The fuel is a
fairly small fraction of the costs of nuclear electricity.
Uranium is widely available in the world, and several years'
supply can be easily stockpiled. Many uranium importing countries, led by France and Japan, are investing heavily in fuel
recycling developments that will reduce their need to import
uranium. It will be interesting to see if these investments
turn out in the long run to be economic as well as strategic.
Resources
With the anticipated decline of production capability from
existing uranium mines and mills, new production centres will
be required by the mid-1990s. Given the lead times, this will
require decisions to commit projects very soon. The uranium
industry is not likely to invest in new capacity, often in
remote regions, without commitments for sale of a substantial
portion of the output, at prices higher than current spot
market prices. Security of demand is the key to future
security of supply. The flexibility desired by customers will
have to be reconciled with the assurances needed by producers.
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A number of projects, including several in Canada, are gearing
up to go into production as soon as they have tangible evidence
of a market for their production. With adequate foresight,
there is every reason to believe that the industry can adapt in
a timely manner.
The situation with respect to uranium resources is shown in
Figure 5. The countries that are currently the leading
exporters are likely to continue in that role, although the
entry of new suppliers such as China is possible. Most of the
prospective increases in uranium production capability in the
medium term are confined to these countries.
Beyond the year 2000, uranium resources should remain adequate,
even on the once-through fuel cycle, for many years. Estimates
of the Western world's known resources currently exceed
3.5 million tU, sufficient to support projected nuclear power
capacity well into the next century, if all of these resources
were developed. In addition, there is good promise for further
discoveries, but this will require investment in exploration.
Canada possesses a significant share of the world's known
resources of economic interest, and the potential for future
discovery is excellent. The Athabasca Basin in northern
Saskatchewan is the focus of international exploration efforts,
and it was there that most of the $36 million spent on uranium
exploration in Canada last year was invested.
CANADIAN URANIUM SUPPLY CAPABILITIES
Current Status
Canada is the world's largest producer and exporter of
uranium. As shown in Figure 4, Canada produced an estimated
12 450 tU in 1987, representing 34 per cent of total Western
world output of some 37 000 tU. Shipments from" Canadian
producers to domestic and foreign accounts reached 13 200 tU,
and were valued at more than $1.1 billion in 1987.
By way of comparison, 12 000 tU on the once-through CANDU fuel
cycle is the thermal equivalent of 200 million tonnes of coal
(more than three times Canada's annual production) or one
billion barrels of oil (double Canada's annual production).
Despite the market uncertainties in 1987, Canadian producers
negotiated new sales contracts for some 6 400 tU. The average
price of Canadian export deliveries had held steady at about
$US 2 6/lb U^Og from 1984 to 1986, but a marked increase in spot
sales activity in 1987 caused a price drop to $US 23/lb U 3 O 8 .
Of the total quantities delivered, 35 per cent was attributable
to spot sales, compared to only 21 per cent in 1986. However,
when viewed separately, the declines in spot-sale and long-term
contract prices were less marked; indeed, in terms of U.S.
dollars prices were about the same as in 1986.
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Canada's uranium requirements are small, about 1 700 tu in
1988. Therefore some 85 per cent of Canada's annual output is
available for export. The bulk of these exports continue to go
to Canada's traditional customers in Asia, the United States,
and Western Europe. These long-term customers appreciate
Canada's reliability as a supplier, and we appreciate their
commitment.
Figure 6 reflects this commitment in terms of past and forward
scheduled deliveries of Canadian uranium to the major export
markets. Figure 7 shows delivery commitments on long-term
contracts over the five year period 1987-91 more graphically.
Many of Canada's major customers are also willing to invest
directly in Canada's uranium mining future.
Production Developments
At the Rabbit Lake operation in Saskatchewan, Eldorado
Resources Limited met its 1987 production target for the
Collins Bay B-zone orebody. Anticipating its depletion in the
early 1990s, Eldorado submitted an Environmental Impact Statement for regulatory approval to develop its Collins Bay A and D
orebodies, and to initiate underground exploration and test
mining at the Eagle Point deposit. Environmental approval was
granted by the province early in 1988. Canada's uranium mines
will continue to meet stringent standards for safety and
environmental impact. Indeed, the Atomic Energy Control
Board's new health and safety regulations for uranium and
thorium mines came into effect on April 21, 1988.
In March 1987, Cluff Mining began recovering gold and uranium
from its leach residues produced during Phase I of the
operation. The first gold bar was poured in April and by
year-end over 6,000 ounces had been produced. Uranium output
for 1987 met delivery commitments, with production coming from
the Claude open pit and Dominique-Peter underground mine.
A new output record was set in 1987 by Key Lake Mining
Corporation (KLMC), as throughput capacity of 4 600 tU was
again surpassed. The Gaertner pit, mined out in 1986, is
being allowed to flood as current efforts centre on preparing
the larger Deilmann orebody for mining in mid-1988. KLMC
conducted a 10 000-tonne heap-leach test in the summer to
verify uranium extraction rates from lower-grade cobble ores.
Early in 1987, Denison Mines Limited acquired the claims of
Canuc Resources Inc. located just southwest of its main mine
at Elliot Lake in Ontario, and development of a conveyor
access is underway to permit future resource exploitation.
Rio Algom Limited will continue to develop the higher-grade
orebodies at its adjoining Nordic, Lacnor, and Milliken
properties at Elliot Lake, having renegotiated its uranium
supply agreement with Ontario Hydro in 1986.
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Both Denison and Rio Algom are increasing the contribution to
overall output made by in-place (underground) leaching, as
part of their ongoing efforts to reduce operating costs and
improve productivity; both companies are also looking beyond
Elliot Lake for future uranium production.
Denison intends to sink a shaft for mining tests at its Midwest
Lake project in northern Saskatchewan. Rio Algom has announced
its intention to seek exploration opportunities, an interesting
change from previous company policy. While both producers have
contracts that extend beyond 2000, each must strive to increase
competitiveness and decrease unit production costs in today's
difficult market.
In all areas, Canada's track record in uranium production is a
tribute to the skills and dedication of the workers in the
uranium industry.
Canada's 1987 level of uranium output will likely be held well
into the 1990s, but this will require higher prices for some of
it. However, adequate prices and reasonable world demand must
be maintained. Canada's uranium output capability is shown at
two representative price ranges in Figure 8. These can be
characterized as illustrations of firm production capability.
The lower projection assumes output levels that can be practically and realistically achieved under current circumstances
from resources priced at $100/kgU or less. The higher curve
depicts output from resources priced at $150/kgU or less.
Depending on future market conditions, in particular uranium
prices, security of demand, and continued access to major
customers, Canada could increase its share of the uranium
market vis-a-vis our major competitors.
Progress on several projects gave the Canadian uranium
industry a much needed boost in 1987. In Saskatchewan, Cigar
Lake Mining Corporation received approval to proceed with its
$4 0 million test mine, while, as noted previously, Denison and
a partner acquired 60 per cent of the Midwest Lake project.
Both projects could be brought into production in the early to
mid-1990s. In the Northwest Territories, Urangesellschaft
Canada Limited is examining the possibility of production at
its Kiggavik project (formerly Lone Gull) by 1995.
New projects for the longer term depend on current exploration
efforts. As shown in Figure 9, non-U.S. foreign-based
companies accounted for more than half of the 1986 uranium
exploration expenditures in Canada, twice the proportion of
1981, although less in absolute terms. This reflects the
sizeable stake most of Canada's major uranium customers are
willing to commit to the future of the uranium industry in
Canada. In comparison, U.S. companies have virtually ceased
participating in uranium exploration in Canada. Recent
developments in foreign ownership policy and the Free Trade
Agreement could lead to changes in this situation.
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GOVERNMENT POLICY INITIATIVES
New Foreign Ownership Policy
Canada's new, more liberal policy on foreign ownership was
announced on December 23, 1987. Its primary objective is a
51 per cent level of Canadian equity in an individual uranium
property when production begins. Lower levels of Canadian
ownership would be permitted if Canadian control can be shown.
Only in cases where Canadian partners cannot be found would
exemptions to the policy be considered, and these would require
Cabinet approval. The new policy is designed to encourage
investment in Canada's uranium mining industry, and to promote
economic development, exports and jobs for Canadians.
The first transaction approved under the new policy was the
sale by SMDC to the Korea Electric Power Corporation (KEPCO) of
a 2 per cent non-voting interest in the Cigar Lake project.
Associated with the equity sale to KEPCO is a long-term uranium
supply contract worth about $150 million. Canada welcomes this
participation by a valued customer.
Eldorado/SMDC Merger
In February 1988, the Canadian and Saskatchewan governments
announced that they had agreed in principle to the merger and
privatization of their respective uranium mining companies,
Eldorado and SMDC. The merger will create a world-class
integrated uranium mining and processing corporation, headquartered in Saskatoon. The new entity will employ more than
1,000, will own two-thirds of the Key Lake Mining Corporation,
have assets of about $1.6 billion, and will generate annual
sales of some $500 million. It will be a strong competitor in
the international uranium market, with 15 per cent of Western
world production.
In 1987, both Eldorado and SMDC achieved substantially higher
returns from their operations. With increased output from its
Rabbit Lake operation, Eldorado established a new record for
uranium production by an individual Canadian company of some
3 060 tU. SMDC's share of 1987 production reached 2 700 tU, an
all-time high. Eldorado's resources tributary to Rabbit Lake
are estimated at 45 000 tU, while SMDC controls resources in
northern Saskatchewan in excess of 115 000 tU, ensuring a
long-term supply capability for the merged company.
Canada/U.S. Free Trade Agreement
Finally let me discuss the Free Trade Agreement or FTA, which
was signed in January 1988. The U.S. has agreed to "exempt
Canada from any restriction on the enrichment of foreign
uranium under Section 16lv of the Atomic Energy Act," and
Canada has agreed to "exempt the United States of America from
the Canadian Uranium Upgrading Policy as announced by the
Minister of State for Mines on October 18, 1985."
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Implementing legislation was introduced in Canada's House of
Commons on May 24, 1988, and similar U.S. legislation is
expected to be introduced in Congress in June.
CANADA/UNITED STATES TRADE ISSUES
The United States is currently Canada's largest customer for
uranium, taking over one-third of Canadian exports, with a
value of some $300 million annually. Canadian uranium
producers supplied more than 40 per cent of U.S. domestic
requirements in 1987. The U.S. is the most promising market
for further sales, and the most problematic.
It is clearly in the interests of both countries to achieve
the benefits of the FTA. Canada will benefit by having secure
access to the large U.S. market for uranium, and the United
States will ensure its access to Canadian uranium supply.
The U.S. uranium mining industry has been actively lobbying for
uranium import restrictions for a number of years, and is
fighting against the agreement reached in the FTA. The
reasons for this stem from the large price and demand fluctuations that occurred in the mid- to late-1970s and early 1980s.
The United States uranium industry was previously protected by
a U.S. Department of Energy (DOE) restriction on enrichment of
foreign uranium for domestic use, which was put in place in
1967. This embargo, which effectively prevented the importation of foreign uranium, was gradually phased out between 1977
and 1984.
In the early 1970s, the demand for uranium began to grow
rapidly, forcing up the price of uranium from $US 17/lb U 3 O 8 at
the end of 1973 to $US 43/lb U 3 O 8 in 1978. Under protection of
the import embargo, many high-cost mines were started up in the
United States and the U.S. uranium industry grew rapidly to
meet the demand.
In the late 1970s, projected growth of the U.S. nuclear
industry declined. At the same time, the U.S. import embargo
was gradually being lifted and several large deposits of highgrade uranium ore were discovered in Saskatchewan. The spot
market price of uranium dropped to $US 17/lb U3Og in 1982. The
new Saskatchewan producers were able to compete in the lowprice market, whereas many of the high-cost U.S. producers were
forced to close. Employment in the U.S. uranium mining
industry is down to 10 per cent of the peak level achieved in
1979. This is where many observers believe the level should be
on a competitive market basis. There are currently initiatives
both in the U.S. courts and in the Congress to restrict uranium
imports.
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Import Restrictions
A Senate Bill would place a financial penalty on any utility
that uses more than 37.5 per cent foreign uranium between 1988
and 1994, or more than 50 per cent between 1995 and 2000. This
legislation may not get through the House of Representatives,
but if it does, the Administration has indicated that the
President would veto it.
In a parallel initiative, the Uranium Producers of America
initiated a lawsuit in 1985, to force the U.S. DOE to comply
with Section 161(v) of the U.S. Atomic Energy Act (i.e., to
restrict the enrichment of foreign uranium for domestic use).
This is the same legislation used to initiate the earlier
embargo. In June 1986, the U.S. District Court in Denver
ruled in favour of the miners. This ruling was upheld by an
Appeal Court decision in July 1987, and is now before the U.S.
Supreme Court. A decision is expected soon.
Free Trade Agreement Implications
The FTA would exempt Canada from any enrichment restrictions
imposed under the U.S. Atomic Energy Act, and would therefore
negate the impact of an adverse court decision on Canada. We
expect that the FTA would also negate any import restrictions
that might be imposed by new legislation.
In return for assured access to the U.S. uranium market,
Canada has agreed to exempt the United States from Canada's
policy on further processing of uranium prior to export. This
will provide U.S. companies access to refining and conversion
business for Canadian uranium consumed in the United States,
or transformed sufficiently to be deemed of U.S. origin prior
to onward shipment to third countries. We believe Canada can
compete effectively for this business.
Canada understands the U.S. desire to maintain a viable
uranium industry but appreciates the position taken by the
U.S. Administration to support open markets. History has
shown that protectionism may help in the short term but that
in the long run it is highly disruptive, expensive and
damaging.
CONCLUSIONS
In summary, uranium resources appear adequate to support any
foreseeable level of nuclear power development on a global
scale until well into the next century. Canada is favorably
placed to maintain its position as the world's leading
producer and exporter. The key to bringing on new production
on a timely basis in the 1990s will be assurances of demand at
prices that are attractive to producers. Such prices will
likely have to be well above the current spot market price.
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Canada's new policy on foreign ownership in the uranium mining
sector will promote economic development, jobs for Canadians,
and uranium exports, by providing increased flexibility for
investors wishing to develop the uranium deposits discovered
in Canada in recent years or explore for new ones.
The outlook for Canada's uranium industry brightened in 1987
as a result of the Free Trade negotiations and the progress
made in developing the next generation of Canadian uranium
production centres. However, realizing the industry's full
potential will require the successful completion of the FTA
and the resolution of the protectionist measures currently in
play in the United States' courts and Congress. These have
had a very unsettling effect on the market, as few long-term
sales have been made recently to U.S. customers.
Canada has the capability to fulfil its current delivery
commitments and to meet further needs as they manifest
themselves in the market. Based solely on existing
operations, annual production capability is expected to
continue above 12 000 tU through the mid-1990s. Given
adequate assurances of demand, the expansion of production
capability to a level of 15 000 tU annually could be achieved
by 1995.
Currently accounting for one-third of Western world uranium
supplies, Canada will be able to provide for its own modest
needs and contribute competitively to the needs of its trading
partners for many decades to come.
In the longer term, the future of uranium as a world energy
source will depend on the electricity market share obtained by
nuclear power. This in turn will depend on many factors, but
public acceptance looms as the most important. Along with its
other merits, the environmental and safety advantages of
nuclear power must clearly be better understood. I wish the
CNA well in its effort to spread that understanding.
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DESIGN CONSIDERATIONS AT THE CIGAR LAKE PROJECT
G.A. Peebles, P. Eng.
General Manager - Cigar Lake Mining Corporation
The Cigar Lake uranium deposit in northern Saskatchewan is the largest
high grade uranium deposit in the world with a total reserve of 385
million pounds U3O8. The main section of the deposit has a total
geological reserve of 285 million pounds at an average grade of 14%
U3C8.
Cigar Lake Mining Corporation (CLMC) which is developing this deposit
is a wholly owned operating company established by the joint venture
owners, Saskatchewan Mining Development Corporation, Cogema Canada
Ltd., Idemitsu Uranium Exploration Canada Ltd., Corona Grande
Exploration Corporation, and Korea Electric Power Corporation.
CLMC has recently commenced an underground evaluation of the deposit.
This program which is expected to take about 2-1/2 years to complete
involves sinking a 500 metre deep shaft, and drifting out to the ore
zone on two levels. Once the orebody is reached trial mining methods
will be carried out to demonstrate the technical feasibility of mining
the deposit.
Following completion of the Test Mine and the feasibility study in 1990
the owners will be in a position to take a final decision on
development and production influenced by market conditions at the time.
This paper describes the geological characteristics of the deposit and
the development of the test mining program.
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DESIGN CONSIDERATIONS
AT THE CIGAR LAKE PROJECT
INTRODUCTION
The Cigar Lake orebody is the largest high grade uranium deposit in the
world with a total reserve of 385 million pounds of U30s. The main
section of the deposit has a total geological reserve of 285 million
pounds of U30g contained in ore with an average grade of 14%
Cigar Lake is 670 kilometers north of Saskatoon on the south end of
Waterbury Lake.
The nearest producing uranium mines are Eldor's
Collins Bay deposit (56 km east) and the Key Lake Mine (120 km
southwest. (Figure 1). There are several other uranium deposits in the
area which have similar characteristics to the Cigar Lake deposit. The
most developed of these deposits are the Midwest Lake, McLean Lake and
Dawn Lake properties all of which lie within 30 to 40 kilometers
northeast of Cigar Lake (Figure 2).
Access to the Cigar Lake site is available throughout the year by
aircraft using a 1500 metre long gravel airstrip at the site. A
temporary access road constructed in 1987 from the end of Provincial
Highway 905 to the mine, a distance of 50 kilometres, allows supplies
and equipment to be hauled to site year round.
The property in which the Cigar Lake deposit is found is owned by the
following:
- Saskatchewan Mining Development Corporation (SMDC) - 48.75%
- Cogema Canada Ltd.
- 32.625%
- Idemitsu Uranium Exploration Canada Ltd.
- 12.875%
- Corona Grande
- 3.75%
- Korea Electric Power Corporation (KEPCO)
- 2.00%
Cigar lake Mining Corporation (CLMC) is a joint operating company,
formed May 16, 1985 by the owners to be responsible for all the
predevelopment work, the feasibility study, the construction and
operation of the eventual mine/mill complex.
The initial program of work for CLMC involves demonstrating the
technical feasibility of mining Che Cigar Lake deposit.
The
engineering studies have largely been completed and work has been
underway since October 1987 to carry out an underground mining test.
Geology
The Cigar Lake uranium deposit is closely related to the major
unconformity between the Athabasca Group Sandstones and the crystalline
basement rocks. Although it is located about 50 km inside the eastern
margin of the Athabasca Basin it occurs in a geological environment
very similar to that of the other main uranium deposits of the area.
The ore is found in sandstones at a depth of 410 to 450 m below surface
at the unconformable contact between the sandstones and the basement
rocks. The deposit is characterized by its location in sandstone, its
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continuity, the intensity of host-rock alteration and its high-grade
massive mineralization.
The Cigar Lake deposit has been extensively diamond drilled with a
total of 172 vertical holes intersecting the deposit over its east-west
strike length of 2150 m and width of between 20 and 105 m. Uranium
mineralization occurred in 118 of these holes.
(Figure 3)
An
additional 41 drill holes have been drilled in the immediate vicinity
of the orebody or to explore other zones.
The deposit is flat, crescent-shaped in cross-section, and has a
thickness varying from 1 to 20 m, with an average thickness of about 7
m. Although the deposit shows good continuity throughout its length,
the mineralization has been divided into two main zones based on the
relative distribution of the uranium.
The eastern zone which extends a distance of 800 m between drill
sections 3+50E and 11+50E consists of a flat lens-shaped deposit
referred to as the "pod". It has an average width of about 70 m and
contains an extremely high grade core. Diamond drilling in this zone
has been completed on sections 50 m apart with holes spaced 20 m apart
on sections. Drilling on two intermediate sections on 25 m centres
through the richest part of the zone has also been completed to confirm
the extent and continuity of the mineralization.
The western zone extends from sections 3+50E to 10+0W a distance of
1350 m. The drilling in this zone is wider spaced with vertical holes
completed on sections 100 m to 200 m. The mineralization is narrower
than in the eastern zone averaging about 40 m wide.
The contacts of the mineralization with the barren rock above and below
are very sharp with the grade increasing from no value to several
percent uranium over a few centimetres. Some mineralization occurs in
the sandstone up to 200 m above the unconformity. This mineralization
is referred to as "perched" mineralization and is negligible in terms
of relative ore tonnage but is important as an indicator of faulting
patterns.
There is a strong correlation between the deposit and the topography of
the unconformity. The mineralization is situated on top of a ridge in
the basement rocks which rises to a maximum height of 20 m above the
normal unconformity elevation. This ridge imparts the crescent shape
to the deposit with the thickest mineralization occurring at the crest
of the ridge and gradually thinning out to either side and finally
pinch- ing out between 30 m to 40 m either side of the crest. (Figure
4).
The distribution and extent of the hydrothermal alteration associated
with the mineralization is controlled to some degree by faulting.
The mineralization is enclosed in a zone of intense hydrothermal
alteration which has affected the structural integrity of the rocks
extending 100 m into the basement rocks and upwards to 200 m into the
sandstone.
The amount of uranium that is present generally
is
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directly proportional to the intensity and vertical extension of the
alteration. (Figure 5 ) .
The intensity of the alteration is characterized by an increase in the
clay content of the affected rocks and although the alteration has a
relatively extensive vertical range, it does not extend very far to
either side of the deposit.
The main feature of the alteration zone consists of a layer of massive
clay enveloping the mineralization and ranging in thickness up to 5 m
above the ore and 1 m below. As the distance from the mineralization
into the sandstone increases the clay content progressively decreases
and the sandstone becomes friable and locally consists of loose sand.
This condition exists from a few metres up to 200 m above the ore zone,
below the ore zone the clay content of the altered basement rock also
decreases as the distance from the unconformity increases.
the
alteration in the basement rocks has been controlled by steeply dipping
foliation and ranges from 5 m to 100 m below the unconformity.
Mineralization
The mineralization is mainly hosted by clay occurring almost entirely
at or just above the unconformity. The principal characteristic of
the mineralization is its extremely high grade where in some places it
Uranium is present both as
reaches 60% U over several metres.
uraninite and pitchblende.
Associated with the uranium are nickel/cobalt arsenides with minor
pyrite, galena, sphalerite, chalcopyrite, and molybdenum. Globally the
average grades and the ratios between the various metals and uranium
are as follows:
Lead

Uranium
12.3%
Metal/U

0.7%
0.057

Zinc

1.16% 0.04%
0.094 0.003

Molybdenum
0.14%
0.011

Arsenic
0.96%
0.078

0.15%
0.012

1.67%
0.136%

Ore Reserves
The total ore reserve estimate for the Cigar Lake deposit, including
both the main pod zone and the western extension, is 150,000 tonnes of
uranium (385 million lbs. U3O8).
A geostatistical reserve estimate carried out on the main mineralized
pod in 1984 and based on 72 mineralized holes evaluated the geological
reserves at 110,000 tonnes of uranium (285 million lbs. U3O8) contained
in ore averaging 12% uranium.
Additional inferred reserves of 40,000 tonnes of uranium (100 million
lbs. U3O8) contained in ore averaging 4% uranium are estimated for the
western extension of the deposit.
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MINE DEVELOPMENT
The design of an underground mining approach to this remarkable high
grade uranium deposit requires a thorough understanding of the geotechnical, and hydrogeological environment in which this deposit occurs,
and a careful assessment of the limitations placed upon any mining
method by radiation. The alteration zone which surrounds the orebody
imposes some difficult ground support conditions. The anticipated
volume of ground water and the impact that dewatering will have on
ground conditions and radiation control is an additional concern. In
addition to these two interesting challenges is the expected high
levels of radiation that will occur with commencement of mining
activity within the ore zone. The solution to any one of these issues
by itself could be handled in a conventional manner but altogether they
present a unique situation which will require a non-conventional
approach for the development of a feasible mining method.
Ground Conditions
The geotechnical model of the ore deposit as developed from extensive
laboratory tests performed on drill ore samples and a series of in-situ
tests is shown in Figure 5. The model consists of six zones which have
been classified according to the following parameters:
- Rock Strength
- Rock Quality Designation (RQD)
- Core Loss
*
The Athabasca Sandstone outside the alteration zone is a very competent
rock with little evidence of fracturing. The Altered Sandstone is
generally classed as a weak rock with zones containing more than 30%
clay occurring frequently.
This unit appears to be controlled by
faulting which is intense over the centre of the orebody. A major part
of the Altered Sandstone consists of soft to very soft rock with some
loose sand sections and clay pockets associated with faults.
A zone of Massive Clays represents the immediate alteration envelope
around the mineralization.
This material is very weak with low
compressive strength and minimal cohesion.
The ore zone mainly
consists of massive pitchblende and clay.
Despite the relative
strength of the pitchblende, the structural behaviour of this unit is
more closely related to that of the Massive Clays. The Altered
Gneisses of the basement rocks are strongly altered with intense
fracturing and are comparable in strength with the Altered Sandstones.
The Unaltered Gneisses are competent rocks.
The Massive Clay/Ore zones are of particular geotechnical interest
because of their very low uniaxial compressive strength. Recent tests
have shown that the clays are under stress loading which is greater
than the strength of the clay itself. This means that some form of
preconditioning and/or substantial ground support will be required
prior to excavation. The magnitude of the in-situ stress loading of
the clay was initially determined from laboratory tests on clay samples
and later confirmed from caliper logging of several diamond drill
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holes. Several runs of the caliper logging tool were made in each
drill hole with successive runs showing decreasing hole diameter in the
soft and intermediate clay formations. It was also evident from this
information that significant caving was taking place in the altered
sandstone immediately above the clay zone.
Excavations above and below the Clay/Ore zone should be stable using
conventional ground support techniques. Some included areas of loose
sand may require preconditioning either by grouting or freezing prior
to excavation.
The major ground stability requirements will occur in the Massive Clay
and Ore zones with their low uniaxial compressive strength and highlevels of in-situ stress. Artificial improvement of the strength of
these zones before excavation will be required, and can be achieved in
a number of ways, the most likely of which are grouting and freezing.
One of the principal factors governing the choice of a grout and its
effectiveness is the hydraulic conductivity of the medium in which it
is to be used. Some types of grout would be effective in stabilizing
the sections of loose sands above the Clay/Ore zone. However, due to
the low permeability of the Clay/Ore zone, only limited penetration
could be achieved in this material even using the most fluid resin
grouts.
The strength of the Clay/Ore zone can be improved considerably by
freezing. Laboratory tests carried out on drill core samples of this
material have shown that strength increases of 3 to 10 times are
possible in the frozen state.
Freezing prior to excavation and
installation of permanent ground support, is technically feasible and
is considered the best method of contending with this difficult ground
condition.
The clay also raises another issue in material handling and storage.
Since the clay altered rocks are quite sticky they are difficult to
recover from storage. Mining methods or procedures involving storage
of large volumes of broken ore would not likely be applicable to Cigar
Lake because of this concern. Similarly the use of ore containers,
chutes or bins will require operating techniques to improve ore removal
and cleaning of the containers.
Hvdroqeoioqy
The initial hydrogeological investigation of the potential inflow of
ground water into an underground mine at Cigar consisted of extensive
packer tests and piezometer installations in surface diamond drill
holes. A more comprehensive program of studies was then initiated
which consisted of a full scale pumping test followed by hydrogeological computer modelling of the pumping test results.
The conceptual model of the hydrogeological regime as developed from
the results of the pumping test generally takes the shape of a multiple
leaky aquifer system with a confined upper layer aquifer (Figure 6 ) .
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Although the upper sandstone is less hydraulically conductive than the
lower sandstone, the pumping test results show that there is a
hydraulic connection to the lower sandstone. This connection very
likely takes the form of steeply dipping fractures. Within the plane
of such fractures the hydraulic conductivity may vary by several orders
of magnitude over a few metres. However, on a larger scale the concept
of a porous medium concept averages out the variations in fracture
properties.
On the basis of the initial modelling
results, volumes of groundwater
in the range of 1950 - 2230 m 3 /hr. (7100 - 8500 igpm) could be
expected for the fully developed mine.
Radiation
The Cigar Lake uranium deposit by the very nature of its exceptionally
high grade not only makes the issue of radon daughter control a
significant factor to consider in mine design but also raises the
additional concern of having to contend with very high levels of gamma
radiation. The methods generally employed to deal with the potential
areas of concern raised by radon daughters and gamma radiation are
quite independent.
In the case of radon daughters the high concentrations can be diluted
by ventilation to provide a safe working environment. Fresh air is
provided to each working station in sufficient quantity and velocity to
ensure that the rate of air change maintains the radon daughter
concentrations below the standards set by the regulatory authorities.
In addition to control by ventilation, the rate of buildup of radon
daughters can also be effected by limiting the influx of radon into the
working areas and the fresh air streams.
Exposure to gamma radiation is more a function of the high grade ore
and the mining method used than anything else, and therefore can be
controlled by utilizing a mining method or technology that limits the
time mining personnel spend in direct contact with the high grade ore,
and limiting the amount of ore surface exposed at any one time.
Exposure can also be controlled by providing shielding between the
miner and the ore face, either directly on the mining machine or as
ground support.
The main focus of radiation health and safety in uranium mines in
Canada up until recently has been in measuring and controlling the
level of radon daughters in the mine atmosphere. Until the advent of
the high grade uranium mines in Saskatchewan, gamma radiation relative
to the alpha radiation from radon daughters was not a significant
source of exposure. This has all changed, first with the start of the
Cluff Mining operation in north-western Saskatchewan where initial
surface mining of the D orebody, with an average grade of 7% U, began
in 1980. The milling operations commenced with the processing of ore
averaging 35% U and much valuable information on radiation control,
design, and operation, is available from this successful operation.
The Key Lake Mining Corporation commenced operations in 1983 with the
open pit mining of ore averaging 2.86% uranium and this operation has
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also demonstrated the successful application of technical design and
operational procedures to control radiation as it might affect the
human and physical environment.
The Cigar Lake ore deposit brings a new dimension to the control of
radiation exposure. Not just because of the exceptionally high grade
of this uranium deposit since other, although smaller, high grade
deposits have been mined, for example Cluff and Nabarlek (Australia),
but because Cigar Lake will be the first of the new high grade deposits
to be developed and mined from underground.
Mining Concepts
The basic parameters that have to be considered in the assessment of
any potential mining method for the Cigar Lake deposit are derived from
the technical information gathered on ground conditions, hydrogeology,
radiation, and ore distribution. Any mining method for Cigar Lake will
have to be designed to consider the following:
- all mine openings in massive clays or the ore zone can be
expected to require pre-excavation support;
- the high clay content of the ore presents difficulties for
any mining method requiring broken ore storage or recovery
from chutes or draw points;
- all stope access drifts and the stoped areas will have to be
backfilled;
- the level of gamma radiation will be too high to permit
employees to work over extended periods of time in contact
with the ore zone without shielding;
- dewatering of the alteration zone will be required in order
to depressurize the ore zone before any development work can
take place;
- mine water control will be quite significant in terms of
handling/treatment facilities and the influx of radon to the
mine atmosphere;
- the chosen mining method has to be flexible enough to
accommodate irregularities in the distribution of the ore and
the alteration zone.
- the volume of broken ore in the mine at any one time should
be kept as low as possible.
- permanent mine openings
alteration zone.

should be

located outside the

- surface area of exposed ore should be minimized.
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- ventilation systems should be based on a once through system
and the number of dead-end headings minimized.
- ore recovery should be maximized and dilution kept to a
reasonable level.
- equipment will have to be decontaminated before maintenance.
When all these factors are considered in the evaluation of the
conventional underground mining methods in use today, those that can be
applied to mining the Cigar Lake deposit become rather limited.
In summary, the major design criteria for a technically feasible mining
approach:
-

ground stability;
control of gamma and radon daughter exposure;
handling and storage of broken ore;
mine depressurization/dewatering;

MINING METHODS
The previously mentioned major criteria required for the evaluation of
an acceptable mining method eliminates from further consideration
methods requiring storage of large volumes of broken ore, such as
blasthole or shrinkage stoping, where ground control and ore recovery
would be extremely difficult. Also methods using conventional drilling
and blasting techniques would be difficult to adapt because of the
ground stability problem, and the requirement to have employees working
for lengthy periods of time in contact with the ore.
Ground stability concerns will require that all permanent mine
openings, such as the shaft, ventilation raises, and main haulage ways,
be located in good rock outside the alteration zone. Mining access to
the alteration zone after dewatering/depressurization will require
preconditioning (grouting, freezing) prior to excavation, and
installation of permanent ground support or backfilling.
The limiting of exposure of employees to gamma radiation can largely be
dealt with by the use of techniques that control the mine equipment
from locations remote from contact with the ore. Control of radon
daughters and dust is largely a function of a properly designed and
maintained ventilation system.
Several different mining methods have been considered as applicable to
the Cigar Lake deposit. However efforts have been concentrated on the
Raise Boring method.
Raise Boring
The Raise Boring mining method is based upon the use of conventional
equipment and a proven technology widely used in underground mining
operations. In its simplest form the raise boring drill would be
located in a drift above the ore zone. A vertical pilot hole is
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drilled from this drift into a bottom drift below the ore zone. A
large diameter reaming head is attached to the drill string and the
pilot hole is reamed to full size to the top of the ore with the
cuttings falling to the bottom drift. The cuttings would then be
directly loaded into transport containers which are hauled by truck to
the shaft and hoisted in the cage (Figure 7 ) .
The advantages offered by this method are that the equipment can be
used as is, the technology is proven, the drill operator is remote from
any contact with the ore.
Preconditioning of the ground prior to commencement of the drilling may
be necessary with the Raise Boring. Freezing the ground around the
perimeter of the planned raise bore hole would be carried out prior to
commencement of drilling. After completion of the reaming the hole
would be plugged and backfilled.
The ore handling presents the most difficult aspect of mining using a
raise borer. The collection of the raise bore cuttings, control of
spillage, contaminated water handling, clean-up, and transport will
result in some degree of radiation exposure. However these concerns
can largely be addressed in the design of the collection area and with
the use of remote controlled equipment.
Test Mine Design
The status of the engineering studies has reached a point where the
basic criteria required for designing a technically feasible mining
method has been developed.
The next phase of the work is the
underground evaluation of the actual conditions and a test of the
mining method.
The test mine as planned will consist of a 510 m deep circular shaft
and two levels developed from the shaft, one above and one below the
ore zone and a ventilation raise. (Figure 8 ) . It is anticipated the
test mine program will continue over the next 2 1/2 years. The first 2
years will be spent on site development and sinking the shaft before
accessing the orebody. Once the orebody is reached a trial mining test
will be carried out to demonstrate the technical feasibility of mining
this deposit. During the test approximately 5,000 tonnes of ore will
be mined. A final decision on the development and production schedule
will be made upon completion of the test mining project.
The shaft is designed with a finished inside diameter of 4.9 meters
(Figure 9 ) . It is a 4 compartment shaft with a cage, cage/skip,
ventilation and manway compartments. The shaft will be fully lined
with concrete designed to be water tight and to withstand the expected
hydrostatic head. The lining thickness will range from 300 mm near the
top to 1,000 mm at the bottom. The mine water discharge up the shaft
will be handled by 2 - 300 mm diameter pipelines.
A program of drill testing ahead of the face to evaluate the groundwater conditions will be carried out during shaft sinking and drifting.
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A grout curtain will be installed as necessary to keep inflow to the
shaft to a minimum. (Figure 10).
Once the shaft and shaft stations are complete and the pumping stations
and sumps are installed and operational the lower drift will be driven
out below the ore zone. A series of drain holes will be drilled from
the lower drift to dewater and depressurize the ore zone. The upper
level development can then proceed to the test mining drill station.
Excavation of the ventilation raise could be carried out by a number of
methods. But considering that this opening also requires a water tight
lining an initial evaluation indicates that blind drilling would be
the most feasible approach. It is estimated that six months would be
required to drill a 4.0 metre diameter shaft, install a steel liner and
concrete to produce a finished 3.05 metre diameter fully lined
ventilation raise.

Development
Cigar Lake Mining Corporation received approval on October 21, 1987
from Saskatchewan Environment and Public Safety, and the Atomic Energy
Control Board to proceed with the test mine.
At the present time the shaft collar has been completed to a depth of
41 metres. The hoist and generators are being installed and the
headframe erected. Work has also started on construction of the waste
water treatment facility.
The overall development schedule calls for completion of the test mine
in 1990. This will be followed by preparation of the feasibility study
and filing of the Environmental Impact Statement in 1991 for the full
mine/mill development. Construction could commence as early as 1992
and the plant could be in operation in 1993. (Figure 11).
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INTRODUCTION
The CANDU reactor system has produced electricity safely,
reliably and economically for more than a quarter of a century,
and consistently out-performs the other commercial reactor
systems. Up to the end of 1987, CANDU reactors held the top
three, and 7 of the top 10 places in terms of lifetime load
factor for reactors greater than 500 MWe. [1] Nuclear power
now accounts for about 50% of the electricity produced in
Ontario, and by 1990 nuclear power plants will account for
about 17% of the total electrical capacity in the OECD
nations. [2]
While projections of
world energy requirements by the year
2030 show wide variations, ranging from less than today's
energy consumption [3], to a nearly four-fold increase [4],
most energy studies predict a doubling of the world's primary
energy consumption between now and the years 2020-2030. [5]
Meeting this increased energy demand will likely mean a greater
use of both coal and nuclear energy to generate electricity. [6]
Future growth in the use of nuclear energy may also result from
an expansion in the role of nuclear power from solely
generating electricity, to applications such as local heating
systems, coal gasification and hydrogen production.
Thus,
nuclear energy has the potential to supply an increasing amount
of the world's future energy needs.
An important factor in the future role of nuclear power is the
availability of economical fissile material.
All commercial
power reactors today rely on natural uranium as the initial
source of fissile material, with or without enrichment. (There
is a small amount of plutonium recycling being done, mainly in
France. [7]) The IAEA and OECD regularly assess the uranium
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supply situation, comparing the supply with possible future
reactor-related uranium requirements, for the World Outside the
Centrally planned economies Area (WOCA).
While the uranium
resources in the known and speculative categories are adequate
to support continued growth of nuclear power well into the next
century, resource estimates by themselves do not give an
indication of availability.
Uranium supply and demand
scenarios provide a more meaningful picture of the uranium
situation. Figure 1 compares the uranium production capability
from known resources
(existing, committed, planned and
prospective production centres, based on uranium recoverable
under $US 130/kg) to the demand, based on the current light
water reactor (LWR) once-through fuelling strategy, for two
nuclear growth scenarios. [8]
Given the current uranium
stockpile, equivalent to three or four years of reactor
requirements, there is sufficient uranium from known resources
to meet demand until the beginning of the next century.
Meeting the uranium requirements in the longer term will
require production from new developments, not yet in the
planning stage.
The IAEA/OECD conclude that extensive
exploration activity and forward planning are required now to
meet future uranium requirements, especially for the high
growth case.
Uranium exploration expenditures within WOCA
countries in 1985 were only 17% of those in 1979, and would
need to be increased if the necessary new uranium deposits are
to be discovered. [9]
Of course, uranium supply is only one side of the supply/demand
equation.
Uranium demand will be affected by the growth in
energy consumption in general, and by the growth in electricity
and nuclear capacity in particular. The reactor strategy also
plays an important role in determining the uranium
requirements. Advanced fuel cycles, in LWPs and even more so
in CANDU, can significantly extend the uranium resources.
Ultimately, breeder reactors, or the CANDU self-sufficient
equilibrium thorium cycle, offer long-term energy security.
Thus, advanced fuel cycles are a form of nuclear insurance
policy, providing protection against future uranium shortages
and price increases.
ADVANCED FUEL CYCLES IN CANDU
The requirement to use natural uranium fuel in CANDU has
resulted in a reactor that is very neutron-efficient. This was
achieved through the use of heavy water for both coolant and
moderator, on-power refuelling, and the use of zirconium alloys
having low neutron absorption cross sections for in-core
structural materials.
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One measure of the neutron efficiency of a reactor is its
uranium utilization, which is the amount of uranium required to
produce a unit of energy, averaged over the reactor life.
Because of the attention paid to neutron econoriy, CANDU has the
best uranium utilization of currently available commercial
reactor systems. The annual uranium requirements for a CANDU
reactor with once-through, natural uranium fuelling are between
15% and 40% less than for a typical pressurized water reactor
(PWR), for tails enrichments between 0.2% and 0.3%. Moreover,
those features that enable CANDU to use natural uranium fuel
also make CANDU the most efficient reactor commercially
available in which to use other fuels, such as slightly
enriched uranium (SEU), recycled uranium and/or plutonium, and
thorium.
The use of advanced fuel cycles would enable CANDU to maintain
its advantage in uranium utilization as improvements are made
in
LWRs. [10] In existing
PWRs, for example, uranium
utilization can be improved by about 22% through the use of
several fuel management options, and changes in fuel design.
In advanced PWRs, a further improvement of about 8% can be
made.
Simply reducing the tails enrichment to 0.1% would
eliminate the advantage that the natural uranium-fuelled CANDU
currently enjoys in uranium utilization.
Recycling of
plutonium in existing and advanced PWRs could lead to savings
in 30-year uranium requirements of 36% and 52%, respectively.
However, the adoption of SEU and other advanced fuel cycles in
CANDU would enable the latter to maintain its competitive
advantage in uranium utilization.
The potential for extending uranium resources through the use
of advanced fuel cycles in CANDU is illustrated in Figure 2,
which shows the natural uranium utilization averaged over 3 0
years for various fuel cycles. [11]
The use of SEU with a
tails assay of 0.2% would improve the uranium utilization in
CANDU by 30%. New enrichment processes, such as the atomic
vapour laser isotope separation (AVLIS) process could make
lower tails enrichments economical, and result in improvements
in uranium utilization of over 40%, compared to once-through
natural uranium fuelling.
The plutonium contained in irradiated CANDU fuel could be
extracted and mixed with either natural uranium (the PU/NU
cycle), or depleted uranium (PU/DU cycle) from enrichment plant
tailings.
For the PU/NU cycle, annual uranium feed
requirements are 60% to 70% lower than for the natural uranium,
once-through cycle, depending on the fuel burnup.
The PU/NU
case shown in Figure 2 has a burnup of 20 MWd/kg; uranium
utilization is improved by about 50%. For the PU/DU cycle,
uranium utilization is improved by nearly 60% compared to the
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natural uranium, once-through scheme.
(For fuel cycles
involving recycling, the uranium utilization allows for the
natural uranium used in, and the energy derived from, the
initial natural uranium-fuelled CANDU, which fuel is
subsequently reprocessed to provide the fissile topping
material.)
A variety of thorium fuel cycles can also be employed in CANDU,
to further extend uranium resources. [12,13] The Once-Through
Thorium (OTT) cycle requires no fuel processing, and utilizes
enriched uranium and thorium fuel in separate fuel channels,
with different feed rates. [14] The conventional thorium fuel
cycles require an external source of fissile material mixed
with the thorium to start the cycle.
While highly enriched
uranium (93% U-235) could be used (the HEU/TH cycle), it may be
unacceptable due to proliferation concerns.
Medium enriched
uranium (about 20% U-235; the MEU/TH cycle in Figure 2 ) , and
Plutonium (PU/TH in Figure 2) can also be used as the fissile
topping material.
Fissile U-233 would be generated and
recycled, along with the other uranium isotopes.
The PU/TH
fuel cycle does not require any natural uranium feed since the
Plutonium topping material is recovered from spent natural
uranium fuel.
For the HEU/TH and MEU/TH cycles, the natural uranium
utilization is dominated by the uranium required to provide the
fissile material until recycling begins.
Thus, the uranium
utilization for replacement units, which inherit the U-23 3
inventory from the initial units, is much better than for the
initial units. For the initial units operating on the HEU/TH
and MEU/TH fuel cycles, there is an improvement in uranium
utilization of at least 56% over natural uranium fuelling. For
the replacement units, the improvement in uranium utilization
is over 70%, again depending on burnup.
For the PU/TH fuel
cycle, the uranium utilization is determined by the amount of
spent natural uranium fuel that needs to be reprocessed to
provide the plutonium topping. Again, the uranium utilization
is better for replacement units, which inherit the U-23 3
inventory from the initial units. The PU/TH and MEU/TH cases
shown in Figure 2 have burnups of 20 MWd/kg.
With additional improvements to the CANDU neutron economy, a
thorium fuel cycle can be achieved which is self-sufficient in
its fissile requirements, once equilibrium is reached. This is
the Self-sufficient Equilibrium Thorium (SSET) fuel cycle.
While the initial unit requires external fissile material
(either enriched uranium or plutonium) until equilibrium is
reached, a replacement unit that inherits the U-233 inventory
requires no external fissile material, and no additional
uranium.
This cycle has an effective conversion ratio of
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unity, including allowances for processing losses. The SSET
fuel cycle provides long-term security of energy supply. The
types of changes that are necessary to improve the neutron
economy in CANDU in order to achieve the SSET fuel cycle
include reducing the adjuster rod load, increasing the
moderator purity, using enriched zirconium alloys, and lowering
the neutron flux to reduce parasitic absorption in Pa-233.
The CANDU reactor is also symbiotic with other reactor types.
For example, the uranium, or the uranium plus plutonium,
extracted from spent LWR fuel could be recycled in CANDU
reactors.
Recycling only the uranium from spent LWR fuel,
without further enrichment or natural uranium makeup, is called
the CANFURL fuel cycle (CANDU Fuelled with Uranium Recovered
from LWR) . Use of this fuel in CANDU requires no additional
uranium, and would yield a burnup of about 13 MWd/kg (depending
on the composition of the spent LWR fuel). Alternatively, in
the TANDEM fuel cycle, both the uranium and the plutonium from
spent LWR fuel are recycled in CANDU, with or without dilution
with natural or depleted uranium.
This fuel cycle has the
economic and non-proliferation advantages of requiring only the
fission products to be removed from the spent LWR fuel; the
plutonium and uranium are not separated.
In the particular
example of the TANDEM fuel cycle shown in Figure 2, the spent
PWR fuel is diluted with natural uranium in the ratio
0.66:0.34.
The resultant mixed oxide fuel has a burnup of
about 22 MWd/kg, and annual natural uranium requirements are
reduced by 90% compared to natural uranium once-through
fuelling in CANDU. A CANDU/PWR system operating on the TANDEM
fuel cycle would have overall uranium requirements 40% less
than an all-PWR system. (The uranium utilization shown for the
TANDEM fuel cycle in Figure 2 is for the combined PWR and
CANDU-TANDEM system.)
The introduction of advanced fuel cycles will be influenced by
many factors, chief among which is economics. Figure 3 shows
representative levelized fuel cycle costs for CANDU for the
advanced fuel cycles shown in Figure 2. The corresponding cost
details and other assumptions are given in Table 1.
A
levelized costing method using continuous discounting of cash
flow was used in estimating fuel cycle costs. With these cost
assumptions, and natural uranium at $100/kg U, only the SEU
fuel cycle is more economical than the natural uranium
once-through cycle. While the TANDEM fuel cycle cost is about
10% greater than for natural uranium once-through fuelling, it
is still nearly a factor of two lower than the LWR fuel cycle
cost. [15] None of the fuel cycles involving reprocessing are
economically competitive with natural uranium once-through
fuelling under-these cost assumptions, although for a natural
uranium price of $300/kg U, the PU/NU fuel cycle cost is only
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about 10% greater. Fuel cycle costs are shown for the initial
unit only, and for the thorium cycles the fuel cycle costs for
replacement units are considerably lower. More details on the
methodology used to estimate uranium utilization and fuel cycle
costs can be obtained from reference [11].
In countries that have an abundance and variety of energy
resources, such as Canada, the introduction of advanced fuel
cycles will probably be driven by economic considerations.
Hence, SEU is considered as the "economic first step" towards
advanced fuel cycles in CANDU. [16] However, in countries not
blessed with an abundance of energy resources, other factors
may encourage an earlier introduction of advanced fuel cycles
in CANDU.
Among the non-economic considerations would be a
desire for energy self-sufficiency, and/or energy diversity.
The presence of a reprocessing industry, or of enrichment
facilities, would also influence the strategy chosen.
In
countries that already have an established LWR program,
advanced fuel cycles in CANDU provide an economical means of
extending uranium resources. By recycling the fissile material
in spent LWR or CANDU fuel, the true nuclear "waste" can then
be isolated and disposed of. Recycling LWR plutonium in CANDU
is a means of "storing" plutonium for eventual use in FBRs,
while obtaining energy from the material in the meantime, and
without significantly degrading the quality of the plutonium.
In countries having ample thorium resources, thorium fuel
cycles in CANDU may be advantageous. Hence, it may be that
other advanced fuel cycles in CANDU are attractive now in other
countries with nuclear programs.
Research into advanced fuel cycles is being carried out by
Atomic Energy of Canada Limited (AECL) in several areas.
Physics experiments in the zero-energy, ZED-2 lattice test
facility, on both uranium and thorium fuels enriched with
plutonium, have recently been completed and are currently being
analyzed.
Experiments are about to begin in ZED-2 on
U-233/thorium fuel. Reactivity coefficients of advanced fuels
are also being measured. Work is being performed both at AECL
Research Company (AECL-RC) and at AECL CANDU Operations
(AECL-CO) on the use of (U,Pu)O2 mixed oxide fuel in CANDU.
Several irradiation experiments are ongoing using a variety of
fuels. However, because of the immediate benefits arising from
the use of SEU in CANDU, AECL's advanced fuel cycle program is
focussed mainly on SEU.
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SLIGHTLY ENRICHED URANIUM IN CANDU
Benefits from the Use of SEU
The use of SEU in CANDU offers several benefits. [16] As shown
in Figure 4, an enrichment of 1.2% U-235 in uranium results in
minimum fuel cycle costs for a wide range of enrichment (SWU),
natural uranium, and other component costs. Thus, while 0.9%
SEU results in savings of between 20% and 25% for the range of
SWU and uranium prices shown in Figure 4, the use of 1.2% SEU
increases the savings to between 25% and 35%. There is little
economic incentive in going to enrichments higher than 1.2%.
It is interesting to note that the relative savings in the
total fuel cycle cost are insensitive to the price of natural
uranium, and that the highest fractional savings occur with low
SWU and low natural uranium costs.
The corresponding absolute value of these savings is quite
large, as shown in Figure 5 for a system of 15 GWe operating at
80% capacity factor (corresponding to the Ontario Hydro
capacity when Darlington is completed.) The annual savings in
total fuel cycle costs with 0.9% SEU are between $85 million
and $160 million, and increase to between $100 million and $200
million with 1.2% SEU fuel. The savings in fuel cycle cost and
uranium are sensitive to the burnup assumed for the reference
natural uranium CANDU. In this paper, a natural uranium burnup
of 7.3 MWd/kg has been used, typical of a CANDU-600 reactor.
In Ontario Hydro's Pickering and Bruce reactors, the average
burnup is about 8 MWd/kg, and the benefits from the use of SEU,
though still substantial, would be correspondingly reduced.
It should be emphasized, that while the fuel cycle costs in
Figure 3 are based on a present-worth analysis, this has not
been done for the data in Figures 4 and 5. Discounting would
reduce the importance of the back-end of the fuel cycle, and
hence would reduce the total fuel cycle cost savings resulting
from the use of SEU. The components of the total fuel cycle
cost are shown in Figure 6, for two cases. In this figure,
the "back-end 11
component
includes
interim storage,
transportation to the disposal facility, immobilization and
disposal. With high uranium cost ($200/kg) and low SWU cost
($100/kg), excluding the back-end component from the total fuel
cycle cost still results in substantial savings: for example,
for 1.2% SEU, the relative savings are reduced from 33% to 2 6%,
while the annual savings in a system of 15 GWe drop from $209
million to $134 million. With low uranium prices ($100/kg) and
high SWU prices ($200/kg), excluding the back-end component
from the fuel cycle cost significantly reduces the savings:
with 1.2% SEU the relative savings drop from 25% to 10%, while
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the annual savings fall from $108 million to $33 million. It
is anticipated that over the medium term, natural uranium
prices will rise, while enrichment prices will fall when the
new AVLIS enrichment technology is commercialized. This trend
would maximize the absolute savings arising from the use of SEU
in CANDU, and would enable CANDU to share in the benefits
resulting from falling enrichment prices. The use of SEU would
also provide protection against increasing uranium prices. It
should be mentioned here that recent AECL studies indicate that
the disposal cost (in $/kg) will increase only slowly with
increasing enrichment, as long as the cooling times in interim
storage are sufficiently long (e.g. 50 years).
The use of SEU in CANDU would provide several other benefits.
It has already been observed that SEU would enable CANDU to
maintain its competitive edge in uranium utilization. Figure 7
shows the savings in annual uranium requirements as a function
of enrichment, for three values of enrichment tails. New AVLIS
enrichment technology may lower the optimum economical tails
enrichment, resulting in substantial additional uranium
savings.
Another important feature of the use of SEU in CANDU is the
reduction in the volume of spent fuel produced. Use of 1.2%
SEU will reduce the discharge rate of irradiated fuel by a
factor of three, with consequent benefits in terms of storage,
transportation, and waste disposal.
Use of SEU also provides greater flexibility in the design of
future CANDU reactors in the sense that there is more leeway to
trade off neutron economy for other objectives, to meet
customer requirements.
For instance, SEU could be used to
reduce initial capital costs, by lowering the heavy water
inventory.
Alternative coolants could be used to provide
benefits in terms of economics or performance.
Component
lifetimes could be increased: for example, a thicker pressure
tube, or different pressure tube material. SEU offers greater
potential for power uprating, by flattening the channel power
distribution across the core, thereby providing more power from
a given size of core. In future reactors, reactivity devices
could be located to provide near-optimal axial power
distributions for both natural and enriched fuels, offering
either increased operating margins or more power output. [17]
The void reactivity could be reduced or eliminated, to provide
either real or perceived improvements in safety.
The following paper in this Session [18] describes a window of
opportunity in which Canada can establish a domestic uranium
enrichment industry. The large-scale domestic use of SEU would
create a domestic market that could support that industry,
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thereby increasing the value of our uranium resources. Since
about 80% of the uranium now mined in Canada is exported [19],
enriching even a small fraction of this could produce
significant revenues.
Finally, many of the technical issues associated with the use
of advanced fuel cycles in CANDU are generic.
Demonstrating
the ability of CANDU to use enriched uranium opens the way to
the introduction of other advanced fuel cycles, when warranted
by either economics or policy, in Canada or abroad.
Technical Considerations
The current once-through, natural uranium, CANDU fuelling
scheme is performing well, with approximately 600 000 fuel
bundles irradiated commercially to date. Since CANLUB sheath
coating was introduced in 1971, the bundle defect rate has been
less than 0.1%, and the individual element defect rate about an
order of magnitude lower.
Commercial nuclear generating
station incapability due to fuel-related incidents is typically
zero. [20/21] However, efficient utilization of SEU and other
advanced cycles presents two major performance challenges for
the fuel:
extended burnup operation and power maneuvering,
with a defect performance as good or better than that for the
current fuel design. From Figure 4, an enrichment of 1.2% SEU
is near optimum, resulting in an average burnup of about
21.6 MWd/kg U, about three times the current CANDU burnup with
natural uranium.
Considerable research and development has been focussed on the
high
burnup performance of CANDU fuel since the
early
1970s. [22] This work was initiated with the realization that
advanced fuel
cycles in CANDU would require irradiation to
higher burnups than that for natural uranium.
The existing
fuel performance
data base includes
both power
reactor
experience and experimental studies, as shown in Figure 8.
Over 3 000 bundles have been irradiated to above-average
burnups, with a few to a maximum of 29 MWd/kg U, in commercial
CANDU power reactors. [20,21] However, most are generally at
low power and with declining power histories. The experimental
irradiations in research reactors associated with the initial
development of CANDU fuel all involved enriched uranium. Some
66 bundles have been irradiated to high burnup at high power in
experimental
reactors,
supplemented
by data from the
irradiation of 173 single elements. [22] There is also useful
generic information on extended burnup performance in the LWR
data base.
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The available data show that the current 37-element fuel design
is capable of reliable operation to a burnup of 17 MWd/kg U
under steady power conditions.
At burnups in excess of
22 MWd/kg U, potential life-limiting factors, such as enhanced
fission gas release, may occur. In addition, the data base on
power maneuvering performance at extended burnup is sparse.
There is insufficient data for the 37-element bundle to be
assured of acceptable fuel performance at extended burnup,
particularly with load following. Technical improvements could
be made to the internal design of the 37-element bundle to meet
the performance challenges:
for example, improved sheath
coatings or zirconium-barrier sheath, optimized pellet
configuration and density, and inclusion of plenums.
These
modifications would require extensive irradiation proof-testing
under the anticipated extended burnup duty cycle.
There are also fuel management considerations with enrichment
and extended burnup.
In existing reactors, more complicated
fuel management schemes may be necessary to accommodate
enriched fuel, such as the "checkerboard" fuel management
strategy, or axial or radial shuffling. [23,24]
In future
reactors, changes in the locations of reactivity devices would
enable simple fuel management strategies to be employed. [17]
Higher enrichment may produce greater refuelling "ripples",
depending on the enrichment level and the fuel management
scheme employed, and there is a need to evaluate the impact of
this on the NOP (Neutron Overpower Protection) system.
In analyzing the above challenges, it was decided that the
greatest benefit, from the long-term CANDU perspective, would
be achieved with the development of an advanced bundle design,
rather than from modifications to the existing 37-element
bundle. This advanced bundle, with wide application in current
and advanced CANDUs, could be proven with about the same
development and demonstration effort required for a modified
37-element design.
THE CANFLEX FUEL BUNDLE PROGRAM
One component of AECL's program to maintain and improve the
competitive position of CANDU is the CANFLEX (CANDU Flexible)
advanced fuel bundle development program (Figure 9 ) , where
"flexible" refers to the versatility of the bundle with respect
to fuel cycles and operating conditions.
The CANFLEX fuel
bundle is more subdivided, with 43 elements, and features two
element sizes. Compared with the current design, the CANFLEX
bundle will have a higher power capability (1250 kW versus
1035 kW) and higher burnup potential (in excess of 21 MWd/kg),
or some combination of the two.
The CANFLEX bundle is a
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logical extension of existing technology: progressive designs
have increased the number of elements in a CANDU bundle from 7
to 19 to 28 to 37, and now to 43. The greater subdivision is
also in line with trends in advanced LWR fuel designs. [25]
The Benefits of CANFLEX Fuel
In existing reactors, the CANFLEX fuel bundle provides about a
20% reduction in peak linear element ratings for fresh fuel at
a given bundle power, compared to the 37-element design. At
discharge burnup with 1.2% SEU, the reduction in peak linear
element ratings is about 10%, relative to the 37-element
bundle. It should be noted that enrichment grading with 1.2%
SEU in a 37-element bundle can provide a reduction in peak
linear element ratings of about 10% for fresh fuel, but the
effects of enrichment grading all but disappear at high burnup,
where the lower ratings are most needed for fuel performance.
With element-size grading, and additional elements, the
benefits of lower ratings apply to both natural and enriched
fuels.
The CANFLEX bundle also provides an 8% increase in
critical channel power over the 37-element design.
Additionally, the bundle is compatible with existing
fuel-handling systems.
Figure 10 illustrates that the flexibility inherent in the
advanced CANFLEX fuel bundle applies to operating power, fuel
type, and operations, for both current and future reactors.
Some key points are as follows:
Operating power:
-

For future reactors, the CANFLEX bundle provides
channel power uprating capability without exceeding
the current fuel linear element ratings. This would
result in lower specific capital costs.

-

For both current and future reactors, lower linear
element ratings are possible for the current bundle
powers. The lower fuel operating temperatures make
CANFLEX more tolerant in various accident scenarios.

Fuel Type:
Either natural
used.

uranium

or enriched
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fuels can be

-

The achievement of extended burnup with SEU is
facilitated by using lower linear element ratings.

Operational Flexibility:
-

CANFLEX has increased operating margins for both
bundle power (as determined by fuel performance
criteria or centerline temperature), and channel
power (margin to dryout), compared to the 37-element
design.

-

Power maneuvering of the reactor is facilitated by
using lower linear element ratings.

-

In existing reactors, the greater bundle and channel
power margins could be traded off for greater fuel
burnup, by reducing the burnup-flattening of the
radial channel power distribution in the core.

The CANFLEX R and D Program
The CANFLEX research and development program at AECL-RC and
AECL-CO consists of design optimization of the CANFLEX bundle,
including performance testing, manufacturing optimization,
thermalhydraulic confirmation, safety analysis, reactor
physics, and research reactor irradiations.
An important
component of the final CANFLEX product is the data base and
modelling capability generated during development, to support
fabrication and licensing.
The CANFLEX program has been
underway since 1986 February. The target date for availability
of a CANFLEX bundle tested to extended burnup is 1992/93, while
data on CANFLEX fuel irradiated to current burnups will be
available by 1990/91.
Figure 11 gives more details of the
development program.
A key component of the program is z.
large-scale (1000-bundle) demonstration in a commercial power
reactor to generate fuel management and fuel performance
statistics prior to committing a transition to a full-core
loading. This activity is predicated on an agreement being in
place with a utility, and involves the planning and input of
information necessary to have the demonstration approved by
both the utility and the licensing authority.

14 7

CONCLUSIONS
The current natural uranium-fuelled CANDU system is a world
leader, both in terms of overall performance and uranium
utilization. Moreover, the CANDU reactor is capable of using
many different advanced fuel cycles, with improved uranium
utilization relative to the natural uranium once-through cycle.
This versatility would enable CANDU to maintain its competitive
edge in uranium utilization as improvements are made by the
competition.
Several CANDU fuel cycles are symbiotic with
LWRs, providing an economical vehicle for the recycle of
uranium and/or plutonium from discharged LWR fuel.
The SEU fuel cycle is economically attractive now, and this
economic benefit will increase with anticipated increases in
the cost of natural uranium, and decreases in the cost of fuel
enrichment.
The CANFLEX fuel bundle, an advanced 43-element
design, will ensure that the full benefits of SEU, and other
advanced fuel cycles, can be achieved in the CANDU reactor.
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Table 1
Component Cost and Other Assumptions
Figures 2, 3

$/ka

Natural Uranium, U3O8, $kg/U
Conversion, U^Og to UFg
Depleted Uranxum
Natural Thorium
Enrichment, $/kg SWU
Fabrication (including conversion to UO2):
Natural Uranium
SEU
Pu/U Fuel
PU/Th Fuel
Reprocess ing:
CANDU, Pu/U and Natural Uranium
CANDU, Th Fuel
PWR Fuel
Immobilization:
CANDU Spent Fuel
CANDU Reprocessing Waste
PWR Reprocessing Waste

100
10
50
50
175
60
80
210
315
290
365
380
40
30
30
$/kq-yr

Temporary
Permanent
Permanent
Permanent

Storage
Storage
Storage
Storage

CANDU Fuel
CANDU Fuel
CANDU Fuel Reprocessing Waste
PWR Fuel Reprocessing Waste

2
0.5
3
3

Discount Rate (%)
Lead/Lag Times have been ignored
NOTE:

5

The above assumptions are taken from reference [11].

Figures 4, 5, 6, 7
Thermal Efficiency
Tails Enrichment, unless otherwise shown (%)
Enrichment:
Burnup (MWd/kg):
Back-end Cost ($/kg)

0.7
7.3
60

0.9
13.9
64

1.2
21.6
66

0.3
0.25
1.5
28.1
70

Fabrication and conversion costs are as shown above.
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1.7
32.1
72

Figure 1:
Projections of Uranium Production Capability
and Reactor Requirements
(Current LWR Once-Through Strategy)
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Figure 2:
Natural Uranium Utilization Averaged over 30 Years
for Various Fuel Cycles in CANDU
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for CANDU Fuel Cycles
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with SEU in CANDU
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Figure 5:
Absolute Fuel Cycle Cost Savings
with SEU in CANDU
(15GWe, 80% Capacity Factor)

200 -]
Costs, $/kg
SWU, NU

>
•

-2

150-

/

3

100-

B

a

m

a
100, 100

•

100, 200

o
•

200, 100
200, 200

a

,

" ~ —

CO
"to
C
C

a

50-

0-

"

1.0

1.2

I

1.4

"

I

1.6

•

1.8

Enrichment (%)

CO
O

O
4)

U
U.
is

|

o
a
o

o
(e/$w) ISOQ lenuuv

154

Figure 7:
Annual Uranium Savings with SEU in CANDU
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Figure 9:

CANFLEX

CANFLEX Bundle

-43 elements,

2 pin sizes

•10-20% reduction in peak heat ratings (compared to 37-element
bundle) for a given bundle power, depending on burnup
-typically 8% increase in critical channel power
-compatible with existing fuel-handling
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systems

Figure 10:

CANFLEX

Flexibility

/

OPERATING

OPERATIONAL

I

POWER

FLEXIBILITY

o

s
a

4>

•O

n

ysics studies

157

islration irrac
reactor

t and Oti-

studies

1

s'

1°
CO

O

— o
«>

CD

2 .£
oi n

01

CD C
<V 3
-1 Q

V93.

§• •§

rge-scale
mmc-rcial

verification
compatibiility

d burnup on
xten

3

c

lagem

!c

Q.

4)
*Q
C

o S

w
41

y/a ccidei

•D

o

TJ
4>
•o
e

4>

idling

ai

c
CO

01

a.

c

^

lei-

to
CD

^*

c

O

on ini

e

o
a.

2

-o

flow

Q

If)

d endurar

tests
a
ip power- ram

.£ c

p irradiations
i examin;itio

rication o

O

3
IE

a

*"*
onstrated

JFLEX

o

IBUI

s

u.

nCO

c

4)
X
4>

xtei

CL
•o

•nee

followe
bur

2

^L

it-ir radiat

M

o

<•*
o
c
o

cu

o

s

o
•dv

•o
CD

otype bundle

at

and f

3

•o

in prototype

A/FLEX Pro

e 11:

O

E
o
4>

o
a

E

3
C

'C

ure-drop

E

-higher margins could
be traded off against
higher burnup

-can be used with
natural uranium
or enriched fuels

a.

margins

-facilitates power
maneuvering

indies

-in current or future
reactors, lower
heat ratings at
current bundle
powers

«

-increased

-facilitates the
. achievement of
extended burnup
by using lower
heat ratings

ehaviour ,

-in future reactors,
uprating capability
at current heat
ratings

• •

"5
u
a>

5

URANIUM ENRICHMENT:

AN OPPORTUNITY WINDOW

H.K. Rae and J.G. Melvin
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
Chalk River, Ontario Canada KOJ IJO
1.

INTRODUCTION

Canada is the world's largest producer and exporter of
uranium and is likely to retain a substantial share of the
uranium market for many decades. Most of the uranium
exported from Canada is subsequently enriched for use as fuel
in light-water reactors. The value added by enrichment is at
least equal to the export value of the natural uranium. The
feasibility of a Canadian uranium-enrichment industry is
therefore a perennial question and has been examined in
several studies and project assessments (1,2) during the past
fifteen years, but no action has resulted.
The negative outcome of past studies is due to two main
factors. First, the CANDU reactor does not require enriched
fuel, so that enrichment has not been a strategic requirement
which would attract government support. Second, an enrichment plant of commercial size represented a very large
investment, some billions of dollars. Faced with these
circumstances, the government of Canada adopted a policy of
"benign neutrality", and the private sector chose not to
launch a project.
A paper presented at the 1986 CNA conference (3) described
the competitive challenge facing the CANDU system and
identified slightly-enriched uranium (SEU) fuelling as one
possible response. A companion paper at the present
conference (4) enlarges on the potential benefits of SEU.
During the past year, we have completed an assessment of the
feasibility of a uranium-enrichment industry in Canada as an
adjunct to the SEU evaluation and in the context of changing
technological and market conditions. The results of this
reassessment, reported here, indicate that the opportunity
exists for profitable entry by Canada to the international
uranium-enrichment market.
In order to delineate the opportunity, this paper will
examine both sides - supply and demand - of the enrichment
market, the impacts of changing enrichment technology, and
the influence of these factors on the prospects for a
Canadian initiative.
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2.

THE ENRICHMENT MARKET

2.1

Demand

Uranium is enriched by the performance of separative work
which concentrates the 235 isotope while rejecting the 238
isotope. The value is measured in separative work units
(SWU) and the SWU is an international commodity. [The SWU is
a theoretical concept, like entropy; it has dimensions of
mass, not work, and is usually stated in kilograms].
Total demand for separative work depends on the total
population of reactors and on their energy production. The
dominant class of reactor is the LWR which typically requires
an initial inventory of some 400 SWU/MWe and a feed of 100
SWU per MWe-year.
The separative-work requirement of a given reactor population
can be estimated quite accurately, so the population is the
principal uncertainty in calculating future requirements.
Because the time from initial decision to build a reactor to
first fuel loading is typically a decade, the reactor
population at the end of this century, or at least its
maximum size, is known today. The separative-work
requirement to the year 2000 can therefore be estimated
within a band of uncertainty. The uncertainty is associated
with actual versus planned reactor completion dates, reactor
capacity factors and refuelling strategies. The requirements
band in Figure 1 embodies forecasts by the NEA (5), Nukem (6)
and Urenco (7).
In the early 1970s the projected growth of nuclear-electric
capacity foreshadowed a much larger demand for enrichment and
a potential shortage of separative-work capacity. The
projected growth did not materialize and there is no
consensus today on the prospects for rapid growth in the new
century.
2.2

Enrichment supply

Present and planned Western world commercial enrichment
capacity is summarized in Table 1. (8)
Up to the late 1970s, the United States was the only
enrichment supplier in the Western world, using its three
gaseous diffusion plants. The total capacity of these plants
as upgraded was 27 MSWU/a by 1983, but has recently been
reduced to about 20 MSWU/a by closure of the Oak Ridge plant.
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The Eurodif diffusion plant, operated by COGEMA in France,
was brought into production during 1978-81 and has a capacity
of 10.8 MSWU/a.
The Urenco consortium, a British-Dutch-West German partnership, brought the gas centrifuge to commercial application in
1977 and now operates three plants, one in each member
country, with a total capacity of about 2 MSWU/a.
There is a 'Helikon' gas-jet plant in South Africa, a
diffusion plant in Argentina and a recently-announced gas
centrifuge plant in Brazil. Little information is available
regarding the capabilities of these plants, but they are
believed to be small and are not significant commercial
suppliers.
There is enrichment capacity in the USSR, from which some 3
MSWU/a are marketed in the West. China also has enrichment
capability.
Japan is developing its own gas centrifuge technology; a
demonstration plant is now operating and a commercial-scale
plant is scheduled to start up in 1991. Japan does not plan
to become an exporter of separative work, or even to become
self-sufficient, but regards a domestic capability of about
30 percent of the domestic requirement as adequate assurance
of security of supply.
The United States Department of Energy (USDOE), having
cancelled a large gas centrifuge plant at Portsmouth, Ohio,
is now developing only one next-generation process, atomic
vapour laser isotope separation (AVLIS). No firm schedule
for commercial deployment of AVLIS has been published and the
future course of the USDOE enrichment business is under
debate. Main issues include .repayment of the capital
investment to the U.S. Treasury, long-term power supply
contracts with electric utilities, and "privatization", or
some other restructuring, of the enrichment industry.
2.3

Supply/demand balance

Supply and demand data for the OECD countries have been
plotted in Figure 1. There is an apparent surplus of
capacity to the end of the century, or later.
The United States is the major supplier and the gaseous
diffusion process (USDOE + Eurodif) is dominant. The new
capacity planned by Urenco and Japan is entirely in gas
centrifuges.
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Figure 1 refers to the Western countries as a whole, but the
balance would not be very different for the entire world.
Taken at face value, the picture suggests a stable situation
with slow, predictable market growth allowing the established
suppliers to expand in timely fashion, thus affording little
opportunity for entry by new suppliers.
The stability, however, is more apparent than real. The
changing technology of uranium enrichment has economic
implications that threaten the long-term viability of the
diffusion plants, which now dominate the enrichment industry.
This may open the door to new competitors. The most
significant technologies in this context are the gas
centrifuge and AVLIS.
Cost and performance data on uranium-enrichment processes are
closely guarded, so rigorous assessment is not possible, but
price trends and the published plans and statements of the
major players provide useful indications, which are
consistent with the known technical characteristics of the
processes.
The large separation factor and small power consumption of
the gas centrifuge offer a substantial advantage over gaseous
diffusion, if the capital cost and the reliability of the
machines can meet certain targets. The two factors, cost and
reliability, are of crucial importance because some tens of
thousands of individual centrifuges are required in a plant
of commercial scale. The Urenco consortium claims to have
met and exceeded its targets, and to be the lowest-cost
producer of separative work. (9) The Urenco claims are
supported, at least by implication, in the "competitive
price" projections, shown in Figure 2, in which the USDOE
assigns the upper curve to Eurodif and the lower to URENCO.
(10)
The U.S. strategy aims to retain, and eventually regain,
market share in the face of declining international prices
and has two thrusts: first, efficiency improvement and cost
reduction in the diffusion plants, and second, the phased
introduction of AVLIS.
The competitive vulnerability of gaseous diffusion stems from
its heavy consumption of electric power. The specific energy
consumption of more than 2000 kW«h/SWU, mainly in the form of
electric power to drive the gas circulators, is inherent
because the small separation factor requires huge
recirculation rates of the uranium hexafluoride gas within
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the cascade. If, for example, the affordable cost of
producing one SWU of separative work were $80, then an
electric power price of four cents per kilowatt-hour would
leave nothing to cover the costs of depreciation, operation
and maintenance.
Both the U.S. and the Eurodif diffusion plants are operating
in a load-balancing mode in order to minimize costs by taking
advantage of the availability of off-peak power. This mode
of operation has been made technically feasible by the
addition of controls and inter-stage hexafluoride storage
capacity; it is economically possible because demand is less
than capability, so that the plants can be operated at
reduced capacity factor. Both the USDOE and the Eurodif
plants are reported to be operating at capacity factors in
the range 40 to 60 percent. (11)
The economic production rate of the U.S. plants, as
conditioned by electric power costs, is believed to be about
13 MSWU/a, representing a capacity factor of 65 percent.
Another key variable is tails concentration. By stripping
less U-235 from the natural uranium feed, the amount of
separative work required to produce a given quantity of
enriched product can be reduced. The optimal tails assay
depends on the price of natural uranium, increasing as this
price declines.
The economics are further complicated by the existence of
stockpiles of low-cost uranium feed material and of enriched
product. In the 1988 fiscal year, for example, the USDOE
plans to deliver 12.5 MSWU while producing only 4.5 MSWU,
with the balance drawn from inventory. (12)
The steady increase in demand (Figure 1) will force the
diffusion plants to higher throughput and therefore higher
unit cost. The gas centrifuge plants appear to be costcompetitive with the diffusion plants under current
conditions and, unlike the diffusion plants, can be expanded
incrementally to match the market. The possibility
therefore exists of direct competition between the existing
diffusion plants and new gas centrifuge capacity for each
increment of demand. In the absence of accurate cost data
for either process, this scope for new capacity cannot be
defined.
The gas centrifuge exists as a proven commercial process with
scope for further development to enhance its competitive
position. In the longer run, perhaps about the end of the
century, the proponents of AVLIS expect that process to enter
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the competition- It is not clear when, if ever, AVLIS will
become the dominant technology.
The prospects outlined above are illustrated in Figure 3,
showing a decrease in the production from the diffusion
plants and the growth of new separative-work output. The
new capacity would be a mixture of gas centrifuge and AVLIS
plants, in a ratio depending on the relative economics of the
two processes and on the marketing strategies of the U.S. and
other countries. These projections are necessarily
speculative because firm data are not available, but they are
consistent with published information, with the characteristics of the processes and with the increasing cost of
electric power.
There is thus a potential opportunity for blocks of new
capacity to keep pace with reactor construction and the
retirement of the diffusion plants.
Urenco, in association with Duke Power Co. and Fluor Daniel
Inc., is currently attempting to organize a joint enterprise
to build a 1 MSWU/a gas-centrifuge plant in the U.S. Figure 3
suggests that the world market could support several more
such plants during this century.
3.

THE CANADIAN OPPORTUNITY

3.1

The potential

Advances in uranium-enrichment technology are creating a
competitive opportunity for new producers in Canada or
elsewhere, but that is not all. The same advances promise
declining enrichment costs which will tend to increase the
demand for separative work, by increasing the optimal level
of enrichment for LWRs, and will also increase the economic
incentive for the use of SEU in CANDU reactors, thus creating
a domestic market in Canada.
Studies by both AECL and Ontario Hydro are defining the
benefits of SEU. In the case of existing CANDU reactors, the
benefits include decreased fuelling cost and fuel throughput.
The design of new reactors could benefit to an even greater
extent by exploiting the scope for design improvement and
heavy-water inventory reduction.
The size of the potential Canadian demand during this century
is probably less than 300 000 SWU/a, which is small by
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international standards and very small relative to the
minimum economic size of a diffusion plant, say 5 MSWU/a.
The new processes, however, are economic at a much smaller
scale than a diffusion plant. The initial Urenco plants
began operation with capacities of 200 000 SWU/a and only one
of the three has yet grown to 1 MSWU/a.
The potential domestic demand thus represents an effective
base load for an enrichment plant. This fortuitous match is
a new factor which drastically alters the Canadian situation.
Reduced investment risk is a corollary benefit of the smaller
scale. The massive projects evaluated in past studies
required investments of several billion dollars, to be
recovered entirely from export sales; the present opportunity
would require an investment about one-tenth as large and
could be based on a domestic market. The initial capacity
could then be expanded in appropriate stages as and when
justified by export sales.
The potential for export sales is large. Canada annually
exports some ten thousand tonnes of uranium, worth about one
billion dollars. The value of enriched uranium is approximately double the value of the corresponding quantity of
natural uranium. Thus, if even half of Canada's uranium
were exported as enriched product, the added value would be
about $500 million per year; the required separative work
would be about 4 MSWU.
3.2

The Window

While the opportunity is particularly attractive to Canada as
a major uranium producer, it is open to others, not least to
the established enrichment suppliers. At present the forward
market is largely uncommitted, while utilities negotiate in a
buyers' market and the major suppliers postpone new plant
commitments and pursue their AVLIS development programs.
Before the end of the century, however, it is likely that
commitments will have been made, long-term customer/supplier
relationships established and the window of opportunity for
market entry closed.
The technology for uranium enrichment, whether diffusion,
centrifuge, or laser, does not exist in Canada and is closely
held by its owners, for both commercial and non-proliferation
reasons. The scale of effort that might realistically be
applied in Canada would not be sufficient to establish a
commercial uranium-enrichment industry within the available
time.
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To illustrate, it might be possible to assemble the
technological skills and develop a gas centrifuge to the
pilot-plant stage in, say, five years. At least a further
five years would be needed to develop a commercial level of
confidence in the reliability and life-expectancy of the
machines, as Urenco has done and as Japan is now doing. The
program would cost some hundreds of millions of dollars.
The Canadian perspective can be summarized in three
conclusions:
1)

Present circumstances offer an opportunity for Canadian
entry into the enrichment business.

2)

The opportunity is not open-ended, but will fade within
this century.

3)

The available time does not allow independent
development of the required technology to the level of
commercial competitiveness.

4.

A CANADIAN STRATEGY

In light of the opportunity, a reasonable Canadian goal would
be: To be in business as a credible supplier with a domestic
baseload within this century. In view of the time
constraint, the most plausible route is some form of joint
venture that would provide access to the necessary
technology.
The most likely technology for the initial plant is that of
the gas centrifuge, which is commercially proven and thus
entails minimum technological risk. The only alternative,
AVLIS, is still in the development stage, may not become
competitive within the time available and, in any event, is
less likely to be shared by either of its leading developers
- the United States and France. In this context, the gas
centrifuge is seen as second-generation technology and laser
isotope separation as a promising third generation. The
Canadian venture, though based initially on the gas
centrifuge, would expect to phase in AVLIS, or other thirdgeneration technology, at the appropriate time and would
therefore need a strong R&D effort.
The Chalk River laboratories of AECL are well positioned to
provide a substantial R&D capability in the area of laser
isotope separation. In the past, the laser photochemistry
unit concentrated on basic research into multi-photondecomposition (MPD) phenomena; this effort is directed at
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possible laser-based processes for heavy water production by
hydrogen isotope separation.
In principle, MPD offers an attractive route to uranium
enrichment. The process would operate on uranium hexafluoride, in common with existing enrichment processes, and
would avoid the AVLIS necessity of handling molten uranium.
Effort on MPD enrichment in the U.S. was terminated some
years ago in favour of AVLIS, but this decision is not
necessarily valid in another country and at a later time.
The strong MPD background of the AECL laboratories provides a
base for possible application of this process to uranium.
In addition, a small AECL program on the selective ionization
and separation of uranium isotopes in metal vapour, the AVLIS
process, has recently demonstrated the principle of a very
high separation factor. An effective base of laser isotope
separation science and technology is thus ready for rapid
expansion as required.
As the world's largest uranium producer, Canada has a clear
interest in uranium enrichment to increase the product value.
As a leader in the application of nuclear power, Canada
possesses much of the technology and infrastructure to
support a uranium-enrichment industry. The existing nucleus
of laser-process skills could readily be directed to the
development of a third-generation uranium-enrichment process,
and the track record of nuclear power development in Canada
gives grounds for confidence in the outcome of such a
program.
An enrichment enterprise based initially on proven gas
centrifuge technology and with the potential to introduce a
laser-based process at the appropriate time, is an attractive
possibility for Canada and for a suitable joint-venture
partner.
5.

CONCLUSIONS

5.1

Uranium enrichment is a desirable activity for Canada,
as a means of increasing the export value of the uranium
resource.

5.2

Technological change is reducing the cost of enrichment,
thus making slightly enriched uranium (SEU) desirable,
if not essential, for the Canadian nuclear power
program.
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5.3

A decision by Ontario Hydro to convert to SEU would
create a domestic market of approximately the size
required to support economic operation of a minimumscale enrichment plant.

5.4

The new technology promises to reduce the investment
required for an enrichment plant to a level well within
the financial means of Canada.

5.5

The opportunity created by technological change is not
open-ended; action is required soon to establish a
Canadian presence in the new supplier/customer patterns
which will evolve between now and the end of the
century.

5.6

An independent Canadian program would require a decade
or more of process development and would thus risk
foreclosure of the market opportunity.

5.7

The risks and the lead time for a Canadian plant could
be reduced by proceeding in two stages, launching the
enterprise with proven gas centrifuges and introducing
AVLIS, or other third-generation enrichment technology,
in later expansions.

5.8

The initial stage would depend on the proprietary
technology of a foreign partner. The new technology
would be developed in a joint program involving a
substantial Canadian contribution.
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Table 1
Enrichment Capacities to 2000
(Tonnes SWU/yr)
COUNTRY

Method

Diffusion

1985
(actual)

1990

1995

2000

10800

10800

10800

10800

10800

Centrifuge

1250

1650

3000

4500

6000

Japan

Centrifuge

50

50

250

1200

2800

United States

Diffusion

19500

19500

19500

19500

19500

31600

32000

33550

36000

39100

France
<£>

1984
(actual)

Germany F.R.
Netherlands
United Kingdom

(a)
(a)
(a)

OECD Total
(a) Total for the URENCO.
Source:

Summary of Nuclear Power and Fuel Cycle Data in OECD Member Countries, 1986,
Nuclear Energy Agency, Paris.
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ABSTRACT
AECL's assessment of nuclear fuel waste disposal deep in
plutonic rock of the Canadian Precambrian Shield is now well
advanced.
A comprehensive understanding has evolved of the
chemical and physical processes controlling the containment of
radionuclides in used fuel.
The following conclusions have
been reached:
o

Containers with outer shells of titanium and copper can be
expected to isolate used fuel from contact with groundwater
for at least 500 years, the period during which the hazard
is greatest.

o

Uranium oxide fuel can be expected to dissolve at a rate
less than 10"8 per day, resulting in uranium concentrations
less than 1 ng/L. This is consistent with observations of
uranium oxide deposits in the earth's crust.

o

Movement of dissolved radionuclides away from the
containers can be delayed for thousands of years by placing
a compacted bentonite-clay layer between the container and
the rock mass.

o

The granite plutons of interest consist of relatively large
rock volumes of low permeability separated by relatively
thin fracture zones.
The low permeability volumes are
sufficiently large to accommodate a vault design that will
ensure radionuclides do not reach the surface in
unacceptable concentrations.

Field studies are continuing that will refine our understanding
of groundwater flow at the regional scale. Construction of an
underground research laboratory is nearing completion in a
previously undisturbed granite pluton.
INTRODUCTION
Geologic disposal of nuclear fuel waste has been extensively
researched since the late 1970's and is now the preferred
concept [OECD/NEA 1986]. A number of suitable geologic media
have been identified and most countries have focussed their
research on the geologic medium that is most appropriate for
them: West Germany is studying salt domes, the United States
is studying volcanic tuff, Belgium is studying clay, and
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Sweden, Finland, Switzerland and Canada are studying granite.
A multi-barrier containment system has been universally adopted
in which the intrinsic containment provided by the geologic
medium is supplemented by man-made barriers.
Since 1978, AECL has been assessing the concept of disposing of
nuclear fuel wastes deep in plutonic rock of the Canadian
Precambrian Shield, and developing and demonstrating the
associated technologies. The decision to focus the assessment
on disposal in plutonic rock arose from a 1977 study led by
Professor F.K. Hare of the University of Toronto [Aitken et al.
1977].
The rationale for the focus is as follows. The Canadian Shield
has been relatively stable for at least 600 million years, and
most of the Shield has not had major orogenic activity for 2.5
billion years. Therefore, it is reasonable to infer that the
region would remain stable for the required lifetime of a
disposal vault. Also, regional topographic gradients in the
Shield are low, about 1 m/km. As a result, the natural driving
force for groundwater flow deep in the rock should be weak.
Further, it is believed that there are large volumes of
plutonic rock with extremely low porosity and permeability.
These would serve to limit access of groundwater to the waste,
thereby slowing its deterioration and inhibiting movement of
radionuclides through the rock.
Also, minerals in plutonic
rock are known to react with many of the radionuclides in
nuclear fuel waste, further retarding their movement.
Since the physical and chemical processes that might lead to
release of radionuclides, and to their transport back to the
surface, would evolve over thousands of years, it is not
possible to provide a direct physical demonstration of the
concept's safety. Our approach is to base the demonstration of
safety on predictions using mathematical models that represent
the various components of the disposal system, including the
waste material and the plutonic rock mass.
The research
program was designed to provide a comprehensive understanding
of the underlying physical and chemical processes, to develop
appropriate models and to validate them against carefully
integrated laboratory and field experiments.
The research program is now well advanced and a comprehensive
understanding of the performance of the various barriers has
evolved [Dormuth 1987].
This paper describes our reference
design for the disposal of used CANDU fuel and highlights our
current understanding of the performance of the system
components, including the used-fuel container, the used fuel,
the clay layer surrounding each container, and the plutonic
rock mass. The status of our underground research laboratory
is also described.
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DISPOSAL CONCEPT
Characteristics of Used CANDU Fuel
A typical CANDU fuel bundle is shown in Figure 1. The uranium
oxide fuel is in the form of ceramic pellets that are sealed
inside zirconium alloy tubes to form individual fuel rods.
When the uranium oxide is "burned" in the reactor, almost 99%
of the original uranium oxide is unchanged, and 0.65% of it is
changed to stable elements. Only 0.5% of the fuel becomes new
radioactive material, all of which is contained within the
individual fuel elements, most within the uranium oxide grains.
Figure 2 shows how the radiation dosa 30 cm from a typical
used-fuel bundle decreases with time. Used-fuel bundles are
likely to remain in the water-filled storage bays at the
reactor sites for at least 20 years. Twenty years after the
bundle is removed from the reactor, the radiation dose at a
distance of 30 cm is 2.5 Sv/h.
A 1 00-cm thick layer of
concrete would be required to reduce the radiation dose to the
background level of 2 mSv/a.
After 500 years, most of the
short-lived radionuclides have decayed to negligible levels and
the radiation dose has decreased to about 1 mSv/h.
Although the hazard from penetrating gamma radiation is
relatively small after about 500 years, the long-lived
radionuclides iodine-129, cesium-135, technetium-99 and
plutonium-239 remain at hazardous levels for hundreds of
thousands of years. These radionuclides are the most important
radionuclides from a disposal view point. However, they are
contained within the uranium oxide grains and will be released
only if the grains are dissolved.
Prior to disposal, the used-fuel bundles would be sealed in
corrosion-resistant containers.
Figure 3 shows a conceptual
design for a thin-walled container for 72 CANDU fuel bundles.
Support against external pressure is provided by packing glass
beads in the spaces between the fuel assemblies and the outer
wall. Prototype containers of this design, with a 5-mm thick
titanium alloy outer shell, have withstood external pressures
greater than 10 MPa at 150 C, during hydrostatic tests. Thus,
they meet the primary structural requirements for disposal in a
vault at a depth of 1,000 m [Teper 1985].
Disposal Facility Reference Design
The reference layout of a single-level disposal vault is shown
in Figure 4 [Baumgartner, Simmons 1987].
The vault would
consist of 480 disposal rooms, each 220 m long, 8 m wide and
5.5 m high, and would have a plan area of about 4 km2.
It
would be excavated at a depth between 5 00 m and 1,0 00 m,
depending on the characteristics of the host rock mass. There
would be sufficient capacity to dispose of about 190,000 Mg of
used CANDU fuel (about 135,000 containers).
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A cross section of a typical disposal room is shown in
Figure 5. The used-fuel containers would be lowered through a
vertical shaft, transported to the disposal rooms, and placed
in holes (1.2 m diameter and 5 m deep) bored into the floor of
the rooms. Prior to receiving the waste containers, the holes
would be filled with a mixture of sodium-bentonite clay and
sand, mechanically compacted and then rebored to provide a
central hole. The 250-mm thick bentonite-sand layer would act
as a diffusion barrier to the movement of groundwater,
inhibiting the transport of radionuclides away from the
container.
The spacing between containers would ensure that
the maximum temperature of their outer shells would not exceed
100 C.
When filled with containers, each room would be backfilled and
sealed. The backfilling would be done in two stages: first,
the lower portion of the room would be filled with a mixture of
clay and crushed granite, vhich would then be mechanically
compacted; second, the remaining space would be filled
pneumatically with a mixture of granite aggregate and
bentonite.
Additional sealing would be provided by concrete
bulkheads at the ends of the rooms. To close the vault, the
access tunnels would be backfilled in a manner similar to the
disposal rooms. The access and ventilation shafts would also
be backfilled with a compacted mixture of clay and crushed
granite and supported with a series of concrete bulkheads. The
bulkheads could be located so as to mitigate the effects of
excavation damage or fracture zones, should this prove
necessary.
BARRIER PERFORMANCE
The Used-Fuel Container
Container integrity will be determined primarily by the
corrosion resistance of the outer-shell material. Our design
target is to isolate the used fuel from contact with
groundwater for at least 500 years.
For the chloride-rich
groundwater found deep in the Canadian Shield, we have focussed
our research on titanium alloys and copper.
Our studies on titanium alloys [Ikeda, Clarke 1986] demonstrate
their corrosion rate would be less than 1 /xm/a under the
conditions expected in the disposal vault; that is, groundwater
at less than 150 C with a chloride content less than 1 mol/L.
This extremely low corrosion rate is a result of a protective,
passive oxide film. However, breakdown of this film can make
titanium susceptible to localized corrosion processes, such as
crevice corrosion. We have used an electrochemical approach,
which forces crevice corrosion to initiate, to demonstrate that
both grade 12 and grade 2 titanium are capable of preventing
the propagation of crevices by re-establishing their protective
oxide films. Thus, a 5-mm thick titanium outer shell would be
176

sufficient to isolate the used fuel from groundwater for at
least 500 years.
If copper is used for the outer shell, only uniform corrosion
is expected to play a role. We have studied the dissolution of
copper metal in chloride solutions and in the presence of
compacted bentonite [King, Litke 1986]. The experiments show
that the corrosion rate is limited by the rate at which
dissolved metal species are transported away from the corroding
surface.
We conclude that the 25-mm thick outer shell of
copper required for structural support, would provide an
effective barrier to the release of radionuclides for at least
5,000 years.
The Uranium Oxide Fuel
Once groundwater breaches the container shell, the zirconium
alloy fuel sheaths (see Figure 1) are not expected to provide
significant protection. Because of the high chloride content
of the deep groundvater, the zirconium may be attacked by
crevice corrosion. However, the uranium oxide is expected to
provide highly effective containment of radionuclides.
Our research shows that there are three principal mechanisms by
which radionuclides are released in groundwater [Johnson et al.
1988]:
1.

About 2% of the iodine and cesium are released rapidly once
the zirconium alloy fuel sheath is breached.

2.

An additional 6% of the iodine and cesium are released
slowly by preferential dissolution at the grain boundaries.

3.

The remaining 92% of the fission products and actinides
trapped within the uranium oxide grains are released
extremely slowly as the grains dissolve.

Under the reducing conditions expected in a disposal vault,
experiments with used fuel show that uranium concentrations in
gj oundwater would be less than 1 /*g/L. Dissolution rates are
observed to be less than 10-8 per day.
The stability of uranium oxide in groundwater has been
confirmed by studies at the Cigar Lake uranium deposit in
northern Saskatchewan [Cramer 1986].
The deposit, shown in
Figure 6, is situated at a depth of 430 m at the interface
between the host sandstone formation and the underlying
basement rock. The ore body is 2,000 m long, 100 m across, and
20 m thick at mid-length and contains about 150,000 Mg of highgrade ore. It is surrounded by a clay-rich layer that varies
in thickness from 5 m to 30 m. An iron oxide/hydroxide-rich
zone )orms the contact between the high-grade ore and the clay
layer.
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The ore body consists mainly of individual grains of uranium
oxide mixed with clay minerals; the average concentration of
uranium oxide is 12%, with local concentrations as high as 60%.
Since the ore body was formed about 1.3 billion years ago,
there have been several episodes of groundwater interaction
with the ore body. Despite this interaction, there has been no
significant movement of uranium. Water samples taken only 5 m
from the ore body have a uranium concentration less than 1 /ig/L
and are suitable for drinking.
Although the groundwater flowing toward the deposit is
oxidizing in nature, oxygen is removed by iron minerals and
organic materials within the ore body and the surrounding clay
layer. The iron is oxidized more easily than uranium and acts
as a scavenger for oxidizing species. Examinations of samples
from the ore body show that the oxidation state of the
uraninite grains is less than U 3 0 7 [Sunder et al. 1988].
Compositions less than U3O7 are consistent with the observed
reducing condition of groundwater samples from the ore zone and
with laboratory observations of the behaviour of uranium oxide
fuel.
The Sealing and Backfilling Materials
The principal function of the bentonite-sand layer surrounding
each container (see Figure 5) is to inhibit the movement of
radionuclides. Our research shows that radionuclide movement
in compacted bentonite-sand mixtures would occur only by
diffusion [Cheung 1987]. Layer thicknesses of only 250 mm can
delay movement of dissolved and suspended radionuclides for
thousands of years.
Mechanically compacted clay backfilling
materials have similar properties, providing the potential for
diffusion rates of the order of 1,000 years per metre.
The granite rock mass
The final containment is provided by the rock mass and its
groundwater flow system.
For the purpose of assessing its
long-term containment, the rock mass of interest is that volume
of rock containing the vault and all potential pathways for
migration of radionuclides from the vault to the biosphere.
The rate of movement and concentration of dissolved and
suspended radionuclides that escape from the vault would be
affected by sorption on minerals at fracture surfaces, by
diffusion into pores in the rock adjacent to fractures and by
mechanical dispersion in the rock mass. These processes would
tend to reduce the movement of the radionuclides relative to
that of the groundwater.
To assess the containmert potential of the rock mass, we have
developed a structured process that integrates the various
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geoscience disciplines LWhitaker 1987].
main steps:

The process has four

1.

The geological features of the rock mass that control the
groundwater flow, and the associated physical, chemical and
hydrological characteristics, are determined from field
investigations.

2.

These geological features and their characteristics are
interpreted to establish a conceptual model of the
groundwater flow system.

3.

Based on the conceptual model, a detailed three-dimensional
mathematical model of the flow system is used to predict
changes caused by natural and man-made perturbations of the
rock mass and flow system. Comparisons are made between
predicted and measured responses to test the conceptual and
mathematical models, and to refine them so that, together,
they provide a realistic representation of the actual
groundwater flow system.

4.

The validated mathematical model is used to predict
radionuclide transit times and concentrations that would
result from various vault designs and locations within the
rock mass.

As an illustration of the process, a description follows of its
application to characterize the volume of rock containing our
underground research laboratory (URL). The volume of rock is
part of the Lac du Bonnet Batholith, which is a large granite
pluton similar to many found in the Canadian Shield, and is
contained within the Whiteshell research area in southeastern
Manitoba shown in Figure 7.
Over 130 boreholes were drilled into the shallow overburden
deposits and into the underlying granite to depths up to
1,100 m. Fractures were characterized in the boreholes using a
number of techniques: by detailed core-logging methods, by inhole television camera equipment, and by a variety cf standard
and innovative borehole geophysical logging techniques.
Hydraulic conductivity measurements were made at selected
intervals in individual boreholes. In addition, interference
tests were done in which water was either injected or withdrawn
from one borehole, while groundwater pressures were measured in
isolated intervals in neighboring boreholes.
These tests
provided an understanding of the hydraulic conductivity of the
portion of the rock mass between the boreholes.
Analysis of the information obtained from the field studies
[Davison 1985] identified three major low-dipping fracture
zones, shown in Figure 8, dipping at about 20 degrees to the
horizontal. The upper and lower zones are relatively uniform
and have thicknesses of a few metres. In contrast, the middle
fracture zone has a complex geometry with a number of off179

branching limbs. The width of the zones indicates the portion
of the rock altered by interaction with groundwater; for
example, by oxidation of iron minerals within the granite.
Only a central 1 -m thick portion of the zone is highly
fractured. At the surface of the batholith, the fracture zones
coincide with major topographic lineaments that have been
studied by geological mapping and surface geophysical surveys.
The major fracture zones control the movement of groundwater
and, within the zones, there is a wide variation in hydraulic
conductivity.
Regions of high and low conductivity were
determined by continuous monitoring of the hydraulic pressure
in isolated intervals in the network of boreholes during
interference tests. Outside the fracture zones, the rock is
relatively unfractured, except for a network of near-vertical
fractures that extends from the surface to depths of about
250 m. Other widely spaced vertical fracture zones exist that
extend to depths of 400 m.
These vertical fractures and
fracture zones are oriented roughly parallel to the direction
of the maximum principal stress in the rock mass.
Figure 9 shows the flow system extrapolated to a larger volume
of rock.
The extrapolation is based on the detailed
information obtained from boreholes around the URL, on
geological mapping and surface geophysical surveys and on
limited deep drilling outside the URL area. The bands in the
figure represent the high conductivity portion of the vertical
and subhorizontal fracture zones that control the groundwater
flow. Also shown is a hypothetical vault located at a depth of
500 metres.
This conceptual groundwater flow model is described
mathematically by a finite-element computer model called MOTIF
[Davison et al. 1987, Guvanasen 1985].
It represents the
relatively unfractured background rock by an equivalent porous
medium; composed of three-dimensional continuum elements. The
high conductivity zones are represented by special planar
elements, which are embedded in the background porous medium.
The flow within these planes is dominant along their axes. The
three-dimensional flow field within this assembly of blocks and
planar elements is described by porous medium flow equations.
The pathways with the shortest transit time to the surface are
fracture zones, as might be expected. Once radionuclides reach
such a zone where the direction of groundwater flow is toward
the surface, the transit time could be of the order of a
thousand years.
However, the hydraulic conductivity of the
relatively unfractured background rock is such that
radionuclide migration occurs mainly by diffusion.
Transit
times of the order of 1,000 years per metre would be expected.
Therefore, radionuclide transit times to the surface will be
determined by the location of the disposal rooms relative to
the fracture zones.
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UNDERGROUND RESEARCH LABORATORY
The conceptual model of the rock mass described above has been
reinforced by information gained from the excavation of the
UF.L. A schematic of the underground development at the URL is
shown in Figure 10. Excavation of the URL has proceeded in two
stages. The first stage of development was completed during
1986. This provided a 3 m by 4 m rectangular access shaft and
a 2 m diameter ventilation shaft, both 250 m deep, and
laboratory rooms excavated at a depth of 240 m.
The second
stage of development began during .98 7 as part of a cooperative
program with the U.S. Department oi. Energy.
Excavation has
recently been completed that extends the access shaft to a
depth of 440 m. In the continuing work, a working area will be
established at a depth of 420 m and the surrounding volume of
rock will be characterized to select sites for experiments.
To date, work at the URL has provided unique information on the
response of the rock mass and its groundwater flow system to
the excavation. During the shaft excavation, geomechanical and
hydrogeological instrument arrays were installed (at depths of
15 m, 62 m, 185 m, and 212 m) to monitor displacement and
stress changes, and pressure changes within discrete fractures,
in the rock surrounding the shaft opening as the excavation
proceeded [Thompson, Lang 1986]. Displacements were generally
small, varying from 0.1 mm to 2 mm. Similar measurements were
made during the excavation of the laboratory rooms.
Also,
about 800 overcoring tests have been done to determine stresses
within the rock mass, using a variety of triaxial measurement
cells [Lang et al. 1986].
Construction of the URL has also
allowed us to test excavation techniques that could be used to
construct a disposal vault, particularly drilling and blasting
procedures that minimize damage to the rock near excavation
surfaces.
Once the construction is completed, experiments are planned to
test components of the disposal system under the complex
conditions that are expected in a disposal vault and to develop
and test the technology to emplace engineered barriers, such as
sealing and backfilling materials.
CONCLUSIONS
Containers with titanium and copper outer shells can be
expected to isolate used fuel from contact with groundwater for
at least 500 years, the period during which the hazard is
greatest.
The used fuel has also been shown to be highly
resistant to dissolution under the groundwater conditions
expected in a disposal vault. Dissolution rates less than 10-8
per day have been determined for used fuel in the laboratory
experiments and are consistent with observations of uranium ore
deposits in the earth's crust.
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The movement of radionuclides dissolved in groundwater can be
further retarded by placing a compacted clay layer between the
container and the rock mass. Delay times of thousands of years
can be attained.
Thus, the combination of the container, used fuel and clay
layer can be expected to delay the release of radionuclides
into the deep groundwater system for several thousand years and
to maintain their concentrations at 2ow levels.
Our field investigations in
assessments of conceptual
confidence that there are a
after detailed examination,
meet safety requirements.

the Canadian Shield, supported by
disposal vault designs, give us
large number of locations which,
will provide disposal sites that
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{Pickering fuel bundle design|

I. Zircaloy Structural End Plate
2.Zircaloy End Cap
3. Zircaloy Bearing Pads
4.Uranium Dioxide Pellets
5.Zircaloy Fuel Sheath
6. Zircaloy Spacers
7. Graphite Coating
Figure 1: A Typical Fuel Bundle Assembly
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Figure 7: Location of the Whiteshell Research Area
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PUBLIC ACCEPTANCE OF NUCLEAR ENERGY IN THE UNITED STATES

U.S. Council for Energy Awareness
Bill Harris
Senior Vice President
1776 I Street, N.W.
Suite 400
Washington, D.C. 20006-2495
(202) 293-0770
I am pleased to report to you on public acceptance of nuclear energy in the United
States because substantial progress is being made in that area.
Public opinion about nuclear energy in the U.S. today can be characterized as
realistic acceptance. Two-thirds of the public consider nuclear energy a good or
realistic choice for large-scale use. They view nuclear energy as a fuel of the
future, and mention nuclear energy above all other sources as the primary source
of electricity ten years from now. Nuclear energy even ties with solar as the
energy source that will most benefit the nation in years ahead. Eighty-one
percent of the public believe nuclear energy will be important in meeting the
nation's electricity needs in the years ahead. Within that 81%, the number saying
nuclear energy will be very, important has increased almost 20 points over the last
three years to 55%. Three-fourths believe the need for nuclear energy will
increase in the years ahead.
Still missing, however, is a sense of urgent need for action. Americans are
complacent about their energy supply and quite confident that their electric utility
will find a way to meet all their electricity needs. When asked about building a
new nuclear power plant in their own area, about one-third express opposition and
about half the public say they would reserve judgment until they have more
information.
As this inclination to reserve judgment suggests, public opinion on nuclear energy
in the U.S. is highly changeable. Most Americans feel they need at least some
more information before firming up their opinion, and a majority feel they need a
lot more information.
The 13 state and local referenda that have been raised over the years by critics
offer good case studies in public receptivity to positive information about nuclear
energy. These referenda would have closed down existing nuclear power plants. In
each case, after the need for the plant was well communicated, the referendum
was defeated by a wide margin.
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Our research at the national level confirms what these referendum campaigns
showed us about how to communicate with the public. Americans are very
responsive to information that emphasizes the need for, and the benefits of,
nuclear energy as an electricity source.
Our industry's national communications, through the U.S. Council for Energy
Awareness (USCEA), are getting these positive messages to the public and to
opinion leaders across the country. This public education effort was strengthened
in 1987 through the merger of two organizations, the Atomic Industrial Forum and
the U.S. Committee for Energy Awareness, into the new USCEA. Instead of
simply responding to critics and trying to counter their charges, our public
information program is aimed at setting the agenda by placing nuclear energy
within the broad context of total energy use, it's role in replacing foreign oil, and
the importance of electricity to our economy.
We have been pointing out that since the oil embargo in 1973, demand for electric
energy in the U.S. has increased 43% while demand for nonelectric energy actually
decreased 11%. Electricity use and GNP have been closely linked, so an adequate
supply of electricity is clearly essential for economic growth in the U.S. Today
the U.S. is headed toward a new energy crisis, as electricity shortages already
have appeared in some regions, especially the Northeast, indicating that the
country is rapidly outgrowing its existing capacity.
The media are just beginning to acknowledge that before long we will need new
electric generating capacity. But the public still feels a sense of complacency
about energy. Most energy-related topics are simply he—hum to the majority of
Americans, so the USCEA communications draw attention with more eye-opening
energy messages.
Back in 1984 a whole range of messages about nuclear energy were examined —
from need and benefits messages to facts about the safety of nuclear plants. One
message stood out above all others as the "best reason to favor the use of nuclear
energy"—that nuclear energy helps reduce the nation's dependence on foreign oil.
Today, by more than a 2 to 1 margin, Americans would rather use more nuclear
energy than increase U.S. dependence on foreign oil. The public is rightly
concerned about our reliance on foreign oil. Imports now account for 40 percent
of all U.S. oil consumption, and they are growing rapidly. Last year's $42 billion
bill for imported oil amounted to 25 percent of our record high trade deficit. In
the 1970s, new electric capacity — mostly coal and nuclear energy — helped us
out of the energy crisis by replacing oil for electricity generation and in many
other uses. But now we have an impending electricity crisis that could force
utilities to increase their use of existing oil-fired plants to meet growing demand,
thus compounding our oil dependence problem.
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Therefore, nuclear energy's role in reducing our dependence on foreign oil, along
with the electricity's key role in our economy, are the main themes in USCEA's
wide variety of communications activities. Our four main programs are media and
public relations, advertising, issues management, and Industry communications.
Technical analysis and attitude research serve as a foundation for all four.
I've already introduced you to some of the attitude research. The technical
programs provide and verify our facts on subjects ranging from economics to fuel
cycle — in addition to providing forums for members to discuss technical policy
issues through established committees.
Our media and public relations include traditional work with the press and some
less standard activities as well. Media tours have been highly successful in getting
air time and print coverage for bright young engineers and scientists and for other
credible, non-industry experts who wish to speak out on the need for nuclear
energy. Similarly, many of the positive letters and articles that appear in the
leading news media and all over the country were assisted by USCEA. Video news
releases in the past three years have been picked up by hundreds of television
stations for inclusion in their news reports, resulting in 120 million potential
audience impressions. Our advertising carries these same messages in major
magazines like Time and National Geographic, as well as on network television. In
addition, special USCEA Energy Update ads appear every other week in the front
section of the Wall Street Journal. These ads provide the influential readers of
that newspaper with positive news items on industry progress and performance —
items that do not normally get media attention.
The magazine and television ads are tested for effectiveness and believability
before they are placed. Then, after placement, the actual impact of the
advertising is evaluated; and the results demonstrate a favorable impact on
message awareness and attitudes. Large national samples are surveyed twice in
these studies — the same individuals are questioned both before and after a period
of advertising. Changes in attitudes among those who remember our ads are then
compared with changes among those who don't remember. Those who have seen
our ads have improved their knowledge and attitudes significantly more than those
who have not seen the ads. Moreover, exposure to the advertising clearly built a
reservoir of support that helped diminish the negative impact of the Chernobyl
accident on public attitudes in the U.S. toward nuclear energy.
USCEA is not a lobbying organization but provides communications support to
sister organizations which do lobby. This involves focusing existing
communications resources — public relations, advertising and research — to help
achieve the industry's legislative and regulatory objectives.
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We have recently been working to increase the understanding — within the
industry and among our policymakers — of the broad public acceptance of nuclear
energy that already exists. With so many brush fires and skirmishes — past,
present and already announced for the future — it is difficult not to feel
besieged. Yet the signs of public acceptance are all around — in the polling data,
in the referenda victories, and ultimately in positive federal legislation. It is a
good basis on which to build support for industry objectives locally and nationally.
The next few years will be challenging. It will not be easy to build and solidify the
level of public acceptance which will be needed to assure the continued operation
of existing plants and open the way for new plant construction. We will continue
to battle state and local referenda to shut down existing plants. But there is no
doubt that the public expects nuclear energy to fuel our future. They seem to be
counting on it. With consistent excellence in operations and continued public
education, we believe we can meet the American people's high expectations for
nuclear energy. The industry is working vigorously, on many fronts, to meet that
challenge.
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NUCLEAR POWER AND PUBLIC OPINION
DEVELOPING A CLIMATE OF CONFIDENCE

ELECTRIC1TE DE FRANCE
Nuclear and Fossil Generation Division
Jean-Pierre CHAUSSADE
Communication Manager

The scale of the French nuclear programme is well known. In the ten
years, from 1977 to 1987, thirty four 900 MWe units and twelve
1,300 MWe units were commissioned. Nuclear energy has replaced the
fossil fuels coal and, especially, oil in the production of electricity. In
1987, 70% of the power generated was of nuclear origin, 20% of
hydroelectric origin, 9% from 90a! and 1% from oil.
It is true that France occupies a special position in the world of nuclear
power. Within a period of 11 years, from 1974 to 1985, she has replaced
by nuclear energy the fossil fuels, oil and coal, used in the production of
electricity.
It is very true, as Lord Marshall, Chairman of the CEGB, explained in
Geneva in 1986, that four reasons lay behind France's decision to
develop nuclear power:
First: France has no oil
Second: France has no coal
Third: France has no gas
Fourth: France has no choice.
Following the petrol crisis of 1973, this situation made it easier to get the
nuclear programme accepted by French public opinion. But a major
public relations effort was required to win over a large proportion of
opinion which was against the development of nuclear energy.
Public opinion was thus gradually converted, reaching the proportion of
65% in favour by the end of 1985.
And then the Chernobyl accident occurred. Although our situation has
been less affected than that of other countries, particularly in Europe, the
proportion of persons in favour fell by more than 15 percentage points
and we had to rethink our communication policy in an effort to find the
best means of reassuring the public.
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After analyzing public opinion in France concerning nuclear power, I
would like to mention two aspects of our communication strategy:
• developing confidence, this is the purpose of
communication,

day-by-day

• anticipating the crisis situations and, if they occur, being prepared to
cope with them.

1. PUBLIC OPINION CONCERNING NUCLEAR POWER
Nuclear power has always been favourably considered in France. The
only period of doubt, only lasted a few months, from the spring of 1977 to
the end of 1978, and a clear return of confidence has already been
observed, a trend continuing until December 1985 (62% for, 35%
against).
Managers, industrialists and professional men are more favourably
disposed than farmers, office workers, factory workers and women, who
have more reservations (41%) than men (28%). Opposition correlates
closely with political opinions: opponants are more numerous on the left
than on the right. Finally, people in the provinces are more pro-nuclear
than in Paris.
Since May 1986, attitudes have varied considerably in the wake of the
Chernobyl accident. Loss of confidence was sudden: favourable
opinions concerning nuclear power changed from 62% in December
1985 to 5 1 % in May 1986, dropping to 46% in November 1986 before
rising to 5 1 % in May 1987. At the same time, hostility increased from
35% to 47%, peaked at 52% then fell back to 46% by May 1987.
The strongest misgivings were among socially isolated persons:
housewifes, old people and people out of work.
Chernobyl also caused the idea of a catastrophy potential to be
associated with nuclear power plants, an impression which appears to
be durable.
In view of this change in public opinion, a new communication strategy
was laid down. It is intended to develop a climate of confidence.
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2. DEVELOPING A CLIMATE OF CONFIDENCE
Confidence must be earned. Nothing must be hidden.
A style of communication which meets the public's expectations.

Our public relations policy is based on our knowledge of public opinion
regarding nuclear energy.
Several surveys, studies and opinion polls have been carried out,
enabling us to identify the various targets and to become acquainted with
the expectations of each category of the population.
In practice, priority is given to communication campaigns in the vicinity of
the sites. These campaigns include:
• promoting visits to the interior of the installations themselves; at
present, we receive 15,000 to 50,000 visitors at each nuclear site
every year, making a total of 300,000 visitors per year for the whole
country;
• maintaining very close contacts with local and regional authorities,
politicians and civil servants, and also with local and regional
journalists; all are given regular information on the status and activities
of the plant and of any incidents which may occur.
Since 1981, local information Commissions have been set up in each
region containing a nuclear power plant. These Commissions, which are
chaired by local politicians, are made up of local politicians, members of
associations and unions. They provide a means of dealing with
questions put by the public and obtaining full answers from the plant
Manager:
• organizing information meetings for doctors, who are important vectors
of information; an inquiry has shown that they know nothing of the
effects of radiation on man; the meetings are arranged with the help of
specialist doctors; over the past year, they have been attended by
about 2,000 doctors;
• providing information for the teaching staff in neighbouring
educational establishments; they are given pedagogical material and
numerous visits are organized for pupils over 14 years of age.
• the use of information centres constructed beside the nuclear sites and
open every day; these centres contain pedagogical material relating to
the technical, economic and ecological aspects of nuclear energy; the
nature of the resources used (animated models, games, video
cassettes, video-disks and micro-processors) explain their success
with the public.
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Communication which is oriented also towards the personnel

Internal communication and external communication are inseparable.
EDF has a staff of 125,000. These persons constitute a special source of
information for the public. With this in mind, we have prepared a special
list of points dealing with a range of questions covering all aspects such
as economic questions, safety, waste or effects on the environment.
In addition, a specific training has been provided for the operating
personnel, a total of 24 000 persons, to enable them to reply to the public
on questions about radioprotection in the event of accident. This training
wiii, in time, be extended to all EDF personnel.
As well as these specific actions, the various EDF house magazines
regularly include articles on nuclear questions. This applies to the
magazines distributed to all active and retired personnel and to those
distributed within the various Divisions of EDF.

3. CRISIS PREVENTION AND MANAGEMENT
A communication policy which aims at establishing a climate of
confidence does not, however, prevent the occurrence of a crisis
following on decisions, incidents or accidents. The confidence already
gained should not be lost on such an occasion. We try to anticipate
events as often as possible and we prepare ourselves to cope with a
crisis in the event that one should occur.
Taking systematic preventive action

For each decision which may raise reactions from the media of from
public opinion, a communication plan is prepared.
This method has been successfully used several times last year:
• when the first unit of Nogent Power Plant went critical (which was
considered as controversial with regard to its location on the river
Seine, 100 km upstream of Paris),
• for the first loading of a reactor with mixed uranium-plutonium oxide
elements,
• for the re-start of the gas-cooled graphite-moderated unit cf Chinon
after 3 years of outage for repair,
Similar preventive actions have also helped getting through difficulties in
the field of the distribution of electricity.
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Keeping as open as possible
Various highly-publicized incidents have each time reminded us that if
information is held back, or even if it only appears to be so, the situation
rapidly becomes dramatized whenever the safety of the installations is
called into question.
We have therefore adopted the practice of immediately informing the
regional or national media about any operating incidents.
Furthermore, the ministerial Department in charge of energy has set up a
permanent information system by Minitel, which is a small terminal which
works with the telephone system. Each owner of a Minitel terminal (there
are currently 3.2 million Minitels in France) can find out the current
operating status of all the nuclear plants whenever he wishes.
Being understood
One of the most serious problems we meet is the gap between the level
of knowledge of the general public and the technical content of what we
have to explain. This difficulty can be mitigated through constant training
of the plant managers and of public relations officers. A considerable
effort has already been made but there is still a long way to go.
For several years the company's local managers have been trained in
techniques of audiovisual expression by specialists from the press, radio
and television. This training involves simulation exercises for plant
managers and convincing them of the importance of information. It
applies to the nuclear plant managers but also to all local or regional
managers, in particular in the field of distribution.
In the field of the incidents or accidents, it may be of interest to point out a
recent decision of the Minister for Energy to set up a "nuclear incident
scale" on the pattern of the "Richter scale" for earthquakes. This scale
should enable people to understand at a glance whether an incident is
serious or not.
Permanence of information
It is evident that accidents —and not only nuclear accidents— do happen
mostly at night or during the weekends...
Within the press office of EDFs headquarters and the information team of
the Nuclear and Fossil Generation Division a roster system has been
established in order to make sure that information relating to any event
which may interest the media is given to them as early as possible.
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Emergency measures: quick and appropriate response

We have implemented an organizational system consisting of two parts:
• a technical component,
• a communication component required to reply in real time to the
questions of the press and the public, and if possible to anticipate
them.
Communication must be reliable, rapid and sustained.
Reliability is first concerned with organizing links between:
• technicians and communicators,
• the site and the Paris headquarters
• those involved in communication, particularly locally between the
head of the local authority and the manager of the power plant, and at
national level between the Minister for Industry and the EDF
emergency manager. Local and national conventions identify the
roles of all involved.
Rapidly initiating and subsequently sustaining the supply of information
is essential in keeping the initiative and ensuring that communication is
properly managed.

In conclusion, communication on nuclear matters should be the subject
of constant effort. It is a particularly sensitive area as the reactions
belong to the realms of psychology and the emotions.
I have indicated the importance of a policy of openness and honesty and
of cultivating a personal relationship between the public and the
representatives of nuclear power.
The record of nuclear power is a good one. The energy produced is
safe, cheap and, we may even add, ecologically sound. To illustrate this
last point, may I add that, by eliminating oil and reducing the need for
coal, since 1980 nuclear power has brought about 60% reduction of SO2
emission from our fossil plants, that means some 25% reduction in air
pollution in France.
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SOME STUDIES IN PUBLIC PERCEPTION IN BRITAIN
by Tom Margerison
Nuclear Electricity Information Group (UK)
In Britain public attitudes over nuclear power are confusing
often

apparently

contradictory.

and

We are currently working on

a

programme to try to sort exactly what factors are responsible for
the perceptions the public holds.

After

the trauma of Chernobyl our surveys,

monthly

for

which

we

conducted

six months or more immediately after the

accident,

showed a remarkable recovery. Inside a year the proportion of the
adult public which said they were in favour (or against) the
of

use

nuclear power to generate electricity was much as it had been

before most of us had even heard of Chernobyl.

But closer examination of the figures shows that the recovery was
not

quite

complete:

that

there was a

steady

and

continuing

decline in support for nuclear power (and a corresponding rise in
the

number of opponents).

The process had commenced some

years

before Chernobyl and is continuing today.

So you can think of these results as containing two
step

function

brought

about by Chernobyl,

elements: a

and what I

"cultural drift" which has been going on for some years.
other

surveys,

such as the Electricity Council's

call

We have

long-standing

tracking survey which confirms the existence of this drift.
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a

Of course,
show,

the analysis is simplistic.

Chernobyl

immediate

has had a powerful influence on

worry

may no longer be nagging

insistently as it did,
concerns
graphs

about

"Is

particular

as

everyone.

The

continuously

and

but it would be a foolish man who thought

Chernobyl had disappeared as completely

suggest.

question:

Whatever the surveys may

We can see this from replies to the

as

the

unprompted

there anything in national life which causes

you

worry or anxiety?" People mentioned almost everything

under the sun.

Top place was health and welfare mentioned by

per cent of the sample.
Then law and order.
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Next came unemployment with 39 per cent.

But only 3 per cent mmentioned nuclear power

or nuclear waste as being a main worry.

On

the

other hand,

if you prompt people with direct

questions

26 per cent said they were very

concerned

about their concerns,
about

nuclear power stations operating in Britain and a

further

30 per cent were quite concerned.

Although
Britain

the steady slow decline in support for nuclear power in
may look as though a single factor is

responsible,

the

statistics almost certainly mask a complicated situation since we
know

the

quality

of views held

by

respondents

have

changed

markedly as a result of Chernobyl.

It
been

happened

that during the period of drift other changes

happening,

too.

In

particular

especially those in advanced countries,
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people

world-wide,

have been becoming

have
and
more

concerned
the

about the control of pollution and the protection

environment.

matches

the

"cultural

nuclear power.
the

main

honour

drift" in our surveys

to

People don't even regard the nuclear industry

as

reserved
is

but a drift which
attitudes

culprit likely to be spoiling

is

industry

It is not a dramatic shift,

of

for

the

chemical

the

of

environment.

industry.

The

That

nuclear

a poor second and coal and motor vehicles are

very

much also rans in the public perception of pollution stakes.

So

it

seemed reasonable to assume the declining

nuclear

popularity

power was part of the overall upsurge in

the environment.

concern

of

about

There were certainly statistics which seemed to

support this view.

Of

those very concerned about the environment,

not m
all

favour of nuclear power.

61 per cent were

And of those not very or not

at

concerned with the environment only 28 per cent were against

nuclear power, while 45 per cent were in favour of it.

But statistics can be confusing.
well

known

in social science that people

express

extreme

one subject are more likely to

express

extreme

about

opinions

about others.

hate everything.

These are the people who love everything

For example,

we get a strong

correlation

between those who feel very strongly anti-nuclear power who
feel

very

It's

who

opinions

and

I'll give you an example.

concerned about the environment (54

per

cent).

also
But

there is also a surprising correlation between those who are very
strongly

pro-nuclear and those who are very concerned about
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the

environment.

It's

wise

to be cautious when looking at people who hold

very

strongly.

They

are probably not typical and

you

views
can

be

misled.

So

how important is concern about the environment in determining

attitudes

to

presentational

nuclear

power?

We've recently

developed

a

technique which allows us to get a rather

idea

of what may be happening.

1100

people

this

into

We carry out a survey

better

of

chosen to be as representative as we can.

about

We

various sub-groups or clusters and then look

and

sort

at

attitude of the different sub-groups to nuclear power (and
things),

new

the

other

we present the results graphically as a series

of

vectors.
(Figure 1)
Here,
groups

for example, are the attitudes of different socio-economic
to nuclear power.

When a vector points straight up

this

means the average attitude for that group is exactly neutral. If
the vector moves round to the right, the group is pro-nuclear. To
the left it is anti-nuclear.

The

length of each vector is the proportion of the total

sample

represented in the sub-group.

Now

the first thing you will notice is that socio-economic class

affects

attitudes

to

nuclear

power
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a

lot.

The

ABs,

the

FIGURE 1
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professional and managerial classes, are strongly pro-nuclear. In
fact as you move down the socio-economic scale, the groups become
more and more anti-nuclear.

Now

suppose we do that exercise again but this time for

over the environment.

The

surprise

concern

(Figure 2)

is that the pro-nuclear AB group is also

the

one

most strongly concerned over the environment. A contradiction, it
would seem.
The

C1

and

But notice the difference between the two
C2

groups

are

much closer

to

the

ABs

in

the

one.

And

D and E groups are less negative in their concern about

the

environmental case than they were in the nuclear power
the

diagrams.

environment (in fact they almost coincide). Because the Cl and C2
groups are large, they have a strong influence over environmental
concern observed for the population as a whole.

So

the suspected relationship between environmental concern

and

anti-nuclear feeling is not as clear as we suspected and may even
not hold up at all.

But if that is the case, what is causing the "cultural drift". We
are still looking and finding some fascinating results.

There is

only time to mention one or two here.

One obvious question was: "Is it a matter of education?"
(Figure 3)
This

chart

shows the relationship between attitudes to
212

nuclear
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power and the age at which people stopped formal education. There
is clearly an educational effect.
are

very strongly anti-nuclear.

Those who left school under 15
Those who left at 15 or 16

are

more or less neutral, and those who left school between 17 and 19
are quite strongly pro-nuclear.

But

there's a puzzle here too we have not

went

to

college

resolved.

or university (that is ended

after the age of 19) are more or less neutral,
are

18 or over and are still studying.

Those

their

education

as are those

in

who

We are wondering whether

we can relate this to the strongly anti-nuclear feelings we
found

who

a separate survey of university and further

have

education

teachers.

The

lowest school-leaving age in Britain at present (except

those

who play truant) is 16,

then 15.

and

Since those who left school before they were 15 must by

now be in their 50s or older,
if

although years ago it was 14

for

we decided we should check to

there was .an age effect in attitudes to nuclear

are the results.

power.

see
Here

(Figure 4)

Youngsters of 18 - 24 are the most pro-nuclear age group. That, I
think,

is

encouraging.

The most anti-nuclear ages are 25 to 34

and 35 to 44. These are the ages of bringing up children and
is

possible

there is a "family responsibility" effect.

investigating that further.
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After

45 there is a tendency to become less

anti-nuclear,

those

in the group 55 to 64 being nearly as strongly

with

pronuclear

as the youngsters. Could this be a hangover from the late 50s and
60s when nuclear power was promoted as the future for mankind? We
just don't know.

Notice that the pensioners,

the group who are older than 65

are

more anti-nucclear. I'll be returning to that point in a moment.

But

let's

look

first

at

the effect of

employment on attitudes to nuclear power.

The

type

and

status

of

those

in

(Figure 5)

self-employed are very strongly pro-nuclear.

And

employment are also in favour of nuclear power. But those who are
unemployed

or

are not working are

solidly

anti-nuclear.

This

group includes housewives who do not work and retired people.

Now

here is another example of how you can be

unemployed

the

Women,

and looking after houses and families make up 67

cent of this group.
On

deceived.

per

But we know women are strongly anti-nuclear.

average their score is -21 - a line pointing horizontally
left on the diagram.

to

By comparison men are pro-nuclear with

an average score of +13. What this means is that in any sub-group
we

may create,

the ratio of women to men is likely to

be

more

significant than most other factors.

Now

we can calculate the score for this non-working group an the

assumption

that

the men and women who comprise it
217
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totally
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average.

On this basis you get a result of -9.7 which is

exactly the same as shown in the diagram.
of

appearances

So it looks,

that non-working people are not

much

almost
in spite

different

from the average after all.

The

same is true of the part time workers who are the most anti-

nuclear
the

of all.

average

But 85 per cent of them are women and

values

for men and

women,

you

get

applying

pretty

good

agreement.

So

sex - or I suppose I should say gender - is a very

determinant!

In

fact,

we cannot look for other effects without

first removing the gender effect.
was

Remember the way the 65+ group

more anti-nuclear than the 55 to 64 year group.

longer

important

Women

live

than men and the proportion of women in the 65+ group

is

59 per cent compared with 51 per cent in the 55 to 64 group.

If we assume they are all average men and women in the 65+

group

the attitude score would be -7 compared with the observed -6. But
the

pro-nuclear

significance.
as

for

attitude

Calculating

of the 55 to 64 year

olds

has

more

the attitudinal score in the same way

the pensioners group gives a value -4 compared

with

an

observed value of +2.

Several other seemingly significant effects can be explained away
by

variations in the nale/female ratios.

In that first

diagram

showing the relationship of attitudes to nuclear power and socio219

economic class the E group was much more antinuclear than D.
when

you

correct for the large number of women

in

that

But

group

(mainly widowed pensioners) the difference between the two groups
virtually

disappears-

But

what about the relationship

between

concern for the environment and socio-economic group? The D and E
-vectors almost coincide in that diagram.

Does the sex imbalance

separate them? The answer is no, because concern for the environment is not very strongly gender-linked.

So the first rule of this game is check for the fairer
are

then

left with a number of effects which may be

sex.

You

real.

For

example the strongly anti-nuclear views of those who left

school

before the age of 15 seem to be meaningful: there is virtually no
male/female imbalance.
(Figure 6)
But
41

let's move on to look at people in employment more
per cent of the population are in this category.

break

that group down into sub-groups,

closely.

If you

there are some

now

striking

results.

Those

in

completely:

management are so pro-nuclear they went off our
their

attitudinal

score is

scale

-t-33. Supervisors

and

foremen are also strongly pro-nuclear.

Clerical and office staff are the most anti-nuclear,

with

semi-

skilled and unskilled workers not far behind. Skilled workers lie
between the unskilled and the supervisors.
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To

But now we must apply our gender corrections.
the

ratio

average

work.

of women is 73 per cent which would

men and women,

observed

For office workers

is

give,

based

an attitudinal score of -12. The

on

value

-21, so some other anti-nuclear factor must be

at

The same is true of the unskilled and semi-skilled workers

for whom we might expect an attitudinal score of -5, but it

was

-19.

So

what do we do about all this.

more

In the short term we have

emphasis on communicating with women,

for example

through

fairly large advertising campaigns in women's magazines.
we

shall

extend that further.

And recognising

that

put

I

hope

education

seems to be another key factor, we are putting much more emphasis
on education.

But

much

more

important

in

the

long-term

is

the

need

to

understand why people take particular attitudes to nuclear power.
We are still struggling with this one.
(Figure 7)
One

approach

has

been to try to jort out the

arguments

people see as being important both in favour and against
power.

The

way

used

importance
sample

including,

of
of

our

major surveys to

the

for example, asking open-

questions and setting up discussion panels.
one

nuclear

we've gone about that has been to identify

arguments in various ways,
ended

which

ask

people

the arguments on a scale of 1 to

We have
to

5.

then

score

the

Taking

the

population as a whole we ranked the pro-nuclear arguments

FIGURE 7
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and

anti-nuclear

compared

the

arguments according to their

scoring

for different sub-groups

score.
to

We

then

produce

an

argument profile for each.

Here are the results for the anti-nuclear arguments. We were very
-surprised when we saw them.

For all the sub-groups, pro-nuclear,

anti-nuclear,

the different political parties, the

men,

women,

different attitudes to environment,
groups,

the different socio-economic

all ranked the anti-nuclear arguments in almost

exactly

the same order.

And all were agreed that the danger of nuclear waste disposal was
way

ahead as the most significant of the anti-nuclear arguments.

The

shape

group:

of the profile curves was almost the same

some

for

every

merely felt more strongly about the arguments

than

others.

Look

now

at

the

pro-nuclear

different characteristics.

arguments.

They

have

No one argument is dominant.

different groups have ranked the arguments differently.
failed
nuclear
major

entirely
And the
We

to offer any powerful and credible argument in favour
power.

And we have also not succeeded in answering

concerns about nuclear power,

radioactive waste,

especially the disposal

even among those who are pro-nuclear.

have
of
the
of

We are

going to try to rectify this.

As for the worries about nuclear power, we decided to do a little
experiment to see how people perceived the danger by comparing it
224

with

dangers

these

of death which we all run.

We ranked a series

dangers in order of the number of fatalities

they

of

caused

each year in Britain. They ranged from lung cancer (mainly due to
smoking)

and road accidents to being killed in an aircraft crash

and being struck by lightning.

People

were asked where they placed the danger oi nuclear

in the list. Here is just one of the results.

Those

power

(Figure 8)

who are opposed to nuclear power perceive its

dangers

as

extraordinarily high. Half of the anti-nuclear group perceive the
danger

as higher than that of being killed on the

perceive
women

the

place

dangers a"s greater than men.
the

roads.

36 per cent

dangers of nuclear power higher than

Women

of

all

that

of

dying on the roads compared with 32 per cent of all men.

What we don't understand of course is whether the high perception
of

risk among those opposed to nuclear power has caused them

oppose

it,

or

whether their perception of the

danger

is

to
the

consequence of their opposition.

The

only

nuclear
of

clue at present is that a lot of people who

are

pro-

have a very high perception of the dangers - 17 per cent

ail those who claim to be pro-nuclear think nuclear power

more dangerous than the risk of death on the roads.

We still have a lot of work to do.
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NUCLEAR ENERGY AND THE CANADIAN PUBLIC

Rita Dionne-Marsolais
Vice-President, Information
Canadian Nuclear Association

Notes to Slide 1 - Introduction
1.

Overall Canada is rich in energy and the availability of
natural resources, p a r t i c u l a r l y of water make hydroelectricity the main source of electricity in Canada today.
%
65
20
15
N/S

Hydro
Fossil Fuels
Nuclear
Others
2.

However, from a regional perspective the s i z e , geography,
population d i s t r i b u t i o n , economic development of t h e
d i f f e r e n t provinces and the a v a i l a b i l i t y of t h e i r own
natural resources present a different picture.
In effect,
natural resources such as water, f o s s i l fuels, uranium are
exclusively owned by the provinces.
Consequently, some
provinces have relied on their availability and ownership to
market an aggressive industrial development policy. For
t h i s r e a s o n , p u b l i c u t i l i t i e s are mostly p r o v i n c i a l
government owned in Canada. More than 80% of e l e c t r i c i t y i s
supplied by public owned u t i l i t i e s in Canada against roughly
20% in the U.S.

3.

In retrospect, the provinces who have adopted an industrial
policy targeted on their availability of e l e c t r i c i t y present
a much healthier economic picture today judging by t h e i r
average income per capita. Where Ontario, British Columbia,
Alberta and Quebec lead the way.

Notes to Slide 2

In our e f f o r t to better understand the perception of the
Canadian public towards the reality of the Canadian energy
scene and particularly the nuclear energy question, we
sponsored a research effort in May 1988. The nationwide
survey was conducted by Oecima Research through telephone
interviews among a proportionately representative random
sample of 1200 a d u l t C a n a d i a n s .
The s a m p l e i s
representative of the Canadian population as a whole in
terms of i t s demographic characteristics (e.g., age). Such
a sample produces r e s u l t s which are accurate for the
population of Canada as a whole within +2.9 percentage
points, 95 out of 100 times.
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ELECTRICITY PRODUCTION IN CANADA
1987
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"WITH THE INCREASING USE OF HIGH TECHNOLOGY AND
ECONOMIC GROWTH IN MY PROVINCE, THERE WILL BE
A HEAVIER DEMAND FOR MORE ELECTRICITY"

NUCLEAR
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15Z

AGE

3

CANADA

3.45

90

45
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QUEBEC
ONTARIO
PRAIRIES
3RITISH COLUMBIA

3.39

3.17

86
87
94
87

47
44
52
38

3.01

83

33

3.41
3.78

11

2

:ANADIAN ELECTRICAL ASSOCIATION

TO'

SOURCE- DEC I MA RESEARCH LIMITED

Most Canadians, wherever they live, recognize that with the
increasing use of high technology and economic growth in
their province, their will be a heavier demand for more
electricity.
Depending on the regions, 85 - 90% of
Canadians agree with such a statement and 40 - 45% totally
agree with this statement.
However, even if Canadians seem to understand quite clearly
the relationship between economic growth and electricity in
"high tech times", there seems to be less understanding of
the actual supply of electricity and of the future natural
resource availability.

Notes to Slide 3

1.

When asked what they thought was the main source of energy
which produces electricity that comes in their home, most
Canadians, even in Ontario, Alberta, Saskatchewan and the
Atlantic provinces think it is hydro-electric.

2.

Furthermore, and a little more preoccupying, their
perception of untapped water resources should be a cause for
concern in some provinces. When asked the following very
precise question:
"Canada has traditionally relied, to a great degree,
on damming large rivers to produce electricity. Not
all rivers are suitable to produce electricity because
they roust have a heavy flow of water which drops one
height to a lower height. Given this information, do
you think there are a lot of these rivers, some, very
few or no rivers that could still be developed to
produce electricity in your province."
57% of Canadians believe that there is still some or a lot
of untapped water resources adequate to produce electricity.
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SOURCE OF ELECTRICITY SUPPLY IN CANADA
1987
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Notes to Slide i

1.

While it is justifiable and understandable for provinces
like Quebec and British Columbia to perceive a potential of
untapped water resources, it is preoccupying that in the
rest of Canada such a feeling exists.

2.

In reality, the CNA has calculated the amount of remaining
economical hydraulic potential in terms of the number of
years of current load growth which it could meet providing
there were no geographical difficulties among all 10
provinces for electricity transmission. Our research
indicates that a number of provinces have reached the point
at which they must choose additional supply options beyond
hydro-electric.
For example, at current levels of
increasing electricity demands, pooling of the remaining
hydraulic resources of Manitoba, Ontario and Quebec would
last for 11 years. Pooling the resources of New Brunswick,
Nova Scotia and Prince Edward Island would last less than
one year. Alberta and Saskatchewan would each respectively
have 17 years and 10 years of hydro-electric availability.
Finally, British Columbia still has 40 years potential and
Newfoundland, providing it can deliver electricity from
Labrador to the island would have a 50 year availability of
hydro-electricity.

3.

Economic, environmental and technological conditions can and
probably will change over time, but history or experience
should guide us in taking adequate measures to minimize the
consequences of whatever changes in the consumption of
electricity.

Notes to Slide 5

When asked how important they thought nuclear power plants
would be in meeting Canada's energy needs in the years
ahead, a vast majority of Canadians, 76% or three out of
four, believe that nuclear plants will be very important or
somewhat important in meeting Canada's energy needs in years
ahead.
This i s p a r t i c u l a r l y t r u e for Ontario and the
A t l a n t i c p r o v i n c e s where t h e p e r c e n t a g e i n c r e a s e s
respectively to 90% for Ontario and 79% for the Atlantic
provinces.
Furthermore, in the rest of Canada no less than two out of
three Canadians believe in the future importance of nuclear
to meet Canadian energy needs. This is true for Quebec and
even for B r i t i s h Columbia.
In the P r a i r i e s , i t i s
interesting to note that in Saskatchewan 78% of the people
believe in the future importance of nuclear to meet Canadian
energy needs above the Canadian results.
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Notes to Slide 6

When asked about all sources of energy available for large
scale use, 71% of Canadians believe nuclear energy is a good
or r e a l i s t i c c h o i c e .
Even in provinces endowed with
remaining hydraulic potential of some importance such as
Quebec and B r i t i s h Columbia, the support is s t i l l around
60%.

S-6

NUCLEAR ENERGY AS AN OPTION FOR LARGE SCALE USE
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Notes to Slide 7

1.

When asked if they somewhat favour, somewhat oppose or
strongly oppose the use of nuclear energy as one of the ways
to generate electricity in Canada, it is interesting to
study the results on a regional basis. Only 51% of
Canadians favour, strongly or somewhat, the use of nuclear
energy to generate electricity in Canada, and 47% oppose it.
However, in provinces where nuclear energy is a reality and
meets roughly 50% of electricity needs, such as Ontario,
the percentage of favourability climbs impressively to 64%.
On the other hand, one out of five Canadians strongly oppose
the use of nuclear energy. With the bulk of the opposition
in British Columbia and Quebec where there still remain
important hydraulic resources to develop. In Ontario, one
of out ten Ontarians strongly oppose nuclear energy.

Notes to Slide 8

1.

Our research seems to indicate that the support for nuclear
energy use is d e f i n i t e l y directly related to the
understanding of the need for it. This is confirmed by the
apparent understanding of the relationship between economic
growth, electricity use, cost of electricity and remaining
competitive untapped water resources. This is supported by
results in Ontario where nuclear energy is very important in
the overall electricity picture.

2.

The opposition to nuclear energy, however, seems also tied
to valid preoccupations related to lack of understanding
and/or of confidence in the safety of nuclear plants and the
whole question of waste disposal. Uses of nuclear energy
also seems to preoccupy people and it seems to be tied in
with the use of exported Canadian uranium where 32% of
Canadians still believe it is used in nuclear weapons. The
rest mention medical uses (27%) and electricity production
(29%).
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Notes to Slide 9

Is there a gender gap in relation to nuclear energy?
There seems to be f i v e a r e a s where t h e r e i s s i g n i f i c a n t
differences between men and women in relation to nuclear energy.
1.

Women are less in favour toward the use of nuclear energy
than men with 44% against 56%, although there is not a big
difference among the strong opposition (22% of women and 19%
of men).
These r e s u l t s are confirmed with the o v e r a l l
demographic analysis.

2.

Also, on the whole question of exporting Canadian nuclear
technology, only 46% of Canadian women are in favour,
somewhat or s t r o n g l y , a g a i n s t 60% of Canadian men. The
importance of t h i s s t a t i s t i c must be put in relation to the
fact that 32% s t i l l believe the end use of exported Canadian
uranium to be nuclear weaponry.

3.

On the question of environmental impact of coal versus
nuclear, 58% of women think coal has l e s s impact on the
environment against 39% of men. In the capacity of the
industry to handle waste, only 26% of women agree with the
capacity of our industry to handle the waste against 34% of
Canadian men. Either women need more information or they
have less trust in our industry.

4.

On the degree of confidence in containment systems to
protect the public we find more worry among women then men.
32% of women have confidence in the system against 42% of
men.

5.

In the likelihood of being affected by an accident over the
next ten years the same pattern shows. Women fear they will
be a f f e c t e d by such an accident in a proportion of 28%
against 18% of men.

6.

I t seems men are also more likely to believe that untapped
water resources s t i l l exist in Canada.
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Notes to Slide 10 - Conclusion

1.

Most of you are probably curious by now to know what the
last five months of information efforts of the Canadian
Nuclear Association have produced. Honestly, it is much too
early to come to any serious conclusion after so short a
period. Nevertheless, a few comments can be made from the
number of requests our information group has received,
whether through direct mail or through our free of charge
telephone line. The recent survey also provides interesting
information to us.

2.

On average we receive ten requests per working day. It is
clear that when our TV commercial is aired, this figure
easily doubles. During the school period, approximately 20%
of our requests come from students. The distribution of our
request reflects the regional distribution of the population
among the Canadian provinces with the bulk coming from
Ontario and Quebec.

3.

Let me recall the signature of our advertising program.

4.

The requests addressed to us reflect the philosophy of this
message and we get demands for more information, comments to
our a d v e r t i s e m e n t s and recommendations for future
information efforts.

5.

Our recent survey indicates that Canadians do not give us
the benefit of the doubt in our effort to communicate with
the public. When asked how they felt towards communication
with the public by the Canadian nuclear industry, we scored
a mean of 3.61 and 3.81 for our openness with the public
(where 1 describes us as not communicating with the public
or not being open with the public and, 10 describes the
industry completely). Distribution among Canadian provinces
is better in Ontario and the provinces where our mean goes
up to 4 and above.
Nevertheless, we do raise interest among Canadians and 16%
of them recall our advertisements of the last few months.

6.

This distribution of recall reflects where we have
concentrated our efforts, namely, in the provinces already
familiar with nuclear energy: Ontario, Quebec, the Atlantic
provinces and Saskatchewan.
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Notes to Slide 11

1.

Nevertheless, we do raise interest among Canadians and 16%
of them recall our advertisements of the last few months.

2.

This distribution of recall reflects where we have
concentrated our efforts, namely, in the provinces already
familiar with nuclear energy: Ontario, Quebec, the Atlantic
provinces and Saskatchewan.

3.

Furthermore, those who are aware of our advertising are also
more knowledgeable about the use of nuclear energy as a
source for home electricity and the use of nuclear energy in
medicine.
While these results show that there is significant room for
improvement, they also suggest that the campaign has had and
is having a significantly positive impact on opinions and
knowledge.

Notes to Slide 12

1.

In Ontario, one out of five Canadians recall seeing our ads.
Of Canadians who do remember our ads, one out of four
remember our reference to medical use and almost one out of
five, our reference to nuclear energy.

2.

Our ads, for those who remember them, are believable or very
believable in three out of four cases. Only 14% say they
are not believable or not very believable.
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Notes to Slide 13

1.

One thing remains in all our research, Canadians desire to
know more about nuclear energy and 2/3 want to know
something or a lot more on our industry.

2.

Finally, one mus\t take note of the fact that nuclear energy
is not a major concern for Canadians. In fact, when asked
what most economic or environmental issue Canadians were
facing today, 43% mentioned acid rain, 27% mentioned free
trade and 18% mentioned the government. Only 6% mentioned
anything nuclear (2% mentioned nuclear waste and 4%
mentioned nuclear war).

3.

Finally, Canadians desire to know more about nuclear energy
and 2/3 want to know something or a lot more with only 11%
wanting to know nothing more.

4.

The young, the better educated and Anglophones are more
likely to desire information. A majority of people in all
regions want more information.

5.

Canadians' desire for more information does not vary all
that much according to one's view on the use of nuclear
energy. Two-thirds <64%) of those who oppose nuclear energy
want more information <46% a lot), while 70% of those who
favour its use say this (48% a l o t ) . Consequently,
Canadians continue to be receptive to communications from
the industry.
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SLOWPOKE - HEATING REACTORS IN THE URBAN ENVIRONMENT
J.W. Hilborn and G.F. Lynch
Atomic Energy of Canada Limited

1.

THE NEED FOR NUCLEAR HEATING

The increasing demand for economic and reliable energy supply is
driven both by the growth in the world's population and by the
essential role that energy plays in industrial development. With
the global energy requirements expected to double over the next
40 years (1), all supply sectors will be seriously challenged in
their ability to meet the demand.
All forecasts anticipate a significant expansion in the role for
nuclear energy (2), with some predicting that energy from the
nuclear fission process will grow from its current contribution
of 5% to satisfying over 50% of the world's primary energy
requirements by the year 2050 (3). Since electricity contributes
approximately 30% of the energy requirements of many countries,
meeting these supply targets means that nuclear energy must be
used in energy sectors beyond its traditional role in electricity
generation (4).
The oil price shocks of the 1970s changed energy economics to the
point that nuclear technology can now offer economically competitive energy sources in much smaller sizes that meet a. broader
range of applications. One such application of particular
interest is building heating.
Many countries in the northern hemisphere consume in excess of
25% of their primary energy supply to satisfy their building
heating requirements (5). Since the majority of the population
live in urban centers, a significant fraction of these heating
requirements can be satisfied by central heating systems that use
low cost heat sources. Unlike transportation, this is an important energy sector which is readily amenable to the application
of small scale nuclear technology.
The current trend in building heating technology is towards hot
water rather than steam. Consequently, in specifying a nuclear
heat source, existing power reactor technology is neither required nor appropriate. Instead, the nuclear system can operate
at atmospheric pressure, thereby eliminating much of the
complexity that is associated with the production of high pressure steam for electricity generation.
An analysis of the annual load curves for stand-alone heating
systems in buildings in several countries has concluded that a
nuclear heating system satisfying approximately 50% of the peak
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heat demand and used in a base load capacity could provide up to
90% of the annual heat requirements. By using a low capital
cost, fossil fired boiler to satisfy the peaking requirements and
acting as a backup to the more capital intensive nuclear heat
source, the overall system redundancy can be met at a cost which
is competitive with fossil fuels.
For those countries with district heating networks which interconnect several load centers with a series of heat sources (much
like established electrical grids), the potential for nuclear
heating is even more attractive. In such cases, the nuclear heat
source can be operated with much higher load factors, satisfying
not only the base load requirements for heating but acting also
as a source of heat for domestic hot water. In such circumstances, load factors of 80% can be expected with a corresponding
improvement in the economic advantages.
Thus, in assessing the need for nuclear heating, three important
points can be made:
the potential contribution of nuclear technology to satisfying the heating requirements of many countries must be considered to be as significant as that already being achieved
by nuclear electricity generation;
the application of nuclear technology to this energy sector
offers countries that are currently dependent on imported
fossil fuels an opportunity to increase their fuel security
in this important energy demand sector; and
although nuclear heating can offer savings over traditional
fossil fuelled heat sources for individual heating systems,
there are significant additional advantages that can be
realized in applying the technology to municipal district
heating networks.
The SLOWPOKE Energy System currently being developed by Atomic
Energy of Canada Limited (AECL) is a 10 MWt heat source, specifically designed to satisfy the needs of local heating systems in
building complexes and institutions.
2.

TECHNICAL AND ECONOMIC REQUIREMENTS

For building heating, the technical and economic criteria for the
application of nuclear technologies are still evolving. The
fundamental requirement is to supply low grade heat to end users
who are geographically distributed throughout a series of buildings or building complexes.
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2.1

Unit Size

In tabulating the effective transportability of various energy
carriers, Marchetti (6) concluded that the poor transportability
of hot water calls for small heat generators located close to the
load centers. Clearly, this is contrary to the economy of scale
arguments that apply to electrical generation where power plants
larger than 500 MWe (approximately 1500 MWt) are the norm.
The optimum unit size for heating applications depends on a
variety of demographic and historical factors. Population
density and the price of competitive fuel sources are of primary
consideration. However, for countries which already have district heating systems in operation, such as those in Northern
Europe, the size may have to match the existing distribution
systems.
For new applications, a much clearer understanding of the spectrum of unit heating requirements is needed. For example, in a
city suburb in North America where each family dwelling requires
10 kW of thermal energy, the cost of the distribution system
required to deliver 1 GW thermal would destroy the competitiveness of district heating.
Recognition of the significance of small unit size has led to the
development of the conceptual design of heating reactors in
France and Scandinavia with thermal powers in the range 100 to
400 MW (7). A four unit plant (4x70 MWt) producing both heat and
electricity has been operating in a remote region of the USSR
since the late 1970s (8).
More recently, the conceptual design of a 53 MW thermal reactor
for district heating was completed in the United States (9).
Furthermore, a recent study (10) concluded that 38% of the heat
demand in 28 US cities was in unit sizes of less than 30 MWt.
In a more dramatic extension of this philosophy, Canada has
developed a heating reactor in the 2 to 10 MWt range (11). The
details of this system are described in Section 3 of this paper.
The Canadian program is similar in many respects to the Swiss
initiative to develop a small heating reactor in the 10-50 MWt
power range to supply hot water to communities of 4000 inhabitants (12).
2.2

Operating Temperature

In determining the optimum operating temperature, it is important
to note that the ultimate end use of the e.nergy is heat at 20°C.
Existing district heating systems use both hot water, with supply
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temperatures in the range 90 to 160°C, and steam with pressures
typically in the range 400 to 3000 kPa. Although there are
advantages and disadvantages to both techniques, experience has
shown that the advantages of hot water transmission far outweigh
the disadvantages in most cases (10). Consequently, future
district heating systems are almost certain to use hot water
transmission.
There is also considerable advantage in operating the nuclear
power source to produce hot water at temperatures less than 100°C
thereby eliminating the need for pressurized systems. This has a
significant impact on the design and licensing requirements and a
corresponding impact on the overall energy costs.
2.3

Operating Costs

Since the fuel load in a heating reactor can be designed to last
up to 10 years, it significantly increases the capital cost of
the plant relative to a fossil fuelled alternative. Therefore,
to maintain a competitive total unit energy cost, nuclear heating
systems must achieve very low operating costs.
The ultimate concept would be to design a passive nuclear heating
system that can operate with minimum operator attention for
extended periods of time. The target of achieving reliable
operation without the need for highly skilled staff implies the
need for inherent safety features and simplicity of design.
3.

THE SLOWPOKE ENERGY SYSTEM

The SLOWPOKE Energy System is a simple nuclear heat source
capable of supplying 10 MW of thermal energy in water at 85°C.
As shown in Figure 1, it is a pool-type reactor designed to
operate at atmospheric pressure, thereby eliminating the need for
a pressure vessel. Consequently, loss-of-coolant caused by
depressurization is impossible.
The reactor core, coolant riser duct and the primary heat exchangers are installed in a steel-lined concrete container. This
double containment of the pool water prevents loss-of-coolant
caused by leakage.
The pool water serves as the moderator, heat transfer medium and
shielding. Primary heat transport from the core is by natural
circulation of the pool water through the plate-type heat exchangers. Natural circulation ensures core cooling without the
need to depend on the reliability of pumps or the integrity of
electrical supply for the pump motors.
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The secondary circuit delivers the heat to the distribution
system by way of the secondary heat exchanger. Thermal power is
measured in the secondary circuit for the purpose of metering.
To compensate for fuel burnup, absorber plates are used for
periodic core reactivity adjustments by the licensed operator.
In addition, absorbers under computer control are used for load
following. The rate of removal of all absorbers is limited by
the speeds of their electric motors and by a timer requiring
manual reset. The use of a fully redundant control system
reduces the probability of unwanted shutdowns.
In the event of loss of secondary flow such as a power interruption to the pumps, the large pool volume delays core temperature
rise. As a result, thermal transients extend over many hours.
This factor, combined with unique design features that limit
reactivity change rates to very low values, eliminates the need
for the fast acting shutdown systems that are essential for
pressurized power reactors.
A liquid absorber system can shut the reactor down over a period
of five minutes. Gadolinium nitrate solution flows into the pool
by gravity alone, through two temperature actuated valves.
The pool water is continuously pumped through ion exchange
columns to maintain water chemistry and to control corrosion.
The ion exchange columns can also remove fission products from
defective fuel and gadolinium nitrate should the liquid absorber
shutdown system be actuated.
The reactor pool is covered by an
space over the pool. The air and
circulated through a purification
After filtering and monitoring, a
ing cover gas is vented by way of
exhaust system.

insulated lid, enclosing a gas
water vapour are continuously
system and hydrogen recombiner.
small fraction of the circulatthe building ventilation

A goal of the SLOWPOKE Energy System design was to fully automate
all essential systems, thus allowing the unit to be operated for
extended periods of time without an operator in the reactor
building. Further details are given in Section 5.
4.

SAFETY PRINCIPLES

One of the fundamental driving forces of the design is the safety
philosophy. The primary goal is to meet all Canadian regulatory
requirements in a manner that permits unattended operation with
remote monitoring for extended periods of time. Meeting the
regulatory requirements implies system diversity, component
redundancy, a rigorous safety analysis and overall defence in
depth.
249

The two main objectives of the safety design are to:
limit the release of radioactive fission products under all
circumstances to an acceptable level; and
ensure that for any event there is a sufficiently low
probability of damage to the fuel, structures and equipment
that could lead to significant radiation exposure to plant
personnel or members of the general public.
To meet these objectives it is essential that:
the reactor can be safely shut down and maintained shutdown
under all circumstances;
the reactor core is adequately cooled at all times; and
radioactive releases are not only maintained within
regulatory limits but are also kept as low as reasonably
achievable.
These requirements are achieved by inherent safety features,
engineered control systems, operating conditions and administrative practices.
Of fundamental importance is the fission product inventory. By
restricting the power level to 10 MWt, this inventory is small,
being less than 0.3% of that in most of the existing power
reactors. A combination of low fission product inventory and the
important inherent safety characteristics of SLOWPOKE ensures
that adequate safety is readily achievable.
Much of the fission product inventory is held up by the uranium
oxide, diffusion resistant, ceramic fuel. A small fraction of
the volatile material is released to the gas gap between the fuel
and the Zircaloy sheath. Power reactor fuel sheaths have been
designed to withstand the stresses resulting from the fuel
expansion, fission gas release and the mechanical loads applied
during refueling. Advantage has been taken of the wealth of
experience during the design and manufacture of SLOWPOKE fuel.
Moreover, since the fuel is operating at much lower temperatures
and pressures, adequate sheath integrity is thus assured.
The inherent safety features of the SLOWPOKE Energy System design
include a negative fuel temperature reactivity coefficient and
negative coolant temperature and void reactivity coefficients,
all of which attenuate power transients following loss-ofregulation. In addition, the primary heat transport system is a
natural circulating system requiring no external power source to
maintain coolant flow through the core during operation or
shutdown.
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The engineered systems include:
- the robust fuel;
- a double containment pool with no penetrations;
- a large pool volume to mitigate the consequences of any
transients;
- slow reactivity addition rates;
- a fully redundant control system; and
- separate and diverse shutdown systems dedicated to safety.
The normally accepted codes and standards have been used for the
design and fabrication of components and systems. A quality
assurance program has been instituted for all aspects of the
commercial installations.
5.

REMOTE MONITORING

5.1

General Goals

In order to reduce operating costs, the SLOWPOKE Energy System is
designed to operate for extended periods of time without an
operator in the reactor room or building. Essential instruments
will be monitored at one or more remote locations, and a licensed
operator will always be on call, either by telephone or by a
personal paging system. The goal of the SLOWPOKE Energy System
design is to fully automate all essential systems and employ the
reactor operator to monitor plant performance and maintain the
automatic equipment. Conceivably, a single remote monitoring
center could manage the heating and ventilating requirements of
many building complexes in a number of towns, cities and regions.
Local staff would be responsible for maintaining and testing
non-critical equipment and responding to emergencies.
5.2

Underlying Safety Requirements

The underlying safety requirements for a remotely monitored
reactor are as follows:
the reactor will shut down automatically and stay shut down
when critical plant parameters reach specified safety
limits;
the reactor can be shut down manually without entering the
reactor building;
after the reactor has been shut down automatically or
manually, it can be restarted only by a licensed operator.
However, the reactor can always be shut down by authorized
personnel who are not licensed operators; and
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local personnel can respond promptly to all envisaged
emergencies. A licensed operator is always on call, but
public safety does not depend on the presence of that
operator at the reactor site.
5.3

Operating Requirements

The main operating requirements of the SLOWPOKE Energy System are
as follows:
automatic load-following and power regulation;
annual start-up from cold shutdown;
continuous monitoring of plant performance in meeting heat
demand;
continuous monitoring of the atmosphere and ground water
outside the plant;
periodic testing of safety system to meet reliability
specifications;
routine inspection and maintenance of equipment;
fuel management:
purchasing, refueling, transport and
storage;
waste management: ion-exchange resins, filters and low
level waste;
permanent record-keeping for cost accounting and reliability
analysis;
periodic reporting required by provincial and federal
agencies;
emergency planning and response; and
training and certification of operators.
5.4

Operator Qualifications

SLOWPOKE Energy System operators would be licensed by the Atomic
Energy Control Board. Two categories are envisaged: a senior
operator would be authorized to carry out or supervise all of the
essential SLOWPOKE Energy System operations including refueling,
and an assistant operator would carry out specified operating and
maintenance procedures under the supervision of a senior operator.
It is expected that technologists could qualify as SLOWPOKE
Energy System operators after an appropriate training course.
Operator training would include reactor technology, radiation
protection and practical experience at the SLOWPOKE Demonstration
Reactor (SDR).
5.5

Initial Period of Operation

For the first few months of operation following commissioning,
the plant would be manned 24 hours a day by a senior AECL
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operator and an assistant operator, located in the reactor
building. The existing power plant operators would be responsible for the back-up heating plant, but not the reactor.
When the reliability of all automatic control systems is assured,
the transition to remote monitoring would take place in a series
of progressive steps. The time sequence would be determined byoperating experience and licensing regulations.
5.6

Remote Monitoring

The first change would be to lock the reactor building and move
the two AECL operators to the remote control center. They would
respond to remote alarms from the reactor building and would be
able to shut the reactor down by means of a remote switch. All
other operating functions would require the operator's presence
in the reactor building.
As a general policy, an operator
alone for extended periods in an
However, it would be permissible
maintenance, if he were equipped

would not be permitted to work
isolated reactor building.
to carry out specified tests and
with a personal radio-telephone.

Remotely monitored parameters would include reactor power level,
water temperatures, radiation levels and the status of pumps and
fans in auxiliary systems. An emergency alarm panel would
indicate fire, intrusion, high radiation, low water level, loss
of electrical power, loss of communications and reactor trip.
When the reliability of the remote monitoring system is assured,
the operating staff would be reduced to one senior operator on
day shift and one assistant operator at other times. A senior
operator would always be on call and able to reach the site
within a specified time (e.g., 2 hours).
5.7

Remote Control

The next step would be remote control of the reactor as well as
remote monitoring. All essential indicating instruments and
operating controls would be duplicated at the control center.
The SLOWPOKE Energy System is designed to load-follow automatically
with built-in safety limits. All operator actions with respect
to load-following can be carried out by remote control. Remote
monitoring of reactor parameters and control devices provides the
operator with enough information to confirm that the automatic
control systems are operating correctly. If the communications
link between the reactor and the remote control center is lost
during an increase in load demand, the built-in limits would
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prevent the automatic control system from raising the reactor
power beyond preset levels.
The existing power plant operators would continue to be responsible for the back-up heating plant and they would always be able
to shut the reactor down without entering the reactor building.
In the event of a serious emergency such as a fire or earthquake,
appropriate response teams would be alerted and, if necessary,
the Emergency Plan implemented.
5.8

Public Information

Questions from the public concerning remote monitoring must be
answered in a clear, forthright manner. Recognizing the
strengths and weaknesses of human operators, a deliberate
decision has been made to automate all of the essential SLOWPOKE
Energy Systems and restrict the operator's role to monitoring,
testing and maintenance. In explaining this concept to the
public, we are emphasizing the small size of a SLOWPOKE Energy
System and its specific safety features, but are avoiding any
suggestion of infallibility. Over-emphasis on inherent safety
may actually be counter-productive in building public confidence.
Instead, it is stressed that all normal and abnormal events are
manageable and that the overall benefits far outweigh the risks.
6.

TECHNOLOGICAL BASE

The SLOWPOKE heating reactor concept has the advantage of a sound
technological base. For over 20 years Atomic Energy of Canada
Limited has been involved in the development of small nuclear
reactors. This program has led to the progressive evolution of
the SLOWPOKE concept. The first product was the SLOWPOKE Research
Reactor which was first introduced in 1972 and remains part of
the AECL product line.
6.1

SLOWPOKE Research Reactors

The SLOWPOKE Research Reactor is a low cost, pool-type reactor
producing a thermal neutron flux of 10 l 2 n.cm^.s' 1 in the
beryllium reflector surrounding the core. It is used primarily
for neutron activation analysis and as a university teaching and
research tool. Since the startup of the prototype in 1970 at the
Chalk River Nuclear Laboratories, eight units have been installed (13)
The SLOWPOKE Research Reactor has a high degree of inherent
safety, arising from the negative temperature and void coefficients of reactivity, limited maximum excess reactivity and
restricted access to the core by users. As a result, the reactor
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does not require an automatic shutdown system, neutron ionization
chambers or low power startup instrumentation. The reactor is
controlled by a single motor-driven absorber rod responding to a
self-powered neutron detector.
The seven units which are operating in Canada have accumulated
over 70 reactor-years of reliable operation. All the units are
located in urban areas. They are the only reactors in the world
to be licensed for unattended operation for periods up to
72 hours.
6.2

SLOWPOKE Demonstration Heating Reactor

The realization that many of the key design criteria of the
research reactor are the same as those required for a nuclear
heat source, led the developers to optimize the reactor for heat
production rather than producing neutrons while retaining the
essential safety features of the concept. This work culminated
in the decision to construct and operate the SLOWPOKE demonstration heating reactor at AECL's laboratory facilities at the
Whiteshell Nuclear Research Establishment in Manitoba.
Construction of the demonstrator started in the Spring of 1985
and the reactor started operation on 1987 July 15. The SLOWPOKE
Demonstration Reactor is designed to operate at 2 MWt and incorporates the key technical features of the research reactor. The
primary purpose in designing, constructing and testing this
facility is to validate, in a very demonstrative way, that the
technical, economic and safety criteria for the nuclear heating
reactor concept can in fact be met. A photograph of the facility
taken during the final stages of commissioning is shown in
Figure 2.
The reactor physics and transient test programs have already been
completed successfully, the thermalhydraulics confirmation
program is underway and the long term program to confirm the fuel
capability will be concluded with defect tests that are currently
scheduled for the end of current core life in 1990. In addition,
a comprehensive data base on reactor performance is being compiled.
This includes the analyses of drainage tiles under the concrete
pool structure and the ventilation system to confirm the effectiveness of the systems that are designed to control all possible
releases to the environment.
The SLOWPOKE Demonstration Reactor is a unique facility designed
to confirm in a very practical way that the criteria for a
nuclear heating system can be satisfied. Through this program,
the ability of the SLOWPOKE concept to meet the demands of the
urban heating marketplace is being demonstrated.
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6.3

The SLOWPOKE Energy System

Based on the lessons learned from the design, construction,
licensing and operation of the SLOWPOKE Demonstration Reactor,
the design of the 10 MW commercial size unit is well advanced.
The conceptual design is complete and the detailed design of all
systems is actively being pursued. A parallel component development and testing program has been implemented for those systems
that have been changed from the Demonstrator.
The 10 MW SLOWPOKE Energy System can be housed in a separate
building or building extension that measures 10 x 15 metres, as
shown in Figure 3. The reactor core and safety systems are being
designed to remain fully functional during and after seismic
events in Canada, Europe and Asia.
During the design process, particular attention is being paid to
partitioning the various systems into separate modules to facilitate off-site manufacturing and testing. This approach is also
convenient for joint overseas projects where local manufacturers
will be supplying much of the plant. In fact, since the manufacturing technology that is required is not as sophisticated as the
high-temperature and high-pressure engineering needed for conventional nuclear power stations, a high degree of local content can
be achieved even for the first unit in most countries.
The use of factory fabricated modules contributes to the short
construction time of one year that is proposed for the commercial
units.
The SLOWPOKE Energy System is a benign nuclear heat source with
many intrinsic safety features which make it one of the safest
nuclear energy sources ever constructed. This allows the system
to be operated with minimum operator attention and facilitates
the licensing of the system close to the load in urban areas.
7.

ENERGY COSTS

The analysis of the competitiveness of the SLOWPOKE Energy System
relative to conventional fossil fuels or other nuclear heating
concepts must include the capital investment, the fuel costs, the
operating and maintenance requirements and load factor.
The capital cost of a SLOWPOKE Energy System in Canada is in the
range $5 M to $7 M, depending on the nature of the site. This
is, of course, significantly lower than the capital investment
required for a conventional nuclear electric power station such
as a CANDU or a PWR. However, it is also very important to note
that the capital investment in terms of $/MW of thermal energy is
also significantly lower. This is the result of many factors
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including the elimination of the complexity of pressurized
systems and the very short construction time. This leads to the
conclusion that dedicated nuclear heating systems, such as
SLOWPOKE, are economically competitive even with large nuclear
co-generation plants.
The low capital cost, when combined with the low operating
expenses arising from remote monitoring, results in the unit
energy cost of heat from a SLOWPOKE Energy System being as low as
$0.02 per kilowatt-hour, Canadian, for a unit built in Canada
with a load factor as low as 50%. This total unit energy cost
includes the capital, fuel, operating and maintenance, spent fuel
management and the decommissioning of the facility at the end of
its useful life. The economic analysis is based on a 25 year
amortization period for the capital and a 5% discount factor.
Comparison with the cost of heat from fossil fuelled systems is
specific to each country since it depends on government pricing
policies including local taxes, subsidies, etc. Fossil fuel
prices usually vary even within a country when the transportation
cost of the fuel is included in the pricing formula. To overcome
these regional disparities, the benchmark used for the cost of
alternative fuels is the world price of crude oil. Furthermore,
to eliminate potential confusion in comparing overall costs, only
the variable cost of heat from oil is used - no allowance being
taken for the capital cost of the oil boiler or the operating and
maintenance costs. This approach is taken to permit a realistic
comparison of the effect of substituting a SLOWPOKE Energy System
into an existing heating system and simply displacing oil purchases,
In examining the utilization of oil in existing heating systems,
two fuels predominate, namely Bunker-C and light fuel oil. A
comparison of the heat cost from these fuels and the SLOWPOKE
Energy System, as shown in Figure 4, confirms that not only is
SLOWPOKE competitive now but the savings to be realized increase
considerably as the world price of crude oil increases according
to current forecasts (14).
This analysis confirms the viability of small nuclear heat
sources as an economically attractive alternative to conventional
heating systems in many countries.
8.

SITING IN URBAN AREAS

In addition to financial savings and fuel security, the general
public can be expected to consider the environmental impact and
relative risks associated with adopting any new heating technology. Nuclear heating is no exception and, in fact, may be at a
disadvantage as a result of the current image of the nuclear
industry - a series of megaprojects so expensive and so complex
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that only governments and major utilities are prepared to finance
the investment required.
The SLOWPOKE Energy System can bring nuclear technology close to
the public, not as remote megaprojsets, but as small energy systems located close to the people they serve. This implies that
not only ir.ast the safety and environmental issues be thoroughly
reviewed by technical experts but they must also be expressed in
a manner that can be understood by individual members of the
general public with limited or no technical knowledge.
Canada's nuclear plant approval process involves the Atomic
Energy Control Board (AECB) and the Federal Environmental
Assessment Review Office (FEARO). The role of each body can be
generally described as relating to technical and community
standards, respectively. These authorities are a good reflection
of the perceptions of the public they serve. The AECB assesses
the safety of the reactor facility from a technical point of
view.
The FEARO process requires public input on siting and the industry supporters must then satisfy the public that the facility is
safe.
A major consideration in the public information program is the
environmental impact. The SLOWPOKE Energy System is a heat
source free from the pollution problems of conventional fossil
fuels, such as coal, oil or natural gas. It does not emit chemicals which contribute to urban air pollution, acid rain or the
greenhouse effect. It presents an opportunity to enhance the
environment by improving the quality of air in urban areas and
reducing the global rate of increase of carbon dioxide.
Nuclear heating with simple, safe systems such as SLOWPOKE,
offers the opportunity to significantly reduce the dependence on
combustion fuels in urban environments.
9.

FUTURE PROSPECTS

The building heating market in many countries is large and is
growing. Small nuclear heat sources are ideally suited to
satisfy the demands of this energy sector but to be technically
viable the detailed design criteria must match the application.
By keeping the power level low, much of the complexity of the
larger nuclear electrical generating stations can be avoided thus
allowing small, safe nuclear heating systems to be economically
viable.
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The SLOWPOKE Energy System is a demonstrated technology that has
been designed specifically for the institutional and municipal
heating networks. It is a technology that offers long term
energy security at stable prices for this very important energy
sector.
10.
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Figure 1: Schematic Diagram of the SLOWPOKE Energy Concept
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Figure 2:

Photograph of the SLOWPOKE Demonstration Reactor
at Atomic Energy of Canada Limited's Laboratories
at the Whiteshell Nuclear Research Establishment,
Manitoba

262

1
2

SLOWPOKE
ENERGY
SYSTEM 10 MW

Figure 3:

POOL
POOL LINER
3
FUEL STORAGE RACK
4
PRIMARY HEAT EXCHANGER
5 MOVABLE ABSORBERS
e REACTOR CORE
7
CORE MODULE HOUSING
s RISER DUCT
» REACTIVITY MECHANISM
10 TOOL COVER
11 ROD DRIVE ENCLOSURE

12 FUEL TRANSFER POOL
13 ELECTRICAL POWER PANELS
14 POOL PURIFICATION
15 CENTRAL HEATING PLANT
16 CONTROL ROOM
17 COVER GAS RECIRCULATION
18 LIQUID ABSORBER SHUTDOWN
16 SECONOARV CIRCUIT MODULE
2 0 CRANE
2 1 CHANGE ROOM
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CANOU 300 - THE NEXT GENERATION
R.S. Hart, Atomic Energy of Canada Limited
CANDU Operations
Sheridan Park Research Community,
Speakman Drive,
Mississauga, Ontario, L5K 1B2

1.INTRODUCTION
During the late 1960s and early 1970s there was a global trend towards
developing progressively larger power reactors. Economy of scale
considerations were a major driving force behind this trend which eventually
culminated with the 1300 MWe class light water reactors. As these larger
reactors were being developed, utilities in the industrialized countries were
generally experiencing rapid demand growth; financing was available at
reasonable cost; and expectations were that the larger units could be built within
a reasonable time period as well as within budget. These utilities, in general,
also had large and strong electrical power systems which could support and
accommodate the large unit sizes being offered by most reactor vendors.
In contrast to this earlier period, the current situation is one in which many
utilities throughout the world are experiencing, to varying degrees, the effects of
high financing costs, long construction periods, cost inflation and relatively low
load growth. As a result, in a planning environment now characterized in many
countries by difficult financing, together with uncertain demand, overall system
economics tend to favour the construction of a sequence of smaller units.
As has been noted in recent IAEA studies', these considerations are contributing
to an increased interest in the application of all types of smaller-sized power
plants.
Table 1 summarizes the situation in terms of the sizes and types of units under
construction or on order in 1985. Note that coal-fired units dominate in terms of
number of units, with an average rating of 398 MWe.
The large average size of nuclear units noted in the table reflects primarily the
particular situations existing in the United States, France, and Japan which
contributed most of the new nuclear units, recorded.
Figure 1 summarizes the results of a survey undertaken by the Gas Cooied
Reactor Associates to determine utility preferences as to unit size. It will be
noted that the predominant preference centers on a unit size of about 400 MWe.
In 1982, in response to this developing trend in utility interest AECL undertook
the development of a new, smaller sized version of its highly successful CANDU
design. This new version, with a net electrical output in the range of 450MW, is
called the CANDU 300.
* IAEA - TECDOC-347 Small & Medium Power Reactor 1985
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As the first new CANDU power station design in more than 10 years, the
CANDU 300 represents a "new generation" in CANDU development. While
utilizing proven systems, components and concepts throughout, the CANDU 300
incorporates the latest available technologies in all areas, ranging from design
and construction methods to control systems.
This paper discusses the design approach and principal achievements of the
CANDU 300 program, and provides a technical overview.
2.DESIGN REQUIREMENTS
2.1 Capital Cost
The first of the principal design requirements established at the start of the
CANDU 300 program was for a smaller-sized nuclear power station with an inplace cost per megawatt approaching that of the CANDU-600. Achieving this
requirement would result in CANDU-300 unit energy costs being competitive with
the cost of coal-fired generation, assuming a realistic range of coal prices.
2.2 Construction Schedule
High interest rates, and uncertainties in load forecasting have led to strong utility
interest in short construction schedules. The second principal design
requirement, to achieve a construction schedule closely approaching that
generally attained for coal-fired units of comparable size, was therefore adopted.
2.3 Proven System and Component Designs
In order to facilitate the early commitment of a CANDU 300 and to assure
traditionally high CANDU capacity factors and performance, a third principal
design requirements was established; namely, that the design utilize only
concepts, systems and components proven in CANDU service or in other
industrial sectors such as communications and aerospace.
2.4 Safety Requirements
A fourth principal design requirement was that the new design must satisfy the
latest licensing requirements in Canada and the Nuclear Safety Standards
(NUSS) Codes and Guides of the IAEA. In addition, general safety
improvements being evolved in Canada and other countries were to be
incorporated.
2.5 Secondary Design Requirements
(i) Design to be flexible, so that client, contractual, or licensing
requirements can be accommodated without major design or
documentation changes;
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(ii) Design to accommodate 'subdivision' to facilitate a variety of shared
financing, contractual arrangements, or partnerships (BOP for example)
with one or more organizations, without significant design or
documentation changes;
(iii) Design to be for a single unit station and optimum single unit design is
not to be compromised to accommodate additional units or shared
facilities;
(iv) Design is not to be dependent on major new development programs,
but may utilize proven technologies from other industries;
(v) Station design life to be a minimum of 100 years; and
(vi) State-of-the-art technologies, consistent with construction in the 1985
to 2005 period, to be employed.
3. DESIGN APPROACH
In addressing the capital cost design requirement, we realized that ways would
have to be found to circumvent the basic "scaling law". In other words, we
recognized that simply scaling down the existing CANDU 600 design in size
would result in an unacceptably high specific capital cost ($/KWe). We also
recognized, however, that in many respects the existing CANDU-600 could
simply be "cut in half". For example, a reactor with approximately 50% of the
CANDU 600 power output, could use 2 steam generators instead of 4, 2 main
coolant pumps instead of 4,1 fuelling machine instead of 2, etc. In this way, the
cost of many components per MWe would not change and the "scaling law"
would, therefore, not fully apply. This recognition was a major first step towards
achieving our objective. It also led to a nominal power output which was close to
the "preferred" 400 MWe output indicated by market analyses.
In further addressing this first principal design requirement, we recognized that
the effect of scaling could be further reduced if we could find ways to
substantially shorten the construction schedule. This would directly reduce
capital cost through reducing interest charges during construction. Furthermore,
the reduced number of components would directly reduce installation labour
costs. A number of other key schedule shortening measures were incorporated
in the CANDU 300 design, many based on improved construction approaches
already being adopted in other countries. This approach also addressed the
second principal design requirement (Construction Schedule).
Turning to the third principal design requirement (Use of proven systems and
components), we not only adopted those proven in the CANDU-600, but as
appropriate, those proven in Ontario Hydro's multi-unit CANDU stations. We
also turned to proven technologies developed outside of the CANDU program.
Most notable is the use of remote controllers and multiplexed data highways to
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replace much of the instrumentation and control cabling in the plant. This
provides a major benefit in reducing the construction schedule and thereby also
addresses the second principal design requirement.
The fourth principal design requirement (Safety Requirements) received
particular attention. While building on the traditional CANOU approach to safety,
CANDU 300 incorporates many improvements, ranging from enhanced systems
performance to improved man-machine interfaces. Safety requirements are also
important due to the adverse impact changes in these requirements, made
during the construction phase, have on project cost and schedule. We
recognized that this adverse impact could be largely avoided through reaching
detailed agreement with the regulatory authorities regarding licensing
requirements, analytical techniques and assumptions, and design features prior
to construction start. As the conceptual design of CANDU-300 progressed, we
maintained a dialogue with the Atomic Energy Control Board. They are strongly
supportive of this new approach which we term "up front" licensing. This, of
course, requires that our design and analysis work be substantially complete
prior to construction start.
In addition to meeting all design requirements, security of investment for the
station owner has been a focus of the CANOU 300 program, extended to
encompass all aspects of this design. CANDU 300 features contributing to
security of investment include:
(i) A small unit size (450 MWe) that permits utilities to better match
capacity additions to load growth.
(ii) Competitive capital cost and energy cost,
(iii) A short and secure construction schedule.
(iv)Ease of maintenance and high capacity factors.
(v) Enhanced man-machine interface and computerized monitoring and
testing capability.
(vi)Data acquisition and analysis systems including the LIFE (Local
Inplant Fatigue Evaluation) system to monitor and evaluate plant
component status.
(vii)Easy and fast replacement capability (within a 90 day outage) of any
aspect of the station, from fuel channel to turbine internals. This provides
for the extension of station life and also minimizes the economic impact of
the premature degradation of any component.
The following sections describe the main features of the design of CANDU-300
and our achievements with respect to satisfying the established design
requirements.
268

4. TECHNICAL OVERVIEW
4.1 Station and Reactor Building Layout
The CANDU-300 nuclear generating station (Figure 2) consists of five principal
buildings and several auxiliary structures. The distribution of equipment and
services among the buildings is primarily by function. The principal buildings of
the CANDU-300 are, to the maximum extent feasible, self-contained "islands"
with'the minimum number of connections to other buildings. A major advantage
of the CANDU-300 station layout during both construction and operation of the
station is the all around access to all principal buildings.
Consistent with the Canadian safety philosophy, all systems in the CANDU 300
are assigned to one of two Groups (Group 1 and Group 2). The systems of each
Group are capable of shutting down the reactor, maintaining cooling of the fuel
and providing plant monitoring capability, in the event that the other Group of
systems is unavailable.
In general, Group 1 systems serve normal power production requirement, while
Group 2 systems have a safety or safety support function.
The implementation of the 2-Group approach is readily apparent in the CANDU
300 site plan (Figure 3). All Group 2 services, except for the Group 2 Raw
Service Water System, are totally accommodated within the Group 2 Service
Building and the Group 2 portion of the Reactor Auxiliary Building. These
structures and all equipment within them are seismically and environmentally
qualified. All Group 1 services are provided from the Group 1 Service Building,
or other Group 1 areas of the station; the Group 1 areas of the station, except for
the irradiated fuel bay and the main control room which is seismically qualified to
a sufficient extent to assure operator survival, are not seismically or
environmentally qualified.
This layout results from detailed study and review of safety constructability, and
operability. Specifically, the CANDU 300 station layout maximizes safety and
facilitates the CANDU Two-Group approach. This layout also minimizes the
construction schedule by simplifying, minimizing and localizing interfaces, by
accommodating many contractors with interference, by eliminating construction
congestion and providing access to all areas, by providing flexible equipment
installation sequences and by minimizing material handling requirement. The
layout also facilitates station operation and maintenance, and accommodates
client, contractual and licensing requirements with significant design
modifications.
Figure 4 shows the Reactor Building, a conventional reinforced concrete
structure with a steel liner, featuring several steel bulkheads, optimally positioned
around the perimeter wail adjacent to the base slab. All umbilicals from the
Reactor Building, ranging from feedwater lines to instrumentation and electrical
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supplies, pass through these bulkheads. There are no other penetrations in the
containment structure, except for the personnel airlock and the equipment hatch.
The Reactor Building is surrounded by the Reactor Auxiliary Building (Figure 4)
which interfaces with the other principal buildings and accommodates the
connecting umbilicals, the Main Control Room, and the irradiated Fuel Storage
Bay. The Reactor Building section is illustrated in Figure 5, and a plan of the
Reactor and Reactor Auxiliary Building is shown in Figure 6. A very large portion
of the Reactor Building is accessible during reactor operation, and the
arrangement of structures and components facilitates inspection, maintenance
and component replacement.
4.2 Nuclear Steam Plant Systems and Components
The major components of the CANDU-300 Heat Transport System, shown in
Figure 7, are the 232 fuel channels, two steam generators, two electrically driven
reactor coolant pumps, reactor inlet and outlet headers and the interconnecting
piping. Heavy water coolant is fed to the fuel channels from the inlet headers at
one end of the reactor and is returned to the outlet headers at the other end of
the reactor. The reactor coolant flow in the CANDU-300 is in the standard
CANDU "figure of 8" pattern, with the heat transport pumps in series and the
coolant making two core passes per cycle. The equipment arrangement, with
the pumps at one end of the reactor, and the steam generators at the other end
results in unidirectional core flow. This facilitates refuelling from the outlet end of
the reactor with a single CANDU 600/Pickering type fuelling machine.
The CANDU 300 reactor assembly (figure 8) comprising the calandria, the end
shields, and the surrounding steel shield tank, is similar in design to the reactor
assemblies of Bruce and Darlington. New design features have however been
incorporated to facilitate seismic qualification, and to reduce on-site construction
labour.
The reactor assembly is fabricated in 2 sections, the calandria shield tank (CST)
and the shield tank extension (STX). Design of the CST and STX allows
complete factor assembly including hydrostatic testing. This dramatically
reduces on-site work, and allows the installation of systems in areas surrounding
the reactor assembly without having to wait for hydrostatic testing.
The CANDU 300 fuel channel (figure 10), while utilizing established components
and technology, has been designed to facilitate fast installation and replacement.
The need to access only the outlet end of the fuel channel for refuelling permits
reduction of the inlet end fitting diameter. This in turn facilitates the modular fuel
channel design. The channels are installed and replaced as complete factor
assembled models.
All devices for reactivity control (shutoff rods, adjustors, flux detectors, etc) are
essentially identical to those used on CANDU 600. An exception is the zone
control system. CANDU 300 substitutes a system of solid zone control rods, that
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utilize components from the adjuster rod system, for the complex liquid zone
control system employed on previous CANDU plants. The solid zone control
system is illustrated in Figure 9.
The CANDU 300 is refuelled utilizing a single CANDU 600/Pickering type fuelling
machine, operating at the outlet end of the reactor. During the refuelling of a
channel, the channel is defuelled by the fuelling machine utilizing coolant
hydraulic forces to discharge the irradiated fuel; new bundles together with
selected irradiated bundles are then installed in the fuel channel in the optimum
sequence. The fuelling machine discharges irradiated fuel directly through the
containment wall to the irradiated fuel bay and receives new fuel via a new fuel
port thereby eliminating fuel transfer mechanisms and fuel loading personnel
within containment.
5. FACTORS AFFECTING STATION ECONOMICS
5.1 General
There are three principal factors that determine the economic viability of a
nuclear power station.
(i) Capital cost
(ii) Operations and Maintenance Cost
(iii) Capacity factor
Each of these factors has been carefully considered in the CANDU-300, and
substantial gains have been made directed at minimizing the cost of electricity.
5.2 Capital Cost
Factors impacting on the capital cost of the nuclear generating station include
the cost of equipment and components, the cost of installation of equipment and
components and, through interest charges, the duration of the construction
schedule.
In the CANDU-300, the cost of equipment and components is minimized by
reducing the quantity; for example, and as noted in Section 3., in the nuclear
steam plant, there is essentially a 50% reduction in the number of components
relative to the CANDU-600 (2 steam generators vs 4, 2 coolant pumps vs 4, 1
fuelling machine vs 2, etc.). The design and fabrication procedures for many
components have also been simplified. The use of data highways and
distributed control in CANDU-300 control systems greatly reduces the quantity of
instrumentation wiring.
Installation time and costs have been dramatically reduced by the complete
modularization of the CANDU-300. This includes the modularization of
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components (ranging from fuel channel assemblies to the reactor assembly) to
the modularization of complete systems. The modules, limited in weight to about
300 tonnes, are fabricated in a shop environment that offers all facilities and
space required. The modules are completed to the maximum degree feasible,
including hydrostatic and other testing, insulation and parting prior to instalation,
thereby greatly increasing productivity and reducing schedule and cost.
After completion, the modules are installed in the principal CANDU-300 buildings
by a Very Heavy Lift (VHL) crane or other appropriate techniques. Many factors
contribute to schedule reduction for the CANDU-300. These include the station
layout with all around access to the 5 principal buildings, modularization, and the
use of advanced construction methods. The first CANDU-300 is planned on a
35-month schedule (first concrete to full power). Subsequent units will be built
on schedules as short as 30 months {a^e Figure 11).
5.4 Operation and Maintenance
Maintenance costs for the CANDU-300 have been minimized by reducing the
number of components, and by providing enhanced maintenance capability.
This is accomplished by placing more components in accessible areas, by
simplifying maintenance methods, and by providing ample access and cranage
for all required maintenance.
5.5 Capacity Factor
High capacity factors are ensured for the CANDU-300 by the provision of long
component life and high reliability, the use of proven system parameters and
configurations, component redundancy, and the provision for on-power
maintenance as necessary.
To assure reliability standardization has been implemented to an unprecedented
degree in the CANDU-300. For example, all key components, including reactor
coolant pumps, pressure tubes, steam generators, fuelling machine, and fuel are
identical in design and in no case larger than those utilized in current CANDU
stations. In general, however, due to the smaller size of the CANDU-300, only
half as many of these components are required. This contributes significantly to
overall reliability.
All systems of the CANDU-300 are designed to operate for a minimum of 3
years, with minimum on-power maintenance. The reactor building layout, which
provides on-power access to most areas, facilitates maintenance if required. For
example, reactivity mechanism drives can be serviced on-power, and a heat
transport pump motor can be changed at power, (reactor power is reduced to
60% as required by reduced coolant flow). Such requirements are rare however,
- for example, there has never been a need to change a pump motor on a
CANDU-600 to date.
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6. STATION AND COMPONENT LIFE
6.1 Component Life
With the exception of the reactor building structures and the calandria/shield tank
assembly, which have design lives in excess of 100 years, all components of the
CANDU-300 can be easily replaced. All such components have a design life of
40 years or more except fuel channels which have a design life of 24 years,.
Many major components may therefore be replaced once or twice in the 100year design life of the station.
The following factors, to a greater or lesser degree, impact on component life
and are fully considered in determining the life of CANDU components.
(i) Creep and growth due to neutron irradiation
(ii) Embrittlement due to irradiation
(iii) Erosion and corrosion
(iv) Fatigue
(v) Wear
(vi) Thermal creep
(vii) Obsolescence
(viii)Other factors of degradation
Operating experience, experimental data and advanced analytical methods form
the basis for determining component life. Life expectancy is verified during plant
operation by a comprehensive in-service inspection program which includes the
periodic removal of a fuel channel for laboratory inspection, and the life (Local
Implant Fatigue Evaluation) transient logging and analysis program that
facilitates an ongoing fatigue life evaluation for all key components.
6.2 Component Replacement
Except for the concrete structures and the reactor assembly are replaceable
within an outage of 90 days or less. All CANOU 300 components, including
steam generators, fuel channels, turbine internals, and other major
components.This results from the integration of layout, system design,
component design, and maintenance tooling at the early stages of design.
Ease of component replacement offers two big advantages to the station owner.
One is plant life extension. As components reach the end of their operational

life, they can be easily replaced, permitting the station life to be economically
extended indefinitely. This not only avoids the cost of constructing replacement
stations but also defers the cost of decommissioning.
The second major advantage of easy component replacement is the insurance
value. In the event that any component reaches end of life prematurely due to
any reason (design, manufacturing, or operating procedure deficiency for
example) it can be easily replaced, therefore avoiding a shortening of the station
life or an extended outage.
7. Program Status
The CANDU 300 is now in the first year of a 3 year program that will complete
this detailed generic engineering. To facilitate up-front licencing and to minimize
risks to the construction schedule, 70% of the engineering must be completed
prior to first concrete.
The generic design program can be accelerated to meet customer requirements
if necessary.
8.SUMMARY
The CANDU-300 is an economical small nuclear power station, ideally suited to
countries and utilities with uncertain load growth, small grid size and/or limited
financial resources. It makes the nuclear power option available to a very broad
spectrum of countries and utilities that have previously been effectively excluded.
Multiple CANDU 300 units on the same site also offer an attractive alternative to
single large units, allowing the utility to match capacity additions to demand
growth and thereby avoid the cost of over or under supply. The potential for
financial penalties due to construction delays is also reduced. The economics of
multi-unit construction more than compensates for cost increases due to
"economy of scale".
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ADDITIONS TO CAPACITY 1985 - 1989 WORLD*
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MARINE NUCLEAR PROPULSION:
PRESENT AND EMERGING OPPORTUNITIES
FOR THE CANADIAN NUCLEAR INDUSTRY
J. S. Hewitt and A. F. Oliva
Energy Conversion Systems
INTRODUCTION
Nuclear marine propulsion and submarines are subjects which are
rarely addressed at the annual conferences of the Canadian
Nuclear Association and the Canadian Nuclear Society. The last
of such references were made over a decade ago in connection
with the since-abandoned Canadian nuclear propelled ice-breaker
acquisition program.
We of the nuclear community have every expectation that the
Government of Canada will go forward with the Canadian submarine acquisition program (CASAP).
If the acquisition is
accomplished with suitable attention to trade-off among unit
costs, performance criteria and the number of ships obtained,
Canada's highly commendable goals for three ocean defence and
Arctic sovereignty should be achieved effectively.
For the longer term,
submarine fleet will
international asset.
role in the Canadian
This time, the role
ament verification in

we may be confident that Canada's nuclear
prevail as an important national and
At the very least, it will play a vital
tradition of international peacekeeping.
could be one of surveillance and disarmthe Arctic.

HISTORICAL TRENDS IN NUCLEAR PROPULSION
The Special Significance of Nuclear Power
The concept of applying nuclear fission to propel ships on and
under the high seas is almost as old as the discovery of fission itself. As early as 1939, three years before the neutron
chain reaction was demonstrated, would-be nuclear mariners had
already grasped the notion that the new energy source would
soon eliminate dependency on regular refuelling. Even more
significant was the fact that the emergent power source would
dispense with both the atmospheric and the on-board oxidant
required for combustion and electrochemical (fuel-cell) power
sources, the only nuclear source alternatives. These advantages of nuclear power, combined also with its elimination of
the need to either store gaseous oxidation products or dis-
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charge them overboard, would open the way to true atmosphere
independent power (AIP).
This was the long awaited advance
which would soon revolutionize sub-sea naval capability.
Early Developments
As we approach the fiftieth anniversary of the discovery of
nuclear fission, it is instructive to note the rapid early
development of marine nuclear power. Specifically:
1.
The earliest plan for the serious development of a
nuclear reactor dedicated to power production for any
purpose was for marine nuclear propulsion.
2.
The formal decision to develop and construct the
first nuclear propelled ship, the Nautilus, was made in
1948.
Research, development, conceptual design, and
engineering design, for both the prototype and the shipboard versions of the submarine thermal reactor (STR),
were soon undertaken as parallel activities.
3.
After the completion of engineering design, the
construction and commissioning proceeded remarkably quickly.
In particular, the design of the nuclear plant and
its integration with the ship had advanced sufficiently in
1952 to enable the keel to be laid. The land-based prototype was made critical in March 1953, followed by fullpower endurance tests, which were completed by June 1953.
The launching and commissioning of the Nautilus took place
in 1954.
4.
Descending from this early work, the world's present
nuclear-propelled fleet totals nearly 400 ships, the vast
majority of which are submarines.
Present Day
The early development and implementation of submarine nuclear
power provided the needed impetus and technological base to
launch nuclear power in other areas of endeavour. These include:
the subsequent generations of nuclear propelled submarines, both military and commercial; a variety of nuclear
propelled air craft carriers, merchant ships, and ice breakers;
as well as the PWR land-based nuclear power station.
SSN Evolution
The modern nuclear powered attack submarine (SSN) and its
relatives, the SSGN and the SSBN, have origins which are in
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common with those of the modern SSK patrol submarine. The
common ancestry may be traced in Figure 1 from the launching of
the Holland 1 at the turn of the century. The launching of the
Nautilus symbolizes the original marrying of nuclear power with
the SSK submarine in a successful bid to overcome the limitations of the early attempts to endow SSKs with elaborate modes
of operation.
Submarine applications of nuclear propulsion impose a formidable combination of space, weight, operating and safety
constraints on marine nuclear power plant design. The challenge is heightened by the distinctly military performance
requirements of ship speed, stealth, diving capability, and
deterrent capacity. The various submarine design objectives
become mutually counteracting to a disproportionate degree as
the designer strives to fulfill them all to a high performance
level in a particular submarine design. This complexity, plus
the expectation that new ships should exhibit simultaneously
the highest performance levels technically achievable in all
areas, give concern that the unit and infrastructure costs for
the most advanced submarines are becoming prohibitive even for
the most wealthy nations. This state of affairs is reminiscent
of the "limits to growth syndrome" which has afflicted other

areas of human endeavour.
De-emphasizing Bigness
Several recent developments, de-emphasizing the large, expensive, fast submarine, help to alleviate concern. These developments, which afford smaller nations the opportunity to participate actively in sub-sea defence, include:
1.
The coming
generation of relatively inexpensive
standoff missiles. These exhibit capabilities which tend
to render inconsequential the speed of the submarine that
carries them. The significance of this development is
most clearly appreciated when it is realized that the
utilization of high speed capability is, in any case, at
the sacrifice of stealth.
2.
New modalities for meeting defence requirements.
Within these, the ships of a varied fleet of submarines
perform complementary "specialist" roles, with a generally
reduced emphasis on speed.
3.
Continuing refinement of performance of the smaller
SSNs such as the Rubis/Amethyste and the Trafalgar.
4.
The continuing active development of the "SSn" nuclear propelled submarine consisting of a small nuclear
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power plant integrated with a state-of-the-art conventional submarine as depicted in Figure 2.
SSn Evolution
The SSn concept, originally referred to as the "nuclear hybrid"
submarine when introduced by Canadians in 1985, relies on
successfully adapting principles of reactor inherent safety and
simplicity to the submarine environment. These principles are
similar to those advanced in recent years for special purpose
reactors both in Canada and elsewhere.
The SSn is shown in Figure 1 lying on the displacement scale
roughly between the SSK and the SSN.
Its genesis in both the
SSK and recent small reactor developments is also shown. While
the candidate reactor plants for the SSn are distinct from the
SSN power plants in size, output, basic design and safety
philosophy, they may be thought to have their genesis, as do
many nuclear plant designs, in the early SSN development.
The main feature of the SSn submarine is that it offers all of
the advantages of a modern SSK patrol submarine, including its
sprint capability, as well as the submerged endurance of the
SSN attack submarine. The resulting submarine can potentially
cover a wide range of "specialist" roles, some of which are
depicted in Figure 3.
The SSn development is drawing considerable market attention internationally.

CANADIAN MARINE NUCLEAR PROPULSION OPPORTUNITIES
Present Opportunity
Members of the Canadian nuclear industry have immediate prospects of a most remarkable opportunity to participate in the
field of marine nuclear propulsion. In fact, both the Canadian
shipbuilding and nuclear construction industries may look
forward to a large share in CASAP, regardless of which country
of origin is selected for the basic technology.
The Canadian industries should be concerned, however, that
Canada may buy too many of the golden eggs before adequately
establishing her indigenous (Canada goose!) breeding flock.
Canada now has a one-in-a-lifetime opportunity to match her
full scientific, technical and industrial capabilities, not
only to meeting the demands of CASAP, but also to capturing a
share in the expanding world market for "specialist" submarines.
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Emerging Opportunity
Canada's own concept of a "specialist" submarine, born of a
union between an identifiable market niche, on the one hand,
and Canada's unique combination of technological strengths, on
the other, could provide the foundation for an indigenous,
world class, Canadian nuclear submarine industry.
There exist two distinct opportunities for the Canadian nuclear
and marine industries, namely, (i) extensive Canadian industrial support required in meeting the CASAP objectives, and (ii)
the creation of a nuclear submarine business "niche" which
would be competitive on the world market.
The two enterprises could be relatively independent of each
other, or they conceivably could be linked in either of the two
directions defined as follows.
First, the current CASAP SSN
plan, which involves extensive technology transfer from the
"country of origin", could in due course become the basis of
component manufacturing and export.
Second, a specifically
Canadian nuclear and marine industry, established to produce
nuclear propelled submarines of
international demand and
containing a large complement of Canadian indigenous technology, could serve the CASAP objectives also, by providing
alternatives to either early foreign unit purchases or planned
future acquisitions. It is clear that the second type of linkage, if successfully implemented, would be the more advantageous with respect to strategic independence and industrial
benefits.
The Identification of the Canadian Niche
An examination of market potentials in the area of naval submarines and of the relevant and manageable Canadian technologies leads to the following observations:
1.
The SSn nuclear hybrid submarine concept is attractive to many countries which have SSK capability, and need
the air independence but not the sustained high speed
performance characteristics of the SSN.
2.
An excellent market potential is indicated by a study
performed in 1986 by German and Milne Inc. The results of
the study, summarized in Figure 4, indicate that an estimated 644 SSK submarines world-wide could benefit from the
addition of a small nuclear plant, through either installation in new-build ships or the retrofitting of existing
ships.
3.
Canada is a leader in the development of small power
reactors, some of which evolved specifically for marine
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applications. An appreciation of progress in these developments may be obtained from the proceedings of the
Canadian Nuclear Society sessions at this Conference.
Figure 5 shows that these developments match the chronology of the SSn development.
4.
The Canadian marine industry is well equipped to
manufacture the SSn submarine, based on the integration of
the specially developed nuclear plants with SSK designs to
be acquired on a highly competitive basis as illustrated
in Figure 6.
The development of a Canadian nuclear submarine industry based
on the SSn would give Canada access to the extended "potential
niche" bracketed in Figure 1.
Assessing the Opportunities
The nature of the industrial opportunities relating to both the
development of export potential and the serving of domestic
requirements are summarized in Figures 7 and 8, respectively,
for the CASAP SSN and the SSn submarine program.
CONCLUDING REMARKS
The task of securing the integrity of Canada as a sovereign
nation in the modern world depends on the successful implementation of nuclear propulsion technology. Ideally, this technology would be Canadian owned, through either transfer agreements
favourable to Canada or by indigenous technological development.
This requirement presents new challenges, responsibilities and
opportunities for the Canadian nuclear industry, as well as the
supporting nuclear scientific, engineering and technical communities.
The imminent opportunities under CASAP SSN are: (i) the receiving of immediate technology transfer, (ii) Canadianization of
the technology, and (iii) the future export of Canadian manufactured products derived from industrial offsets.
The anticipated opportunities under a Canadian submarine business niche, based on an SSn program, would include: (i) shortterm intensive technological development, and (ii) large nearfuture export potential, with implications for CASAP as a
complement or displacement.
The wise counsel of Canada's nuclear community should
fered at this time of national decision-making.
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FIGURE 3
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FIGURE 4
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FIGURE 7
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CANADA'S STRATEGY FOR THE ENGINEERING
TEST REACTOR PHASE OF FUSION POWER DEVELOPMENT
D.P. Jackson
National Fusion Program
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
CHALK RIVER, Ontario, Canada KOJ 1J0
INTRODUCTION
Overview
During the 1970's it became apparent that international
activities in fusion were reaching major proportions and that
Canada should seriously consider its role, if any, in these
developments. Relying mainly on the expertise that was present
in the universities at that time, a series of studies were made
to arrive at a national position for Canada. The basic
outlines of a program were defined, the necessary approvals
obtained, and the National Research Council (NRC) was assigned
the task of creating a National Fusion Program (NFP) starting
in 1979. Thus, fusion is one of the few areas in which a
Canadian science and technology program was deliberately
established through a national consensus. In the case of
fusion, this process has been remarkably successful.
The Canadian strategy that was developed recognizes the longterm nature of fusion R&D and the high level (> $2 billion
annually) of international effort. Canada cannot support a
full-scale fusion program of its own and, thus, the Canadian
effort must be narrowly focused with projects that meet the
following criteria: (1) the possibility of interim industrial
benefits is high; (2) there is an indigenous Canadian advantage
that will provide a basis for Canadian leadership in the technological speciality; ..and (3) the interest to foreign programs
is sufficiently high to make exchange of technology a likely
outcome.
Funding of the federal share of the program is through the
interdepartmental Panel on Energy Research and Development as
administered by EMR's Office of Energy Research and Development. Matching funding by the provinces in the major projects
ensures sharing of the R&D risks and benefits. Participation
in the projects by electrical utilities, industries, universities, and federal laboratories assures an appropriate level
of technical involvement and interest.
Given this strategy, the objectives of the National Fusion
Program are:
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(i)

to establish and maintain in Canada the necessary expertise to provide a foundation from which the capability of
building fusion power systems can be developed;

(ii)

to gain effective access to international knowledge in
fusion technology by making a recognized contribution to
the international effort;

(iii) to develop sufficient technological capability to allow
Canadian industries to supply subsystems, components,
fuel and services for foreign fusion power developments
(whether they be experimental, demonstration or
commercial units).
Coordination of the total Canadian effort in the National
Fusion Program is essential to achieve both the optimum use of
domestic resources and the maximum impact for the program
internationally. The NFP was initiated by NRC, but government
decisions taken in 1985 resulted in the staged and orderly
transfer of responsibility for the program from NRC to AECL
which was completed on 1987 April 01. This transition was
accomplished with minimum disruption to the program.
The original plan for the NFP called for Canadian participation
in each of the three major thrusts of international fusion R&D:
magnetic confinement, inertial confinement, and materials/
engineering. Significant projects in the first (Tokamak de
Varennes) and last (Canadian Fusion Fuels Technology Project)
of these are well established. A national inertial confinement
project has not yet been established and work in this area is
largely carried out in the universities. A small but vigorous
International Program is an essential element of the NFP. In
the following, a brief overview is given of each of these
program elements.
Centre Canadien de Fusion Magnetique (CCFM) Tokamak de Varennes
The Tokamak de Varennes is a magnetic confinement fusion
experiment funded by the NFP, Hydro-Quebec and INRS (Institut
national de la recherche scientifique) who have formed a
joint venture enterprise - CCFM (Centre canadien de fusion
magnetique) - to operate the project. Industrial and
university collaborators play an important role in CCFM.
The device is a medium-sized tokamak that achieved first
operation in 1987 March. The construction phase required that
industry acquire specialized technological capabilities previously unavailable in Canada. In parallel with this expansion
of the national technology base, a world-class team of fusion
scientists and engineers was assembled for the R&D program.
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The machine has unique features; for example, it is the world's
only fusion experiment operated by an electrical utility and
one of the few powered directly from transmission lines, both
of which features stemmed from IREQ's historical expertise in
high power electrotechnology. Since it is designed to maintain
its magnetic fields for much longer than most other tokamaks,
long time-scale effects in plasma confinement can be studied.
This important feature together with its impurity control
systems, advanced diagnostics and equipment for plasma
materials interactions ensure that the Tokamak de Varennes will
have an important role in international fusion research. The
high level of collaboration in place even before its operation
is indicative of significant world interest - the challenge in
future years will be to upgrade and improve the machine in
order to sustain its relevance.
Canadian Fusion Fuels Technology Project (CFFTP)
CFFTP's objective is to build on the domestic expertise in
tritium technology established in the CANDU fission reactor
program - tritium being the major fuel for future fusion
reactors. Now in its second 5-year term, it is funded 50% by
the federal government (NFP) and 50% by Ontario Hydro. Project
management is provided by Ontario Hydro. CFFTP is directed by
a steering committee, consisting of representatives of the
funding partners, that is advised on technical matters by a
committee of Canadian and foreign experts.
The project plans and supervises fusion fuels R&D work in
industry, utilities, universities and federal laboratories, and
markets Canadian technology abroad. R&D programs in tritium
technology, fusion blankets, materials, health and safety, and
equipment development have been successful in achieving international recognition for Canada. This work, together with
staff attachments, participation in international study teams
and representation at conferences has been used effectively to
gain access to the major world programs and to broaden the
indigenous fusion technology base.
CFFTP has also had good success in gaining foreign markets for
Canadian industry for fusion-related goods and services in the
US and particularly Europe. This business is currently
expanding, since several foreign fuels laboratories are planned
or under construction.
International Program
The NFP stresses international collaboration as an essential
part of its strategy with the aim of forging links with the
major world programs in order to acquire information, encourage
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technology transfer into Canada, foster commercial opportunities, and increase the relevance and leverage of the NFP in
exchange for Canadian contributions in specialized areas
relevant to the world effort.
Canada is active in several International Energy Agency (IEA)
fusion committees and study groups and participates in the
TEXTOR joint experiment and the BEATRIX breeder materials
program through this agency. The NFP also takes part in the
Economic Summit process of the Western heads of state and IAEA
fusion activities. Bilateral fusion agreements (Canada-Japan,
Canada-EC and Canada-US) are in place. Since the next step in
fusion power development will be a challenging undertaking,
large-scale international projects are under discussion.
WORLD FUSION POWER PLAN
World progress in magnetic confinement fusion is following a
generally agreed plan that divides the steps towards the
introduction of fusion as an energy source in the following
manner.
Research Phase
The goal of this phase is to achieve plasma conditions relevant
to fusion. The major devices are JET (EC), TFTR (US), JT-6O
(Japan) and T-15 (USSR) - all large tokamaks dedicated to this
goal. In terms of Canadian interests the following
characteristics of these devices are relevant:
(i)

Plasma wall interactions, in particular methods to
improve confinement parameters by lowering plasma
impurity levels are of paramount importance.

(ii)

JET and TFTR plan to operate with DT plasmas about 1991
with relatively small quantities of tritium
(- 100-200 grams).
(JT-60 is not designed for tritium
experiments and the situation with T-15 is unclear.)

(iii) Tritium systems (fuel handling, purification, safety) of
substantial size and sophistication will be required at
JET and TFTR in spite of the small amounts of tritium
used.
(iv)

Remote handling devices will be necessary and are under
construction at both JET and TFTR (with Canadian
participation).

(v)

There is good international cooperation with respect to
these machines, but since each large national group has
one the level of collaboration is not intense.
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With the large quantities of additional plasma heating that
will come into service in the next few years, there is a high
probability that one or more of these machines will achieve
scientific breakeven by 1990. It is less certain that they
will achieve completely ignited plasmas (DT burning) during
their tritium operations. For this reason, another class of
small compact high magnetic field tokamaks are planned or under
construction, TSP (USSR), CIT (US) and Ignitor (Italy),
specifically to investigate ignition physics. Nevertheless,
the confidence gained by the prospect of scientific breakeven
has been sufficient for the major fusion programs to plan for
the next step in fusion power development.
Engineering Test Reactor (ETR) Phase
The goal of this phase is to test the key engineering
technologies required for fusion reactors. Several devices are
in the planning stage: NET (EC), FER (Japan), TIBER-II (US),
OTR (USSR), INTOR (IAEA) and ITER (International). Their key
characteristics from Canada's point of view are:
(i)

Large (kg) quantities of tritium will be burned in them
up to a total of several tens of kg's.

(ii)

Breeder blankets for partial tritium breeding will be
needed and prototype blanket modules tested.

(iii) Extensive tritium and remote handling technology will be
required.
(iv)

Long pulse operation will be essential, requiring some
form of current drive.

(v)

Divertors and pumped limiters will be used for impurity
control.

(vi)

International cooperation will be at a very high level
since it is likely that the first ETR will be built on an
international basis.

Canada is already highly involved in the ETR design process
particularly at NET, and involvement in the ETR phase will be
critical to our program plan.
Demonstration (DEMO) Reactor Phase
The goal here is the demonstration of all the technologies
necessary for fusion power production. Although its
requirements can be scoped, the planning of DEMO's cannot be
undertaken until the first results of the ETR stage are.
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evaluated. It is not certain, for example, that DEMO will be a
tokamak; it is possible that progress in alternative lines
and/or inertial confinement fusion may overtake the tokamak by
the early years of the next century. One can, however, be
certain that it will have characteristics such as the following
(i)

Full tritium breeding, the consequences being that
Canadian tritium, at least in large quantities, will not
be required for these machines except in startup mode.

(ii)

Quasi-continuous operation will have been achieved but
with a low duty cycle.

(iii) Economic and environmental optimization will be an
important task of this phase.
(iv)

Opportunities for international collaboration will
decline compared to the ETR phase; the partnerships built
up in that phase will likely continue into the DEMO phase
and industrial secrecy will be a major factor.

Commercial Phase
Technically these machines can be considered as high duty cycle
versions of DEMO. The introduction of fusion power on a
commercial basis will no doubt depend on a variety of external
factors such as economic, energy supply and environmental
considerations. Again, the alliances formed in the ETR phase
are likely to persist through to commercialization.
A CANADIAN STRATEGY FOR THE ETR PHASE
Determining Trends
In view of the foregoing, the following trends can be projected
into the 1990s as the world fusion community proceeds along the
path to fusion power.
Scientific breakeven, proof of principle, should be demonstrated in tokamaks around 1990, resulting in the initiation
of the engineering test phase. Canada has scientists and
engineers working in our areas of specialization at JET (plasmawall interactions, tritium systems) TFTR (remote handling,
tritium systems) and NET (tritium, remote handling) and, thus,
is already strongly integrated in this trend. These researchers
will bring back to Canada a good knowledge of this technology
both to enhance our domestic program and also to strengthen our
future participation in offshore projects. We also contribute
personnel to the US and European teams- preparing design studies
for engineering test reactors, a collaboration that will
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intensify as time goes on. Therefore, we will be well placed
to contribute to and benefit from world progress in fusion.
The current generation of large fusion devices will use very
limited amounts of tritium to demonstrate breakeven, but the
engineering test reactors of the 1990s will burn relatively
large quantities. Thus, it is already clear that Canada's
fusion fuel technology will become increasingly important to
world programs in the 1990s. Similarly, the new generation of
ETRs will require much longer confinement times than available
up to now. The Tokamak de Varennes, although much smaller, is
not only capable of achieving conditions at the plasma boundary
similar to those of present large devices, but with upgrades
would also be able to confine the plasma for longer times in
order to allow the investigation of new regimes in critical
areas such as plasma-wall interactions. Thus, the results from
an upgraded Canadian device will be of growing interest to the
world programs.
The trend toward cooperative international fusion projects will
permit Canadian participation in the engineering test phase. A
new initiative of this type resulted from the Reagan-Gorbachev
summits; called ITER (International Thermonuclear Experimental
Reactor), it envisages an international fusion engineering test
reactor to be designed and built by the US, USSR, Japan and
Europe. Canada's National Fusion Program is well positioned to
participate in developments such as ITER by virtue of bilateral
and multilateral agreements.
The current trade in fusion goods and services will expand with
resulting opportunities for Canada. The Canadian fusion
program has had a strong industrial involvement since its
inception. Industry has played a central role in the construction of the Tokamak, acquiring new technological capabilities
in the process. CFFTP in particular has had excellent success
in marketing Canadian fusion-related goods and services to
foreign programs. Such industrial products as tritium monitors, tritium pumps, design of remote handling equipment, and
others, are vigorously promoted abroad to the benefit of
domestic industry. The ETR phase will present even greater
opportunities in the future; previous sales, the reputation
established, and contacts made to date will allow Canada to
build effectively on these markets.
Ontario Hydro and Hydro-Quebec and their respective governments
are considering expanded funding of fusion in view of these
above opportunities. The high level of utility involvement in
Canada's fusion program is unmatched anywhere else in the
world. In both of the main projects, there is equal matching
of federal funds by provincial funds, largely through provincial electrical utilities. Hydro-Quebec has authorized in
principle funding for an upgrade program for CCFM. Ontario
Hydro has doubled its funding of CFFTP in its second five year
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period and has made an application to the province of Ontario
for additional CFFTP funding. There is confidence in the
ultimate long-term value of fusion as a generation source and
its value as a high technology R&D activity with a promising
level of potential commercial and industrial spinoffs. AECL
has been moving towards closer partnerships in fusion with the
utilities in the form of joint venture agreements to enhance
cooperation in fusion.
Rationale for Participation
Therefore, we conclude from the foregoing that Canadian
participation in the engineering test reactor (ETR) phase of
fusion power development is essential and the natural
culmination of the strategy that Canada has adopted for the
last decade. The strategic rationale is as follows.
(i)

Our technical specialities (long pulse length tokamaks,
advanced diagnostics, tritium engineering, tritium
breeder blanket and remote handling) are all critical
areas in the engineering test reactor (ETR) phase of
fusion development. Thus our access to the technology
of these projects on which we can found a Canadian fusion
power industry will be at its maximum; in the later
demonstration and commercial phases proprietary
industrial considerations may make our participation
much more difficult.

(ii)

Opportunities for Canadian industry will also be highest
in this phase, both in terms of the 2-4 B$ each ETR
project costs and also in terms of establishing areas of
commercial expertise for a future share of fusion markets.

(iii) An ETR will typically burn a few tens of kilograms of
tritium over its lifetime. Later demonstration and
commercial fusion reactors will breed the tritium
required for their operation and, hence, the ETR phase is
the window of opportunity for sales of Canadian tritium.
It is highly desirable that this tritium not be merely
sold as a raw material, but that it be used by Canada as
an entry into the technology areas of fusion. This entry,
and the benefits which would flow, will be difficult to
realize if Canada does not position itself early for
participation in ETR projects.
Strategy
It is clear that Canada's fusion program cannot succeed in
isolation; on the contrary, by its very nature it is a support
program and must be keyed to the path to fusion energy planned
by the major world programs. Thus, as the world approaches the
ETR phase, our strategy must have as its main theme:
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To derive the maximum technical and industrial benefits from
participation in the ETR phase by designing, constructing,
marketing and supporting by R&D, in concert with universities
and industry, components, fuel and services for this stage of
fusion power development.
By following this strategy in the ETR phase, Canada will also
be well positioned to participate in and benefit from the
subsequent demonstration and commercial phases of fusion.
In order to execute this strategy the following steps must be
achieved.
Ensure Canadian Access to ETR Projects. This involves negotiating with foreign programs to obtain partnership arrangements
formalizing Canada's right to participate. Canada's collaboration with the EC in fusion has been excellent, including in the
order of sixty instances of joint activities in recent years.
Particularly notable has been our work in the NET (Next
European Torus). Canada already has close ties with NET
through collaborative work in tritium systems, remote handling
and plant layout work. CFFTP has assigned four members to the
NET team, with other attachments pending. NET has also awarded
industrial contracts to Canadian contractors. Given this close
and successful relationship, discussions are now underway with
a view to establishing a closer relationship with Europe and,
in particular, on Canadian participation in ITER under the
sponsorship of the EC.
Make Canada's Facilities ETR-Relevant. Canadian facilities
must be capable of contributing results directly bearing on
technical issues relevant to ETR projects. The highest
priority here is to upgrade the Tokamak de Varennes in order to
perform the full experimental program of CCFM. The experimental program of the Tokamak de Varennes is centered around the
study of impurity transport and control, plasma-wall interactions, the effects of long pulses, and materials studies.
Since the objective is to participate in international fusion
research in the field, and to contribute at the forefront of
research in certain selected areas, the device must have
relevant parameters; program choices must be made that enable
the Center to contribute significantly, and the device must be
equipped with, and continue to be upgraded with, adequate
equipment to carry out the program.
The main thrust of the program is in the direction of long
pulses, since the parameters of a modest-sized machine that are
most similar to those of a large machine or a reactor are the
parameters of the edge plasma. By placing the divertor plate
in the region of compressed magnetic flux (separatrix), the
flux of energy along the magnetic field from the core plasma
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can reach several megawatts per square meter, a flux similar to
that envisaged for ITER.
The provision of a current drive system to increase the plasma
current by non-inductive methods is a major upgrade. Machines
in the ETR class will not be able to rely on the traditional
inductive (transformer) method of achieving higher currents in
tokamaks; rather, radiofrequency methods are likely to be
employed. Similarly, additional plasma heating will be
required to increase the Tokamak de Varennes operating regime
to a more relevant parameter range. Improved diagnostics,
better energy handling and data acquisition systems will also
be necessary.
Contribute Effort to ETR Projects. Substantial additional
effort will be required to sustain a viable Canadian contribution to ETR design and supporting R&D. By selection and
realignment of programs supported by the existing CCFM and
CFFTP core funding and by enhanced provincial funding and
international contracts, this can be achieved with relatively
modest additional funding from the NFP.
The selection of R&D programs and design work that Canada could
perform in support of ITER is under discussion with NET. A
primary criterion for each program is that it must be an area
of Canadian specialization and complementary to the European
contribution in a specific field. From a Canadian point of
view the choice must be consistent with Canadian interests and
therefore the programs selected should develop Canadian
technological strength and spinoff opportunities, involve
design of systems/equipment that can be supplied by Canada,
utilize existing capability including supporting R&D in Canada,
and maintain flexibility for other projects.
Substantial progress has been made in this process and some
initial projects with NET have already been put in place.
CONCLUSION
Fusion research has progressed steadily in recent years to the
point where scientific breakeven is expected to occur in the
current generation of large tokamaks. In anticipation of this
event, essentially scientific proof of principle for magnetic
confinement fusion, the major world fusion programs are now
planning for the ETR (Engineering Test Reactor) phase of fusion
power development. The objective of an ETR device is to test
the key engineering technologies required for fusion reactors.
Several such devices, all large tokamaks, have been proposed:
NET (Europe), FER (Japan), TIBER (US), OTR (USSR), INTOR (IAEA)
and ITER (International). One or more of these devices will be
constructed in the 1990's.
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Canada's strategy during the research phase of fusion has been
to contribute to the world fusion effort in well-defined areas
of specialization rather than attempting to pursue a full-scale
domestic fusion program. Many of these Canadian specialties
are key technologies for ETR's. For example, extensive tritium
technology will be required since these devices will burn many
kilograms of tritium; this in turn will require remote handling
techniques for reactor maintenance and a blanket for partial
tritium breeding. Long pulse operation with some form of
current drive will be necessary and plasma impurities will be
controlled by divertor systems. Thus, Canada has substantial
technical capabilities to apply to ETR development and
consequently both Canadian industry and science stand to
benefit substantially from ETR involvement.
Our strategy for the ETR phase consists of (i) negotiating
Canadian access to ETR projects, (ii) upgrading our fusion
facilities to a higher degree of ETR relevance, and (iii)
preparing work programs for the contribution of effort to ETR
projects. Substantial progress has been made in each of these
areas.
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THE CENTRE CANADIEN DE FUSION MAGNETIQUE
PRESENT STATUS AND FUTURE PLANS
Richard A. Bolton
Directeur general
Centre canadien de confinement magnetique
1804 montee Ste-Julie
Varennes, Quebec JOL 2P0

EXPERIMENTAL MAGNETIC FUSION RESEARCH IN CANADA
The last time that I was invited to address the CNA annual
conference, the circumstances were such that I was only able to
talk about the general ideas behind experimental magnetic
fusion research and to give an overview of the efforts and
progress at the world level.
As far as Canadian experimental magnetic fusion research was
concerned at that time, the design and construction of the
TOKAMAK DE VARENNES experiment were part way along the road
towards concrete results.
We were very hopeful that the
experiment would be a success, but quite admittedly somewhat
apprehensive. The Federal Government and Hydro-Quebec had put
up significant sums of money and we were in the position of
having to show that we knew how to use it properly.
This time, as I speak to you today, the situation is different.
Very satisfying results have been obtained with the experiment,
and, as a result, the Canadian position in the world fusion
scene has changed notably for the better. In addition to its
funding role, the National Fusion Program, Fusion Canada,
through its newsletters and its program of bilateral and multilateral international arrangements, has helped solidify this
progress by bringing it to the attention of the rest of the
world.
In the case of the two largest Canadian fusion programs, the
Centre canadien de fusion magnetique, which I represent, and
the Canadian Fusion Fuels Technology Project, federal funds are
matched by provincial funds, mainly from Canada's two largest
electrical utilities, Hydro-Quebec and Ontario Hydro.
This
direct utility involvement in fusion is a distinct strength of
our program and is clearly viewed as such by our European and
American colleagues. It represents a strong commitment by the
utilities to fusion research itself and to building on indigenous Canadian strengths to develop fusion and related
technology.
There is a strong potential for two way coupling in this
arrangement. Fusion represents, after all, a source of energy
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with which to make electricity in the long term, and utilities
ought to be involved. In more immediate terms, we have created
in Canada a focus for the interaction of two distinct research
and development networks, electrical research and fusion, both
well coupled internally but very isolated from one another. It
is important to exploit this coupling in a vigorous manner so
as to optimise the benefits for Canada.
STATUS OF THE TOKAMAK DE VARENNES EXPERIMENT
Technical Status
As I mentioned above there has been very exciting progress with
the TOKAMAK DE VARENNES experiment which I will describe
briefly. As many of you may have heard, the tokamak produced
its first plasma at the end of the month of March 1987, and was
officially inaugurated in June of the same year.
As expected, the first plasmas had very modest parameters with
respect to the full design parameters of the facility.
As
shown in Table 1, the magnetic field was about 60% of the
design value of 10 kG and the plasma current was about 50
kiloamperes, less than 25% of design value. Only very rough
estimates of the plasma parameters were possible, but the
temperature was probably between 50 and 100 eV (between 0.5 and
1 million C) . The current pulse lasted some 50 milliseconds,
about 5% of the design value.
Since that time the team has been learning how to "drive" this
experimental machine which is equipped with full digital
feedback control of the plasma position, current and electron
density, a technological "first".
At - the same time a considerable effort has been devoted to the conditioning of the
vessel so as to obtain the high purity discharges required.
Over this period, the parameters have been pushed steadily
towards their design values. Since the beginning of 1988, full
design magnetic field of 1.5 tesla is routinely used, average
densities just below 5 x 1 0 1 9 m~3 have been obtained, the peak
temperature is about 800 volts (9 million C ) , and pulse lengths
of 1.2 seconds have been attained.
Late last week, plasma
current pulses of 280 kA were obtained, somewhat higher than
the anticipated maximum.
As a general rule, the results
obtained have reached or surpassed the design values, a very
satisfactory situation.
There is a very important consideration that I would like to
stress.
With the major exception of the electrical power
supplies, the main components of the tokamak were made by
Canadian Industry.
As in the case of the Candu reactors,
Canada has shown that it can do the job if it is given the
opportunity. Approximately 85% of the project cost represents
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money spent in Canada, in line with our original fairly optimistic projection.
Another important point is that the location of this experimental facility in Quebec gives French speaking Canadian scientists, technicians, and engineers the opportunity to work in a
highly innovative area and in their own language. II s'agit
d'un facteur important pour le Canada.
Scientific Status
On the scientific side, the major effort has been expended of
the commissioning of the measurement systems, or diagnostics.
There are about twenty of these, of varying complexity. All
have given their first measurements, and some have progressed
to the routine stage.
This is a long process, given the
complexity and unique character of these systems, but progress
has been satisfactory. In addition to the more routine diagnostics, most of the more ambitious designs have been proven to
operate successfully, and now represent the state of the art in
their respective fields.
This was, of course, one of the
stated aims of the whole project; the success here is gratifying .
The scientific program of the tokamak is aimed towards exploring the plasma and confinement characteristics that fusion
reactors will need in order to progress from the short (a few
seconds) pulse durations of today's experiments to the steady
state that will be required of a fusion reactor.
As a result of this mission, the tokamak was designed with a
magnetic divertor to remove impurities, coils capable of
operating for up to 30 seconds at full power, a multiple pulse
plasma current induction capability, and a large range of
diagnostics to investigate the mechanisms of transport of
energy and impurities in sufficient detail. The measurement
program is now under way.
As an essential support to the experiment a significant capability in computer modelling and interpretation of tokamak
experiments and reactors has been developed. This will be an
essential part of the experimental program and of studies of
the performance of reactor such as ITER.
THE CENTRE CANADIAN DE CONFINEMENT MAGNETIQUE
In late March of this year, Hydro-Quebec, Atomic Energy of
Canada Limited, and the Institut national de la recherche
scientifique signed an operating agreement for the Tokamak de
Varennes. This agreement created the Centre canadien de fusion
magnetique, a partnership of these three organisations aimed at

joint development of the science and technology of magnetic
fusion.
Although the eventual creation of this centre was mentioned in
the preamble to the 1981 agreement covering the construction
phase of the project, negotiation and approval of the new
agreement was a long and complex matter. Such agreements for
joint development of technology try to anticipate the technical
evolution of the future - a fairly delicate and risky business.
The CCFM is now an autonomous entity having its own Board of
Directors, structures, and procedures.
Under the agreement,
Hydro-Quebec is responsible to its partners for administrative
matters pertaining to the CCFM. The total staff is about 80 at
the present; of these, approximately 40 are scientists or
senior engineers. The majority of the personnel are supplied
to the CCFM by Hydro-Quebec, INRS-Energie, MPB Technologies
Inc. and Canatom Inc. The confirmed budget is 10 M$ per annum.
The CCFM has many international collaborative arrangements. At
the present they are focussed on diagnostic development and
theoretical studies.
THE FACILITY UPGRADE PLAN
When the original program plan was produced in the early 80's,
the construction budget was not sufficient to cover all the
capabilities desired for the facility; a step-by-step approach
was therefore followed.
The basic tokamak was designed and
built for full 30 second operation.
The plasma maintenance
scheme for this length pulse was not fully implemented, but a
unique multi-pulse plasma induction circuit was included and
internal coils for a divertor and fast feedback were committed
to manufacture.
Subsequent events have shown that the early program choices
have remained extremely pertinent to the scientific and technical situation obtaining some 8 years later.
Although the
TOKAMAK DE VARENNES is by no means a large machine in the scale
of world tokamaks, it is able, by its chosen area of concentration, to study an important fraction of the scientific and
technical areas that are considered crucial for fusion in
reactors by the world community.
The multinational large reactor project ITER is described in
other papers in this session.
In the last year, ITER has
become the principal focus for world fusion activity. In order
to optimise its investments in fusion, past present and future,
Canada must participate in ITER in the most meaningful way
possible.
Much of the success of the next generation experiments, such as
ITER will hinge on their ability to control impurities and to
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handle large amounts of power in the plasma in long pulse
conditions.
There are, however, probably more unknowns than
knowns in this area.
There are several routes for CCFM participation in ITER. On
the theoretical side, the computer simulation programs for the
study of impurity transport and accumulation and plasma current
manipulation in the TOKAMAK DE VARENNES program can be extended
in a relatively direct manner to ITER activities.
This has
already been started.
A further, more technical, area of
direct collaboration is the computer simulation of large
electrical subsystems that are of necessity part of an installation such as ITER.
Upgrades under way
Table 2 contains a list of the individual components of the
upgrade plan as first presented in 1985/86. The first item on
the list, the Horizontal Position power supply was purchased
using credits from the construction budget and from the last
two years of the operation budget. It is to be delivered and
installed in the fall of this year. The tokamak will be disassembled at that time for the installation of the internal
divertor, fast position feedback coils and liner. The cooling
system upgrade is also under way. These additions will allow
quasi-continuous operation and divertor operation in addition
to the single pulse mode, a significant improvement but short
of the 30 second continuous operation desired.
The upgrade of the data acquisition system to handle more data,
item 7 in Table 2, is also under way using current budgets.
Upgrades Planned for the Near Future
The major upgrade most urgently required is the addition of a
high power (approximately 1 MW) microwave source in the 3 GHz
range. With the launching structure appropriate for waves at
the lower hybrid frequency, this will provide a means of
driving the plasma current, by non inductive means, for the
full 30 seconds. The conceptual design for this RF supply is
under way and, given budget approval, the system could be ready
in 2 to 3 years.
The possibility of applying our theoretical modelling activities to calculations of the performance of ITER, and other
reactor configurations, makes it urgent to provide the team
with a vectorized computing facility for large codes without
incurring excessive computing (or communications) costs. The
new generations of mini-supercomputers appear to fit the bill
admirably and such a facility (item 8 in Table 2) has a high
priority for us.
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Both these two additions and the remaining ones in the upgrade
program are crucial if the CCFM is to make significant contributions to the physics and technology issues that are
germane to the design of ITER and other reactor projects, and
to allow the TOKAMAK DE VARENNES to keep pace with current
advances and to remain a world class facility.
The Upgrade decision
The ability to provide these future upgrades depends critically
on the availability of the federal contribution to the upgrade
plan which foresees an steady increase of the budget to 15 M$
per annum by 1992. An amount of 2 M$ is required in 1988/89 to
keep the plan on track. In November 1987, the Board of Directors of Hydro-Quebec approved in principal this increase of
funding, subject to the matching Federal contribution being
forthcoming.
CONCLUSIONS
The CCFM, with the TOKAMAK DE VARENNES experiment, now possesses a significant and world class facility in its areas of
specialty in the field of magnetic fusion science and technology. Its program is aimed at the study of factors facilitating
the operation of fusion reactors with long pulses and high duty
factors.
The pertinence of the program directions of the CCFM and the
opportunities for it to participate in the ITER program in a
meaningful way, underline the necessity of obtaining, without
delay, approval of the Federal contribution to the upgrade
program, so as to obtain the maximum benefits from Canada's
investments in this program.
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Table 1
Comparison of design, best to date, and first plasma values of
the parameters of the TOKAMAK DE VARENNES experiment (June 88).
Electron temperature of first plasma is an estimate. Parameters are not necessarily obtained simultaneously.
Parameter

Units

Design
Value

Max.
to date

First
Plasma

Major Radius
Minor Radius

metre
metre

0.87
0.27

0.87
0.24

0.87
0.20

Magnetic Field

tesla

1.5

1.5

0.9

Plasma Current

kiloamp.

200

280

60

>2

1.6

8

10 1 9 m"3

5

4.8

eV
mill. C

1000
11

850
9

eV

500

400

Pulse Length
(single pulse)

sec.

1.0

1.2

Pulse length
(extended pulse)

sec.

30

Loop Voltage
Plasma Density
(Peak)
Electron Temp.
(Peak)
Ion Temp, (peak)

volt
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<100

0.06

Table 2
List of major upgrade items for the facilities of the Centre
canadien de confinement magnetique as planned in 1985/86,
including approximate hardware costs.
UPGRADE PLAN (18,1
(June 1986)

1. HP Power Supply

Active and passive stabilization
Cost 1.5 M$

2. Cooling System Upgrade

Long quasi-continuous operation
Cost 0.1 M$

3. Current Drive System

Continuous operation
Cost 5.0 M$

4. Upgraded Energy Handling
5. Additional Heating

Megawatt, multi-second operation
Cost 2.0 M$

H-mode, plasma-wall studies, high beta
Cost 5.0 M$

6. Diagnostics
7. Computer Systems

Additions and major improvements
Cost 3.0 M$
Data from 2 MB/shot to 10 MB/shot
Cost 1.0 M$

8. Computer for Theory Group

Vectorized processor
Cost 0.5 M$
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FUSIOM ENERGY DEVELOPMENT - THE INVOLVEMENT OF CANADA'S NUCLEAR INDUSTRY
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L5J 1K3
ABSTRACT
The development of fusion as a future energy alternative continues to be a
matter of international importance.

Research on controlled thermonuclear

fusion began in the 1950's and the commercial application of this
technology may still be as far off as 2020.

However in 1990 both in

Europe and the USA experiments are scheduled to demonstrate energy
breakeven with about 30 megawatts of fusion power and international
planning and conceptual design is now underway for a 600 megawatt ignition
experiment to begin operation in 1998.

With the final breakeven - experimental campaigns, the facilities and
operations will undertake a limited nuclear transition as the machines are
fuelled with small quantities of tritium.

Fusion reactions will activate

structures and additional shielding and diagnostic hardening is required.
The future ignition facility will be as large, as costly and require
similar nuclear considerations to a 600 megawatt nuclear fission power
plant.

International negotiations between USA, Europe, Japan and the U.S.S.R have
led to a quadripartite agreement to cooperate in a two and a half year
conceptual design activity for the ignition experiment referred to as the
International Thermonulcear Experimental Reactor.

Canada's participation

in these activities has been confirmed.

The Canadian Fusion Fuels Technology Project (CFFTP) was established in
1982 as one of the elements of Canada's National Fusion Program.

CFFTP

has undertaken to apply and extend selected nuclear technologies for use
in fusion projects abroad.

Carefully selected R&D programs, the provision

of key staff and reliance on the skills and knowledge base within the
Canadian nuclear industry, has resulted in broad recognition an<1
acceptance of Canada's involvement in important joint tasks.

319

This paper will discuss the involvement of Canada's nuclear industry in
fusion energy development and outline future opportunities for
participation.

1.0

BACKGROUND

Included among the benefits often cited for fusion are the abundance of
fuel - isotopes of hydrogen and lithium, the impossibility of a runaway
reaction, and the absence of long lived active wastes requiring long term
disposal.

These benefits continue to

motivate the research of the major

developed nations at a combined level of approximately $2 billion annually.

Still in the research or feasibility demonstration phase, projects at
Princeton and Culham plan to conduct tritium-deuterium fuelling and expect
to achieve scientific energy breakeven with an output of about 30 MW of
fusion power in about 1992.

Design and operating experience from these

experiments and comparable projects in Japan and the USSR are

providing

the information required to enable the design and construction of the next
phase ignition machine which will permit engineering tests and the
demonstration of continuous burn, fueling and maintenance technologies.

At the current level of global funding, demonstration of fusion
feasibility and ignition will be done with the Tokamak concept.

Alternate

magnetic confinement concepts are being pursued, however these
developments are estimated to be 10 - 15 years behind that of the
tokamak.

In principle however the major programs will have the

opportunity to optimize their concept selection on the basis of results of
stellerator and reverse field pinch experiments which will be available by
1995.

Thus early in the next century the demonstration phase which will

be a full technology demonstration project prior to the first commercial
plant, conceivable could use a concept other than the tokamak.

The potential of inertial confinement fusion is less well known since the
bulk of the work is classified.

However, it is likely that this work is

keeping pace with magnetic confinement.
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Canada entered the arena of fusion research relatively late in the early
1980's.

The level of effort in the Canadian program is approximately 5%

of any of the four major countries, USA, Japan, USSR and Europe.

On the

basis of relative gross national product, there is the potential for our
effort to grow from 7-10% of the level of the major fusion research
countries.

This notion is supported by the successful programs of the

Canadian Fusion Fuels Technology Project (CFFTP)*, the Tokamak de
Varennes, and the promising work on inertial confinement in the university
sector in Canada.

Other important factors are likely to encourage Canada's effort in fusion
research to grow.

Elected officials are mindful of public opinion that

efforts to protect our environment must increase.

The development of

future energy alternatives capable of minimum environmental impact would
be included in a set of actions responsive to public opinion.

There is a growing global trend during the pre-ecaipetitive development
phase to invite international cooperation in fusion research.

Candu

tritium technology and its impact on design, operations, safety and
environmental aspects will have a very high degree of relevance to future
fusion systems.

There is international recognition of this and Canada has

been allocated important tastes in joint work.

This opportunity to

participate and share in the work: and to benefit from international
cooperation through the strengths within the nuclear industry, appear to
be consistent with the directions recently put forward to achieve improved
technological competitiveness by the Ontario Report of the Premier's
Council

. The heavy involvement by industry in Canada's program to

date and the transfer of technology to industry has been recognized in
government and seen as an important near term benefit in this program
where the energy system itself will be delivered only in the longer term.

*

Acronyms defined in Appendix 1
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2.0

THE CANADIAN FUSION FUELS TECHNOLOGY PROJECT

2.1

Background

Since 1982 Canada's nuclear industries have been involved in fusion
development activities through the formation of a project entity called
the Canadian Fusion Fuels Technology Project (CFFTP).

CFFTP was formed as

a partnership between the federal government, now represented by AECL, the
province of Ontario and Ontario Hydro.

The Program started with a modest budget of approximately $1 million in
1982/83 which was spent on studies and research.

The program for 1988/89

is expected to operate at a level of approximately $16 million.

This is

made up of funding by partners, contributions of in-kind effort by
subcontractors, and funds from overseas projects through CFFTP for
research and engineering services rendered and for hardware all provided
in support of major projects abroad.

The flow of revenues and expenditures anticipated for 1988/89 are
summarized in Table 1.

Table 2 provides a partial list of organizations

that are likely to participate in future.

The strong participation of

industry is evident and great effort is made to assist technology transfer
to the industrial sector.

2.2

Program Structure

Although the focus for CFFTP is tritium technology and robotics, the
program is divided into a number of specific elements.
these elements is provided below.

A description of

Table 3 indicates the relative emphasis

in each area.
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Table 1.
Summary of CFFTP Revenues and Expenditures Anticipated for 1988/89

$ Thousands

% of Total

Revenues
Federal Government
Ontario Hydro
Ontario (Decision Pending)

2,200
2,200
2,200

13
13
13

Subcontractor in-kind
Contribution

1,900

12

Revenues from Overseas
Projects for Joint Work

49
100

Expenditures
Industry (as subcontractors)
Universities (as subcontractors)
AECL (as subcontractors)
Ontario Hydro (as subcontractors)

7,500
800
2,800
2,800

46
5
17
17

CFFTP Operations

2.400

15

16,300

100
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Table 2

Partial List of participating Subcontractors

Spar Aerospace
Honserco
Scintrex
E. S. Fox
Canadian General Electric
Canatom
Wardrop
Spectrum Engineering
Labserco
High Vacuum Systems
Bot Engineering
HcMaster University
University of Toronto
Atomic Energy of Canada Ltd.
P. J. Spratt & Associates
Ontario Hydro
Macphee Nuclear
The Book Press (A. Wyatt)
Canadian Aviation Electronics
Napier Reed
Hart in-McCubb in
Numet
Novamagnetics
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Table 3

Approximate funding distribution by work area

Activity

% of funds

Blanket and First Wall Systems

20.0

Fusion Fuels System

11.0

Safety and Environment

9.0

Risk Reliability and Maintenance

6.5

Engineering Services and Hardware

45.0

Remote Handling

7.0

Technology Transfer

1.5
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2.2.1

Blanket and First Wall Systems

This program element develops data, materials and designs for the tritium
producing blanket and first wall of the reactor vessel.
includes:

The program

measurement of key carbon/plasma interactions, including

laboratory tritium experiments and staff attachments to JET; industrial
scale fabrication of sphere-pac LiAlO ; high burnup/high tritium
production irradiation testing of tritium production and recovery from
solid breeder ceramics; system design and experimental support for the
aqueous salt

driver blanket concept, especially tritium systems design,

safety assessment, and radiolysis experiments; measurement of high
temperature embrittlement of steel due to uniform high levels of helium;
and, development of tritium compatible mechanical pumps

2.2.2

Fusion Fuels Systems

This work program develops concepts, processes, equipment and materials
for processing the plasma exhaust and handling of fusion fuels.
includes the following technology areas:

It

fuel storage and handling;

plasma pump out; plasma exhaust purification including process simulation
and testing of vapour phase electrolysis and selective permeation;
isotope separation including laser, cryogenic and pressure swing
processes; tritium extraction from blankets; secondary containment
atmosphere purification; and, tritium extraction from water streams.

2.2.3

Safety and Environment

This work program emphasizes the development of new safety-related skills
and technologies for application to existing and future fusion
facilities.

It includes development of tritium monitors and dosimeters,

air detritiation system technology for atmospheric cleanup, development
of barriers to tritium permeation, and increasing the knowledge of
tritium behaviour in the human body and in the environment.
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2.2.4

Risk. Reliability, and Maintenance

This work program has been set up to develop and contribute to the design
of safe, licensable fusion facilities.

Computer-based analytical tools

will be enhanced and/or developed in support of design-related
activities.

Existing engineering skills/knowledge will be redirected to

the design of reliable and maintainable fusion systems, and to
constructable, operable facility layouts.

2.2.5

Engineering Services

Engineering services or studies have been provided to facilities to
assist in preparing for tritium operation.

These activities are based on

the availability of staff from the nuclear industry with skills acquired
in the design and acquisition, construction and operation, of large scale
systems for the management of tritium.

2.2.6

Remote Handling

Remote handling activities have been undertaken by staff attachments to
projects abroad.

Since 1982, staff have been assigned to TFTR to prepare

the conceptual design for the in-vessel maintenance system, to JET, to
contribute to the design and acquisition activity of the JET remote
maintenance systems, and to NET to contribute to the development of the
maintenance concepts for the NET machine.

2.2.7

Technology Transfer

There is a continuing requirement where possible within the Canadian
technology program to transfer laboratory developments to industry.

A

number of developments and capabilities have been transferred to date.
In addition to engineering and design skills, these have included a
number of hardware items as outlined in Table 4.
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Table A.
Summary of Skills and Technologies Transferred to Industry
or Developed through Involvement with The Fusion Program

Technology

Industry

Tritium monitors

Scintrex, Bot, Labserco, Monserco

Getter bed-storage

E. S. Fox

Gas Chromatograph -Isotope Separation

Labserco

Tritium pumping

Novamagnetics

Glove boxes

High Vacuum Systems

Air cleanup technology

Napier Reed, Martin-McCubbin

Remote maintenance

SPAR, CAE

Tritium systems engineering

Wardrop

Environmental impact modelling

Honserco

Tritium process modelling

Available for transfer and license

Safety Analysis

Monserco/Wardrop

Tritium Processing Systems

High Vacuum Systems

Process Control Systems

Honserco/High Vacuum Systems
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2.3

International Context for the CFFTP Program

The CFFTP program is oriented to be complementary to the major projects
abroad.

The work topics and schedules of developments are closely keyed to

the technical requirements and schedules of the projects in other
countries.

This section provides the context for CFFTP work.

The large physics fusion machines (JET, TFTR) intended to demonstrate
energy breakeven are moving closer toward the introduction of tritium
(1990-1992), with intensified activities in finalizing the design of
tritium processing systems and initiation of equipment procurement.

These

devices will provide real hardware-related, fusion-specific tritium
operating and remote handling experience over the next 5 to 10 years.
There is substantial benefit and strategic importance in having hands-on
involvement with them.

There will also be requirements for services such

as design review, lab testing of design concepts, training and
commissioning, as well as safety equipment such as tritium monitors and
protective clothing.

The Compact Ignition Tokamak (CIT) could be the next tritium burning fusion
device in the U.S.

Still in its conceptual design stage and not yet fully

funded, it has specific physics goals to realize, study, and optimize fully
ignited plasma discharges, with ignition targeted for the mid-1990's.
There are no stated nuclear testing or technology development objectives.
To the extent feasible, proven or low risk technology will be used.
minimize project costs, International collaboration is encouraged.

To
The

device will be sited at che Princeton Plasma Physics Lab, adjacent to TFTR.

Of the major designs (NET-Europe, FER-Japan, TIBER II-USA, OTR-USSR) for
the "next-step" engineering test reactor, MET is the most advanced.

The

European fusion program appears to be well defined and organized, with the
main line tokamaks JET, NET, and DEMO, supported by several smaller devices
and a coordinated technology program.

The NET schedule calls for

completion of the predesign phase by 1989-1990, detailed design during
1990-1993, construction starting 1993-1994, and first plasma by the year
2000.
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Several major tritium technology facilities are either in operation or
being built to support fusion developments.

Major operating facilities

include the TSTA in the U.S., TPL in Japan, and the tritium lab at Bruyere
le Chatel in France which has recently been made available for the European
fusion program.

Under development are the tritium labs at KfK in West

Germany and Ispra in Italy.

These two labs will continue to provide

business and technology opportunities for Canada.

The U.S. DOE and JAERI

recently entered a five-year, $20 million collaborative agreement, centred
at TSTA, to research and develop technologies to process tritium and
deuterium for fusion applications.

Canada has to take major steps in the

years ahead to strengthen its tritium technology capabilities, particularly
with laboratory facilities, in order to stay at the forefront.

Interest in alternate fusion confinement schemes continues.

Significant

new machines under construction include 1-4 HA reverse field pinches in
Italy, U.S. and Japan with startup in the 1990-1992 time frame, and
advanced stellerators in the U.S., West Germany, and Japan.

These

alternates may be able to ignite at significantly smaller sizes, and thus
cost less than main line tokamaks.

Some of the alternate concepts offer attractive routes to commercial
fusion.

Results from the next series of experiments anticipated around

1992 may pave the way for major post-1992 programs for the alternates
including operation with tritium.

The availability of Canadian tritium is a major factor that facilitates
Canadian involvement in international fusion developments.

It is vitally

important to utilize this unique resource in a timely manner to leverage
maximum benefit for Canada.

These include access to technology, and

business opportunities for the Canadian nuclear industry.

Since 1985, the U.S., USSR, EC and Japan have been considering a proposal
put forward by President Reagan and General Secretary Gorbachev, to build a
major, jointly funded experimental fusion reactor —
Thermonuclear Experimental Reactor (ITER).
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the International

Several ITER Technical Working

Group meetings have been held and a proposal for the organization and
funding of ITER has been agreed to and joint work started in May 1988.

The

four major parties have allowed for participation of countries with smaller
but relevant programs by acting in conjunction with one of the major
parties.

Due to its geopolitical suitability, availability of fusion

fuels, technical expertise, and well established fission power program,
Canada may be well suited to act as host country for ITER.

Canada will

pursue an active technical involvement with ITER and explore the
possibilities of having the project sited here.

The existence of ITER will require some rationalization of the national
programs on NET, TIBER II, FER, and OTR and a decision by the major
countries on whether they would cooperate or go alone.

3.0

THE INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR (ITER)

3.1

Background

Since the first discussion of ITER at the November 1985 Geneva summit, the
USA, USSR, Japan and Europe have acted quickly to establish terms of
reference, an organization, and format to carry out the definition and
design phase of this major project to be completed by the end of 1990.

The centre for this initial work has been established at the Max Planck
Institute in Garching, West Germany, with approximately 40 professionals
from the four major parties.
$150 million.

The parties will share the costs estimated at

At the end of this design phase, a decision will be required

on whether the parties will continue to work in cooperation to build a
single facility estimated to cost $5 billion or whether each country would
build their own version of the facility.

A description of the definition and design phases are taken from
12]
reference
. The purpose of the definition phase to be completed by the
end of 1988 is:
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to establish the plasma design concept and determine major design
constraints

to select major design features including impurity control
methods, heating and current drive methods, magnetic field coil
technology, breeding blanket types, materials, and reactor
maintenance approach

-

to determine major plasma parameters, TF coil shape, PF coil
locations and currents, and plasma operation scenarios

to develop a preliminary reactor configuration

to identify R&D items necessary for ITER conceptual design

to document the conclusions in a report.

The objective of the design phase to be completed by the end of 1990 is:

to develop an ITER machine conceptual design, including auxiliary
systems

to perform a safety and environmental analysis

-

to develop site requirements

to define future research and development needs

-

to estimate cost, manpower and schedule for construction and
operation

-

to document the results in a final report.
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While the definition phase will establish more precise specifications for
the

project, earlier studies can be used to establish approximate

estimates for some of the machine parameters.

These are given below:

Fusion Power
Machine Diameter

20m

600 MW

Machine Height

15m

Tritium Consumption

20-30 Kg

Neutron Wall Load

1 MW/m2

Tritium Breeding Ratio

0.4 - 0.8

Availability

10-25%

The plasma physics objectives of ITER

[2]

are to demonstrated controlled

ignition and extended burn of deuterium-tritium plasmas.

The engineering

objectives are to validate components and systems for future commercial
systems with respect to maintainability, reliability and demonstrating
both operational safety and environmental acceptability.

ITER should

provide for the testing of blanket modules, tritium production and
advanced plasma technologies.

National reference designs from the US and Europe for ITER class
machines, although having significantly different characteristics, serve
to give a preview of likely ITER costs.

Table 5 shows early Tiber II and

NET cost break down data showing the range of $2-4 billion.

The

breakdown helps identify where Canadian nuclear experience is applicable
or where the current fusion program program has developed capability.
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Table 5.

Cost Breakdown Estimates for ITER Class Machines
(in M$ U.S.)

TIBER II - US
Site, Facilities, Buildings

142

First Wall Divertor, Vac Vessel

88

NET - Europe

660

205

Shielding and Blanket

103

Magnets

1/5

870

27

70

222

142

Power Conditioning System

57

50

Coolant & Heat Rejection Systems

71

74

Fuel Handling Systems

90

70

Maintenance Equipment

60

150

100

245

Vacuum Systems
Plasma Heating Systems

Instrumentation & Control
Safety Systems

27

Electrical & Misc. Plant Equipment

45

229

1,180

2,792

Indirect Costs

481

840

Contingencies

381

280

2,042

3,912

Direct Costs

Constructed Costs
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3.2

Canadian Participation in ITER

The ITER terms of reference have allowed for other countries with
specific capabilities to participate through one of the four major
parties.

Canada is making administrative arrangements to participate

through Europe because of previous extensive work with the NET project
also located at the Garching site.

Canada's contribution in research and

design effort for the early phase of ITER will be in proportion of our
gross national product to that of Europe.

This translates into $1

million worth of ITER specific R&D per annum and 10 man years of total
design work to the end of 1990.

Canada will participate in research and design activities in the areas of
blanket and first wall technology, fueling systems, maintenance,
reliability, remote handling, layout and in additional balance of plant
items.

There will be possible future participation in physics and

machine design.

Participation will be via the attachment of staff to the

ITER design activities in Garching and, via design and research in
Canada.

Previous work in the selected areas has resulted in a strong

Canadian influence in the reference concepts under consideration for the
ITER driver blankets, maintenance and layout concepts, remote handling
and in the process selection for the fuel processing systems.

Although ITER is planned to have some tritium breeding capability,
amounts of tritium will be required from external sources at levels which
may only be available from Canada.

At the end of the design phase in 1990, major decisions will be required
on whether to continue the project through international cooperation, and
if so to select a site. The parties have agreed at the present time to
defer siting questions however have recognized the need before 1990 to
have determined siting requirements.
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As a part of internal Canadian discussions to establish an improved
understanding of the possible responsibilities and benefits associated with
siting, some preliminary analysis has been performed to assess Canadian
capabilities to participate in the project if sited abroad and to host the
project in Canada.

Due to the relevance of CANDU technology to fusion particularly with
respect to tritium and its overall impact on design, and to Canadian
strtngths in remote handling, it is estimated conservatively that Canada
could contribute $400 million worth of engineering and hardware to the
facility regardless of where the project would be sited.

In addition

depending on the level of tritium produced by ITER, up to $400 million
worth of tritium could be required from Canada.

Host responsibilities will include the major part of site preparation, the
civil works and building.

This is valued at approximately $700 million

and would require capability to build to nuclear standards.

A substantial

amount of electricity will be required with significant rapid peak demands
requiring a resilient transmission system.

The relatively low costs of

electricity in Canada would result in significant savings to the project
compared to siting elsewhere and based on average Canadian rates, the
project would consume $300 million of electricity over 10 years of
operation.

In summary, a preliminary assessment indicates that Canada could
participate at a level ranging from $800 million to $1.7 billion including
the value of tritium, depending on whether ITER were sited abroad or in
Canada.

4.0

CONCLUSIONS

Canada's nuclear industry has made good progress since 1982 in establishing
a significant fusion program on a modest funding base.

This has been

possible because of the similarity of many of the CANDU technologies with
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those required by fusion.

In addition, the structure of the Canadian

program has effectively integrated the efforts of the universities,
national labs, utilities and industry and has benefitted from active
government participation.

With the help of bilateral agreements and having achieved recognition for
its capabilities, Canada's program is now well integrated with those of
other countries.

Opportunities for Canadian industry exist for participating in elements of
the base programs of projects abroad and in particular with the ITER
project.

It is important for our industries to become aware and

participate in these opportunities which bring them immediate benefits
through the transfer of technology and contract opportunities.

Further,

u

is important for our industry to understand the potential benefits of
fusion as a future energy source and to contribute to the national effort
by incorporating it appropriately into their program of work.

The occasion to undertake internal dialogue in Canada between industry and
government that has resulted from the international ITER developments has
been helpful in communicating the benefits and strengthening the support of
the existing fusion program.

In addition it has helped prepare Canada to

undertake its share of responsibility in working with other nations in this
major undertaking.
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Appendix 1

Acronymns and Abbreviations

AECL
CAE
CFFTP
CIT
DEMO
DOE
FER
ITER
JAERI
JET
KfK
NET
SPAR
TFTR
TIBER TI
TPL
TSTA

Atomic Energy of Canada Limited
Canadian Aviation Electronics
Canadian Fusion Fuels Technology Project
Compact Ignition Tokamak
Demonstration Phase Reactor
Department of Energy
Fusion Engineering Reactor
International Thermonuclear Experimental Reactor
Japanese Atomic Energy Research Institute
Joint European Torus
Kernforschungszentrum Karlsruhe Nuclear Research Centre
Next European Torus
Spar Aerospace
Tokamak Fusion Test Reactor
Tokamak Ignition/Burn Experimental Reactor (USA)
Tritium Processing Laboratory
Tritium Systems Test Assembly
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NON MKDICAI. USKS OK RAD IO I SOTOI'KS
Michael SpenderProduct. ManagerAtomic Knergy of Canada Limited - Radioc-homical Company
413 March Road
Kanata, Ontario
Canada K2K 1X8
1.

INTRODUCTION

Radioisotopes are used in only two fundamentally different
ways; as sealed sources, or as radiotracers. When assessed by
dollar value of radioisotope
sold, the most
successful
radiotracer application has occurred in nuclear medicine and
the most successful sealed source application has been in the
sterilization of single-use medical disposables.
Figure 1
explains why these
uses are so
successful.
They
are
inexpensive, they are efficient and, they give unique results,
difficult to achieve with other techniques. These factors are
the key to the success of many products but are especially
important for those used in processes, applications or problem
solving. The current state of our technology
is a result of
the degree to which a radioisotope application meets the three
criteria. Several traditional applications are reviewed in
Section 2. The review is brief because this year's CNA papers
on applications of nuclear technology are intended to provide a
window through which the future of the specific technology may
be viewed.
In this paper I will try to look at future
applications of radioisotopes.
One way to do this is to consider mankinds' driving needs, and
to ask how their supply could be improved through the use of
radioisotopes. In the final analysis, there are only four
driving needs; shelter, nourishment, water, and procreation. I
will leave the topics of shelter and procreation
for other
speakers and in the bulk of the paper deal with aspects of food
and water. I emphasize that many applications of radioisotopes
in this "Agri-food" area are extremely embryonic and may only
become commercially significant in the 10-20 year term.
I
hasten to add that radioisotope technology will not be the only
technique used to attack problems in this area.
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2.

OUNHENT RADIO I SOTOI'E APPLICATIONS

In Figure 2 several radioisoLopc source applications are listed
in decreasing order of commercial importance. The total world
business for these products is about $100M/year.
Nickel-63
electron capture detectors represent a growth area by virtue of
their use in gas chromatographs. Radiation processing is a
growth area for cobalt-60 sources.
Industrial
radiography
using sources of iridium-'92
Ls a rather static- $10M/year
business and trade in small XRF sources is declining.
These products have either found niches from which they are
difficult to dislodge or they are gradually being replaced by
new techniques made
possible by new
materials or
new
technologies. The low activity source business is dominated by
two companies who succeed by virtue of volume based cost
efficiencies and the high activity source business using
cobalt-60 is dominated by AECL.
The radiotracing applications listed are the most common and
well known.
Outside of the medical field radiotracing has
never been a big business.
It is performed by many companies
each specializing in particular thin application areas.
The
largest single business element is in sales of radio
labelled
compounds which may be as big as $200M/year but the value of
the radioisotopes used; tritium, carbon-14, phosphorous-32 and
sulphur-35 does not exceed $5M.
For companies in the radioisotope production business these
various applications provide a slowly growing group of niches
into which radiochemicals can be sold either "as produced" or
after some "added value" manufacturing. Price, product quality
and reliability of supply are the key marketing weapons and by
paying attention to these, AECL enjoys a sizeable share of a
modest international business.
Success in these application niches requires accuracy in
estimating the security of the niche and an understanding of
what will enlarge it. Without this knowledge, it is extremely
difficult to decide where to invest the time and
resources
necessary to bring a new radioactive product to market.
The
market penetration of new radioactive products
is slow, and
inconsistent with modern business gauges.
We have to look at.
todays research in order to guess what will be marketable 10
years hence. The "Agri-food" industry supports a great deal of
exciting research and I have looked to it for some inspiration.
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3.

TMK DKIVINCJ NKKI)

Figure -i shows
how the world's per capita
income is
divided
among its population.
Poverty is directly
correlated
with
hunger and about
2000M people receive
insufficient food
each
day, of
these 700M
have too
little food
for active
working
lives and 300M have so little food that stunted growth,
health
problems and death
often result.
The
graph shows trends
for
protein,
certainly
not
the whole
nutrient
story
but
an

important factor.
After water, an adequate supply of safe, nutritious food is the
most essential material need of all human societies.
Those
700M souls fortunate to live in the industrialized world
take
their daily bread prel.ty much for granted and often forget that,
the other 4 billion people on the planet live close to and in
some cases below, starvation
levels. This enormous body of
people is increasing at a faster rate than the numbers of the
well-fed. The future, therefore, holds great challenges in the
arena of nourishment.
Improved distribution systems would
solve some problems but more efficient domestic production and
storage is the best long term solution.
In view of its magnitude, it is not surprising that our most
ingenious tools are being brought to bear on the problem.
Among
these is the use of radioisotopes.
The range of
applications is broad and covers radiotracing, and
irradiation
technology. Some astonishingly successful results are already
apparent and we may expect the future to bring exciting
breakthroughs and steady commercialization of techniques.
4.

REDUCING WASTE

In this section I look at three applications of
aimed at reducing the amount of food wasted.

radioisotopes

The most significant way in which radioisotopes are being used
to tackle food wastage now is through the use of
irradiation
technology. Irradiation of various food stuffs enlarges the
fraction of food that reaches the table instead of spoiling.
It has been estimated
that these losses amount to 30% of all
food grown. Irradiation can inhibit the sprouting and ripening
of certain fruits and vegetables, it can improve the ability of
food to withstand poor storage conditions by killing
insects
and microorganisms and irradiation can control parasites and
harmful microorganisms in meat and poultry and thus
increase
the quantity of wholesome food available.
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South Africa, Japan, China, ('ubn nnd Thailand are.1
countries where food i rrad ial.ors ar^ cither a fact
construction. This trend will continue and we can
to an increasing use of cobalt-60 sources for this

examples o f
or are under
look forward
purpose.

From a major current application we move to a fascinating
scientific achievement with potential. A great deal of food is
eaten in the field by insects and apart from the use of
expensive and controversial
insecticides, only the sterile
insect technique SIT has potential
for their eradication.
Insects
have
one
major
driving
force,
procreation.
Fortunately, quality control is not an issue in the insect.
world so having mated, the female lays eggs and departs.
if
she happens to have mated with a sterile male the eggs don't
hatch and the population diminishes in that breeding year.
In
SIT Large quantities of sterile males are produced by low level
irradiation of the insect larvae.
Once grown to maturity,
these sterile males are released to the wild where they mate to
no avail. The logistics are mind boggling, 50 million
sterile
males per week are used to maintain
fruit fly populations at
manageable levels in Japan's melon fields; 500 million
sterile
flies were released each week in Mexico where fruit flies are
now a thing of the past. There are high hopes for Guatemala
and several other countries where the fly lives. Fruit flies
represent one of the tractable challenges, but the
technique
will find other applications when problems of sexing and
breeding in captivity have been solved.
If the technique
develops fully then many small dedicated and
strategically
located irradiators will be needed to maintain the insect
free
areas.
A third radioisotope technology now being applied in the 3rd
world is in veterinary radioimmunoassay (RIA). The average per
person intake of animal protein
is 60 g/day in less developed
countries compared with 100 g/day in industrialized
countries.
There is no shortage of livestock but the animals available are
poorly managed. Suckling for example prevents
refertilization
of the mother animal but daily monitoring of milk or blood for
progesterone levels allows the suckling period to be minimized
and breeding periods to be maximized. The birth rate of some
animals has been increased 25-30% by use of simple
iodine-125
R.I.A. kits specific for progesterone. RIA is simple to do, is
highly specific and is performed
in vitro on site on blood,
urine or milk samples. It can be used for early disease
detection usually leading to higher cure rates and prolonged
useful life. RIA applied to world veterinary problems has only
just started to become a factor in iodine-125 demand and will
in time become much more important.

346

5.

TECHNOLOGY AT THE GRASS ROOTS

In order to address world food supply adequately,
strategies will be required, for example:

fundamental

Increasing available arable land:
Increasing the survivabi1ity of crops and livestock;
Adding new foodstuffs to the armory.
We can look at each of these in turn and consider ways in which
radioisotopes may help.
5. 1

Arable Land

There are many ways in which existing uncultivated land can
made arable but those to which radioisotope technology may
applied are:
Improved irrigation
by
managing
water
resources
effectively;
Improved soil fertility by use of agrochemicals;
Recovery of land from the wild.

be
be
more

Radioisotopes have been used as tracers in hydrology for many
years. The amounts involved have been small and likely will
remain so.
Tritiated water, carbon-14 and chlorine-36 have
been used to provide management data on residence time, time
between' replenishments, and origins of water in reservoirs,
especially those reservoirs located underground. There will be
an
increasing
number
of
hydrological
studies
using
radioisotopes, and of the three identified, carbon-14 will
become the most commonly used.
The chemical industry has always used radioisotopes as tracers
in order to understand final biosphere destinations of various
agrochemicals. This requirement also applies to fertilizers,
insecticides, and fumigants used in the 3rd world.' What works
in the temperate climates of North America and Europe does not
necessarily work in the arid or humid and hot lands of less
developed countries. Development of more appropriate chemicals
will require
radiotracers,
most
likely
carbon-14
and
phosphorous-32 in substantial quantities.
These will be used
to test usefulness in the growth of plants, and modification of
animal fodder and also to help determine the environmental
impact of residues of the chemicals developed.

347

Wresting land
from the
wi Id presents
many possibi J i t ir-s \'r,r
radioisot.opc use but. of parl. itular
interest is the use of t.r-.^
sterile insect, technique to eradicate tsetse fly
infestation.
This insect is
the only
known carrier
of sleeping
sickness.
Tts habitat was virtually impregnable until the development
of
a dried
blood diet
that allowed
the breeding
of tsets"
fly
larvae in captivity.
Once over
this hurdle, the larvae
could
be sterilized by low level
irradiation and sterile male
fli^s
released to the wild to
reduce and
ultimately eradicate
the
insect population.
There has
been considerable
success, 1500
square
kilometers
were recovered
in
1984 and
a
final target
of
9400
square
kilometers was
set for
eventual clearance
in Nigeria
alone.
The tsetse is
found in many
other regions and
SIT has
groat
potential for its eradication through the
use of small
scairlocal irradiators.

5.2

Survivabi1ity

The basic problems of crops and animal survivabi1ity are
those
of the gene pool.
For c r o p s , new cultivars, able to thrive
:n
drier climates and
poorer quality
soil and
to withstand
trie
ravages of
bugs and
fungi
are needed.
The problem
can
be
tackled through mutagenesis using cobalt-60 irradiation induced
plant mutations.
This technique
may well
be replaced
by a
biotech approach but
it is an important
technique of
proven
value.
In the case of animals, earlier diagnosis of diseases, vaccines
to build
immune system
response and
better understanding
of
fodder utilization
are all
areas where
radioisotopes can
be
usefully
applied.
Disease
diagnosis
using
RIA
has
been
mentioned earlier and
the importance
of iodine-125
stressed.
Exciting
possibilities
exist
for
the
use
of
irradiation
technologies in the production of vaccines through the
sterile
parasite technique.
Irradiation is used to
produce
sterile
parasites which
are
then
injected
into
animals-at-risk
to
produce immune responses.
In some cases, offspring of
animals
which
have
been
vaccinated
are
born
with
the
necessary
antibodies and built in
immunity.
The technique is
extremely
embryonic and outcome is very difficult to predict.

5.3

New P'ood

The greatest
hope
for
the future
lies
with
the
embryonic
biotechnology industries.
The cultivation
of
microorganisms
that turn wastes into edible
products. The harvesting of
sea
plants and their processing to animal food and the creation of
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brand
new proteins
through
goncLic
onsjinoorin^ all
bold
promise,
all will
use rudiotrarers
to t u r n
laboratory
experiments
into major
production
plants.
T h e u s e of"
carbon-14, sulphur-35 and phosphorous-32
will, b e i m p o r t a n t
in
labelling,
tracing
and
optimizing
the
processes
involved.
Figure 4 shows several
biotechnical areas where the
potential
for radi oi sotopes applications exists. Technical journals
am

r e p l e t e with news of ideas a n d d e v e l o p m e n t s for the i u t u r o .
I
expect
that
in t h e 1 0 - 1 5 y e a r
term m a n y
of *hese
new
discoveries will enter
the pilot plant
stage a n d tnis
period
will bring a new impetus in the use of labelled compounds to
achieve the industrial production levels required.
6.

INDICATIONS

Predictions are always subject to skepticism and rightly so.
In business circles the questioning is especially brutal and
it is essential to look for clues and indicators of what the
future will be like. In order to provide some clues I have
looked at what is happening in Japan. Not from the perspective
of its giant industrial machine or its people management
techniques but at the moody indications of its radioisotope
use, especially in the research areas.
Japan invests in the future.
The country has a large growing
population, few energy resources and a leadership position in
the Asean region.
Japan irradiates food, uses SIT and is
gradually accepting a helper role in the third world. Japanese
firms dominate the
lists of
organizations
involved
in
biotechnological research and incidentally, Japan keeps records
of radioisotope use in a most assiduous fashion. Some of the
relevant figures are given in Figure 5.
In medical uses the
trends are as expected, they show growth. Gallium-67 use is
higher than we may expect
from North American results while
technetium-99m
is close to North American
results.
The
traditional non
medical
uses
typified
by
iridium-192
radiography and nickel-63 sources show very little growth but
the radioisotopes
used
in agri
businesses;
cobalt-60,
carbon-14, phosphorous-32 and iodine-125 show large growth
rates typical of the early stages of new developments.
Trends in Japan's radioisotope use show us where the future
lies, what is hard to predict is when the future will begin.
From the Radiochemical Company's perspective and that of its
suppliers, AECL-Research Co. and Ontario Hydro, the
future
seems bright. The companies are well equipped to contribute to
solutions to world
food problems.
We can look forward to
modest growth
in the
use of
all currently
important
radioisotopes and a gradually
increasing use over the 10-20
year term in sulphui—35 and phosphorous-32.
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7.

CONCLUSIONS

One of the World's greatest problems in \r.c: future will be
the
feeding of its
population.
Solutions
will be
found in
many
techniques and there is no doubt that radioisotope
technology
will be used.
Technology applied to the downstream end of
the
food chain will use cobalt-60 as sealed sources for irradiation
processing and in
local irradiators dedicated
to the
sterile
insect technique of insect control.
Iodine-125 will be used in
the application
of RIA
to detection
of animal
diseases
and
fertility cycles. Technology aimed at improving efficiency and
productivity in
the food
chain will
cause increased
use
of
carbon-14, sulphur-35
ar.d phosphorous-32 as
tracers
in
the
newly emerging biotechnologies associated with food production.
It
is,
therefore,
expected
that
non-medical
uses
of
radioisotopes will continue
to play an
important role in
our
business although
it is quite
likely that
the use
of
most
radioisotope source
applications will
remain static
or
will
decline in the 10-20 year time frame considered.

Figure 1
Relationship Between Success and
Attributes of Radioisotope Applications

CHEAP
USEFUL
SUPPLIES UNIQUE QUALITY IN GROWING MARKET
NICHE
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Figure 2
Some Non Medical Uses of Radioisotopes
SOURCES
Application

Radioisotopes

Radiation Processing

Co-60, Cs-137

Industrial Radiography

lr-192, Co-60, Tm-170

Industrial Gauges
Depth
Thickness and mass

Cs-137, Co-60, Ba-133
Sr-90, Kr-85, Pm-147
Tl-204, Ru-106

Instrumentation
X-RF

Co-57, Cd-109, Fe-55,
Am-241, 1-125
Xi-6 3
Co-57
|
Am-241/Be, Cf-252
J
Cs-137
!
Am-241/Be, Cf-252
j
l
Cf-252

Electron capture detectors
Mossbauer spectroscopy
Moisture gauges
Oil Weil logging (density)
Oil Well logging (porosity)
Oil Well logging (dement
'.
analysis)
Steam Quality
Calibration

Cf-252

;

All and every radio- I
sotope known

FADTOTRACERS
I Industrial trouble shooting
ILabelled Compounds
Oil well logging
ilnterwell fluid tracing
i

jGeothermal well logging
ISedimentation and si 1 Ling
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:

Br-82, Tc-99m, S-32,
Xr-127, Ga-67
H-3, C-J4, S-35, P-32
1-131, H-3, lr-192
Co-fiO, Cs-i37, Co-58,
Cs-134, H-3
1-131, H-3
Au-198, C-14, Cl-36

Figure 3
World Population and Protein Consumption
by Income Group

INCOME GROUP

(PROJECTED)
2000

YEAR

% CHANGE
1982-2000

1960

1982

1,375

2, 187

3,062

40%

Low

375

638

1 ,013

59%

Medium

250

424

674

59%

High

4 37

750

781

4%

Soci alist
States

281

343

437

27%

Very Low

i

120
AH
Protein

100

* Canada
Britain •

I
1

#

Japan

80
Animal
Protein

c

Vegetal
Protein

41
4)

5
2,000

4.000

6,000

8,000

10.000 12,000

Per Capita Gross National Product ($US)
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Figure 4
Biotechno]ogy in AgriculLural Appli cations of
Radioiso Lopes
CROP BIOTECHNOLOGY

ANIMAL BIOTECHNOLOGY

Soil and crop fertilization
Enhanced use of phosphate
reserves in soil

Animal health
Vaccines (biologicals)
Ant i bi oti cs
Probiotics
Antiviral agents
Enhanced host
resistance to disease
and parasites
Improved disease
detection

Pests & pesticides
Enhanced host plant resistance to pesticides
Genetically improved
biological pesticides
Crop improvement
Regulation of plant
development processes
Increased tolerance to
adverse environments
Regulation of nutrient
uptcsrce & partition
Improved capture of sunlight
Neu crop development
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Nutrition and growth
Ami no acids
Natural growth
hormones
Growth promoters
Repartitioning agents
Reproductior: & breeding
Gene transfer
Reproductive hormones

Fi gure 5
Trends In Japans Use Of Hadioisotopes
1983 - 1986
Isotope Average Growth S m c e 1983
Co 60
P 32
C 14
I 125

46%/annum
44%/annum
33%/annum
33%/annum
Medical Bench Marks
7.4%/annum
13%/annum
25%/annum
240%/annum

Tc 99m
Ga 67
Tl 201
I 123
Industrial Sources

Ir 192
Ni 63

1%/annum
2%/annum

j
i
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THE ROLE OF ACCELERATORS: TECHNICAL AND ECONOMIC
Andrew J. Stirling
Atomic Energy of Canada Limited
Accelerator Business Unit
P.O. Box 13500
Kanata, Ontario K2K 1X8

Sources of Radiation
Members of the Canadian Nuclear Association are most likely to
associate radiation sources with radioactive materials.
In the
reactor or the mine, isotope sources are often a liability, being the
cause of unnecessary exposure to workers. However, reactor operators
are also aware of the deliberate production of cobalt-60, and other
more specialized isotopes, for industrial and medical uses.
Outside the nuclear industry, the perspective is different. A
number of industries, and a whole field of medical treatment have
grown up around the use of electrically-produced radiation. 3ased on
radiation as a polymer curing or crosslinking agent, these
applications include coatings, shrinkable films and wires and cables.
The printed beer can label, the no-wax kitchen floor, the automobile
tire, fire retardant cables and the shrink terminals on electrical
connectors all owe their existence to radiation-induced processes.
Likewise, the most common radiotherapy modality, today uses an
electron beam as the radiation source.
Electrically Produced Radiation
The two industrially useful forms of ionizing radiation are
electron beams and the photons which result from their interaction
with a target material. Since such a photon generator requires an
electron source, one normally describes the two methods of treatment '•
as being performed by electron beam accelerators in direct or indirect
(photon) mode. (See Figure 1 ) .
The key performance parameters which describe an accelerator are
energy (in MeV) and power (in kW). Energy determines penetration
thickness and power sets the limit to the throughput which can be
processed.
In direct mode, the penetration of electrons is modest. In unit
density material, the depth penetration is only about 3.5 cm, even at
10 MeV. (See Figure 2 ) . While accelerators can readily achieve much
higher energies, in practice, the potential for inducad radioactivity
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limits their use, to about this energy. (This is the internationally
agreed limit for foods irradiated by electrons ).
Based on energy, three broad classifications of accelerators can
be
made.
(See
Table
1
and
Figure
3).
Low
energy
accelerators
(to
500 keV)
are
in
widespread
use
for
treating
surface
coatings.
The
electrons
are
created
along an extended linear cathode
and accelerated, in a dc
field, to produce a "curtain".
At such low energies, lead
shielding
integral
with
the
accelerator
protects
the
workers. Several manufacturers make these units and more than 500 are
installed.
Medium energy accelerators (1 MeV - 4.5 MeV), based on either
Cockroft-Walton, insulated-core transformer or parallel cascade
circuit technologies are established industrially. Powers range to
hundreds of kilowatts, to permit throughputs of hundreds of tonnes per
hour even at sterilizing doses of 10 kGy.
These require area
shielding (bunkers) and concrete walls of several metres are necessary
to attenuate the radiation produced, to safe levels. Approximately 50
are in industrial service. However, one can postulate that this
number is limited by the inability to penetrate more than 1-2 cm of
product (at unit density).
Above 5 HeV, the high energy range in industrial terms, only a
handful of accelerators exist. Powers are a rather modest 10 - 20 kW.
While high energy accelerators will penetrate an industrially
significant depth, there are still many applications that require
depths only achievable with photons. The efficiency of conversion is
a function of energy (9% max. at 5 MeV and 18% max. at 10 MeV), but
relatively low. Thus high energy machines are needed if a reasonable
efficiency is to be achieved, and high power machines are needed if
significant throughputs are required. Since these energies are above
the breakdown voltages for practical quantities of insulating gases,
the radiofreguency linac is the technology of choice.
In a typical rf linac, electrons are generated in a gun and
injected into a series of copper accelerating cavities which are
exited by a klystron-produced radiofrequency field. (See Figure 4 ) .
A family of such accelerators called IMPELA (Industrial Materials
Processing Electron Linear Accelerator) is under development by AECL.
(See Figure 5 ) .
Accelerators - Isotopes (Technical)
The principal technical differences between the two sources are:
Cobalt-60,
•
emits radiation in all directions uniformly;
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•
•
•
•
•

emits without interruption (100% reliability based on
natural law);
penetrates tens of centimetres (for materials of unit
density);
provides radiation at a low dose-rate;
is ultimately limited in quantity by the reactor capacity
that can be made available, and
is a well established technology.

By comparison, accelerators
•
emit in one direction (principally);
•
can be turned on and off, (or fail if components are
unreliable);
•
penetrate less unless used in photon mode;
•
provide dose rates (in direct mode) from 3 to 6 orders of
magnitude higher;
•
can be produced in unlimited quantities by electrical
equipment manufacturers, and
•
only for low and medium energies is the technology well
established.
Accelerators - Isotopes - (Economic)
Comparing the economics of a well established technology with one
which is embryonic is likely to distort the final picture. To compare
such different technologies over a wide range of applications also
invites legitimate criticism. However, some general conclusions are
widely held, viz
Cobalt is in its least economic position when
a)

products cannot be transported to fill much of the
surrounding volume and hence the efficiency of absorption is
small, or

b)

products are highly seasonal, or the demand is for high
instantaneous throughputs.
Such situations demand high
installed capacity.

Accelerators are least economic when
a)

throughputs are small, or

b)

they must be used in photon mode.

Roles of Accelerators
It is thus generally accepted that accelerators provide an
opportunity to produce radiation for the irradiation of bulk
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commodities or large volumes, when microbial control or crosslinking
is required.
This results from the justifiable presumption that high power
linacs are not, proportionately more expensive than lower power
linacs. Thus, unit throughput costs can be an order of magnitude
lower than could be achieved with an isotope source in high volume
situationsNew markets, hitherto inaccessible to radiation can
therefore be contemplated, including:
a)
b)
c)
d)

2
»
production plastics
animal feeds
industrial process streams with biological contaminants,
and
wastes .

Work is also proceeding in several countries to establish
processes based on degrading long molecules, e.g. in cellulose to
chemical conversions.
In the domain of food irradiation, one can expect accelerators
where:
a)
b)

c)

the product is thin and hence amenable to direct electron
treatment,
where low dose requirements, coupled
with
load or
seasonality factors, make the economics of treatment in
photon mode acceptable, or
where treatments require simultaneous heating/cooling and
irradiation. (This can require high dose rates).

Accelerator Developments
Until now, high energy linacs have Jpeen used industrially more
extensively in the Eastern bloc countries . In the West, two 10 MeV,
20-30 kW linacs are being built for sterilization service in Sweden,
and a plant for sterilizing mechanically deboned chicken has recently
been opened in France . The Florida Department of Agriculture and
Consumer Services recently called for bids for an accelerator for a
pilot food irradiator in Florida, but did not accept either of those
proposed.
The key to opening up new markets for accelerator-produced
radiation is R/D into new applications. AECL has developed a pilot
scale irradiator, AECL I-10/1, which is being offered for this
purpose . The first- unit is installed at the Whiteshell Nuclear
research Laboratories .
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In addition, the first of the IMPELA family of high energy high
power linaca is under construction at AECL's Chalk River Nuclear
Laboratories . The technology on which this is based will permit
expansion to powers at least ten times greater than currently
available at high energy, and thus permit radiation to be used as the
agent of materials modification, in a whole new range of processes.
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ENERGY

0-0.5MeV

0.5-4.5MeV

4.5MeV and up

Source

Extended filament

Point.scanned beam

Point, scanned beam

Power

dc

dcorrf

rf

Acceleration

Single stage

Multistage, insulator

Multistage, waveguide

Shielding

Selfshlelded

Area shield

Area shield

Development status

Industrial

Industrial

Prototypes and First-offs

Marketplace

Competitive

Some Competition,

Embryonic

Some single source

CHARACTERISTICS OF CURRENT INDUSTRIAL ACCELERATORS
Table 1

PRACTICAL RADIATION SOURCES

Electrons

X-rays

Gamma-rays

X-rays=Gamma-rays
Electrons produce effects similar to both but are less
penetrating

Double Sided Electron Irradiation.

Maximum Dose To Sample

A.
Relative
dose

40-

Minimum Dose To Sample
I
Dose From Beam From
Right

Dose From Beam From
Left

20-

1

2

3

4

5

6

7

8

DEPTH Grams / square centimetre

FIGURE 2

ENERGY-POWER COMBINATIONS

10
High
Energy

Low Energy

4

POWER kW

FIGURE 3

500

UTILIZATION ~ 35%
MODULATOR — * —

OR

TRIODE / TETRODE ~ 80%

=

^

MAGNETRON ~ 80%

DC SUPPLY

— • -

KLYSTRON ~ 70%

I

SWITCH
WITCHj
LS
INJECTOR
ELECTRON
SOURCE

GRADED

6

MAIN ACCELERATOR
ft= 1

SCANNING
NNING
MAGNET
LGNET

y£
y^\\

BEAM LOADING ~ 85%

RADIATOR
COOLING WATER
ELECTRON STOP

BREMSSTRAHLUNG IRRADIATOR
i

i

3736 D
CIRCULATOR
& rf LOADS

CONTROL CONSOLE
. & EQUIPMENT

IMPELA.

KLYSTRON

ON

HIGH VOLTAGE
POWER SUPPLY

BEAM
MONITORING
SYSTEM

"CROWBARTRIGGER CIRCUIT

EXPERIMENTAL
BEAM OUMP

BEAM STEERING
COMPONENTS
270' DEFLECTION
MAGNET

!: 5

THK ROLK Of-' 6 0 COBALT AS A RADIATION SOURCK
J im Cudci
Atomic Energy of Canada Limited
Radiochemical Company
6

"Cobalt is the most widely used radioisotope in the world today.
It emits two gamma photons with energy levels of 1.2 MeV and
1.3
MeV which gives the gamma rays great penetration, a useful
characteristic
for many of its applications.
To give
an
example, steel has a half-value layer of 1.9 cm (0.75 inches) for
6
"Cobalt gamma rays. The rays easily pass through whole cartons
of medical disposable products, foods and heavy plastic or
metallic sections with a minimum of attenuation. The uniformity
of the absorbed dose in the product can be improved
by
irradiating the product from different angles or reducing the
target widths.
The resultant dose uniformity is within an
acceptable range for most industrial applications. The benefits
derived from the highly penetrating gamma rays become a problem
when dealing with the remaining unused radiation that passes
completely through the product.
This radiation must be totally
absorbed and the most inexpensive, but nevertheless costly way,
to do this is with 2 metres (6.5 ft) of concrete shielding.
60

Cobalt has a 5.3 year half-life which is practical for its
large volume applications. This means that the activity of the
source decays by about 1% per month or 12.3% per year, a rate
which industrial users can live with. Source replenishments can
be made economically on an annual basis, even for the very large
megacurie installations.
60

Cobalt is metallic in form and is not readily soluble in water.
Large industrial irradiators typically employ water
source
storage due to the large amounts of heat generated (15 watts per
1 000 curies). Although the 6 0 Cobalt is doubly encapsulated
in
welded stainless steel capsules, the relative insolubility of
60
Cobalt in water gives an extra margin of safety.
The most common form of 6 0 Cobalt produced is slugs, 2.54 cm
(1 inch) long and 0.42 cm (1/4 inch) in diameter. These slugs
are the basis of the type C-188 industrial source pencil produced
by AECL Radiochemical Company.
Eight Cobalt 59 slugs are
encapsulated end to end in a single stainless steel element.
Hundreds of these elements are activated in a nuclear reactor
suitably modified for this purpose. When the specific activity
of the 80 Cobalt in the slugs reaches the desired level
(usually
1-2 years) they are removed from the reactor. Two of the singly
encapsulated elements are further encapsulated end to end in a
second stainless steel capsule.
The number of curies typically
contained in a C-188 pencil ranges between 6 000 and
12 000
curies.
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60

Cobalt is also produced in other forms by AECL and other
suppliers such as Amershan, England and CEA/ORIS,
France.
Typical forms are pellets (1 mm long by 1 mm diameter), discs,
plates and rods. The form of the source is usually dictated by
the end use the designer has in mind. Pellets, for example, are
mainly used for cancer teletherapy sources where high activities
in a point, source are desirable.
As AECL-RCC is the supplier of the majority of the world's
60
Cobalt, AECL slugs and pellets are the formats most commonly
employed.
The AECL type C-188 pencil is mainly used for
industrial gamma processing such as sterilization of medical
devices, packaging, bulk raw
materials, etc. where
large
megacurie sources are required. This pencil configuration has
become the standard industrial source in the world today.
Over
225 000 000 curies in this form have been shipped worldwide since
1964. Over 100 000 000 curies are currently in service.
AECL nickel-plated 6 0 Cobalt pellets {1 mm long x 1 mm diameter)
is the form in which 6 0 Cobalt was first produced. Its initial
application in the early 1950's was for cancer
teletherapy
sources, a market which AECL Commercial Products (now Medical
Division) pioneered.
The world famous cobalt cancer therapy
unit was developed by AECL as part of the Atoms for Peace
program. The world's first commercial unit was installed by AECL
in 1951 to treat cancer at the Royal Victoria Hospital in London,
Ontario. The type of source used in this application
typically
measures between 1.5 and 2.0 cm in diameter. The active length,
depending on the specific activity of the pellets and the total
activity required can range from 0.5 to 3.0 cm. The idea is to
create as much of a point source as economically and practically
possible, thus yielding
the most
accurate and
effective
concentration of gamma rays on the tumor and the least on the
surrounding healthy tissue.
Over 17 million curies of high
specific activity pellets have been shipped worldwide by AECL,
representing about 55% of the total shipped.
As the benefits of 6 "Cobalt became evident in the 1950's, new
applications were rapidly developed through applied research at
AECL Commercial Products Division and in various other companies
and nuclear facilities throughout the world. A list of the major
applications developed for gamma radiation is shown below:
.Sterilization of medical disposable devices
.Food irradiation to extend shelf-life, decontaminate,
disinfest, delay ripening, inhibit sprouting
.Waste irradiation to sterilize or decontaminate
•Decontamination or sterilization of cosmetics and other
non-food consumer products
.Crosslinking and degradation of plastics and rubbers
.Hardening of semi-conductor chips
.Sterile insect technique
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The burgeoning new applications, especially in the field of
medical products sterilization,
required
large volumes
of
60
Cobalt of a relatively high specific activity. In the earlier
years of development, the world-wide supply of 60 Cobalt was
potentially only 5-6 million curies per year at a specific
activity of 10-30 curies per gram. The main sources were the
UKAEA, CEA-France, and AECL, roughly of equal size.
If the
medical sterilization market were to develop, the supply would
have to be increased dramatically as the 60 Cobalt production from
the existing experimental research reactors and light water
reactors could not possibly meet the anticipated demand.
The
huge Ontario Hydro CANDU reactors under construction
in the
1960's and 1970's at the Pickering and Bruce generating
stations
were turned to by AECL, Commer>cal Products for the high neutron
fluxes needed to produce such material.
The CANDU reactor with its high neutron flux, is admirably suited
to produce large quantities of 60 Cobalt with a specific activity
in the 100 curie per gram range in a relatively short period of
time. One 540 megawatt reactor for example can produce about 3.3
megacuries of 60 Cobalt in about 12 months. AECL's decision at
that time to contract with Ontario Hydro for the production of
60
Cobalt in the 4 Pickering A reactors provided the necessary
supply for the future development and expansion of the gamma
processing industry. The high specific activity 6 0 Cobalt made
available lifted one cf the major constraints on production
irradiator designers and enabled practical
irradiators to be
built with high volume throughputs.
As the CANDU reactor was
originally unique to Canada it allowed AECL, Commercial Products,
(now Radiochemical Company) to pull away from the other major
60
Cobalt suppliers and become the world leader in the development
and exploitation of gamma processing technology.
The beneficial effects of 60 Cobalt gamma radiation on the
irradiated product can be divided into three major categories:
bioreduction, modification of materials and modification of
li ving eel Is.
BIOREDUCTION
When bioreduction is the desired effect, the objective is to
reduce or eliminate the microbiological contamination on the
product without affecting the product itself. The amount of
absorbed dose, in rads, required to achieve the end result
depends upon the amount and type of microbiological contamination
on the product. It is known that microorganisms have varied
resistance to gamma rays. This resistance can be measured and
plotted.
The resulting curve which shows the relationship
between the
absorbed dose
and the
number of
surviving
microorganisms is commonly referred to as the survival curve.
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For most microorganisms there is a direct, correlation between the
absorbed dose and the number of survivors.
Theoretically,
absolute elimination of microorganisms
from a product can never
be achieved but the probability of finding a survivor can be
reduced to such a low level that for all intents and purposes the
product can be regarded as sterile. Commercial sterility is
achieved when a probability level of 10" 6 is reached (ie. one
survivor in one million items). An absorbed dose of 2.5 Mrads is
generalLy regarded as the dose required
to achieve commercial
sterility under good manufacturing practices.
The principal industrial application
for 6 0 Cobalt
is
the
sterilization of disposable medical products. These products are
mainly those that are used in hospital operating rooms but car. be
products used in contact with the human body where the risk of
cross-contamination

is

present.

The main

products

sterilized

with 60 Cobalt and which we are all familiar with are:
syringes,
sutures, operating room drapes and gowns, face masks, latex
gloves, blood collection tubes, IV tubing, transfusion
sets,
catheters and urine bags.
Disposable products are designed
for
single use only and are mostly made of plastics and non-wovens as
opposed to the multiple use devices made of glass, metal, linen
and rubber. As disposables replaced reuseables,
resterilization
in the hospitals and doctor's offices with steam autoclaves was
replaced with disposables presteri1ized by the manufacturer.
As
steam is a hot, moist process which most disposable plastic
products can not tolerate, a cold process such as 6 0 Cobalt
gamma
sterilization
was
required.
Other
features
of
gamma
sterilization which appealed to manufacturers were its 100%
positive efficacy, its simplicity and reproducibility.
The
market for 60 Cobalt grew rapidly starting in the early 1960's as
conversion to disposables increased.
The first commercial
installations were made in Europe by the
UKAEA in 1960. Others quickly followed, namely Conservatome in
France, H.S. Marsh and Vickers in the U.K. and Sulzer in
Switzerland.
AECL, Comme,rical Products installed
its first
production irradiators in the U.S. and Canada in 1964 at Ethicon,
Somerville, N.J., San Angelo, Texas and Peterborough, Ontario.
The first products sterilized
in these facilities were surgical
sutures, wet packed in foil. The foil packets were packed in a
cardboard box which were then packed
in a master corrugated
carton. Due to the penetrability of 60 Cobalt gamma rays, the
metal foil and liquid presented no barrier and the master carton
could be terminally
sterilized with no
post-sterilization
handling and therefore no risk of recontamination.
As all
medical products that are gamma sterilized are done so in their
final shipping carton, the irradiator is designed to handle boxes
of product rather than individual items.
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A typical irradiator design is shown below. The main components
sro:
1)
the radiation shield to protect factory personnel against
exposure to the gamma rays.
2)
the irradiator mechanism which conveys the product into the
shield, around the 6 0 Cobalt source and out of the shield.
3)
the 6 "Cobalt source mechanism. When not in use the 6 0 Cobalt
source rack can be lowered
into a pool so that maintenance
and operating personnel can safely enter the shield.
4)
The safety interlock and radiation monitoring system.
In
the event of any conceivable malfunction of the facility,
this system lowers the 6 0 Cobalt into the pool and shuts down
the irradiator.
Medical disposables are now sterilized in over 100 facilities
like this worldwide.
The total 6 0 Cobalt
installed
in these
facilities exceeds 100 million curies.
In terms of number of
curies in use this makes gamma sterilization of disposable
medical products by far the most important application
for
60
Cobalt. It is estimated that over 90% of the world's 6 0 Cobalt
is employed for this purpose. A simple but useful rule of thumb
is that 1 curie is required over 1 year to sterilize 1 cubic foot
of medical products.
In round
numbers, therefore,
over
100 000 000 cubic feet of medical products are currently
being
sterilized worldwide. By virtue of having the most rapid growth
in conversion to medical disposables the U.S. today accounts for
almost 2/3 of the world's gamma processing capacity. Well over
95% of this capacity employs 6 0 Cobalt as the source of gamma
radiation.
In terms of future potential, the market is estimated to be about
1/3 tapped. New installations are going in at an average of 5
facilities per year each with close to 1 000 000 curies
initial
source strength. Combine this with the required
replenishments
in existing facilities to accommodate growth and 12.3% annual
decay and it points to continuing strong demand for 6 0 Cobalt
for
this application well into the future.
Another potentially large scale application for gamma processing
with 6 0 Cobalt for the purpose of bioreduction is the
irradiation
of food for extension of shelf-life or decontamination. The list
of foods cleared, in at least one country, by national regulatory
bodies are listed below:
Shelf Life Extension

Decontamination

Poultry
Strawberries
Shrimp
Red Meats

Spices
Frozen Frog's Legs
Freeze Dried Vegetables
Poultry
Flour Mixes
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At the present time it is estimated that about 4 MCis of 60 Cobalt
in contract service facilities worldwide are employed for food
irradiation applications.
Most of this 60 Cobalt
(perhaps in
excess of 90%) is used for decontamination purposes.
The
biocidal action of 60 Cobalt gamma rays is well known from the
medical disposable side of the business.
Apart from
the
irradiation, food processors do not have to modify their handling
of
the
food
product.
The
bioburden
and/or
specific
microorganisms in the food are brought within the acceptable
limits set by the regulatory bodies and the cost savings to the
food processor can
be clearly
measured.
Since
spoilage
microorganisms are reduced in nucber as well, during
the
irradiation process, shelf-life extension can be an additional
benefit for some foods prone to rapid spoilage such as fresh
poultry•
Similar to medical products, foods are normally irradiated
in
their final shipping packages which can be corrugated cartons,
paper sacks or fibre drums. The design of the irradiator,
therefore, is not unlike that for medical products. The main
difference is in the source pass mechanism and conveyor system
which has to be designed for the generally heavier loading of
food products and lower absorbed doses required.
Food irradiation for the extension of shelf-life is not widely
employed,
but
it
is
a
very
promising
application.
Pre-irradiation and post irradiation handling of the food and
timing of the irradiation is critical as spoilage of the food is
normally rapid eg. strawberries, mushrooms, fish and shellfish.
As the whole process tends to be more complex, this application
has been slow to reach the commercialization stage in a big way.
Other applications which are under investigation now due to their
commercial promise are irradiation of contaminated waste from
hospitals and irradiation of garbage from international flights.
At the present time this waste is incinerated but because of
environmental concerns and increasing costs of pollution control
systems, irradiation is seen more and more as a viable and
economical alternative. Wastes of this type are sterilized in
irradiators especially designed to accept the configuration of
the waste.
Aft^r sterilization, such waste can be safely
disposed of in regular landfill sites.
Another potentially large application is the sanitization of
consumer products. Into this category falls cosmetics, cosmetic
ingredients such as talc,
wine corks, liquid
detergents,
adhesives and baby bottle nipples.
All of these products are
prone from time to time to microbial contamination, and 60 Cobalt
gamma irradiation has been found to be an excellent method of
reducing this contamination or sterilizing the product, as the
case may be.
Currently the volume of these products being
irradiated is small relative to medical products, and so the
treatment is normally performed at one of the many contract
service facilities located in major industrial centres throughout
the world. The total amount of 60 Cobalt presently employed
for
this purpose is estimated at about 1 MCi.

Modification of Materials
60

Cobalt gamma ravs are also useful for beneficially modifying the
properties of materials. The two major effects are crosslinking
and degradation of plastics.
Crosslinking of thin-walled plastic cable insulation has been
practised for years using electron beam accelerators.
Heavy
plastic components, however, require the penetration of C0 Cobalt
gamma rays.
As industry
moves towards lighter,
stronger
materials with superior or
special physical and
chemical
properties, the interest
in radiation crosslinked
plastic
components is increasing.
This area appears to have
the
potential for significant future growth.
Degradation of plastics,
specifically teflon,
is a
well
established process. The resultant teflon powder is incorporated
into spray lubricants.
Another interesting and growing application
in this area is the
use of 60 Cobalt gamma irradiation for the radiation hardening of
semi-conductor chips. The volume is extremely low, however, and
the size of the chips and boards small, enabling the manufacturer
to irradiate these products in a Gammacell 220 self-contained
irradiator.
Modification of Living Cells
By exposure to low doses of gamma radiation, living cells can be
altered to achieve certain
desired effects.
A
practical
application of this phenomenon is the so called sterile insect
technique.
Certain species of insects such as the Mediterranean Fruit Fly
which cause untold millions of dollars of damage to commercial
crops can be eliminated with this technique. The male of the
species is bred by the millions in captivity and irradiated to a
dose just high enough to render them reproductively sterile.
These masses of insects are released over a wide area infested
with this species. When a sterile male mates with a fertile
female, the reproductive cycle is broken. The sterile males are
released over the same area on a regular basis until the species
is effectively eliminated.
One facility of this type, located near Tapachula, Mexico, has
been operating for years and is effectively preventing the spread
of the Medfly northward into the U.S.
Several other
facilities
are planned in various parts of the world under the auspices of
the Tnternational Atomic Energy Agency and the United Nations
Food and Agricultural Organization.
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In the arna of food irradiation, delay of ripening of certain
fruits, inhibition of sprouting
in potatoes and onions and
disinfestation of grains are other examples of the dramatic
effects of low-dose gamma irradiation from G 0 Cobalt. Delay of
ripening and sprout inhibition result from the slowing down of
the natural processes of ripening and sprouting after the food
has been harvested.
Pre and post irradiation handling, and
storage as well, in the case of sprout inhibition is critical to
the success of this application. Potatoes were the first food
approved for irradiation to inhibit sprouting, and the first
irradiator for this purpose was built in the Montreal area in
1965.
This facility is no longer in operation, but
the
experience gained was extremely useful in helping to understand
the elements necessary for the success of food
irradiation
operations.
In the case of disinfestation, the low-level gamma
irradiation
process is designed to affect only the insect pests, their larvae
and eggs so they are unable to reproduce. This eliminates the
existing infestation in the food such as grains and flour.
Proper packaging and post irradiation storage is required to
prevent reinfestation.
In spite of many notable successes in the application of 60 Cobalt
gamma irradiation for disinfestation and sprout inhibition the
actual amount of 6 0 Cobalt used for these applications is still
very small, namely well under a megacurie.
The future for
processing food, however, appears to be promising and the gamma
processing industry is looking forward to continual steady growth
in this area.
In conclusion, 60 Cobalt
is by far and away the most important
radiation source for industrial purposes in the world today,
especially in the field of medical products sterilization where
over 90% of the installed 6 0 Cobalt sources are employed.
As
economics and regulations
permit, however, 6 0 Cobalt
gamma
processing is gradually replacing traditional processes because
it is safe, technically superior, and environmentally clean.
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MEDICAL USES OF RADIOISOTOPES

Dr. A. E. Peterdy, M.D.
Health Sciences Centre
Nuclear Medicine Section
820 Sherbrook Street
Winnipeg, Manitoba R3A 1R9
(204) 787-3375
Radioisotopes in clinical medicine are currently used in in
vivo competitive binding assays, diagnostic imaging, and in
therapy. Competitive binding assays involve the measurement
of a serum substance by its ability to bind to a protein as
compared to its radiolabelled counterpart. The most commonly
used radioisotope is
I, although
Co and H are used in
specific circumstances. Future trends in laboratory assays
are away from radiolabels because of radiation concerns, and
towards the use of enzyme and fluorescent labels.
C, H
and
P will continue to be widely used in in vitro medical
research because these are biological elements.
Diagnostic imaging with radioisotopes is a rapidly changing
field. Fundamentally, a radioactive label is attached to a
pharmaceutical and, depending on the biologic behaviour of
the pharmaceutical, localizes to a specific part of the body.
For example,
Tc labelled to pyrophosphate localizes to
areas of active calcium deposition which occurs in
metabolically active bone, resulting in a "bone scan". Table
1 lists the more commonly performed procedures, the
radioisotopes, and Pharmaceuticals used.
"Tc accounts for
80-90% of all radioactivity used because of its low radiation
dose, on-site availability through
Mo/
Tc generators, and
favourable labelling chemistry.
State-of-the-art instrumentation is the Anger gamma camera
which optimizes the imaging characteristics of the 140 KeV
a
gamma emission of
Tc. Simplistically, it consists of a
NaZ(Tl) crystal, approximately 40 cm in diameter, coupled to
an array of photomultiplier tubes resulting in a positional
display of recorded disintegrations. Recently single photon
emission computed tomography has become widely available
using a rotating gamma camera interfaced to a dedicated
Nuclear Medicine computer to obtain tomographic slices in
virtually any direction.
Developments in single photon imaging are dependent on
radiopharmaceutical research. Recent developments include a
Tc labelled brain perfusion agent and a
Tc labelled
myocardial perfusion agent.
I labelled compounds are only
selectively used because of the lack of constant
availability, short shelf life, and high cost of
I,
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although dosimetry and imaging characteristics are
favourable.
"Tc would appear to be the radioisotope of
choice, but it too is far from perfect as it is not a
physiologic element.
C, N and 0 are the most abundant elements in the human body.
Suitable radioisotopes of these elements are
C,
N, and
0 which are positron emitters with half lives measured in
minutes.
F has also proved useful as a positron label.
These are ideal elements for physiologic imaging but PET
scanners with on-site cyclotrons and high level hot labs are
necessary and very expensive installations. Organ blood
flow, oxygen utilization, and metabolic pathways, among
various other parameters can be measured and imaged (see
Table 1 ) . Of particular clinical use are
F-deoxyglucose in
the assessment of myocardial ischemia, oxygen extraction
ratio in cerebral tumours, and distribution of neuroreceptors
in various neurologic and psychotic disorders.
Tumour detection by 1 3 1 I , 1 2 1 I , and l l x l n radiolabelled
monoclonal antibodies may be the next major breakthrough in
medicine. Theoretically, radio-antibodies targeted against a
specific tumour antigen are the ideal way to detect tumours
histologically, rather than relying upon an anatomic
enlargement or distortion which is the information obtained
from all other diagnostic imaging modalities. The major
drawbacks are lack of uniqueness of tumour antigen and low
target to background ratios.
The use of beta emitters, such as 9 0 Y , 3 2 P , and 1 3 l l allow
for unsealed sources to be used for in vivo therapy after
biological or interventional localization of the activity to
a specific area of the body. This differs from conventional
brachytherapy, where a sealed source such as *3 Cs or 1 9 Ir
is surgically implanted into a specific body region and then
removed after the radiation dose is given.
Nuclear Medicine makes possible the measurement and
distribution of in vivo body chemistry and in this way is
unique to diagnostic imaging. Perhaps Nuclear Medicine will
herald a new era in cancer detection and exploration of the
workings of the mind.
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Table 1
Medical Applications of Some Radioisotopes
Radioisotopes

T 1/2

Decay

YKeV

Application

""Tc

6.0 h

IT

140

133

Xe

5.2 d

,B",y

81

127

Xe

36.0 d

EC

172,203

imaging: ventilation

>1-

Kr

13.0 6

IT

190

imaging: ventilation

131

1

8.1 d

p~ ,y

364

imaging: kidney, thyroid, tumour
therapy: in vivo

123

1

13.0 h

EC

159

imaging: kidney, thyroid

3.1 d

EC

167^, 69-83X

3.2 d

EC

93,184,300

imaging: infection, tumour

2.8 d

EC

173,247

imaging: infection, tumour

60.0 d

EC

5730.0 y

p~

laboratory

H

12.0 y

p~

laboratory

32

P

14.0 d

57

Co

90

Y

l9

Sr

2 01
67

Tl

Ga

111

In

12 3

I

14
3

C

fi~

270.0 d

EC

2.7 d

p~

50.0 d

35Jf,27-32X

imaging: bone, brain, heart,
gastrointestinal, lung,
kidney, thyroid
imaging: ventilation

imaging: myocardium

laboratory

laboratory, in vivo therapy
122

laboratory
in vivo therapy

fi",y

900

in vivo therapy

19a

lr

74.0 d

£",y

317

brachytherapy

137

Cs

30.0 y

fi~

662( l 3 7 "Ba)

brachytherapy

•2
sl

Rb

1.3 m

Ga

1.1 h

11

C

fi*
£*

511

PET: myocardium

511

PET: organ imaging

20.0 m

fi*

511

PET: metabolism, blood flow,
neuroreceptors

fi*

511

PET: blood flow

511

PET: blood flow, metabolism

511

PET: metabolism, neuroreceptors

13

N

10.0 m

15

O

2.0 m

J3*

1S

F

1.8 h

£*

'
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A KAON FACTORY AS A GENERATOR OF INDUSTRIAL OPPORTUNITY
J- Carey, D. Dohan, D. Curd, A. Otter, R. Poirier, K Reiniger, V. Verma
TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C., V6T 2A3

SUMMARY
TRIUMF has requested funding of 571 million to transform Canada's
National Meson Facility In Vancouver, B.C. Into the only KAON laboratory
in the world, thus giving it a unique future in particle physics research. The proposal has been reviewed more thoroughly than any other
comparable proposal in Canadian science and received enthusiastic endorsatlon from reviewing committees. We anticipate that it will be discussed by the Federal Cabinet in the next few months and that it will
receive either full approval or a further $10.8 million to complete the
design studies. The mala component fabrication period is expected to be
in two to five years from approval of full funding, and particle beams
should be delivered six years from that date.
The proposal envisages taking a beam of particles from the existing accelerator and increasing its energy by a factor of sixty in two circular
machines called "synchrotrons." The particles will also pass through
"storage rings" whose function is to alter their time structure from a
continuous stream into pulsed bunches. The new accelerators and storage
rings will be housed in two underground tunnels, one 214 m and the other
1.1 km in circumference. The accelerated particles will be guided to a
new experimental hall where kaons will be produced and the rich physics
offered by kaons will be explored.
We present this facility both as an opportunity and a challenge to
Canadian industry. With your support we estimate that 90Z of the spending can be in Canada, tfe achieved a value of 85Z on the present TRIUMF
facility fifteen years ago. Whereas TRIUMF consists of a few unique,
very large components, the KAON Factory will utilize large numbers of
identical smaller components. This will allow production lines to be
established for their manufacture. There will be opportunities to:
supply basic materials in large quantities; manufacture accelerator
components; take part in technology transfer; expand product lines and
gain expertise to bid on components for other accelerators.
We anticipate that companies from all regions of Canada will be able to
participate in this project.

ACCELERATOR COMPONENTS
A particle accelerator is a large and complex electrical machine which
presents as many mechanical engineering challenges as it does electrical
ones.
Basically, accelerators consist of families of devices to:
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Accelerate the particles
Guide the particles
Contain the particles
Monitor the particles
Provide mechanical support and
precise alignment
Make everything work

"RF Cavities"
"Magnets"
"Vacuum and Beamlines"
"Diagnostics"
"Stands"
"Control System"

Subsystems which allow these components to work include:
Current regulated AC and DC magnet power supplies.
High current and high voltage chokes, capacitors and switching circuitry.
Ventilation systems.
Demineralized water cooling systems.
Control components from sensors to computers.
Precision mechanical subaasemblies.
Estimated quantities and values of some of these components are listed in
Table 1.
As the particle energy increases its parameters change so that component
designs vary from ring to ring and in the experimental halls. Five or
six different designs are therefore required for each type of component.
This variety of components and component designs will ensure the participation of many Canadian companies, even for the manufacture of one type
of item.
There will be opportunities to supply material.
will require:
DC magnet steel
AC magnet steel
Hollow copper conductor

For example, the magnets
2 000 tons
2 230 tons
320 tons

The last item is not at present made in Canada, but a project as large as
the KAON Factory gives an opportunity for capital investment. 96 000
tons of concrete and steel will be required for shielding in the Experimental Hall and Neutrino Facility.
Miles of power and instrumentation cabling and many tons of stainless
steel tubing for cooling systems will also be purchased.
OPPORTUNITIES FOR TECHNOLOGY TRANSFER
TRIUMF will work with manufacturers on component design. When expertise
exists in industry, performance specifications will be provided. For
more specialized devices such as magnets and RF cavities detailed drawings will be supplied to manufacturers.
As an example of technology transfer to Canadian industry, over the past
fourteen years TRIUMF has transferred the manufacture of DC magnets from
overseas to Canadian companies. WE will continue to do this for KAON
Factory components.
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Because TRIUMF will have to supplement its staff there will be opportunities for engineers from industry to participate in the design phase at
TRIUMF and then to return to their companies to supervise construction.
WE anticipate using this approach in areas such as AC magnet design,
power supplies and control systems. We also expect to make extensive use
of Canadian consulting firms.
Opportunities for Canadian industry to supply other laboratories will be
generated. Accelerators are big business in Europe, the United States
and Japan. Firms that have demonstrated the ability to produce
components for a KAON Factory will have opportunities to bid on other
projects around the world, for example the $6 billion SSC in the U.S.
There will be other opportunities. A KAON Factory will generate industrial spin-offs which cannot be predicted in detail. An independent
study forecasts spin-offs totalling $243 million per year. Companies
that have worked with us to create the facility will be in a prime
position to exploit these spin-offs.

Table 1
KAON Factory Components
Value
(million $)

Number
Accelerator Magnets DC
AC
Beam Transfer and
Experimental Hall Magnets

588
457
135

)
)
)

73.7

Magnet Power Supplies DC
AC
Magnet Chokes, Capacitors
and Switching Circuitry

300
370
220

)
)
)

38.4

43
66
50

)
)
)

38.0

RF Cavities
RF Driver Amplifiers
DC Power Supplies
Control Devices and Computers
Steel and Concrete Shielding
Vacuum Components
Robotics
Electrical Services and Utilities
Cooling Systems

6 100 devices
96 000 tons
1 970 devices
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38.2
76.3
23.4
5.0
22.8
11.9

USE OF RADIATION FOR MATERIAL PROCESSING
Stuart L. Iverson
Atomic Energy of Canada Limited
Radiation Applications Research Branch
Pinawa, Manitoba ROE 1L0

Development of reliable, industrial sources of ionizing radiation, in
the form of electron accelerators and 60 Co irradiators, in conjunction
with appropriate applications research has resulted in the growth of new
industrial processes. Electron accelerators are used to cure inks and
other coatings and crosslink polymers while 60 Co irradiators are used
primarily to sterilize medical disposables and consumer products. Work
continues to develop improved sources of radiation as well as additional
radiation applications. The purpose of this paper is to describe the
status of current and selected new applications and outline some of the
work that remains to be done for each.

SOURCES OF RADIATION
The main sources of industrial radiation are 60 Co and electron
accelerators, also known as EB machines. Low energy (150-300 keV)
machines are characterized by their high dose rate, high power and low
penetrating ability. They are usually built as self-shielded devices
and installed on-line to cure paints and inks or treat films. Medium
energy accelerators (0.3-4.5 MeV) are high dose rate, high power
machines. Tney are usually self-shielded at the low end of the energy
range and have some capacity for treatment of thicker materials at the
upper end of the range. A major use is crosslinking electrical wire
insulation. They also have other crosslinking applications and have
potential for treating waste water, stack gases, thin medical
disposables, thinnable foods, grains, etc.
A few higher energy (5-15 MeV) electron accelerators are in industrial
use. They are high dose rate, moderate power machines with significant
ability to penetrate materials and are used to crosslink plastic
materials and sterilize medical disposables.
The major use of 60 Co is to sterilize medical disposables. As a
radiation source it is characterized by a low dose rate, moderate power
and very high penetrating ability.
BASIC EFFECTS OF RADIATION
Although 60 Co sources produce photons and the electron accelerator beam
energies commonly used vary from 0.3-14 MeV, the basic chemical and
biological effects produced by these two different types of radiation
are the same. When the energetic photon or electron enters matter, it
strikes other electrons, giving them part of its energy. They then
strike other electrons in a cascade effect, gradually loosing energy.
It has been estimated that, regardless of the energy of the initial
event, most of the chemical work is done by electrons in the range of
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20-50 eV (1). A complex mixture of molecular fragments (radicals, ions,
etc.) is produced in a small space and time. Within about a second of
their production, in gases and liquids, the fragments recombine in ways
that depend on both chemical and physical conditions. In solids,
particularily crystalline or very dry materials, some of the fragments
may have long lifetimes.
Dose rate can affect outcome by at least two mechanisms. If the dose
rate is high enough so a second shower of electrons occurs in an area
before the fragments produced by the first have recombined, reactions
involving fragment/fragment interactions will be favored over
fragment/substrate interactions thus producing a different product. The
second mechanism depends on the fact that preferred reactions frequently
involve species present in the environment, such as water or oxygen.
If dose rates are sufficiently high, the preferred species may be
consumed before it has a chance to diffuse into the material being
irradiated. Once the preferred species is no longer present, the
reaction will proceed in a different way. An example of this second
mechanism is the way oxygen can terminate some polymerization reactions.
If irradiation takes place in air, or at a low dose rate, the compound
will not polymerize; however, irradiation under nitrogen or at high dose
rates causes polymerization.
In addition to selecting the dose rate, oxygen and water content to
maximize the desired reactions the radiation chemist has other tools
that can be used. Factors affecting free radical mobility, such as
freezing or drying, can change the chemical outcome. For example,
shelf-stable meat can be produced by high-dose irradiation at low
temperatures (-35°C) while meat at room temperature, given a dose
sufficient to have the same microbiological effect, develops off-odors
and flavors. In certain applications, particularily plastics, chemical
sensitizers or inhibitors can also be used.
The stable chemical outcomes that result from irradiation of a substance
can be classified into 5 general categories. The first of these,
scission, results when the broken parts of a molecule stabilize as two
separate units and both chains terminate. This effect is used
industrially in the use of radiation to produce fine particles of TEFLON
for use in lubricants. A second outcome, recombination, results when
the broken parts of a molecule simply rejoin to form the original
molecule.
Polymerization is the outcome in which a radical or ion, generated by
radiation, acts as an initiator to repetitivly add a molecular unit to a
growing chain. Such a reaction continues until the units available for
addition are all used up or until terminated by a different reaction.
Polymerization is the technical basis of applications such as radiation
curing of inks or coatings and the production of wood-plastic
composites.
The term crosslinking can be used when connections to different
molecules of the same kind are formed when the molecular fragments
reunite. A high degree of crosslinking is the characteristic produced
in polyethylene electrical wire insulation which makes the radiation
treated product able to tolerate higher temperatures and voltage
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gradients. Radiation induced crosslinking, along with other special
manufacturing procedures, also gives shrink products their special
characteristics.
Grafting is similar to crosslinking but the links are formed between
different kinds of molecules, frequently a small molecule is grafted
onto a larger one. An example is the use of radiation to graft vinyl
monomers onto cotton to improve it's soil release properties.
BASIC BIOLOGICAL EFFECT
From an information point of view, the chemical basis of life is the DNA
molecule. It is this very long molecule that carries the instructions
for the synthesis of the enzymes and other chemicals upon which
metabolism and life itself depend. The process of correctly reading or
reproducing the information on the DNA molecule depends on each
information unit being in one piece and undamaged. Because DNA
molecules are very long and because 4 of the 5 stable outcomes noted
above prevent it from functioning, radiation is an extremely effective
method of disrupting the DNA in organisms and thus killing them.
All organisms have characteristic sensitivities to radiation. Generally
more primitive organisms are more resistant while the more complex ones
are more sensitive with the mammals and man being most sensitive. This
observation is consistent with the quantities of genetic material in the
different organisms. It has also been observed that actively
metabolizing individuals (or stages) are more sensitive than inactive
ones such as eggs or spores. Knowledge of the identity of the target
organism, its life-cycle stage and its radiation sensitivity is
necessary to design an effective radiation treatment.
It is important to remember that radiation rarely, if ever, produces
only the single desired effect. For example, in food irradiation, offodors or flavors can be produced while in plastics, there is often a
balance between scission and crosslinking. Developing a useful
industrial process depends on tailoring the dose and conditions to
produce the maximum beneficial effect while minimizing side effects.
This requires a knowledge of the underlying principles of radiation
treatment as well as experimental work with the particular system of
interest. A particularly clear example of an application with an
excellent basis for beneficial effect is killing insects in stored grain
(Figure 1 ) . In this case, all insects can be killed at a dose that does
not affect baking quality or nutrient content of flour milled from the
grain (2). In most situations all of the spoilage organisms in food
cannot be killed without harming the texture or flavor of the food. Thus
irradiation is usually more practical for shelf life extension than
for production of a shelf stable food for indefinite storage.
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CURRENT APPLICATIONS
Medical Disposables
Medical disposables range from latex gloves and cotton swabs through
plastic syringes to metal needles and implements. Approximatly 50% of
the world's production is currently sterilized in more than 135 plants,
nearly all using 60 Co (3). Production of radiation sterilized materials
continues to grow, partly because the total market is growing and partly
by taking market share from the competition.
This application depends on the fact that even the radiation resistant
resting stages of pathogenic organisms can be inactivated at doses
harmless to many materials. Current research topics include development
of more radiation resistant plastics with the required clarity, strength
and chemical resistance, improvement of our understanding of dose rate
effects on plastics (particularly as they rela;3 to dose rates produced
by electron accelerators and 60 Co installations) and work to broaden the
range of irradiated materials to include cosmetics, topical ointments
etc.
Plastics and Composites
More than 470 electron accelerators with a total beam power of over 20
MW were in operation in 1984 (4) and the current number is likely near
500. A variety of products are manufactured but the major applications
are crosslinking wire and cable insulation and making shrink films and
tubes (Figure 2 ) . These markets continue to grow, although at a slower
rate than 10 years ago, and the percentage of the product treated by
radiation appears to be relatively low (less than 25%) for all items
(with the exception of shrink products) and countries.
Most of these applications involve crosslinking and the most common
material is polyethylene. Nearly all of the materials are films or thin
sections. Generally, high dose rates and powers are required for online treatment and the development of the high power 5-15 MeV industrial
LINAC offers an opportunity to treat thicker materials. The major
process hurdle that must be overcome to make this possible is the
temperature rise of the material being treated (4); work addressing
this problem is currently underway.
An example of a material that may be made by radiation processing in the
future is a carbon fibre/epoxy composite (5). Such materials have a
high strength-to-weight ratio and are used for elite sporting goods and
aerospace applications. They are currently thermally cured at
temperatures of several hundred degrees for several hours.
Work to
date has shown that a radiation curable carbon fibre/epoxy can be made
but experiments have not yet produced strengths equal to conventionally
cured materials. It is expected that optimization of formulations and
manufacturing methods will, however, produce strengths equivalent to the
conventional product.
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Food
A recent report indicates that approximatly 467 thousand tonnes of food
are irradiated on a commercial basis annually in 21 countries (6). The
major item is grain which accounts for 400 thousand tonnes while spices
make up the majority of the remainder. Insects are the target organisms
in the case of grain while reduction in counts of microbes is the
desired effect in the case of spices. Tonnages treated continue to grow
and the percentage of production of any commodity treated with radiation
is extremely low. Factors encouraging increased use of radiation
include banning of alternate methods of controlling insects (such as
ethylene dibromide), increased international trade in food, increased
contamination of man's food chain and increased awareness of food
quality.
A large amount of research has been done in this field and the general
principles are well understood. However, because of the existence of
many local varieties of foods, crops and pests and because storage and
handling systems vary widely, research and demonstration continue to be
required. Food processing and packaging methods are regulated by each
country, and in Canada submissions must be made to the regulators
demonstrating the wholesomeness of each irradiated food type before it
can be legally sold. There are also areas where we believe further R&D
could be very productive. An example is the area of combination
processing.
Combination processing is the use of two or more techniques of
preservation, for example heat and radiation, in specific sequence and
amounts to achieve a multiplicative (synergistic) rather than merely
additive effect. Preliminary work with Colostridium sporogenes spores
indicates that under some circumstances a significant synergistic effect
can be achieved (7). Further work needs to be done but this technology
may allow development of fresher tasting, shelf stable foods.

POSSIBLE FUTURE APPLICATIONS
For the applications discussed above, the basic technology is in hand
and the economics are favorable. There are other applications where the
technology is generally in hand but the economics are unproven. These
include waste products, feed and feedstocks for biotechnology processes.
Finally, there are suggestions that radiation processing of
lignocellulosics may have beneficial effects. Further work is required
in this area to achieve repeatable results and determine underlying
mechanisms.
Waste Products
Waste products include wastewater, sewage sludge, international airport
wastes, and wastes from hospitals and research labs. The major benefit
is microbial reduction although there are some secondary benefits that
have been described such as odor reduction and breakdown of toxic
chemicals (8). There is work under way in some laboratories to develop
radiation-based processes to convert cellulosic or municiple wastes
into useable products such as chemicals, fermentable sugars or fuels.
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The usual methods of sludge disposal include disposal on land as a
fertilizer and soil conditioner, landfill disposal and incineration.
Because of the high content of pathogenic microbes in the sludge, land
on which it has been spread cannot be used for grazing or raising
certain crops for lengthy periods of time. Irradiation of the sludge
can shorten the waiting period and allow use on public access lands such
as boulavards, parks and golf courses. Some sludges have significant
content of heavy metals such as lead, cadmium etc. and thus have limited
use for land application because the metals will enter the food chain
(9). The technical efficacy of sludge irradiation has been demonstrated
in pilot scale plants although some practical problems of materials
corrosion remain. The major roadblock to this application at present
appears to be economics. Under current conditions it appears necessary
to produce a fertilizer or soil conditioner that can be sold to
partially offset the cost of the radiation treatment.
Garbage from international flights is normally incinerated or thermally
treated as a quarantine measure against plant or animal disease.
Hospital and research lab wastes are treated similarily for disease
prevention. While incineration is a highly effective and complete
solution, sophisticated, expensive equipment is needed to avoid toxic
atmospheric emissions. There are indications that radiation treatment
can compete favorably on technical and economic grounds with
incineration. Submissions to government agencies must be made to gain
approval for the radiation process, and a first plant must be built to
demonstrate the economics. In the case of airline waste, a very high
percentage of the material is plastic and cellulose and the sterile
output from the radiation plant may be a potentially recyclable
material.
Uastewater is currently decontaminated by chlorination which is an
effective and inexpensive procedure although there have been recent
concerns about the possible formation of potentially toxic chloroorganics. Radiation is a technically effective but expensive
alternative. One of the reasons irradiation is an expensive solution is
that much of the radiation is wasted in the water rather than striking
the target microorganisms. Some work has been done on the use of
activated charcoal or other adsorbents to concentrate the target
organisms in the radiation field but it has not yet led to an
economically viable solution (10).
A radiolytic process has been developed and demonstrated at the
laboratory scale to dechlorinate PCBs (11). This process has no
emissions to the atmosphere and produces non-toxic byproducts.
Estimates indicate that radiolytic dechlorination would be about twice
as expensive as incineration at the commercial scale. A pilot scale
demonstration, and some additional research on potential inhibitiors of
the process are the next steps required.
Feed
One of the major routes of transmission of farm animal disease, such as
salmonellosis, is via animal feed. This problem is recognized by the
agricultural community and various methods, none wholly effective, are
currently employed to prevent disease transmission. While the radiation
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doses required to kill salmonella and similar organisms are known,
experiments involving feeding radiation-pasturized feed to flocks of
chickens or other animals are required. Such feeding trials will
determine if the animals remain disease-free under practical conditions
and, if so, whether they grow more rapidly or use their feed more
effectivly as a result. Preliminary tests with chickens are currently
under way in co-operation with the University of Manitoba.
Feedstocks For Biotechnology Processes
Many of the biotechnology processes currently under development require
sterile, or pasturized, feedstocks. While some of these feedstocks can
be heat sterilized, it is likely that others may not. A secondary
benefit of radiation sterilization that can be obtained in some
feedstocks is the production of fermentable sugars. Further
commercialization of biotechnological processes are required before
development of this radiation application is possible.
Lignocellulosics
Wood is composed of lignin and cellulose, both large organic polymers
which are susceptible to modification by radiation. A number of
applications have been suggested in the literature but none have yet
been applied commercially. During paper production various methods are
used to convert wood into paper some of which involve mechanical and
some chemical treatment of the wood. Work is currently underway to
determine if radiation can substitute for some of the treatment steps
currently used; however, this is a complex field and significant
experimental work is required.
During the making of higher quality paper, lignin is separated from the
cellulose and becomes a by-product of the process. At present it is
frequently burned at the pulp mill for its heat value but it may be
possible to develop radiation-based processes to convert lignin into
more valuable products. This work, to develop an understanding of the
radiation chemistry of lignin, is at a very preliminary stage.

CONCLUSIONS
Industrial radiation processing has created two significant industries,
medical product sterilization and plastic modification, and is starting
to play a role in the food industry. There are additional possibilities
for the future, particularly in the area of waste products where the
technology is well in hand but ways must be found to improve the
economics, and lignocellulosics where the quantities of materials are
very large but the technology is not yet secure.
Development of reliable, industrial radiation sources is synergistic
with applications development. Just as development of large, highly
reliable, cost effective 60 Co irradiation facilities allowed formation
of the medical sterilization business and the high power, self-shielded
low energy electron accelerator allowed development of plastics
modification so we expect the high power industrial LINAC will open up
new application possibilities.
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FIGURE 1: The basis for beneficial effect of grain irradiation (2).
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Monday Luncheon speaker
ON BEING A NUCLEAR SAFETY COMMISSIONER
F. KENNETH HARE

Mr. Chairman, Ladies and Gentlemen:
Let me begin with an apology. I have just spent fifteen months
of my life poking my nose into your professional affairs, at the
instance of the Ontario Government. You have done nothing to
justify such bad manners. But the operations at Three Mile
Island and Chernobyl had made it inevitable that concerned
governments would be apprehensive. These two notorious
accidents, and not any Canadian mishaps, lay behind my
appointment. I am sorry to have had to pry into your lives,
though it was a great privilege.
Why me? Presumably because I had no visible links with the
industry, no strong bias in its favour or disfavour, and a
demonstrated willingness to juggle with hot potatoes. In the
past decade, largely through the Royal Society of Canada, I have
done similar studies of acid deposition, the nuclear winter, and
lead pollution of the Canadian environment. It was rumoured,
falsely, that I liked the challenge of impossible deadlines. So
I was asked, and reluctantly agreed, to do a one-year study of
the safety of Ontario Hydro's reactors. It was specified that I
would do a technical review, and not a prolonged public inquiry,
Porter Commission style.
I can't claim any public-spiritedness on my own part. I wasn't
really motivated by concern for public safety. Selfishly, I
relished staying on my full academic salary for an unexpected
year, and enjoyed the feeling that at 68 I could still function
in some useful way. And I did feel that the job needed doing.
Moreover, I had around me a superb, small staff, most of whom
had been with me for years - Margaret Grisdale, our manager;
Angelica Devito, our Administrator; Kartini Rivers, our
word-processing genius; and (freshly appointed) Peter Fraser,
our staff scientist. As much as anything it was the prospect of
working with these excellent colleagues for a further year that
made me accept.
Of course I didn't work alone. I had the funds to employ 37
consultants, some of whom are listening to my words today. I was
told to recruit technical and scientific expertise from outside
the nuclear profession, and from outside Canada, since nobody
believes inhouse critics these days. This was hard to do, since
nearly all the real expertise on CANDU-style reactors is here in
Canada, much of it within Ontario Hydro and AECL. Both of these
organizations submitted excellent technical briefs, which have
been published as support volumes in uniform format. I did, in
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addition, identify consultants from outside, and we have
published a volume of ten of their reports. Put together, my own
report, plus four suppporting volumes, constitute a pretty
thorough re-examination of CANDU as it now functions.
I needed advice and criticism. This I got, for example, from a
group of old hands from the industry and its regulators: Dan
Meneley, Archie Robertson, Don Hurst and Al Prince. The Royal
Society of Canada appointed a strong Advisory Panel, which
worked throughout the year in professional support. The Society
also set up a final Review Panel which was chaired by Harry
Duckworth, who needs no introduction in Winnipeg. The other
members were Larry Korchinski, until recently a Vice President
with Shell, and Frank Layfield, a distinguished British
barrister, whose Sizewill-B report is the classic recent
analysis of the whole question of nuclear safety. Easing my
report past this bunch of tough nuts was like getting another
Ph.D. But in the end I succeeded, and the Review Panel was good
enough to endorse the report comprehensively. It is my report,
and its conclusions are my responsibility; but I had notable
strength behind me, and could not have done the work alone.
Finally, I sought input from individuals and from public
groups, and spent a good deal of public money on the briefs
prepared. I was criticised for seeking out opinion that was in
some cases ill-informed. But I make no apology. Scientific and
technical analysis of public issues must be open to all
suggestions, even if the technical judgements have to be made by
the technically qualified. The 35 briefs submitted are available
from the Ontario Ministry of Energy.
What about my findings? I found that the reactors were being
safely operated (and not that they were "safe"; my Buick does no
harm if I leave it in the garage). My evidence was the absence
of damaging accidents at least as far as public exposure to
radioactivity is concerned; the excellent health of the atomic
radiation workers, whose subsequent mortality is analysed by the
National Cancer Institute and the Faculty of Medicine of the
University of British Columbia, neither of which is a satrap of
the industry; and the excellent technical training of the
operating staffs.
On the other hand I was advised by my industrial consultants,
headed by Bill Keough, until recently Vice President for
Refining of Esso Resources Canada, that the operating systems,
though good, could stand more re-examination, notably as regards
maintenance backlogs (a point also made by the parallel OSART
review of the Pickering reactors by the International Atomic
Energy Agency). The whole question of human factors and
performance is crucial to safety, as is a coordinated QA/QC
programme. And, of course, I paid a great deal of attention to
the central technical problem - that of fuel channel
performance, ably presented this morning - and the economics and
safety implications of pressure tube failures.
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From this I extracted several conclusions: that pressure tube
research ought to be pressed even further and harder, notably in
the metallurgical area; that research and development funding,
though large ($306 million in 1988-89) is still in relation to
the revenue generating capacity of the CANDU stations ($2.5
billions in Ontario alone in 1987); that facilities and staff
are necessary adjuncts to Ontario Hydro's capacity in this area;
that federal funding policies were unhelpful in the safety area
and indeed, in most other areas; and that Ontario Hydro should
step up its share in the funding of safety-related research.
I also looked, rather cheekily since nobody had asked me, at
the Atomic Energy Control Board, which is a federal body,
outside my terms of reference. I resisted suggestions that
Canada should copy US practice and structures by sweeping away
AECB's good grey image in favour of a lawyer dominated,
prescriptive, confrontational mode. But I did and do feel that
AECB's membership needs to be enlarged, as does its staff, so
that it can consider environmental, socioeconomic and
radiological questions in more depth - without abandoning its
primary role as a technically-competent regulator avoiding
prescription and legalistic procedures.
I was highly impressed by AECL's and Hydro's handling of
radiological protection, and by the monitoring of occupational
exposures and environmental releases. These compare favourably
with those of most other countries. I resisted suggestions that
Canada should abandon the International Commission on
Radiological Protection as the source of authoritative advice on
dose limits. In any case, I believe that is should be the
observed health and mortality statistics of the most exposed
groups in the country, the work forces of AECL and the
utilities, that should show us whether the reactors are
operating safely or not. So far the evidence is most reassuring,
though recent U.K. data on leukemia incidence near pre-1955
nuclear installations require that we look at our own
epidemiology more closely.
What about accidents? I looked at existing design-basis
calculations and was impressed. I asked Hydro and Argonne to
extend the analysis into the case of failure to shut down
following a LOCA event, for the Pickering A reactors. Again the
results were reassuring. But I think. tht. industry should admit
that severe accidents, though highly unlikely, are at least
conceivable. Given the closeness of the Pickering and Darlington
reactors to large population concentrations, it is obvious that
proper attention should be given to emergency measures. Ontario
Hydro does this automatically within the exclusion fences, and
seems to me to have met the challenge. The same could not be
said of the Government of Ontario, which left its excellent
plans sitting on the shelf until very recently, with no adequate
commitment of funds and person power.
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These are the main points, though there are many others in the
monsterpiece that I have submitted to the Ontario Government.
What are my main impressions? In outline form:
1. that Ontario Hydro's technological and safety performance is
outstanding. I was assured of this by leading figures outside
Canada, who intimated that if I was looking for a stick to beat
Hydro with, I would get no help from them. This is in my report,
but no media coverage that I have seen had given it any
prominence;
2. that the CANDU option, though not inherently safe and not
free from obvious hazards ( such as the positive void reactivity
effect in LOCA situations), has been ingeniously designed, and
has so far avoided the catastrophes affecting other
technologies. I could see no reason to abandon it on safety
grounds, though my neutrality of position prevents me from being
more cordial;
3. that Ontario's dependence on the nuclear option for
base-load provision is approaching four-fifths, and that this
puts the Province alongside France and Belgium as nuclear
powers;
4. that the nuclear industry lacks friends, and is too much
inclined to seek out its own company (as it is doing at this
meeting). It needs far closer relations with the rest of the
scientific and technical communities. Ontario Hydro should take
the initiative in creating among these groups a far higher
understanding of how reactors work, and what keeps them safe. I
wonder if you realize just how deep ignorance is of reactor
operations among biologists, social scientists and even
physicists?
5. that the federal government has for long neglected questions
of nuclear safety. It claims jurisdiction but leaves matters to
the hard-pressed AECB, whose staff complement is even now being
reduced, a measure that I regard as ludicrous. The federal
government must also make sure that AECL's role in safety
design, research and engineering facilities is not frittered
away while Ontario has twenty reactors operating or approaching
commissioning - to say nothing of Point Lepreau and Gentilly II.
Mr. Chairman, let me say this: the designing, building,
operating and regulating of Canada's reactors is to a large
extent a public enterprise, with competent support from the
private sector. In like measure the responsibility for safety is
also a public duty. Yet there has been little responsible debata
about the issues, and the evidence suggests that the cows will
come home before such debate ensues. Given this vacuum, the
protection of public safety rests heavily on the shoulders of
the people in this room, including my own. We rely on doctors
and nurses, with their professional standards and consciences,
to keep the hospitals safe and effective. In the same way we
must rely on the performance of nuclear professions and
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institutions to protect the public against such failures as
those at Sellafield (as it is now called), Three Mile Island and
Chernobyl. I am confident that you will not let us down.
Let me close with that same question, which I asked at the
beginning: why me? Obviously because the Government of Ontario
felt it had to ask an outsider to pass some kind of judgement.
Would it pass judgement on hospital care by asking a lawyer? Or
on universities by asking a union leader? I doubt it: but the
principle is good. We must retain a capacity to arrive in
technical areas at rational and public judgements that don't
depend entirely on self-assessment by those involved. I was
accused, by an editorial writer in a Kingston paper, of being "a
well-known apologist for the nuclear industry". I am no such
thing. In the first place, the industry doesn't need an
apologist, and if it did it would have to look elsewhere. If I
had found that public safety was being seriously jeopardized by
reactor operation, I would have said so, emphatically. But I
didn't - which enabled me to enjoy my lunch before feeing you.
Good luck for the future, ladies and gentlemen, and try not to
make a liar out of me.
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Tuesday Luncheon Speaker

SPEAKING NOTES FOR AN ADDRESS BY
THE HONOURABLE PERRIN BEATTY. P.C.. M.P.
MINISTER OF NATIONAL DEFENCE

I AM MOST PLEASED TO HAVE THE OPPORTUNITY TO
PARTICIPATE IN THIS ANNUAL CONFERENCE OF THE CANADIAN
NUCLEAR ASSOCIATION AND THE CANADIAN NUCLEAR SOCIETY AND
TO AOORESS THE REPRESENTATIVES OF AN INDUSTRY WHICH,
WITHOUT QUESTION. IS THE JEWEL IN CANADA'S TECHNOLOGICAL
CROWN.

EVER SINCE ERNEST RUTHERFORD WENT TO MCGILL IN THE
LATE YEARS OF THE LAST CENTURY. CANADA HAS BEEN AT THE
LEA0IN6 E06E OF PURE ANO APPLIED NUCLEAR SCIENCE.
CANADIAN SCIENTISTS AND MANUFACTURERS HAVE COMBINED TO
PIONEER THE PEACEFUL USE OF NUCLEAR ENERGY.

THE RESULT OF

THIS REMARKABLE ENTERPRISE IS THAT CANADA. TODAY, HAS THE
LARGEST URANIUM INDUSTRY IN THE W O R L D .

WE SUPPLY 6 5 PER

CENT OF THE WORLD PRODUCTION OF RADIOISOTOPES. ANO OUR
CANDU REACTOR SYSTEM HAS THE BEST PERFORMANCE AND SAFETY
RECORD AMONG CURRENT NUCLEAR ELECTRICITY GENERATORS.

IT'S QUITE AN ACHIEVEMENT.

THE NUCLEAR EXPERTISE

R E P R E S E N T E D 8Y YOUR A S S O C I A T I O N S PLACES CANADA IN A
COMMANDING POSITION AS WE LOOK FORWARO TO THE TWENTY-FIRST
CENTURY.
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IN THE NEXT F E W W E E K S . C A B I N E T WILL BE MAKING A
DECISION ON WHICH OF THE TWO COMPETING SUBMARINE DESIGNS
WILL LAUNCH THE CANADIAN NAVY INTO THE NEXT CENTURY.

IF THERE IS A COUNTRY IN THE WORLD WHERE
NUCLEAR-POWERED SUBMARINES MAKE SENSE. SURELY IT IS
CANADA.

WITH

2H3.0O0 KILOMETRES OF COASTLINE, FRONTING

THREE OCEANS. WITH LONG DISTANCES TO TRANSIT AND VERY
LARGE AREAS TO KEEP UNDER SURVEILLANCE, ANO WITH VARYING
OEGREES OF ICE COVER. NUCLEAR ENERGY OFFERS THE ONLY SAFE
AND COST EFFECTIVE SUBMARINE PROPULSION SYSTEM.

OUR PROPOSAL TO ACQUIRE NUCLEAR PROPULSION HAS NOT
GONE WITHOUT QUESTIONS. OR MORE APTLY PUT.
MISINFORMATION.

TODAY. I WOULD LIKE TO ADORESS THOSE

QUESTIONS HEAD-ON.

LET

ME START WITH THE MOST FREQUENTLY ASKEO. CAN

WE AFFORD THEM?
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THE ANSWER IS A MOST EMPHATIC YES.

THE SUBMARINES

HAVE BEEN CAREFULLY CO3TED IN DETAIL AND THE ENTIRE
PROGRAM IS CALCULATED TO TOTAL $ 8 BILLION. INCLUDING THE
COST OF INFRASTRUCTURE.

FURTHERMORE. THIS COST WILL BE

SPREAD OVER A QUARTER OF A CENTURY. AVERAGING ONLY £300
MILLION ANNUALLY. OR THREE PER CENT OF OUR TOTAL OEFENCE
BUDGET.

THE TOTAL COST or OUR PLAN FOR THE NAVY IS THE

SAME AS HAD BEEN PREVIOUSLY ALLOCATED.

THE DIFFERENCE IS

THAT OUR PROPOSAL ENABLES CANADA TO PATROL ALL THREE
OCEANS.

THE SECOND OUESTION. WILL THIS DIVERT FUNDS FROM
NEEOEO SOCIAL PROGRAMS?

AS I MENTIONED. WE HAVE NOT INCREASED THE NAVAL
ALLOCATION. MERELY RE-ORDEREO THE PRIORITY.

AS WELL.

DURING THE 27-YEAR IMPLEMENTATION. THE SUBMARINES WILL
REPRESENT AN AMOUNT EQUAL TO ONE-HALF OF ONE PER CENT
OF FEDERAL GOVERNMENT SOCIAL EXPENDITURES.
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A THIRD QUESTION, 00 THESE SUBMARINES CONTRIBUTE
TO THE ARMS RACE?

A SUGGESTION SUCH AS THIS IS ABSURD.
ARE NUCLEAR-PROPELLED. NOT NUCLEAR-ARMED.
INTENTION OF ACQUIRING NUCLEAR WEAPONS.

FIRST. THEY

WE HAVE NO
SECOND. A MODEST

FLEET OF 10-12 SUBMARINES IS TINY IN COMPARISON TO SOVIET
OR AMERICAN FLEETS.

THESE SUBMARINES WILL ENABLE US TO

PATROL OUR OWN WATERS AND CONTRIBUTE TO OUR NATO ROLE OF
KEEPING THE OCEAN ROUTES OPEN FOR SHIPPING.

THEY ARE NO

MORE CONFRONTATIONAL THAN SURFACE SHIPS OR AlR FORCE
FIGHTERS.

CANADA i£ A PEACE-LOVING NATION:

A FACT NOT

CHANGED BY HAVING A MODERN NAVY.

ANOTHER QUESTION, DO THESE SUBMARINES UNDERMINE
CANADA'S PEACEFUL IMAGE?

No.

THEY ARE ENTIRELY CONSISTENT WITH CUR RIGHT

TO BE ABLE TO DEFENO OURSELVES. THEY ARE IN NO WAY A
VIOLATION OF THE NUCLEAR NON-PROLIFERATION TREATY. WHICH
WE HAVE SIGNEO AND UPHOLD. WE ARE FOR ARMS CONTROL AND
DISARMAMENT.

HAVING SAID THAT. WE ARE A MARITIME TRADING

NATION WITH A NEED FOR A NAVY TO PATROL OUR WATERS.
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T H I S L E A D S M ET OA F I N A L Q U E S T I O N , D O W E N E E D
NUCLEAR-PROPELLED SUBMARINES?

IF YOU BELIEVE THAT CANADA AS A MATURE AND
SOVEREIGN NATION SHOULD TAKE RESPONSIBILITY FOR ITS OWN
DEFENCE. THE ANSWER IS YES.

J.F YOU BELIEVE THAT CANADA

SHOULD PATROL OUR OWN ARCTIC AND NOT BE A PROTECTORATE OF
SOME OTHER NATION. THE ANSWER IS YES.

WE BELIEVE THAT IF WE ARE GOING TO RE-BUILD THE
NAVY, THEN WE SHOULD RE-BUILD FOR THE 21ST CENTURY. OUR
CONTRIBUTION TO NATO AND TO OUR SOVEREIGNTY WILL BE A
BALANCED FLEET OF SURFACE AND SU8-SURFACE SHIPS. SUPPORTED
BY AIRCRAFT AND HELICOPTERS.

THE MEN AND WOMEN WHO SERVE

AND WILL SERVE OUR NATION IN OUR NAVY ARE ASKED TO PERFORM
A DANGEROUS TASKI WE OWE THEM THE TOOLS TO DO THE JOB.

THE SUBMARINES HAVE ATTRACTED MUCH OF THE
ATTENTION,

BUT THEY ARE ONLY A P A R T OF T H E P I C T U R E .
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TO MEET OUR NATIONAL MARITIME RESPONSIBILITIES AND
THOSE TO THE ALLIANCE, WE ARE ACQUIRING A BALANCED FORCi
OF MOOERN FRI6ATES ANO HELICOPTERS. NUCLEAR-POWEREO
SUBMARINES, LONG-RANGE MARITIHE AIRCRAFT. SEABED AND
MOBILE SURVEILLANCE SYSTEMS. SUPPORTED BY SHIPS TO
IDENTIFY ANO CLEAR MINES FROM ESSENTIAL PORTS,

THIS FLEET WILL MAKE AN EFFECTIVE CANADIAN
CONTRIBUTION TO NATO ANTI-SUBMARINE WARFARE CAPABILITIES
IN THE NORTH ATLANTIC.

IN THE NORTHEASTERN PACIFIC, IT

WILL PROVIDE EFFECTIVE FORCES FOR THE PROTECTION OF
ESSENTIAL SHIPPING IN THE CANADIAN AREA OF
RESPONSIBILITY.

THIS FLEET MIX WILL ALSO ENABLE US TO

EXERCISE SURVEILLANCE AND CONTROL IN CANADA'S SEAWARD
APPROACHES TO THE ARCTIC. THE ATLANTIC AND THE PACIFIC
OCEANS.

A FLEET SIZE OF TEN TO TWELVE NUCLEAR-POWEREO
SUBMARINES WILL ALLOW US TO PROVIOE THREE SUBMARINES ON
STATION IN THE PACIFIC. ONE OR TWO IN THE ARCTIC AND TWO
TO THREE IN THE A T L A N T I C . AT ALL T I M E S .

THE EXACT

DISTRIBUTION OF THE FLEET WILL OEPEND UPON OUR STRATEGIC
NEEDS AT THE TIME.
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ALTHOUGH THE NUCLEAR-PROPELLED SUBMARINE
PROVIDES US WITH THE ONLY EFFECTIVE AND SAFE MEANS OF
CONOUCTING OPERATIONS UNOER THE ARCTIC ICE. WE WOULD
STILL HAVE REACHED THE CONCLUSION THAT THE
NUCLEAR-PROPELLED SUBMARINE WAS AN ESSENTIAL INGREDIENT
Of OUR FLEET. EVEN IF THERE WERE NO CANADIAN ARCTIC TO
PROTECT.

THIS I S BECAUSE, WITH THE TWO FRIGATE PROGRAMS

NOW IN PROGRESS AND THE MODERNIZATION PROGRAM OF THE
FOUR TRIBAL CLASS DESTROYERS, NUCLEAR-PROPELLED
SUBMARINES REPRESENT THE BEST MARGINAL

INVESTMENT.

THEIR CAPABILITY, THROUGH THEIR SPEED, ENOURANCE ANO
CONTINUOUS UNLIMITED POWER. PROVIDES THREE TIMES THE
EFFECTIVENESS OF CONVENTIONAL SUBMARINES.

ACQUIRING

THEM WILL COMPLEMENT ANO MAXIMIZE THE CAPABILITIES OF
THE SURFACE ANO AIRBORNE ELEMENTS OF THE FLEET MIX.
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IN RECENT DAYS, THERE HAS BEEN SOME PUBLIC
ATTENTION GIVEN TO HYBRID SYSTEMS.

BEFORE DECIDING ON

THIS SUBMARINE PROGRAM. WE LOOKED CAREFULLY AT HYBRID
SYSTEMS FOR PROVIDING AN UNDERWATER BATTERY CHARGING
CAPABILITY IN CONVENTIONAL SUBMARINES.

WE CONCLUDED THAT

THEY WOULD NOT BE ABLE TO SUPPORT THE SENSORS OR PROVIDE
THE ENDURANCE AT HIGH SPEED THAT A PURELY NUCLEAR-POWERED
SUBMARINE COULO DO.

THEY ARE ALSO UNPROVEN AND THEREFORE

REPRESENT A HIGHER TECHNICAL AND FINANCIAL RISK.

A MIXED

FLEET OF NUCLEAR-POWERED AND HYBRID SUBMARINES, WHICH IN
SOME WAYS PRESENTS AN ATTRACTIVE OPTION. WOULD IMPOSE TOO
GREAT AN INFRASTRUCTURE BURDEN ON SUCH A SMALL FORCE AND
WOULD BE MORE COSTLY TO OPERATE THAN A PURE SYSTEM FOR
THAT REASON.

THERE ARE THOSE AMONG OUR CRITICS WHO CLAIM THAT
OWNERSHIP OF NUCLEAR-POWEREO SUBMARINES WILL INEVITABLY
ORAW US INTO WHAT ARE PERCEIVED TO BE AGGRESSIVE UNITED
STATES' OPERATIONS AGAINST SOVIET NUCLEAR SUBMARINES IN
THE ARCTIC BASIN.

THE CLAIM IS FALSE.

WILL REMAIN EXACTLY WHAT IT IS TOOAY:

THE NAVY'S ROLE
TO PATROL OUR

WATERS ANO TO PROTECT OUR CONVOYS WHICH WOULD BE NEEDED TO
RESUPPLY OUR TROOPS IN EUROPE IN A CONVENTIONAL CONFLICT.
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THE ONLY DIFFERENCE IS THAT WE WOULO BE ABLE TO
HEET THESE RESPONSIBILITIES EFFECTIVELY.

HAVING A MODERN

NAVY WILL NO MORE HAKE US LIKELY TO ATTACK THE SOVIET
UNION THAN HAVING CF-18S IN OUR AIR FORCE MAKES IT LIKELY
THAT WE WILL DO SO.

THE DECISION TO GO FOR NUCLEAR-POWERED SUBMARINES
WAS TAKEN IN THE CONTEXT OF CANADA'S MARITIME REQUIREMENTS
INTO THE TWENTY-FIRST CENTURY ANO NOT. AS SOMETIMES
REPRESENTED. SOLELY AS A MEANS OF ASSERTING OUR
SOVEREIGNTY IN THE ARCTIC - ALTHOUGH THEY WILL DO THAT
VERY EFFECTIVELY TOO.

AS YOU KNOW. W£ HAVE STATED OUR INTENTION TO
ACHIEVE A MINIMUM 65 PER CENT CANADIAN CONTENT IN BUILDING
THE SUBMARINES HERE IN CANAOA.

WE ARE COMPLETELY

CONFIDENT THAT CANADIAN INDUSTRY CAN MEET THIS CHALLENGE.

WE ARE NOT PLANNING TO DESIGN OR RE-DESIGN A
SUBMARINE OR PROPULSION PLANT.

RATHER. WE ARE PLANNING TO

BUILD TO EXISTING DESIGNS. SUBSTITUTING CANADIAN-PRODUCED
COMPONENTS AND EQUIPMENT ON A COMPETITIVE BASIS.
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WE HAVE NOT.INCLUDED FUEL PRODUCTION AND
FABRICATION FACILITIES IN OUR COST ESTIMATE. BECAUSE THE
AMOUNT OF FUEL REOUIREO DOES NOT JUSTIFY CREATING THAT
INDUSTRY

AT THIS TIME.

ADDITIONALLY,

THE INFRASTRUCTURE

WILL 8E BUILT AS AN INCREMENTAL EXTENSION OF EXISTING
NAVAL FACILITIES.

WE ARE ALSO ASSUMING ECONOMIC

PRODUCTION OF THE VESSELS IN CANAOA.

THE OETAILED COSTS WILL, OF COURSE, BE DEVELOPED
IN THE PROJECT DEFINITION STAGE BEGINNING LATER THIS
SUMMER WHEN WE HAVE IDENTIFIED THE COUNTRY OF ORIGIN FOR
THE DESIGN.

WE ARE CONFIDENT, HOWEVER. THAT OUR CURRENT

ESTIMATES ARE VERY GOOD ONES. THEY ARE BASED ON
INFORMATION FROM THE MANUFACTURERS ANO ON OUR OWN
EXPERIENCE OF PROJECT MANAGEMENT IN THE SHIPBUILDING,
MARITIME ENGINEERING. ELECTRONICS AND NUCLEAR ENGINEERING
INDUSTRIES.

THOSE WHO CLAIM THAT WE ARE GROSSLY
UNDERESTIMATING THE COSTS HAVE NOT TOLD ME THE SOURCE OF
THEIR INFORMATION OR THE BASIS OF THEIR COST CALCULATIONS.
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THERE IS NO DOUBT IN MY MIND THAT CANAOIAN

INOUSTRY CAN TACKLE THIS PROJECT AND BRING IT IN, AS THE
FRIGATE PROJECTS ARE BEING BROUGHT IN. ON TINE AND WITHIN
BUDGET.

THE PROGRAM WILL ABSORB A SIGNIFICANT PORTION OF

THE CAPACITY OF THE NUCLEAR INOUSTRY IN CANADA. AND
6ENERATE, OVERALL. SOME 55.000 PERSON-YEARS OF EMPLOYMENT
WITHIN CANADIAN INDUSTRY.

I THINK THAT MANY OF OUR

CRITICS

ARE BADLY MISINFORMED ABOUT THE SOPHISTICATION AND WORLD
COMPETENCE OF OUR NUCLEAR INDUSTRY.

WE ARE NOT. IN HY

VIEW. EMBARKING ON A PERILOUS VENTURE WITH TOTALLY NEW
TECHNOLOGY.

THE INTELLECTUAL INFRASTRUCTURE FOR THE PROGRAM
EXISTS IN CANADA BUT WE WILL HAVE TO DEVELOP SOME
FACILITIES FOR THE FABRICATION OF NUCLEAR SUBMARINES,
INCLUDING THE PROPULSION UNITS. WE WILL ALSO HAVE TO
DEVELOP FACILITIES FOR REFUELLING THE REACTORS.
ESTIMATES INCLUOE THESE FACILITIES.
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OUR COST

IT IS TRUE THAT CANADIAN INDUSTRY HAS LIMITEO
EXPERIENCE WITH PRESSURIZED WATER REACTORS - BUT THE
COMPETENCE EXISTS TO ADAPT TO THIS TECHNOLOGY.

IT WOULD BE POINTLESS FOR THE DEPARTMENT OF
NATIONAL OEFENCE TO DUPLICATE THE CAPABILITIES INHERENT IN
ATOMIC ENERGY OF CANAOA LIMITED.

THEREFORE.

AECL AND THE

CANADIAN NUCLEAR INDUSTRY AT LARGE WILL HAVE A SIGNIFICANT
ROLE TO PLAY. AECL, WITH OTHER CORPORATE AGENCIES, ANO
REPRESENTATIVES OF THE COUNTRY OF ORIGIN. WILL ALSO SERVE
AS TRUSTED AGENTS OF THE GOVERNMENT FOR THE TRANSFER OF
TECHNOLOGY IN THE MANUFACTURE OF THE SUBMARINE PROPULSION
PLANT.

THOSE WHO DOUBT CANADA'S ABILITY TO UNOSRTAKE THIS
NEW TECHNOLOGICAL CHALLENGE ARE PERHAPS UNAWARE THAT THE
LARGEST CONSTRUCTION PROJECT IN NORTH AMERICA IS UNDERWAY
AT DARLINGTON. ON LAKE ONTARIO. WHICH. WHEN COMPLETED.
WILL 8E THE LARGEST NUCLEAR-POWERED ELECTRICAL
STATION IN THE WORLD.
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GENERATION

CANAOA'S NUCLEAR INDUSTRY IS AMONG THE MOST
ADVANCED ON EARTH.

WE HAVE THE TALENT AND THE KNOWLEDGE

NEEDED TO BRING SUCH A PROJECT TO FRUITION.

DOING SO WILL

NOT ONLY GREATLY ENHANCE CANADA'S SECURITY. BUT IT WILL
ALSO PROVIDE JOBS FOR SOME OF OUR MOST SKILLED AND
HIGHLY-TRAINED CITIZENS.

IF WE MISS THIS OPPORTUNITY. WE

HAY WELL SEE A BRAIN DRAIN WHICH WOULD COST US THESE
TALENTED CANADIANS.

AN AREA OF PUBLIC CONCERN ABOUT NUCLEAR-PROPELLED
SUBMARINES IS UNQUESTIONABLY THEIR SAFETY.

THERE ARE TWO DIMENSIONS TO SAFETY IN THIS
PROGRAM.

NUCLEAR SAFETY - WHICH IS THE PROTECTION OF THE

CREW. THE PUBLIC AND THE ENVIRONMENT FROM THE NUCLEAR
REACTORi AND VESSEL SAFETY - WHICH IS THE PROTECTION OF
THE NUCLEAR REACTOR AND THE CREW FROM THE ENVIRONMENT.

WE

HAVE MO INTENTION OF COMPROMISING STANDARDS IN EITHER AREA.
THE NAVIES OF THE UNITED STATES, FRANCE AND THE
UNITED KINGDOM COLLECTIVELY OPERATE A FLEET OF MORE THAN
200 NUCLEAR PROPELLED VESSELS / MOST OF WHICH ARE SUBMARINES.
THE OPERATING EXPERIENCE OF THIS FLEET TOTALS IN EXCESS OF
3,000 ACCIDENT-FREE REACTOR-YEARS. DUE TO THE UNCOMPROMISING
IMPORTANCE PLACED IN SAFETY OF DESIGN, OPERATOR TRAINING,
AND QUALITY OF CONSTRUCTION, THE SAFETY RECORD OF THESE THREE
NAVIES REMAINS UNBLEMISHED. CANADA FULLY EXPECTS TO CONTINUE
THIS TRADITION.
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WITH RESPECT TO NUCLEAR SAFETY. CANADIAN INOUSTRY.
WITH THE CANDU REACTOR. HAS EARNED A WORLD-WIDE REPUTATION
FOR OUTSTANDING PERFORMANCE AND SAFE OPERATION.

CANADIAN

REACTOR SYSTEMS RANKED FIRST. THIRD. FOURTH. FIFTH, SIXTH,
EIGHTH AND NINTH AMONG THE TEN LIFETIME POWER REACTOR
PERFORMANCE LEADERS UP UNTIL DECEMBER. 1987. THESE TEN
LEADING REACTORS WERE DRAWN FROM AMONG 260 REACTORS OVER
500 MEGAWATTS.

WE BELIEVE THAT THE SUBMARINE REACTORS WILL BE
JUST AS SAFE, AND WE INTEND TO VERIFY THIS DURING THE
PROJECT DEFINITION PHASE.

THERE IS NO REASON TO SUPPOSE THAT THE OUTSTANDING
PROFESSIONALISM DISPLAYED IN THE CANADIAN NUCLEAR
INDUSTRY. WHICH HAS LED TO SUCH A LAUDABLE RECORD OF SAFE
OESIGN. CONSTRUCTION AND OPERATION OF REACTORS, SHOULD NOT
ALSO BE BROUGHT TO BEAR IN THE CONSTRUCTION AND OPERATION
OF THE SUBMARINE PROPULSION SYSTEM.
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I AM HOST GRATEFUL FOR THE SUPPORT THAT THE
CANADIAN NUCLEAR ASSOCIATION HAS GIVEN TO THE NUCLEAR
SUBMARINE PROJECT IN ITS RECENT POLICY STATEMENT.

I AM

PLEASED THAT THE STATEMENT REFLECTS THE GOVERNMENT'S
OPTIMISM CONCERNING THIS PROJECT AND ACCEPTS THE
GOVERNMENT'S POSITION THAT THE ACQUISITION OF
NUCLEAR-PROPELLED SUBMARINES DOES NOT IN ANY WAY IMPLY THE
ACQUISITION OF NUCLEAR WEAPONS OR THE CREATION OF A
CAPABILITY TO CONSTRUCT THEM.

THE ACQUISITION OF NUCLEAR-PROPELLED SUBMARINES IS
A 81(5 STEP FOR CANADA. BUT ONE WHICH WILL PROVIDE THE
CANADIAN NAVY WITH THE TOOLS IT NEEOS TO DO ITS JOB.

OTHER POLITICAL PARTIES HAVE DECLARED THAT THEY
WILL NOT SUPPORT A NUCLEAR-POWERED SUBMARINE PROGRAM
SHOULD THEY BE OFFEREO THE OPPORTUNITY TO GOVERN.

THESE

SPOKESMEN, HOWEVER. HAVE NOT EXPLAINEO HOW. IN THE ABSENCE
OF SUCH A PROGRAM. THE NAVY CAN MEET ITS RESPONSIBILITIES
IN THE NEXT OECAOE AND IN THE NEXT CENTURY.
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LET ME PUT THE CHALLENGE DIRECTLY TO THE CRITICS
OF THE GOVERNMENT'S PROGRAM.
STANO.

CANADIANS KNOW WHERE WE

THEY KNOW THE STRATEGIC RATIONALE FOR THE PROGRAM

AND THEY KNOW ITS COST.

I N CONTRAST. THEY KNOW WHAT THE

CRITICISMS ARE AGAINST. BUT NOT WHAT THEY'RE FOR.

SURELY

ANYONE WHO OPPOSES BUYING NUCLEAR-PROPELLED SUBMARINES HAS
AN OBLIGATION TO LEVEL WITH US. WOULD THEY RE-BUILD THE
NAVY IN ANOTHER WAY?
WOULD BE THE COST?

IF SO. HOW WOULD THEY OO IT AND WHAT
IF THEY WOULD SIMPLY DROP THE MONEY

FROH THE DEFENCE PROGRAM AND SPEND IT SOME OTHER WAY. WHAT
I S THE PRICE THEY'RE PREPARED TO PAY I N TERMS OF CANAOA'S

SECURITY AND SOVEREIGNTY?

IT'S TIME FOR STRAIGHT ANSWERS.

IT IS THE POLICY OF THIS GOVERNMENT TO IMPLEMENT
ALL THE INITIATIVES SET OUT IN THE WHITE PAPER,
RATIONALLY, OVER TIME. AND WITHIN FUNDING LIMITS THAT CAN
REASONABLY BE EXPECTEO TO BE MADE AVAILABLE FOR DEFENCE.

IN SO DOING, WE WILL HELP BUILD THE SORT OF CANADA
THAT WE ALL WANT TO PASS ON TO OUR CHILDREN - SOVEREIGN.
SECURE. PROSPEROUS AND FREE.

THANK YOU.
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