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"WHAT FUSION MEANS TO CANADA"

SUMMARY

In the long term view of the world, in Which energy demand con-
tinues to increase as more and more countries continue to improve their
standard of living, fusion can and will play an ever-increasing role
in the energy balance once it has been brought "on line". However,
taming of this technology and the maturing processes of engineering
and economic feasibility will proceed at a rate which depends very
strongly upon international and collective national wills to see it
through. Large experimental devices, particularly of the tokamak
type, are now being completed their performance should give a very
good idea of the scientific feasibility. The next stage devices are
in pre-proposal and proposal stages but are not yet approved. An im-t
proved general economic climate sustained for a few years would cer-
tainly help re-establish the momentum of world international efforts
in fusion.

In this paper is given an overview of fusion research on a world
scale; there are more details of the particular areas that Canada has
chosen to pursue. Some of the relationships of Canadian fusion efforts
to other Canadian research programs are described.
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Introduction

The fusion constituency is a very different from that fission
in that it is at a much earlier stage of its development. Fusion is,
in fact, so young, that we are still trying to find out how to do it,
or, more correctly, how to do it best. However, the virtually inex-
hausible supply of deuterium in the earth's water supply and the avai-
lability of this resource to all makes fusion power a very tantalizing
prospect.

My own feeling that in the very long term fusion is a certainty
and that the progress made impacts primarily on the time scale of its
implantation and not on the probability. The measure of success of
those in the field will be how quickly we can make fusion a plausible
energy option. We know well that along the way the political, social
and technical context will continually change but we also know that
the need for energy will never disappear.

Because of both its past history and its present state of develop-
ment, fusion is a very international field. International collabora-
tion is the rule rather than the exception and good coitinunication of
program objectives, experimental results and theoretical projections
exists. Canada was, in my view, wise to begin serious activity in fu-
sion research while the cooperation state is still the normal one. This
will put us in a much better position when the competition state is reâ -
ched and we will have contributed to the field. This new state is per-
haps not too far off.

The year 1983 is a very interesting one for fusion research. The
two largest fusion experiments built to date, the TFTR (Tokamak Fusion
Test Reactor) at Princeton and the JET (Joint European Torus) in Euro-
pe, have both started operations and should soon be producing interes-
ting results.

The fact that these two devices are now ready is a result of
technical optimism and funding availability eight or nine years ago.
Each of these experiments represents approximately 500 Millions dollars
of program cost to date. Since the time when they were approved, this
technical optimism has been amply substantiated by the results of other
smaller experiments and the expectations of the forthcoming results are
very high.
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The significant feature of the TFTR and JET experiments is that
they are the first magnetic fusion devices which have been designed
and constructed for D-T burning, although many preliminary experi-
ments in hydrogen will be done first and therefore D-T operation is
still a few years away. Their program objectives are complementary
since JET will study the physics of a-particle heating from fusion
reactions and TFTR will try to achieve Q = 1 scientific energy break
even in a driven mode where the direct knock-on reactions from the deu-
terium beams on the tritium target plasma contribute significantly to
the fusion power output. There are also many physical differences in
the two tokamak systems and this should help shed light on the path
towards configuration optimisation. Other large experiments are being
used to study divertor configurations, superconducting coils and other
facets of the technology.

In the United States, in addition to the tokamak program, there
is also the Mirror Program centred at the Lawrence Livermore Labora-
tory which is constructing the Mirror Fusion Test Facility, MFTF-B
a large Tandem Mirror device with superconducting coils.

To progress from scientific feasibility, which we will assume will
be demonstrated by the devices whose operation is now commencing, to
engineering and then commercial feasibility, new, larger and more am-
bitions reactors must be started soon. However, the economic situation
(and the concurrent slow down in energy demand) has made funding for
fusion programs more difficult, especially when significant increases
of rate of spending are required. The main results of this are not
only delays in the starting of the next generation reactors but also
the closing down of useful smaller experiments in order to free scien-
tific and technical personnel for the large devices. This increases
some of the technical risks that must be taken for lack of detailed
background data.

The INTOR "experiment" in international cooperation on a next
generation large experiment was a technical success of some merit as
far as it went. However, in the last few years, the political will
to realize it has been lacking. The European Community is now star-
ting a project called NET (Next European Torus) whose design team is .
located in Garching (FRG). There may be ways for Canada to participate
in this activity in a modest way from a reasonably early time. Simi-
lar activities are being undertaken in the USA although the context
there is under review to determine the optimum program.

There is also a program world wide to study inertially confined
fusion systems, driven by either lasers or charged particles beams.
Analysis of the coirmercial potential of this field is made difficult
by the fact that the primary objectives are military. The general
consensus is that although the physics and technology are very interes-
ting, the power producing applications that exist are farther off
that those of the magnetic fusion concept.
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THE CANADIAN PROGRAM

In Canada the Federal Government's responsability for the fusion
program resides with the National Research Council (Fig. 1). Of the
many possible confinement schemes and technological subjects that make
up the world effort in fusion R/D (Fig. 2), Canada has chosen to con-
centrate on three areas: Magnetic confinement technology as embodied
in the Tokamak de Varennes experiment, Fusion Fuels and Tritium handling,
and Inertia! Confinement using lasers. The first two of these activi-
ties have been consolidated within NRC's National Program and will be
discussed below. The Laser activities are presently being undertaken
in NRC's Laboratories in Ottawa and in University groups across the
country but the proposed consolidation of this effort has yet to take
place.

The Tokamak de Varennes project is being undertaken by a group of
Montreal based organisations with IRBQ, the research institute of Hydro-
Quebec being in the lead role and INRS-Energie, a part of the Univer-
sité du Québec; the Université de Montréal; MPB Technologies Inc., a "
high technology company; and Canatom Inc. the nuclear consulting en-
gineers being active collaborators in the program. The scientific
thrust of the experiment is towards high duty cycle operation of a
Tokamak with the objective of studying the important plasma/wall in-
teractions on a longer time scale that possible a single pulse ma-
chines (Fig. 3). The program makes use of the facilities, ongoing
research activities, and specific skills of the participants which ha-
ve been developped together over the last decade. The major sources
of construction funding for the project are NRC and Hydro-Québec and
first operation is planned for the end of 1984. The construction
budget is of the order of 40 Millions dollars and the tokamak will be-
come a National Facility for Magnetic Fusion R/t> with a significant
scientific staff.

The Fusion Fuels program is based on the interest and experience,
developped within the CANDU power program, in the extraction and handling
of tritium (Fig. 4). This is a segment of fusion R/D which is now be-
coming important and the availibility of tritium itself can be a va-
luable asset. NRC, Ontario-Hydro, and Ontario Government are funding
this activity and the program is managed by Ontario-Hydro. A signifi-
cant difference in this program is that it is based on the management,
coordination, and stimulation of research activities to be undertaken
in existing research centres.

It should be pointed out that the implication of the two major
Canadian electrical utilities in fusion R/D is a unique situation on a
world scale. There has developped elsewhere a large gulf between the
utilities and the fusion research community and the situation here of
active participation should help to bridge that gulf.



INTERNATIONAL COLLABORATION

In order to ensure the maxiinum return of Canadian expenditure on
fusion research, international collaboration is essential. As a re-
sult of this there has been a steady increase in collaboration ac-
tivities since the inception of the fusion program five years ago.
Two Canadian scientists participated in the engineering design of the
TEXTOR Tokamak in Germany under an agreement within the IEA and others
are now preparing experiments for it. Experimenters from Montreal
are now working on the PDX Tokamak in Princeton and this summer there
will be three Canadians on the JET site. In order to progress further
in this direction specific projects will be initiated within the fra-
mework of existing comprehensive agreements. New agreements for coo-
peration and collaboration in the field of fusion research are already
under discussions with Euratom and with the United States. The even-
tual aim of these and other agreement, will be to have outside scien-
tists and engineers participate in our programs, when our facilities
are ready, in addition to the training by participation which is now "
the usual model. When this has been achieved international collabo-
ration will become much more effective.

CONNECTION WITH CANDU FISSION PROGRAM

There are several technical areas where the research and develop-
ment of the CANDU reactor have resulted in expertise and technology
which can be directly applied to fusion. Although there must be a lar
ge number of examples in the areas which can be described as "balan-
ce of plant", they are harder to quantify and I shall limit my remarks
to specific cases that have been identified where a main stream acti-
vity of the CANDU power program can, and probably will, impact on a
main stream fusion activity.

The experience of Ontario-Hydro and AECL in the manipulation and
extraction of tritium has given rise to the fusion fuels program which
has already been mentioned. The techniques of remote manipulation and
on-line refuelling, developped for the CANDU could also find applica-
tion to the fusion case on both a national and international scale.

Another area of considerable potential for interaction is the Ac-
œlerator-Breeder Program of AECL which has a considerable technical af
f inity to the Fusion Program because of the class of technical pro-
blems which are studied and the profiles of the scientists and engi-
neers who study them. The high power accelerator expertise of AECL
has, in fact, already been tapped in the design of the Fusion Mate-
rials Irradiation and Test facility (FMIT) which is to be built at
Hanford in the state of Washington, On the plasma heating and confi-
nement side, the accelerator source technology of AECL could be pro-
fitably used in the design of high power neutral beams for intense
plasma heating and for the design of lower power but higher precision
beams which can be used to measure plasma parameters.
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A very significant advantage of using existing expertise in this
way is the decrease in time that it will take to make significant and
credible contributions to the field, either by support of Canadian pro-
grams or by collaborating with international programs to which the Ca-
nadian program is coupled.



FUSION RESEARCH

EXAMPLES OF MAJOR ACTIVITIES WORLDWIDE

- PHYSICS OF THERMONUCLEAR PLASMAS

- CONFINEMENT SCALING

- HEATING METHODS AND SCALING

. NEUTRAL BEAMS

. E-M WAVE (ICH, ECH, LH)

- HIGH DUTY FACTOR OPERATION

- FUEL CYCLE RESEARCH

- IMPURITY REDUCTION

- MATERIALS AND DEVICE ENGINEERING

- DEVELOPMENT OF BETTER DIAGNOSTIC METHODS

- SUPER CONDUCTING MAGNETS

- INTEGRATION INTO GENERATING NETWORK

- RELIABILITY & MAINTAINABILITY

- REMOTE MAINTENANCE & MANIPULATION

FIGURE 1: FUSION RESEARCH. ACTIVITIES



f

CANADIAN NATICNAL FUSION PROGRAM

EESPONSIBIJE AGENCY NATIONAL RESEARCH COUNCIL

OBJECTIVE

To establish and maintain in Canada the necessary exper-

tise as a foundation from which the capability of provi-

ding fusion reactors can be developed, if and when engi-

neering and economic feasibility have been demonstrated.

FIGURE 2: CANADIAN NATIONAL FUSION

PROGRAM OBJECTIVE
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TOKAMAK DE VARENNES NATIONAL FACILITY

PRINCIPAL SPONSORS
HYDRO-QUEBEC, NRS

HIGH DUTY FACTOR OR QUASI-CONTINUOUS OPERATION

ADVANTAGES

- NEW REGIME OF PLASMA/IHERMAL/WALLS

- TYPICAL OF EVENTUAL CYCLED TOKAMAK REACTORS

- EMULATION OF LONG PULSE OR CW OPERATION

- DISCHARGE REPFODUCIBILITY

- PHYSICS OF CURRENT RAMPDCWN

PERTINENT/STUDY AREAS

- PLASMA CCWEAMINATION, DIVERTOR ACTION

- WALL LOADING

- COIL HEATING

- PROGRAMMED POWER SYSTEMS

- OPERATING SCENARIOS - CURRENT RAMPDOWN

- CURRENT RAMPDOWN - PLASMA EQUILIBRIUM STABILITY AND TRANSPORT

FIGURE 3: FEATURES OF THE QUASI-CONTINUOUS

OPERATION OF THE TOKAMAK DE VARENNES
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CANADIAN FUSION FUELS TECHNOLOGY PROGRAM

SPONSORS

NRC/ ONTARIO-HYDRO, GOVERNMENT OF ONTARIO

ACTIVITIES

FUEL SYSTEMS AND TRITIUM MANAGEMENT

Process systems for fuel manipulation and purification

MATERIALS TECHNOLOGY

Permeation and interaction of thydrogen isotopes

EQUIPMENT DEVELOPMENT

Barriers, Valves and pumps

Remote handling

HEALTH AND ENVIRONMENT

Monitoring

Management of tritium inventories

FIGURE 4: OUTLINE OF CANADIAN FUSION

FUELS TECHNOLOGY PROGRAM


