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Message from Atomic Energy of Canada
Canada's continued support of the Canadian Fusion Fuels
Technology Project (CFFTP) is providing value today, and
offers meaningful benefits for tomorrow.
Through CFFTP, Canada strengthens its position and profile in international scientific efforts. By participating in world
fusion R&D, Canadian scientists and researchers showcase our
national capability abroad, while gaining new knowledge to
apply at home.
This knowledge contains the promise of a secure, sustainable energy source, which can economically and efficiently
satisfy Canada's energy needs. While fusion development is a
long-term project, its potential payoff confirms both the logic
and significance of continued investment.
In addition to future benefits, fusion R&D provides an
important means for Canadian industry to compete in
high-technology fields. To this end, CFFTP has played an
instrumental role in securing contracts and bringing global
attention to the competitive expertise of Canadian companies.
Canada's commitment, to fusion is in keeping with its goal
of diversifying long-term energy sources. Funding of the
National Fusion Program, which is managed by Atomic Energy
of Canada Limited (AFCL), comes from
Natural Resources Canada through the
Panel ol Energy Research and
Development (PERD).
Ai AECL, we continue to work in
partnership with CFFTP in advancing
fusion's cause. Our collaboration
enhances CFFTP's own work — thanks
to the substantial skills and experience
of AECL's researchers — while broadening AECI.'s proficiency
in fusion fuel and tritium technologies.
Fusion energy, once realized, will reinforce Canada's
economic growth and prosperity by being a reliable, clean, and
affordable energy option. As a national objective, fusion is
worth pursuing. On behalf of PERD and the National Fusion
Program, AECL remains strongly committed to its
development.

DAVE TORGKON
Acting President j AECL-Research

Message from Ontario Hydro Technologies

Message from Canadian Industries

Funding fusion R&D is consistent with and supportive of the
new directions being pursued by Ontario Hydro Technologies
(OHT).
Formerly Ontario Hydro's Research Division, OHT evolved
from the recent restructuring of the corporation. Serving customers both within and beyond Ontario Hydro, the new organization seeks to apply its well-known technical innovation for
maximum benefit.
An important part of OHT's mandate is to help commercialize those technologies which show potential and value.
The Canadian Fusion Fuels Technology Project (CFFTP) —
through its international fusion work — has advanced scientific knowledge of several technologies with promising nonfusion applications.
For example, in the area of isotope separation, CFFTP has
extended the capability of such technology beyond tritium
itself to broader commercial applications. Applied to other isotopes — such as carbon, oxygen, and nitrogen — this technology has optimistic spin-off benefits for medical treatment and
health care uses.
Fusion R&D also continues to demonstrate its value to
Hydro's nuclear program. CFFTP's
acclaimed expertise in the areas of tritium and remote handling technologies
have equal application for the CANDU,
as they do for any future fusion reactor.
Furthermore, CFFTP's experience with
world fusion projects provides valuable
contacts and background for OHT's
own expanding reach. Finally, fusion
itself represents an important energy option for tomorrow's
electricity customers.

For more than 10 years, the Canadian Fusion Fuels Technology
Project (CFFTP) has actively supported Canadian industry's
involvement in fusion R&D. This involvement provides
opportunities for real business growth and development.
First and foremost, industry participation in fusion-related
work creates jobs in Canada. These jobs usually entail leadingedge knowledge work related to advanced materials, technology design, and engineering services.
Increasing our home-grown skills and experience in these
fields is key if Canada is to continue to effectively compete in
high-technology markets. Penetrating such markets has also
been made easier thanks to CFFTP.
The Project's extensive network with world fusion programs — and unceasing efforts to enlarge industry participation in this work — has raised global awareness of Canadian
capabilities. With CFFTP's assistance, Canadian companies are
not only receiving important contracts, but also valuable
attachments to fusion research labs which advance employee
expertise.
Both these benefits allow industry to leverage their fusion
work for other opportunities involving environmental, energy,
and space technologies. Equally important, these opportunities are not confined just to those large Canadian companies with established reputations.
In fact, CFFTP has secured entry for
many small companies to international
R&D markets that otherwise would be
inaccessible. By nurturing the maturing
technical capabilities of such companies, CFFTP is helping to broaden Canadian competitiveness
overall.
On behalf of the Industrial Advisory Committee — and
those many companies involved — we attest to the worth and
long-term promise of CFFTP's goals.

Environmentally-attractive, economically-affordable, fusion
- if made feasible - will help Ontario develop an energy efficient and competitive economy. Ontario Hydro Technologies'
mission is dedicated to this goal — and we are confident of
fusion's role in helping to secure it.
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DR. PETER BARNARD

PAUL STEFOW

Chairman | Ontario Hydro Technologies

Chairman \ Industrial Advisory Committee
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Message from the Manager, CFFTP
A CHANGED ENVIRONMENT

Fiscal 1993/94 marked a year of more change and continuing
challenge for the Canadian Fusion Fuels Technology Project
(CFFTP). Two key events, both funding-related, resulted in a
rationalization of current efforts — plus some hard thinking
about future directions.
Early in the year, extensive restructuring was carried out at
Ontario Hydro, one of our primary funding partners. This
restructuring, in turn, prompted CFFTP to consolidate its own
organization, and realign its administrative relationship with
Ontario Hydro Technologies (formerly Research Division).
Later in the fall, the Ontario Government decided against
renewing its five-year funding agreement with CFFTE As an
alternative, the Province opted to consider any funding of
fusion-related projects on an individual basis through its
Industrial Research Program, via industry-led proposals.
In response to both these events, neither of them unexpected, CFFTP undertook a strategic assessment of where its
strengths lay, and how best they could be used. This assessment was aided by the work of an outside consulting group,
which had completed an industrial
impact review of CFFTP for the federal
and provincial governments.
BUILDING ON STRENGTHS

Our internal review of all options led to
a
straightforward conclusion: we decidJ
ed we would best optimize CFFTP's participation in world fusion by narrowing our focus.
Rather than support those many niche areas where the
largest number of groups in Canada could contribute, we
would selectively apply our resources to fast-track specific technologies. This meant we would address fewer areas, but in
greater depth. We also decided to continue to pursue the
application of R&D products to fusion, fission, and other
industrial applications.
In essence, CFFTP is now concentrating on three core
technologies: isotope separation, tritium handling, and remote
handling. Each of these technologies were selected because of
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their high relevance to world fusion developments, and their
potential for CANDU and other non-fusion applications.
Equally important, these technologies build on existing
Canadian strengths, which have long been supported by
CFFTE
For example, Canada has already amassed significant
research, design, and industrial capabilities in these areas.
This "critical mass" of knowledge can now be further applied
to fundamental research, proof-of-principle testing of new
concepts, industrial fabrication, and the use of prototypes
and commercial systems.
ENSURING C O N T I N U I N G VALUE

The value of narrowing CFFTP's focus, we believe, will be
borne out in several ways.
Chiefly, it results in more internal efficiency, leading to
greater external effectiveness. By concentrating on fewer areas,
we can streamline our costs and target our efforts to where they
can achieve maximum benefits. In so doing, we will ensure
that Canada remains a world leader in key technological areas.
In the near term, this strategy will involve channelling
resources to commercialize fusion and any spin-off technologies. These efforts will be strengthened through CFFTP's close
partnership with Ontario Hydro Technologies (OHT) and with
industry.
Our primary thrust, however, will be to continue to
develop those technologies which will make fusion a reliable,
economical and environmentally-attractive energy source.
These efforts will support the work of the International
Thermonuclear Experimental Reactor (ITER) project, which
currently represents the major international fusion activity.
While this key objective is longer term in scope, it also
delivers benefits today. In particular, these include advancements in Canadian scientific knowledge of fusion and related
technologies, and increased industry ability to compete in hightech global markets.
To date, Canadian companies have undertaken a number of
significant contracts related to world fusion programs. CFFTP
will continue to aggressively seek out opportunities, on behalf
of Canadian industry, which further enhance national
capabilities.

LOOKING TOWARD THE FUTURE

CFFTP has long recognized the vulnerable nature of fusion
R&D funding. The immensity of the research required, the
complexity of the technologies involved, and the lengthy timelines before fusion's promise can be realized are all challenging
factors when assessing progress and benefits.
Yet despite much of the inherent uncertainty within the
task, significant milestones continue to be achieved. These
range from successful collaborations with world-renown laboratories, to raising global awareness of Canadian industry's expertise, to securing international fusion attachments which access
leading-edge developments.
Each of these achievements was made possible due to the
support of our funding partners. As before, CFFTP will look
for innovative ways to further leverage this funding.
Overall, CFFTP remains optimistic that fusion-related R&D
projects, with industry involvement, will merit support from
the Ontario Government through its Industry Research
Program. We are also grateful for the renewed support of
Ontario Hydro and that of the federal government through the
Panel on Energy Research and Development (PERD).
As we look toward the future, we will continue to build on
our strengths and capabilities. Fusions potential and its
promise - when it arrives within our reach — must remain
within Canada's grasp.
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DR. DON DAUTOVICH

Manager \ Canadian Fusion Fuels Technology Project
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ology development is key to fusion
s success. In 1984, fusion research
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technologies and apply them
worldwide in todays advanced
fusion projects, and to apply these technologies in fusion and tritium research
facilities. CFFTP concentrates on developing capability in fusion fuel cycle systems, in tritium handling technologies
and in remote handling.
In January 1994, the US TFTR
(Tokamak Fusion Test Reactor) fusion
experiment produced a nine megawatt
pulse of fusion power, the largest fusion
power yield to date. In 1991, Europe's
JET (Joint European Torus) fusion
machine produced two megawatts of
fusion power. These JET and TFTR high
power fusion yields were short pulses of
power, but their power level erases any
doubt that fusion can yield energy in
large quantities.

JET. The Joint European Torus (JET) in
England is Europe's largest lokamak
research facility. JET, which is capable of
using tritium in its fuel mix, was the first
tokamak in the world to produce
megawatt levels of fusion power. It is
also an important development site for
remote handling. JET is currentlyinstalling high power divertors and will
be resuming operations in 1994. CFFTP
has a long standing relationship with
JET, having attached specialists there
over a number of years, and supplied
JET with equipment and expertise.

World Fusion Projects
World spending on fusion power development continues to be about S2 billion
per year. Over 30 countries do active
fusion research. The major programs are
those of Europe, Japan, Russia and the
USA. CFFTP has collaborated extensively with the fusion programs of Europe,
the USA and Japan, and has recently
been working with fusion groups in
China and Chile.
To indicate the world fusion R&D
activity, the following are a few of the
major fusion projects in 1993.
ITER. The worlds flagship fusion project is the International Thermonuclear
Experimental Reactor (ITER). Europe,
Japan, USA and Russia have each committed resources to designing ITER, a
fusion reactor of about 1,500 megawatts
fusion power. ITER is now in the second
year of its Engineering Design Activities
(EDA). The four parties to ITER are
committed to producing by 1998 a
fusion plant design in enough detail to
permit the start of construction. Canada
contributes to the ITER EDA through
Europe, and contributed earlier to the
ITER Conceptual Design Activities
(1987-1990).
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TFTR. The Tokamak Fusion Test Reactor
(TFTR) at Princeton University is the
leading US fusion facility It commenced
tritium plasma experiments in 1994,
achieving a record fusion power production of nine megawatts. CFFTP has supplied tritium systems, equipment designs
and specialist personnel to TFTR, and
trained TFTR staff in tritium handling.
SEAFR Europe's major reactor study,
examines the Safety and Environmental
Aspects of Fusion Power plants (SEAFP).
The study, to be completed by 1995,
involves designing and analyzing a large
fusion power plant. CFFTP has participated in several aspects of SEAFP
TPX. The Tokamak Plasma Experiment
(TPX) will be the major successor experiment to TFTR at Princeton University,
when TFTR is shut down after completion

of its tritium plasma experiments.
Design of TPX is now in progress.
O

LHD. The Large Helical Device (LHD)
is now being built near Nagoya in Japan.
It will be the world's largest stellarator
device. In magnetic fusion, the stellarator is the best-studied alternative to the
tokamak.
NIF. The National Ignition Facility
(NIF) is a large laser fusion facility being
designed in the United States. The
facility's fusion objective would be to
demonstrate the ignition of a tritiumdeuterium target by heating and
compressing it with focussed
high-power laser beams.

CFFTP Fuel Cycle Technologies
The relevance of CFFTP's core fuel cycle
technologies programs to world fusion
development is seen by looking at how
fuel cycle technologies have changed
since 1980, and at some reasonable
expectations for fuel cycle technology
developments in the next few years.

(R&D directions)
Plasma Fuelling

cryogenic pellet
injection

cryogenic pellet
injection fuelling

compact toroid

Vacuum Pumping

batch
cryopumping

batch
cryopumping

continuous
cryopumping

Plasma Exhaust
Cleanup

molecular sieves
+ oxidation
+ electrolysis

permeators
+ HITEX process

permeators
+ HITEX process

Hydrogen Isotope
Separation

cryogenic
distillation

low tritium inventory
cryogenic distillation

low tritium inventory
cryogenic distillation or
advanced version

Tritium Breeder
Materials

lithium aluminate

lithium zirconate

lithium titanate or
lithium zirconate

Blanket Tritium
Recovery

temperature swing
adsorption

pressure swing
adsorption

pressure swing
adsorption

Plasma-Facing
Components

graphite

carbon composites
or beryllium

doped carbon composites
or beryllium

Tritium Storage

uranium getter beds

uranium getter beds

uranium and zirconium
alloy getter beds

Air Cleanup

Hot catalytic oxidation
+ molecular sieves

Hot catalytic oxidation
+ molecular sieves

cold oxidation
+ molecular sieves

water distillation

combined electrolysis
and catalytic exchange,
water distillation

Test Reactor CFFIR),
• Princeton University"
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These changes represent improvements
in, for example, process simplicity or
sizing, or in reduced tritium inventory.
The table highlights the technologies in
which CFFTP and its associates have
significant recognition (shaded items).
CFFTP Capabilities and Facilities
Over its 12 year history, CFFTP has cultivated Canadian universities, corporations and laboratories to build strong
capabilities in the core fusion technologies which underlie CFFTP's systemslevel capabilities in fuel cycle, tritium
handling and remote handling. CFFTP
focusses its fusion technology R&D
programs on the six following themes:
o

PRIMARY

Q.
0)

FUEL CYCLE
TRITIUM HANDLING
REMOTE HANDLING

SECONDARY
GAS SEPARATION
MATERIALS

Water Detritiation

_o
o
c

PLASMA FUELLING

Extensive R&D facilities are available for
technology development among CFFTP's
associates. These are some key CFFTP
associates.
Canadian Tritium Laboratories
The tritium laboratories at AECL Chalk
River and Ontario Hydro Technologies
have been CFFTP associates since the
1982 inauguration of CFFTR Both laboratories have supplied hardware designs

Page 0

c

T E C

13

o

and expertise to fusion laboratories outside Canada. The laboratories are capable of basic tritium research (such as tritium-materials interactions), and the
design and testing of tritium systems
and components.

H N I C A L

H I G

H L I G

Industry Associates
A mix of large and small companies
sustains CFFTP's fusion technologies.
Companies active in CFFTP's 1993/94
programs include the following:
• AECL Research

AECL Research Chalk River
Laboratories
As well as its tritium laboratory, AECL
Chalk River has a strong ceramic fabrication and nuclear testing program, and
has worked with CFFTP on a range of
subjects including tritium dosimetry,
environmental dispersion of tritium, tritium monitor development, air detritiation technologies and safety studies.
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Ceramics Kingston Inc.

•

Cametoid Advanced Technologies

•

EG&G Labserco

•

Fermi Systems

•

Industrial Ceramics Ltd.

•

NITEK Corporation

•

NUMET Engineering Limited

•

Ontario Hydro Nuclear

•

Ontario Hydro Technologies

Ontario Hydro Technologies

H Qualprotech (Oakville) Inc.

This broad-capability utility laboratory
was formerly Ontario Hydro Research
Division. In addition to its tritium laboratory, Ontario Hydro Technologies has
special expertise in isotope separation
technologies, particularly in cryogenic
distillation and gas chromatography.

M Spar Aerospace Limited

Centre canadien de fusion
magnetique (CCFM)
t:
o
a

•

CCFM is Canada's key fusion site for
magnetic fusion research, and is home of
the TdeV tokamak. CCFM is collaborating with CFFTP on testing the Compact
Toroid plasma fuelling device developed
by CFFTE

o
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H Spectrum Engineering Corp. Ltd..
•

M Wardrop Engineering Inc.
Universities
The universities undertaking research
with CFFTP in 1993/94 were:
H University of Saskatchewan
(Compact Toroid fuelling)
H University of Manitoba
(breeder pebble bed gas dynamics)
• University of Toronto Institute for
Aerospace Studies (plasma facing
materials and divertor plasma
research)
•

ai
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Stern Laboratories Inc.

•

Trent University (breeder pebble bed
thermal characteristics)

McMaster University (hydrogen
isotope permeation and retention
in materials)
• University of Sherbrooke (metallic
plasma sprayed refractory coatings)
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CFFJP's Fuel Cycle R&D is devoted to
developing fuel cycle system designs
and fuel processing technologies, and
m m m i m ^ ^ m m m m
to research in materials needed for
fusion reactor fuel cycles.
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1 n important goal of the program
| is to continually improve safety
» _ i and reliability of fuel cycle systems, for example by developing tritium
processing system designs with reduced tritium inventories. There is also emphasis on
transferring technologies to industry.
The fuel cycle of a fusion reactor consists of a set of systems which keep the
fusion reaction supplied with fuel of the
proper composition at an appropriate rate.
The fuel cycle must deal with three
main fuel components:
•

New fuel, brought into the site from
outside. This means the initial supplies
of tritium, and constant new supplies of
deuterium.
• Tritium fuel that has been produced, or
bred, in the fusion devices breeder
blanket.
• Unburnt fuel present in the exhaust gas
from the fusion reaction.
The main systems incorporated in the
fuel cycle therefore have these basic
functions:
• Producing, or 'breeding' tritium in the
fusion reactor.
• Injecting the tritium and deuterium fuel
into the fusion reactor.
• Purifying fusion reactor exhaust gases to
separate out and recover unburnt
tritium and deuterium.
• Separating recovered tritium-deuterium
mixtures into tritium and deuterium
streams.
jSKlk

^•%

Technology

|PS^.

Plasma Fuelling

Compact Toroid Fuelling

Plasma Exhaust Cleanup

HITEX process

Hydrogen Isotope

Low Inventory Cryogenic

^=^%

Separation

Distillation and Advanced
Gas Chromatography

Tritium Breeder Materials

Lithium Zirconate and
Lithium Titanate Ceramic
Pebbles

Plasma Facing Components

Beryllium and Doped
Graphites

Within these broad categories, CFFTP's
Fuel Cycle program concentrated in
1993/94 on the technologies listed in the
table below.

CD
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Compact Toroid Fueller
CFFTP is developing a fusion fuelling technology known as Compact Toroid (CT)
fuelling. CT fuelling addresses a difficulty
with present tokamak fuelling methods
such as gas puffing and cryogenic pellet
injection. These technologies cannot reliably inject the deuterium-tritium fuel into
the centre of the tokamak plasma. CT
fuelling is potentially capable of this task.
The method involves injecting self-contained toroids of hydrogen fuel, as a hot
plasma, into the main tokamak plasma at
velocities of several hundred km/sec. The

Compact Towidfueller installed on the TdeV.

CD
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cyi

en

t
o
CT fueller accelerates these toroids of fuel,
which weigh only tens of micrograms, by
electromagnetic acceleration. CTs had previously been accelerated to high speeds, but
not studied on tokamaks.
The CT fueller experiment was
designed and built at the University of
Saskatchewan, with technical assistance
from UC Davis at Livermore. In 1993 it
was transferred to the TdeV tokamak at
Centre canadien de fusion magnetique.
Most of 1993/94 was spent commissioning
the CT fueller. CT fuelling experiments on
TdeV in early 1994 succeeded in injecting
CTs of deuterium fuel into the centre of
TdeV tokamak plasma at toroidal fields of
one Tesla. The injected fuel increased the
central density of the TdeV plasma as
intended. Refinement of CT fueller
operation will continue.
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HITEX Process
HITEX means High Temperature isotopic
EXchange. Its purpose is to detritiate the
tritium-bearing impurity molecules that
will appear in fusion reactor exhaust gases.
The exhaust gases will contain organic
impurities, such as methane (CH4) and
ammonia (NH3). Tritiated organics can be
detritiated by many orders of magnitude by
this method. Furthermore, it needs only
small tritium inventories and can be
constructed from essentially off-the-shelf
components.
The essence of the HITEX process is to
mix the reactor exhaust gas with excess
hydrogen (protium) gas, and then pass this
mixture over a hot platinum catalyst.
Catalytic action exchanges the tritium in
the impurity molecules with protium from
the added excess hydrogen gas. The catalyzed gas mixture is admitted to a palladium-silver diffuser membrane, through
which only hydrogen isotopes pass. This
leaves behind the detritiated organic molecules which are suitable for discharge to
atmosphere because of the high detritiation
factor. The pure mixture of hydrogen isotopes passing through the diffuser, and
containing the tritium, can be treated by
one of several isotope separation processes
to isolate the tritium for storage or recycling
to the fusion reactors fuel systems.
A proof-of-principle HITEX system was
built and tested at Ontario Hydro
Technologies two years ago. In 1993/94 a
prototype HITEX system was designed
under a CFFTP contract by Wardrop
Engineering Inc. This tritium-compatible
design was based on an internal gas flow
rate of two litres/minute. The HITEX system will be built and tested with tritium at
AECL Chalk River Laboratories in 1994/95.
This R&D is being carried out under a
direct request from ITER.

Low-Inventory Cryogenic Distillation
Development of cryogenic distillation (CD)
technology at Ontario Hydro Technologies
has been funded by CFFTP for several
years, in order to address the fusion need
for high-throughput hydrogen isotope sep-
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aration systems with low tritium inventory.
The program has been successful, as evidenced by the use of this technology in the
Princeton Tritium Purification System
(TPS) which was delivered to Princeton
Plasma Physics Laboratory in March 1994.
(See the Applications section of this report
for a description of the TPS). CD work in
1993/94 focussed on the engineering issues
related to the Princeton TPS. Of particular
note is the stable operation of the four-column distillation system of the TPS,
achieved in the Hydrogen, Deuterium,
Tritium (H,D,T) commissioning tests.

Advanced Gas Chromatography
CFFTP has also been supporting development at Ontario Hydro Technologies of
advanced gas chromatography (AGC) for
small-scale hydrogen isotope separation.
During 1993/94 Spectrum Engineering
Corp. Ltd. designed, fabricated and delivered a laboratory-scale prototype AGC to
Ontario Hydro Technologies for testing.
The AGC technology represents a large
reduction in system size and tritium inventory for a given throughput, compared to
previous CFFTP gas chromatography
systems.
Design parameters for the Spectrum
AGC are: Hydrogen isotope batch size of
4.0 normal litres of hydrogen isotopes, separated into the six H,D,T molecules in
three hours. Helium carrier gas throughput
is 2.5 normal litres/minute. The main components of the lab-scale AGC would fit into
a standard-size glovebox. Commissioning
tests with trace tritium showed good separation into the six peaks as expected.

Ceramic Breeder Materials
CFFTP has been developing ceramic materials for use as the tritium breeding medium in fusion reactor blankets. The ceramic
breeder program is focussed on pebble
beds, in which small spheres of lithium
ceramic, about one millimetre diameter, are
packed in engineered 'breeder blankets'
arranged around the fusion reactor core.
The present AECL process for making
-1.2 mm diameter pebbles of lithium
titanate and zirconate is well established.

CFFTP has worked towards transferring
the capability to industry in order to be
able to produce the tonne quantities of
pebbles that would be required for projects
such as a breeder blanket for the ITER reactor. Trials were carried out in 1993/94 with
selected companies on stages of the fabrication process, to produce lithium ceramic
pebbles in quantities of 1-3 kg. This work
slowed down in 1993 because of funding
constraints.
The Chalk River fabrication group continued to test variations in the reference
pebble fabrication process, primarily to
improve the strength of finished ceramic
pebbles under thermal cycling. Lithium
titanate and lithium zirconate pebbles were
thermally cycled over 200 - 1000° C at
Chalk River, AECL, and the loss of strength
measured against some fabrication parameters. Modest improvements were noted,
and the work is continuing. Preliminary
investigations of alternative pebble fabrication methods (agglomeration and sol-gel)
were carried out, but no improvements
over the present process have been so far
identified.
Characterization of thermal and
mechanical properties of pebble beds is
important for assessing performance of
future solid breeder blankets. Experiments
in 1993/94 focussed on measuring thermal
conductivity of mixed beds of metal and
ceramic breeder pebbles (at Trent
University) and on measurement of packing and pressure drop in binary beds (at
University of Manitoba). A binary bed contains pebbles of two different sizes to improve the packing fraction. In collaboration
with the Japan Atomic Energy Research
Institute (JAER1), pressure drops were measured in a binary bed of 1.2-mm zirconate
pebbles from AECL mixed with 0.2-mm
zirconate pebbles from JAER1. To provide a
more realistic "engineering" test of pebble
bed behaviour in blankets, a 3-m long by
12 mm diameter hollow steel pin was filled
with zirconate pebbles, and thermally
cycled over 50 - 700° C in a test facility at
Spectrum Engineering. This pin geometry
was a shortened version of breeder pins

proposed in a recent ITER-relevant blanket
design collaboration with Europe's
Next European Torus (NET) project in
Garching, Germany.
Ultimately, the proof of breeder blanket materials is in nuclear testing. To this
end, lithium zirconate pebbles had been
tested to 5% lithium atom burnup (ITER
levels), in collaboration with US and Japan,
in the BEATRIX-II experiment in the US
Fast Flux Test Facility (FFTF) reactor.
During 1993, data analysis was started and
preparations made to receive the irradiated
capsule for post-test examination in the
AECL Chalk River hot cells. Another
nuclear test, the CRITIC-II irradiation of
lithium zirconate pebbles in the AECL
Nuclear Reaction Universal (NRU)
reactor, continued during 1993/94. The
CRITIC-II test differs from BEATRIX-II, in
that NRU provides a thermal neutron flux
spectrum (rather than the fast neutron
flux spectrum of FFTF), and that the
CRITIC-II in-reactor rig operates at lower
temperatures, 200 - 800°C rather than the
400 - 1100°C range of the FFTF tests. The
CRITIC-II temperatures correspond closely
to those anticipated in a proposed ITER
breeder blanket design. Although the
experiment is not complete, early results
are consistent with good release of tritium
from lithium zirconate pebbles at these
temperatures.
CFFTP and AECL have been exploring
lithium titanate as an alternative, low-tritium-inventory and low-activation breeder
ceramic. The one previous (-1980) test of
lithium titanate had indicated that its tritium release characteristics should be
good. During 1993, this was confirmed in
post-irradiation CREATE tests at AECL
Chalk River and in collaborative tests with
Argonne National Laboratory.

Doped Graphite
Carbon, either as graphite or carboncarbon composites, continues to be an
important material for fusion components
which will come into contact with plasmas. CFFTP has a long-standing research
program at UTIAS into hydrogen interac-
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tions with graphite and carbon-carbon
composites Theie aie two lCbcaich
thrusts - understanding mechanisms
behind hydrogen retention and erosion,
and exploring doping as a method
for improving properties.
In 1993/94, work at UTIAS concentrated on upgrading equipment. The dual
beam accelerator was put into full service.
This device can bombard material samples
with two different species at different energies to measure synergistic erosion, or to
probe the mechanisms behind erosion.
The single beam accelerator received a new
line-of-sight mass spectrometer. Commissioning of the new tritium ion gun for the
tritium laboratory began. The vacuum system for the tritium laboratory was refurbished. A high temperature thermal conductivity test cell was commissioned.
Several dense doped graphites were
supplied by Ceramics Kingston under a
CFFTP contract, and tests on them begun
at UTIAS in 1993. The graphites were
doped with six dopants: boron, silicon,
aluminum, nickel, titanium and tungsten.
Analysis of implanted tritium in graphite tiles from the JET tokamak was completed during the year, using the UTIAS
tritium imaging camera. The tritium was
found to be relatively uniformly distributed across the surface of the samples
received.

Beryllium
Beryllium is the reference plasma-facing
material for ITER. It has proved difficult to
obtain oxide-free beryllium surfaces in
order to measure the true hydrogen characteristics of bulk beryllium. To better
understand the beryllium system, hydrogen transport and retention were measured
at McMaster University and Trent
University for several beryllium materials
by ion beam analysis and thermal desorp-

Ion beam analysis of hydwgtn
ictcntwn m mateuals at tht Mi.\la$tei
Univa sitv audemtoi

tion. These were beryllium, beryllium
oxide, beryllium carbide, and the beryllium intermetallics TiBe,, and ZrBer;. The
results imply that beryllium oxide and carbide have very low hydrogen permeabilities and thus dominate hydrogen transport
in beryllium systems, and that the intermetallics behave rather like beryllium with
respect to hydrogen retention. Later in the
year, single-crystal beryllium was supplied
by JAERI in order to compare results and
to explore the importance of grain boundary diffusion in bulk beryllium.

Aluminum Nitride Coatings
Liquid lithium blankets, proposed for
ITER and for power reactors, require
reliable electrical insulation between the
lithium and the structural material of the
blanket. Aluminum nitride is a candidate
insulating coating that appears to be compatible with liquid lithium. In 1993/94,
Cametoid Advanced Technologies Inc.
coated aluminum nitride onto vanadium
specimens using ion beam deposition to
achieve graded coating compositions. Such
coatings potentially have reliable adhesion
to the substrate. This work was an ITER
task for 1993.

Personnel Attachments
Otto Kveton joined the ITER Joint Central
team (JCT) in Naka, Japan, in November
1993 to begin a two year attachment. He
joined the ITER JCT as a staff member of
the Tritium Plant Group of the ITER
Nuclear Technology Division.
David Murdoch continued his attachment
at Garching with the NET team throughout 1993/94. David is responsible for the
Tritium Technology program within the
European ITER Home Team.
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i conjunction with the fuel cycle R&D
programs, a diversity of other
tritium-related R&D programs is needed
to support and maintain leadership in
CFFTP's six core technology areas.
The Tritium Handling R&D area
manages these supporting programs,
which encompass a range of topics
including component development jor
tritium systems, development of
non-fuel cycle tritium systems such as
instrumentation, and research into basic

H 1 G II L I G II T S

ritium handling is a Canadian
strength that is useful in support of the CANDU fission
program and industrial applications. The
continuing delivery of the Tritium Safe
Handling Courses is also an example of
supporting activities in the Tritium
Handling area.
Safety expertise is also a supporting
technology for fuel cycle and tritium
handling technologies. Safety tasks
performed in 1993/94 for overseas
programs are reported in this section.
These were the program activities in
Tritium Handling in 1993/94:

Secondary Enclosure Cleanup
(SEC) System
The SEC system is an inert atmosphere
detritiation system, designed to maintain
low tritium levels (in the order of tens of
microcuries/m5) inside gloveboxes used
for enclosing tritium processing systems.
There are fusion-related and commercial
applications for such systems.

tritium behaviour and the environmental behaviour of tritium.

Secondaiy Enclosure Cleanup System designed and built in conjunction with Ontario
Hydro Technologies, Qualprotech (Oakville)
Inc., and SAES Getters, U.S.A., Inc.

The SEC system design was developed
by Ontario Hydro Technologies and
CFFTP in conjunction with SAES
Getters Inc., a US company. CFFTP has
been supporting SEC system development for several years. A SEC system
circulates a bleed stream of glovebox
atmosphere gas through a loop
containing a proprietary SAES getter bed
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(zirconium-iron) which removes or scavenges tritium from the gas. Detritiated
gas is returned to the glovebox atmosphere. Long term performance testing of
a prototype SEC system, and continued
refinement of the SEC system design,
continued through 1993/94 at Ontario
Hydro Technologies under a CFFTP
contract. The production prototype,
under test since summer 1993, was built
by Qualprotech, Inc. It is built into a
transportable enclosure with dimensions
70 x 80 x 110 cm. In performance tests,
the SEC system prototype was able to
reduce tritium activity in the atmosphere
of a 0.5 m ! volume glovebox from four
curies/m3 to background levels.

Tritium Safe Handling Courses
1994 marks the eleventh year that these
popular courses have been offered.
CFFTP delivered one Basic Course in
May 1993, one Advanced Course in
October 1993 and one course by special
request for staff of Princeton Plasma
Physics Laboratory. The basic and
advanced courses delivered in 1993
were fully subscribed. Basic course
complement is 18 students; advanced
course complement is 12 students.
Interest in the courses has been steady
from year to year. Except for specialrequest courses for Princeton, all courses
have had attendees from several countries, mostly from European countries,
the USA, Japan and Canada. Persons
from Chile attended the 1993 basic
course. Basic and advanced courses are
both one week long, and consist of
lectures followed by practical sessions.
The basic course was conducted at
AECL Chalk River Laboratories (as was
the special Princeton course) and the
advanced course was conducted at
Ontario Hydro Technologies.

ETHEL Calorimeter
CFFTP supported a program of calibration tests of a European tritium assay
calorimeter at AECL Chalk River
Laboratories. The calorimeter belongs to
Europe's ETHEL tritium laboratory at

JRC Ispra, Italy. ETHEL staff will use it
for measuring quantities of tritium
stored on metal getter beds or in small
tanks. The Chalk River tests were
completed during 1993/94. Because
calorimetry assays tritium while it is still
enclosed in its container or getter bed,
calorimetry is a simpler method than
traditional Pressure-Volume-Temperature
(PVT) assay methods. It is, however, not
yet widely used. The method depends
on accurate measurement by the
calorimeter of temperature increases
resulting from the tritium's nuclear
decay power after its conversion to heat
by beta ray absorption in the material of
the tritium storage container. This decay
power is 33.7 milliwatts per 1,000
curies of tritium, or 324 milliwatts per
gram. The tests, witnessed by US,
German, Italian and Canadian scientists
and engineers, demonstrated that under
most circumstances, calorimetry can be
as accurate as traditional tritium assay
methods. Calorimeter accuracy specifications were 0.5%, 2.0% and 10% error
on the measurement of 50,000 Curies,
10,000 Curies and 1,000 Curies of
tritium, respectively. Calorimeter measurements were within 1 % of traditional
PVT measurements at 50,000 Curies. As
little as 100 curies of tritium can be
measured, although with less accuracy.
Ontario Hydro International contributed the tritium used in the trials at
Chalk River, and Ontario Hydro Nuclear
(Darlington) performed comparative
assays on the tritium getter beds used
for testing the calorimeter's performance.
AECL and Euratom were co-funders of
these calorimetry trials, with CFFTR

Tritium Getter Bed Development
When CFFTP is asked to supply a tritium-compatible getter bed (whether for
scavenging, storage, or transportation of
tritium), the bed is usually designed
specifically for each application. A getter bed standardization program was
launched in 1993/94, with the goal of
producing a set of engineered standard

getter bed designs that can be used in a
variety of applications. Contracts were
let to Qualprotech Inc. to develop
detailed designs, including engineering
construction drawings, for a range of
tritium-compatible hydrogen isotope
getter beds. Preliminary designs were
completed during the year for several
beds. Some testing of prototype beds
was started in 1993/94.

MOL Electrolysis Cell
The Tritium Group at AECL Chalk River
has an ongoing program with CFFTP to
test an electrolysis cell built by Europe's
MOL Research Centre in Belgium. The
cell is designed to electrolyze water
containing tritium in excess of 100,000
curies per litre. As conceived, the cell is
intended for use in tritium facilities
where, for example, highly tritiated
water might be recovered from atmospheric dryers inside buildings after
tritium or reactor coolant spillages inside
the reactor containment building. In
1992/93 the Chalk River Tritium Group
found leakage, corrosion and other difficulties with the cell after they had operated it as first supplied by MOL. The
cell was returned to MOL for modifications. In 1993/94, the modified cell was
returned to Chalk River where it was
tested for several weeks in closed loop
configuration. The cell's electrolysis

Mol Cell Test Loop al AECL Resewch,
Chalk River Labot atoria (CRL)

performance was found to be as
designed, and no leaks or corrosion
were discovered. Present plans are to test
the cell with tritiated water in 1994/95.
Auxiliary systems including a glovebox were being prepared at the end of
1993/94 in readiness for tritiated water
electrolysis tests.

Air Detritiation
Under a CFFTP contract, the Tritium
Group at AECL Chalk River continued
investigations into tritium retention and
re-emission by atmospheric dryers containing molecular sieve desiccant beds.
A goal of the program is to assess the
amount of tritium emitted from a
previously uncontaminated dryer after it
has been used in an atmosphere cleanup (detritiation) cycle. Tests at AECL
Chalk River simulated room air detritiation service by using molecular sieve
dryers to dry an air stream moistened at
various levels with tritiated water of high
specific activity, up to 1,000 curies/kg.
Tritium levels in the air entering the
dryers were accurately known. The tests
measured tritium in the dryer outlet air
during and after the drying of moist
tritiated air containing various tritium
levels, and also after the dryer had been
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regenerated normally. Regeneration is
done by heating the desiccant bed to
drive off (and collect for storage or processing) the water it has collected by
adsorption during the drying cycle.
Preliminary results indicated that
after drying iritiated air, the regenerated
dryer bed can introduce tritium into
tritium-free air passed through the dryer,
if the dryer is not completely regenerated. With a tritium-free dryer bed, none
of the tritium entering the dryer passed
through to the outlet. Therefore, iritiated
moisture escaping in the dryer outlet
stream is a function of residual tritium in
the dryer, and not really dependent on
inlet tritium levels. Investigations are
continuing into 1994/95.

Surface Contamination Monitoring
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During 1993/4 the AECL Chalk River
Tritium Group continued investigating
tritium contamination on surfaces, and
also evaluated methods of monitoring
tritium surface contamination. The
AECL experimental program was
designed to assess tritium contamination
and desorption with a variety of materials and surfaces, and to assess methods
of measuring tritium surface contamination. A variety ol samples were contaminated with tritium, including various
metals and non-metals with different
surface characteristics (such as rough or
polished, galvanized or plain metal,
greasy or dry). Various laboratory techniques were used to determine the actual amounts of tritium that sorbed onto
the different surfaces during standardized exposures to tritium, and to determine the amounts ot tritium that would
desorb from the surfaces under various
conditions. They also compared the
performance of two surface monitoring
techniques in measuring surface contamination: the traditional wiping method,
and a commercial vacuum scintillation
counter.
In the wiping method, which has
been used as an operational surface contamination method for man)' years, an
absorbent paper coupon is wiped over
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the surface in question, and the tritium
absorbed by the paper from the surface
is measured by liquid scintillation
counting to assess the level of tritium on
the surface. The method is not wholly
satisfactory because it is labour-intensive
and time consuming, and because of
numerous measurement uncertainties.
These include variations in actual area
wiped, and variations in the collection
efficiency of the wipe paper on various
surfaces. Performance of the commercial
vacuum scintillation counter is also
being evaluated, using the various
surfaces deliberately contaminated with
tritium.
The correlations found between wiping and the vacuum scintillation measurements will be of interest. One of the
1993/94 results indicates that a swipe
can remove as much as 40% of tritium
contamination from a surface, compared
with the commonly accepted value of
10%. The effect of surface treatment on
tritium removal efficiency is being investigated in this program. For example,
preliminary results indicate that degreasing the surface before it is contaminated
will reduce the amount of tritium sorbed
onto the surface when exposed to a standard level of tritium in air. The surface
contamination program continues into
1994/95.

Tritiated Waste Classification
Ontario Hydro Technologies continues a
program to examine the feasibility of
classifying and discriminating between
various types of tritiated solid waste held
in bags by measuring tritium content of
the vapours and gases emanating from
the bag. The program investigates
metallic wastes (stainless steel, copper
and aluminum) and non-metallic wastes
(vinyl gloves, paper products and
scintillation vials). Air drawn through a
closed bag of tritiated waste is pumped
at known rates through a water bubbler
to collect tritiated species. Water in the
bubbler is then assessed by liquid scintillation counting. Tritium outgassing
rates as low as 0.1 nanocuries/day can

be measured by this method.
Typical outgassing rates of 250
nanocuries/kg/day were measured
for non-metallic waste.
Actual tritium inventories on the
waste are estimated by soaking selected
waste components, followed by scintillation counting of the leachant. There
appear to be first order correlations
between bag contents and tritium as
measured by vapour collection. Work
will continue in 1994/95.
SEAFP Studies
Euratom embarked on a study on the
Safety and Environmental Aspects of
Fusion Power (SEAFP) in 1992. The
SEAFP project entails designing a fusion
power plant of 3,000 megawatts fusion
power in sufficient detail that its public
safety and environmental impacts can be
assessed. CFFTP and its associates took
part in several SEAFP design and analysis tasks. The SEAFP studies are coordinated by a steering committee which has
representatives from the NET Team
(Garching, Germany), from European
industry and from the United Kingdom's
Atomic Energy Authority. CFFTPcofunded input to the SEAFP work was
done under direct contracts from NET,
or through subcontracts from European
sites. The SEAFP work indicated that a
number of Canadian CANDU fission
reactor technologies are applicable to
fusion reactor cooling and containment
systems.
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These were the studies done for the
SEAFP project in 1993/94:
In collaboration with STUDSVIK Ecosafe
of Sweden, a nuclear company, CFFTP
and its associates designed the pressurized water cooling system for the SEAFP
fusion reactor (done by ENSAC), and
performed a safety analysis on the completed design (done by AECL CANDU).
CFFTP participated in the design of
the SEAFP containment concept, and
had primary responsibility for the conceptual design of the emergency air
detritiation systems for cleaning the air
inside containment after a reactor accident. This was also a STUDSVIK subcontract. Proven CANDU air detritiation
technology was found adequate for
SEAFP air detritiation requirements.
Under a CFFTP contract, AECL
CANDU performed thermalhydraulic
analysis to demonstrate the natural
coolant circulation capability of the reactor after a total loss of coolant flow
event. CFFTP was awarded the contract
for this work by STUDSVIK.
Under a NET contract, CFFTP,
Ontario Hydro Nuclear and NITEK
Corp. designed the complete fuel cycle
system for the SEAFP reactor. The
SEAFP breeder blanket was specified as
producing 480 grams of tritium per day,
with the reactors daily tritium fuel
requirement being slightly less. A
Pressure Swing Adsorption system

would separate the bred tritium from the
breeder blanket's helium purge gas. A
safety analysis of the completed design
was done by CFFTP, ENEA Frascati and
the National Nuclear Corporation (UK),
under a subcontract from ENEA
Frascati.

XVoildju ion Sofas Committee
comeige on Towntojoi Safety
Meeting pon oudby the
JnUmatwnal Atomic Enagy Agcne\
June 1993 Tht meeting was
otgamztd by CFFTP

ITER Organic Coolant Review

Personnel Attachments

Unlike water, organic coolants can be
used at low pressures in high temperature cooling circuits. CFFTP and ENSAC
assembled Canadian CANDU research
data on organic reactor coolants, and
made presentations to the ITER Joint
Central Team in San Diego on the possibilities of using organic reactor coolants
for the ITER reactor. In subsequent discussions between CFFTP and ITER, it
was agreed that organic coolants may be
suitable for cooling certain ITER reactor
components not exposed to intense
neutron fluxes.

Peter Ladd continued his attachment
at the Max Planck Institute at Garching,
Germany, as a vacuum systems expert.
At the start of 1993/94, Peter was
attached with the NET Team at
Garching. Later, he was assigned full
time to the ITER Joint Central Team at
Garching.

JET Safety Tasks
An appendix to the Precommissioning
Safety Report was prepared, discussing
the behaviour of tritium in the environment and inside fusion facilities. A
review of the safety interlocks in JET's
Active Gas Handling System was also
performed.

Mark Wright, a safety expert, entered
the second year of his attachment to
the JET Safety Group during 1993/94.
He is responsible for preparing the
JET Tokamak Precommissioning Safety
Report which reports on the safety
implications of JET tritium operations.
Bob Sissingh, Ontario Hydro,
completed his attachment to Princeton
Plasma Physics Laboratory as Head of
Tritium Systems.
Dominic Wong, Ontario Hydro, completed his attachment to Princeton
Plasma Physics Laboratory where he
worked on TFTR tritium systems.
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Remote handling work in 1993/94 was
nearly all international in nature. Much
oj the remote handling work is oriented
towards maintenance ofdivertors and
breeder blankets infusion reactors.

H I G H L I G H T S

p^i notable achievement in
1993/94 was CFFTP's first
contract to supply remote
handling hardware, all designed and
built in Canada, to a European site for
a collaborative test program, in which
other countries including Japan and
the USA will be invited to take part.
These were the activities in the
Remote Handling R&D area in 1993/94:

These components are expected to need

Bore Tooling Development
Facility - Marseilles

frequent repair or replacement, since

Late in 1992/93 Europe's NET Team
awarded a remote handling contract to
CFFTP via France's nuclear development
Agency, Commissariat a l'Energie
Atomique (CEA). The contract was for
the development of designs for remote
tooling intended for internal inspection,
cutting and welding of pipes 50 mm in
diameter. This work was awarded to
Spar Aerospace Ltd. under a CFFTP
contract. The work is part of a European
program to establish a Bore Tooling
Development Facility (BTDF) in
Marseilles, France. The design work was
completed in 1993/94. The fabricated
hardware, and its installation and
integration into the BTDF in Marseilles,
will be donated by CFFTP as part of
Canada's contributions through Europe
to the ITER collaboration.

1

will bear the heaviest heat and

tide fluxes in a fusion reactor.
Consequently, CFFTP continues to sup>rt the long-term plan it implemented
four years ago, of addressing maintenance needs and technological issues
associated with servicing tokamak
divertors and breeder blankets.

CFFTP and Spar are collaborating in
this work with the French company
COMEX Nucleaire S.A. of Marseilles,
where the BTDF will be sited. The
objective of the BTDF is to develop
remote methods for inspecting and
repairing the complex piping runs
expected to be associated with fusion
reactor divertors and other reactor components such as the breeder blanket
coolant and gas circuits. The SparCOMEX program has developed a
methodology for inserting and positioning a remotely controlled tool carrier up
to 10 m inside a pipe of any orientation
with a precision of ± 0.5 mm. The tool
carrier provides for automatic exchange
of cutters, welders and inspection
probes.
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Early in 1994, it was decided by all
parties to commit to building the BTDE
Consequently, COMEX is building the
in-pipe cutting/welding tooling heads
and the static pipe array mock-up of the
BTDF Spar Aerospace is building the
remotely controlled tooling head carrier
which will transport the COMEX tooling
inside the pipes. Spar is also designing
and fabricating the remote handling
controls hardware and software,
including sensors and the mechanical
means of inserting and positioning the
tool head inside the pipe. This method
is based on satellite antenna technology,
where an extendible tubular boom is
deployed, being formed from two
interlocking flexible 'tapes' wound flat
on spools. As the tapes unwind, they
overlap and combine to form the hollow
tubular boom. The tool carrier head is
pushed along the pipe or withdrawn by
the boom. A design innovation in this
project is the deployment of a services
umbilical up the centre of the boom, as
the boom extends. The umbilical carries
power and signals cables, a pneumatic
air supply, a water supply and a high
pressure gas supply for TIG welding.
These services power the remote tooling
head and carry all control, sensing and
imaging signals.
The work was still in progress at the
end of 1993/94, and should be completed by fall 1994.

Canada-Japan Collaboration in
Remote Maintenance Controls
With the support of Industry Canada,
CFFTP and Spar Aerospace have been
exploring collaboration on control
systems for fusion reactor remote
maintenance manipulators with the
Japan Atomic Energy Research Institute
(JAERI). JAERI has constructed a remote
maintenance arm of a type suitable for
exploring divertor maintenance techniques. Flexure of such arms presents
control problems. JAERI initiated the
collaboration by approaching Spar and
CFFTR A controls engineer from Spar
went to JAERI's Naka site for five weeks

in fall 1993 to assess the mechanical and
control aspects, and make preliminary
recommendations. An engineer from
JAERI visited Spar for five weeks in late
1994 to further develop the scope of the
collaboration. At the end of 1993/94, a
plan of collaboration to design, build
and test the complete maintenance arm
controls system had been developed and
was being negotiated between Spar,
JAERI and CFFTR

agreed to design, build and test a radiation-resistant gallium arsenide (GaAs)
operational amplifier integrated circuit.
It will operate under irradiation in a
fission reactor. The amplifier was
designed in 1993/94, and at the end of
the year was being built by a manufacturer of custom integrated circuits. The
assembled electronics package containing the GaAs chip will be tested in a
reactor in 1994/95.

Weld Inspection Technologies Literature Search

A Spar engineer has been actively
involved in assessing the remote handling requirements of the overall ITER
EDA reactor design. This engineer spent
several weeks in late 1993 at JAERI's
Naka site, reviewing the current design
concept for the ITER reactor, and assessing the reactor assembly and its maintenance requirements. His findings were
presented at the January 1994 ITER
remote handling workshop in Garching.

Spar performed a literature search of
emerging weld inspection technologies,
for the purpose of contributing to
advances in fusion reactor remote
inspection. A range of promising weld
inspection technologies was found. At
the end of 1993/94 preparations were
being made to test some of the newer
technologies. Test welds with known
defects had been ordered, but no testing
was commenced. Note was taken of
work at Ontario Hydro Technologies
using TV cameras to inspect the welding
processes, and relate finished weld performance to weld puddle characteristics,
electrode currents and other parameters.

ITER Remote Handling
Requirements
A number of interactions with the ITER
Joint Central Team (JCT) have taken
place, to assess ITER remote handling
requirements, including standards, tooling and electronics. The first presentation to the ITER JCT was at a San Diego
ITER remote handling workshop in July
1993, where a Spar Aerospace Ltd. engineer presented a review of European
experience in radiation hardened electronics and other materials and components (such as motors and insulating
materials) that would operate in reactor
environments.
In 1993/94 the coordinator of radiation hardened robotics work for the EC
fusion program asked CFFTP to participate in the ongoing European program
in this topic. As a result, Canada has

Passive Temperature Probe
for Cooling Circuits

ing the cameras capabilities and radiation
resistance. A trial of the camera on the
JET tokamak has been arranged for 1995
to explore its capabilities for remote
maintenance and surveillance at JET. The
camera produces three-dimensional digital images from which measurements of
component displacement can be made.
A baseline library of images can be made,
such as a scan of a tokamak interior after
initial assembly. By retrieving a library
image, the camera can be directed, via a
suitable control system, to find the component fitting the image.

x
CD

CD

Personnel Attachments
Alan Rolfe continued his attachment
throughout 1993/94 as a remote handling expert at Europe's Joint European
Torus (JET). During the year, he was
appointed as Group Leader of remote
handling in the First Wall Division at
JET, which is in charge of all in-vessel
engineering design and installation.

Spectrum Engineering Corp. designed
and built in 1993/94 an all-metal temperature recording probe suitable for recording coolant temperatures in divertor cooling circuits, or other high pressure and
high radiation environments such as
breeder blanket coolant streams. Because
of the high heat loads on divertors, their
cooling poses difficult thermalhydraulic
problems, and a robust means of recording local temperatures in a coolant stream
is desirable for testing purposes. The test
probe is based on a helical bi-metal strip
which expands linearly with rising temperature. The temperature-sensing head
might be set at various points in a coolant
stream. Temperatures up to 600 °C in
liquids or gases can be recorded passively
with this technology.
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Laser Camera Test at JET
The National Research Council of Canada
has developed a synchronized scanning
3D laser camera which has application in
fusion reactor remote assembly and
maintenance. Under license, Spar
Aerospace Ltd. is independently explor-
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This section discusses the major projects
undertaken or in progress in 1993/94
by the CFFTP Applications unit to
provide goods and services to fusion
and tritium handling sites.
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I | ritium Purification System
I 1 for Princeton Plasma
_ - \ Physics Laboratories

In March 1994, CFFTP delivered a large
tritium processing system to Princeton
Plasma Physics Laboratory (PPPL). This
was the Tritium Purification System
(TPS), whose purpose is to separate
gaseous mixtures of hydrogen, deuterium and tritium isotopes into the separate component isotopes. The system
design is based on advanced compact
cryogenic distillation technology, developed by CFFTP and its associates. The
TPS was designed, constructed and
tested in less than eighteen months.
The purpose of the TPS is to extract
unburned tritium from the exhaust gases
of the Tokamak Fusion Test Reactor
(TFTR) at PPPL. TFTR produces tritiumbearing exhaust gases when it is fuelled
with tritium and deuterium (D-T). In
January 1994, PPPL set a world record
for fusion energy production when TFTR
produced nine megawatts of fusion power
in early D-T fusion fuelling experiments.
D-T fuelling on TFTR will continue in
1994.
Design tritium output of the TPS is
one gram per day of tritium, yet the TPS
has a very low internal inventory of tritium, about 0.6 gram. This is approximately 50 times less than earlier cryogenic
H,D,T distillation of comparable tritium
output built elsewhere. A low tritium
inventory is very important for safety reasons, and PPPL had originally set an
inventory target of 1 gram maximum, to
meet its stringent site regulatory requirements.
The system incorporates advanced
cryogenic distillation technology developed by Ontario Hydro Technologies and
Ontario Hydro Nuclear, in conjunction
with N1TEK Corp. The TPS has four distillation columns, of which the last is only
4.6 mm diameter - the smallest packed
distillation column known to exist in a
commercial system. Stable control of the
four-column cryogenic distillation system
was achieved with an advanced new

I
Tritium Purification System (TPS) delivered
to Princeton Plasma Physics Laboratory in
March 1994.
control system. Two computers (486 PCs),
operating in tandem for reliability, provide
real time system control.
Starting with stored TFTR exhaust gas,
which contains other gases besides the
hydrogen isotopes, the TPS extracts the
tritium-bearing hydrogen isotopes from
this impure gas mixture by passing the gas
through two palladium dilfusers in series.
The purified hydrogen isotope mix which
permeates through the diffuser membranes is then separated into the individual isotopes in the cryogenic distillation
columns. Reference feed gas rate to the
cryogenic portion is up to 500 grams per
day of mixed hydrogen isotopes, containing up to 0.2% tritium.
The system was built, commissioned
and tested in Canada with hydrogen and
deuterium. It met or exceeded all of the
PPPL performance requirements, including product purity. The system can produce tritium that is 99.9% pure.
Several Canadian companies took part
in designing and constructing the TPS.
The basic system design was done by
Ontario Hydro Nuclear, Ontario Hydro
Technologies and N1TEK Corp. Fermi
Systems Inc. did most ot the construction.
N1TEK Corp. and Adamek Associates
designed the control systems.
Qualprotech (Oakville) Inc. provided the
project manager to CFFTR

Princeton Tritium Monitors
CFFTP delivered to Princeton Plasma
Physics Laboratory (PPPL) a set of process
tritium monitors and gas flow measurement devices for tritium measurement and
accounting. The monitoring system was
designed, built and tested in less than 8
months. PPPL acquired it to measure tritium being stripped from TFTR torus
exhaust gases, for storage on molecular
sieve beds, when TFTR is being fuelled
with tritium.
For tritium measurement, the tritiumbearing TFTR exhaust gases are routed
through molecular sieve storage beds.
The new monitors measure tritium entering and leaving each bed. The monitors
can measure tritium as tritiated water
(HTO) and elemental tritium (HT) in
damp exhaust gas at high flow rates, up to
two STP litres/second. Together with the
accurate flow measurement devices also _
provided, the system will account for the
tritium inventory captured in the molecular sieve beds.
Design, fabrication and testing of the
monitoring system was done by a team
composed of Ontario Hydro Technologies,
University of Toronto, Qualprotech, Inc.
and Torrovap Industries. CFFTP was the
project manager.
KfK Isotope Separation System
This isotope separation system (ISS)
was designed and built in Canada by
CFFTP and associates, for the tritium
laboratory at the German research site
Kernforschungszentrum Karlsruhe (KfK).

Hank Brunnader (CFFTP) participating
in the installation of the KJK Isotope
Separation System.
The system is designed to separate hydrogen isotope gas mixtures into individual
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isotopes, using gas chiomalogiaprrs tech
nology It will be used to scpaiate gas
mixtures produced dunng cxpenments
and testing ol othei tntium systems in the
KfK tritium laboiatoi)
The system was shipped to Germany
in August 1993 after completing acceptance tests in Canada. By March 1994,
the system had been installed in the KfK
tritium laboratory and had successfully
performed its commissioning tests with
hydrogen and deuterium. The system is
scheduled to be tested at full performance
levels with tritium in fall 1994.
The KfK ISS will separate up to 3
moles per day (about 12 grams for an
equimolar H,D,T mixture) of mixed
gaseous isotopes. The ISS is a batch
process system, each batch being up to
140 normal litres (25 grams equimolar
mixture) with staggered batch operation
possible. Separated isotopes are stored
individually on metal getter beds.
Secondary Enclosure Cleanup
(SEC) System
This packaged system, designed to remove
tritium from glovebox atmospheres,
received considerable interest from experimenters and commercial companies who
have the need to handle tritium. The
Applications unit of CFFTP engaged in
technical and commercial liaison with the
potential users. A technical description is
given earlier in this report, under Tritium
Handling and Supporting Technologies.
Technical University of Miinchen Tritiated Hydrogen Storage Study
The Faculty of Physics at the Technical
University of Munchen, Germany,
approached CFFTP to study the possibility of storing tritiated deuterium on metal
getter beds. A feasibility study was
requested, together with a cost estimate.
The Faculty has a cold neutron source,

Plasma In-Vi wel-Pi obc (shown by
D) S Pitchei) de\doped and tested
at UTIAS In Plasma bwfa.ee;
Engmttnng undci contiact with
CFFTP
with a liquid deuterium target which produces small quantities of tritium. During
certain operating conditions, the inventory of tritiated deuterium must be removed
from the target system and stored separately. CFFTP will complete the study by
May 1994.
Upgrade of JET Analytical Gas
Chromatograph
In 1991, CFFTP supplied a laboratory gas
chromatograph (GC) to the Joint
European Torus (JET) fusion site for analyzing tritiated hydrogen/deuterium gas
streams in JET's Active Gas Handling systems. A potential damage mechanism to
the GC electronics was identified through
certain possible technician actions. Under
a CFFTP contract, AECLs Chalk River
Laboratories are testing new amplifiers for
the proportional counters to solve the
potential problem. The new amplifiers are
being provided to JET by CFFTP under
the warranty agreement.
Under a separate JET contract to
CFFTP, AECL Chalk River is testing the
proportional counter and new electronics
of the analytical GC under high level tritium conditions.
Plasma In-vessel Probe
A second compact, fast, in-vessel probe
was supplied to Europe's ASDEX-U
tokamak. This probe was installed on
the inboard side of the ASDEX-U torus
to sample the inboard divertor plasma.
These probes are based on prototypes
developed and tested at UTIAS by
Plasma Surfaces Engineering, under
CFFTP contract.
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specific ITER R&D and design
tasks, and provided expert
staff for attachment at ITER sites and for
attendance at ITER technical workshops.
These tasks and staff are summarized
below and discussed in more detail
throughout this report. CFFTP also
coordinated submissions from Canadian
companies to Euratom, applying for
qualification to participate in ITER R&D
tasks to be undertaken by the European
Community.

ITER Task

In addition to these specific contributions, much of CFFTP's R&D continues
to be relevant to ITER. For example, the
TPS project, built for PPPL in 1993, was
a major demonstration of an improved,
low-tritium inventory cryogenic distillation technology. Building on the success
of this system, a scale-up test for ITER
conditions is planned for 1994.

Work Done
Mainly by

ITER
Task No.

Organic coolant assessment

CFFTP/ENSAC

cs-c

Development of cutting and
welding tools for Bore Tooling
Development Facility
(in association with
COMEX Nucleaire)

Spar Aerospace

RST2-1

HITEXtest loop design

Wardrop
Engineering Inc.

TEP-4

Zirconium-cobalt getter:
Tritium aging studies

Ontario Hydro
Technologies

TEP-4

Zirconium-iron getter:
scavenger bed studies

Ontario Hydro
Technologies

TEP-4

Testing of MOL electrolysis cell
collaboration w i t h SCK/CEN MOL)

AECL Chalk River

TCP-1

Fabrication of
aluminum nitride coatings

Cametoid Advanced
Technologies

BLR26

Qualification of Canadian
Companies for EC ITER R&D
In early 1993, Canada was invited by
Euratom to submit names of Canadian
companies capable of participating in the
Technology R&D tasks of the ITER EDA
to be undertaken by Europe. Following
the submission through CFFTP, Canada
was advised that the following companies
had been approved by Euratom as having
the required capability to participate via
Europe in ITER Technology R&rD tasks:

Personnel Attachments:
P. Ladd, Vacuum Systems Group, ITER
GarchingJCT, Germany.
O. Kveton, Tritium Plant Group, ITER
NakaJCT, Japan.

Part-time Attachment:
C. Holloway, Remote Handling Group,
ITER NakaJCT, Japan.

Technical Workshops:
S. Higson and O. Kveton, Remote
Handling and Standards, San Diego,
July 1993.
A. Natalizio, Safety and Environment,
San Diego, November 1993.

ITER Task Area

Qualified Main
Contractor

Qualified Subcontractor
Resources

Fuel Cycle
Components for Tritium
Handling, Shipping and
Atmosphere Detritiation

Ontario Hydro
Nuclear

AECL CANDU
AECL Research
Wardrop Engineering Inc.
Spectrum Engineering
Corp. Ltd.
Numet Engineering Ltd.

Plasma Engineering:
High Frequency
(radio-frequency)
Transmission Lines

MPB Technologies
Incorporated

Not Applicable

Remote Handling
Equipment:
Qualification of Standards
and Tools: Transporters and
End Effectors

Spar Aerospace
Limited

AECLCANDU
AECL Research
Wardrop Engineering Inc.
Spectrum Engineering
Corp. Ltd.
Numet Engineering Ltd.
Vadeco International Inc.
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Management's Responsibility
for the Financial Report

Economic Review

The Canadian Fusion Fuels Technology Project
(Third Term Agreement)
March 31, 1994

The accompanying financial statements
of CFFTP are the responsibility of the
management of the Project. They have
been prepared in accordance with the
requirements laid down in the Third
Term Agreement between Ontario Hydro
and Atomic Energy of Canada Limited,
and the agreement between Ontario
Hydro and the Ontario Ministry of
Industry, Trade and Technology. All
costs incurred in the year have been
accurately recorded in the accounts as
they apply to particular projects, or allocated to all projects in a systematic and
rational manner. We are satisfied that
the financial statements have been properly prepared within reasonable limits of
materiality.
The operations of CFFTP are controlled by the Ontario Hydro
Management System. As members of
management of CFFTP, we believe that
CFFTP and Ontario Hydro have systems
of internal control adequate to permit
the preparation of accurate financial
statements in accordance with generally
accepted accounting principles and
those specified in the Third Term
Agreement.
The financial statements have been
examined by Ernst & Young, independent external auditors, in order to
ensure that the statements present fairly
the revenues and expenditures of CFFTP. The scope
of their examination and
opinion are outlined in the
| auditors report.

D.P DAUTOVICH

Manager
Canadian Fusion Fuels
Technology Project

CATHERINE BARKER

Manager
Finance & Business Services
Ontario Hydro Technologies
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Sources of Funding & Revenue

Distribution by Sector

$M

$M

0

•
•

1992/93

1993/94

Client Funding

H

Province of Ontario

Ontario Hydro

•

Federal

The sources of funds for CFFTP are comprised of contributions from the three
partners and from client funding. For the
1993/94 fiscal year, the total funding was
$11.6 M, virtually the same as the
previous year.
The total partner funding for the current year is $8.6 million, up $0.9 million
from the previous year. The partner
funding consists of $4.4 million from
AECL, $0.9 million from the Province of
Ontario, and $3.3 million from Ontario
Hydro. Ontario Hydro's 1993/94 funding
includes a non-cash contribution for
uncharged services provided to CFFTE
Ontario Hydro has provided similar
contributions in previous years but these
contributions were not recognized in
previous financial statements.
Client funding represents revenue
received by CFFTP for goods and services
produced for export. Client funding for
the fiscal year was $3.0 million, down
from the $4.0 million of client funding in
1992/93.

0

Industry Universities

•

1992/93

•

AECL

Ontario
Hydro

CFFTP

1993/94

CFFTP subcontracts to Canadian
resource sectors — industry, universities,
AECL, and Ontario Hydro. The CFFTP
sector represents the management, staff,
and operations costs of the Project.
The total funds distributed among the
sectors in 1993/94 were $10.7 million
compared to $10.8 million in the previous year. The funds shown in the chart
include partner funding and client
funding.
Industry continued to receive the
largest share of the funds, $4.9 million in
1993/94 up from $4.1 million in the previous year. Industry was instrumental in
carrying out the international client funded work for CFFTE Much of the research
and development was conducted at universities and at the laboratories of AECL
and Ontario Hydro.

Auditor's Report

Financial Statements

Statement of Revenues and Expenditures

Year ended March 31

1994
$

1993
$

7,565,916
1,036,112
8,602,028

7,668,916

To Atomic Energy of Canada Limited,
the Ministry of Industry, Trade and Technology
(Province of Ontario) and Ontario Hydro

o
CL

TOTAL REVENUES

Partners' Contributions

cash
non-cash(note 2(e))

Client Funding: (note 2(b))
Royalties

3,014,495
3,014,495
11,616,523

Total Revenues

7,668,916
3,959,386
1,992
3,961,378
11,630,294

EXPENDITURES

8,532,215
1,036,112
2,204,793
11,773,120

Technical Contracts (notes 3 and 4)
Non- Cash Expenditure (note 2(e))
Project Management and Administration
Excess (Deficit) of Revenues over Expenditures
before Reserve Fund Used
Reserve Fund Used (note 5)
Excess (Deficit) of Revenue over Expenditures
and Reserve Fund Used

8,467,500
2,377,449
10,844,949

(156,597)

785,345

(156,597)

785,345

Statement of Accumulated Net Expenditures
and Contributions by Partners

Net
Expenditures
Balance as at March 31, 1993
Atomic Energy of Canada Ltd. cash
Province of Ontario
cash
Ontario Hydro
cash

Current year amounts
Atomic Energy of Canada Ltd. cash
Province of Ontario
cash
Ontario Hydro
cash
non cash (note 2(e))

Accumulated as at March 31, 1994
Atomic Energy of Canada Ltd. cash
Province of Ontario
cash
Ontario Hydro
cash
non-cash (note 2(e))

(Excess) Deficit
of Contributions
over Net
Contributions
Expenditures

18,182,600
8,938,274
13,645,865
40,766,739

19,212,500
8,479,084
13,860,500
41,552,084

4,379,313
461,726
2,881,474
1,036,112
8,758,625

4,400,000
920,916
2,245,000
1,036,112
8,602,028

22,561,913
9,400,000
16,527,339
1,036,112
49,525,364

23,612,500
9,400,000
16,105,500
1,036,112
50,154,112

(1,029,900)
459,190
(214,635)
(785,345)

(20,687)

(459,190)
636,474

156,597

We have audited the statements of
revenues and expenditures, accumulated
net expenditures and contributions by
participants of The Canadian Fusion Fuel
Technology Project (Third Term
Agreement) for the year ended March 31,
1994. These financial statements are the
responsibility of the Project's management. Our responsibility is to express an
opinion on these financial statements
based on our audit.
We conducted our audit in accordance with generally accepted auditing
standards. Those standards require that
we plan and perform an audit to obtain
reasonable assurance whether the financial statements are free of material misstatement. An audit includes examining,
on a test basis, evidence supporting the
amounts and disclosures in the financial
statements. An audit also includes assesing the accounting principles used and
significant estimates made by management, as well as evaluating the overall
financial statement presentation.
In our opinion, these financial
statements present fairly, in all material
respects, the revenues and expenditures
of the Project, accumulated net
expenditures and contributions by
participants and changes in financial
resources for the year ended March 31,
1994 in accordance with the provisions
of the Third Term Agreement of The
Canadian Fusion Fuels Technology
Project and significant interpretations
thereof as described in the notes to the
financial statements.

fr-z

(1,050,587)
421,839
(628,748)

Chartered Accountants
Toronto, Canada.
May 20,1994

See accompanying Notes to Financial Statements
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Notes to Financial Statements

Year ended March 31, 1994

o

1. Purpose of the Canadian Fusion Fuels
Technology Project
First Term Agreement: The Canadian Fusion Fuels Technology
{Project (CFFTP) was formed in 1983 under a Comprehensive
Agreement (the First Term Agreement) between Ontario Hydro,
Atomic Energy of Canada Limited (AECL) and the Province of
Ontario to develop expertise in tritium-related technology and
robotics for the development of fusion powered systems. The
First Term Agreement terminated on March 31, 1987.
Second Term Agreement: The Second Term Agreement between
Ontario Hydro and AECL covering the period from April 1,
1987 to March 31, 1992 was signed during 1987. This Second
Term Agreement was subsequently extended to December 31,
1992 by an interim agreement signed during 1992. During
1989, the Province of Ontario (represented by the Ministry of
Industry, Trade and Technology) and Ontario Hydro signed a
Second Term Agreement which covered the period September
1, 1988 to March 31, 1993. An extension of the funding period
to September 30, 1993 was granted by the Province during
1993. This Second Term Agreement reflected a commitment by
the Province of Ontario to match the contributions of the other
partners up to a limit of $9.4 million.
Third Term Agreement: A Third Term Agreement between
Ontario Hydro and AECL which covers the period from
January 1, 1993 to March 31, 1997 was signed during 1993.
Under the Third Term Agreement, AECL will contribute 50% of
the net project expenditure up to a limit of an additional $18.7
million over the funds contributed during the periods of the
first and second term agreements.
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Ontario Hydro credits interest to CFFTP on the AECL and the
Province of Ontario share of the reserve fund.
(e) Beginning in the fiscal year ended March 31, 1994, the
financial statements include both cash and non-cash contributions
provided by Ontario Hydro to CFFTR Non-cash contributions
consist of corporate and other services provided by Ontario
Hydro without charge, uncharged rent, and the net provincial
sub-contractor in-kind contributions (industry and Ontario Hydro
contributions less AECL contributions). Subcontractor-in-kind
contributions are provided by the Project subcontractors on
specific contracts, usually in the form of co-funding, discounted
billing, and uncharged time or costs related to the contracts. These
financial statements do not include Ontario Hydro's non-cash
contributions from previous years.
(0 Any interest earned on funds advanced by the partners
to Ontario Hydro in excess of net expenditures is not credited
to CFFTP, nor is interest charged on funds provided by Ontario
Hydro for expenditures in excess of funds advanced.
(g) A Statement of Changes in Financial Resources is not
presented as it would not provide any additional meaningful
information.
3. Related Party Transactions
Included in Expenditures - Technical Contracts are the
following amounts for work subcontracted to AECL and
Ontario Hydro:
1994
1993
Payments to AECL
$844,564
$1,065,703
Payments to Ontario Hydro
$2,154,029
$ 2,327,256

2. Significant Accounting Policies
The following significant accounting policies have been
approved by CFFTP's Steering Committee for purposes of
accounting for the Third Term Agreement:
(a) Contributions by partners are recorded by Ontario
Hydro on behalf of CFFTP as they are due, according to the
terms of the operating agreements.
(b) Client funding represents expenditure reimbursements
and revenue. Reimbursements and revenue are recognized on
the accrual basis at the end of the year, where there is
reasonable expectation of future receipt.
(c) Expenditures are recorded using the accrual basis of
accounting at year end, following Ontario Hydro's standard
accounting practices and procedures.
(d) Consistent with CFFTP's stated goal to provide benefits
to its participants in the short term and to elevate Canada's
overall level of technology, fusion-related business opportunities are actively pursued in order to expand the volume of work
available to participants and generate additional revenue. Thus,
a reserve fund has been established to record the excess of
revenue over expenditures from related business contracts.

Pa ge ^

4. Payments to Industry and Universities
Included in Expenditures - Technical Contracts are the
following amounts for work subcontracted to industry and
universities:
Payments to Industry
Payments to Universities

1994;
$ 4,907,125
$ 626,497

1993
4,149,456
$ 925,085

5. Reserve Fund
The balance of the Reserve Fund as at April 1, 1993 was
$353,411. In 1991, Ontario Hydro approved the crediting of
interest to CFFTP on the AECL and the Province of Ontario
share of the Reserve Fund. The interest recorded in the
1993/94 fiscal year amounts to $14,517, resulting in a closing
balance in the Reserve Fund of $367,928 as at March 31, 1994.
6. Comparative Financial Statements
The comparative financial statements have been reclassified from
statements previously presented to conform to the presentation of
the financial statements for the year ended March 31, 1994.

p.—
• I I Program keeps governments,
1 international communities,
industry, scientific communities and the
general public informed of the progress
of fusion energy activities. This is
accomplished through distribution of
printed material, involvement in community activities, and involvement in
educational programs.
CFFTP continues to offer Fellowship
Awards to promote fusion research as a
career alternative for students. The
1993 Fusion Technology Fellowship
Award recipient was David Leblanc of
the University of Ottawa. David
received this award for his work with
high temperature superconductors.

Publications and communication media
currently available from CFFTP include:
The CFFTP Journal
Technical newsletter published three
times a year providing information on
research and development direction,
international liaison, and CFFTP
initiatives
The CFFTP Annual Report
Yearly review of CFFTP activities,
achievements, and financial results.
CFFTP Brochures
An assortment of information on CFFTP
services and products.
CFFTP Publications
(Technical Reports, Papers)
Reports on CFFTP research and development projects and papers delivered by
CFFTP staff and associates at conferences. CFFTP through its staff and subcontractors produced 61 publications in
1993/94. This material is intended for
scientists and engineers working in
fusion and fusion-related fields and
technologies. A complete listing of
CFFTP reports and papers can be
obtained by contacting the Information
Coordinator at 905-855-4710.
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CFFTP Video
"A CANADIAN FUSION ENERGY
INITIATIVE" - outlines CFFTP's
involvement in fusion research and its
association with industry and the
scientific community.
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CFFTP Multimedia Presentation
0J

CFFTP Fellowship Award Winner,
David LeBlanc.

An interactive computer display
providing information on CFFTP, its
technologies and associates. For use at
exhibitions, conferences and at fusion
facilities and laboratories.
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Steering Committee
Members

Advisory Committee
Members

DR. GJ. PHILLIPS (observer)

DR. J. DARVAS

National Fusion Office
Deep River, Ontario

Commission of the European
Communities
Bruxelles, Belgium

DR. GERALD DOLLING

(chairperson)
AECL Research/Chalk River
Laboratories
Chalk River, Ontario
Don Dautovich presents a gift to Allan

wmmmmmmmmm

DR. D.P JACKSON

National Fusion Program
Deep River, Ontario

Meikle deft) on the occasion oj Allan's

DR. D. MILLS

retirement in May 1994. He joined the

Ontario Hydro Technologies
Toronto, Ontario
MR. P STKFOW

Project in 1982 and was Manager -

Spar Aerospace Limited
Brampton, Ontario

Applications Projects until he retired.

DR. LEN BOLGER

Everyone at CFFTP extends their best

Canadian Institute for Advanced
Research
Calgary, Alberta

wishes to Allan and his wife Pauline.

DR. D.P DAUTOVICII

Manager
Canadian Fusion Fuels
Technology Projeci
Mississauga, Ontario

DR. K. OKUNO

Naka Fusion Research
Establishment
Japan Atomic Energy Research
Institute
Naka-gun, Ibaraki-ken Japan
DR. R. MORRISON (chairperson)

Department of Energy, Mines
and Resources
Ottawa, Ontario
PROK A. HARMS

McMasier University
Hamilton, Ontario
DR. RICHARD A. BOLTON

Centre Canadian de fusion
magnetique
Varennes, Quebec
DR. G. J. PHILLIPS (secretary)

National Fusion Office
Deep River, Ontario
DR. J. L. ANDERSON

Princeton University
Princeton, New Jersey

CFFTP Steering Committee, Jrom left to right: Dr. ]. Brown (for D. Mills); Dr. D.P. Dautovich;
Mr. P. Stejow; Dr. G. Dolling; Dr. D.P.Jackson; Dr. L Bolger.
Missing Jrom photo: Dr. D. Mills; Dr. G.J. Phillips.
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CFFTP Organization Structure

Industrial Advisory
Committee Members
MR. D.A. SCOTT

DR. GJ. PHILLIPS

AECL CANDU
Mississauga, Ontario

National Fusion Program
Deep River, Ontario

MR. C.H. KNIGHT

MR. C.R. TYNER

AECL Research/Chalk River
Laboratories
Chalk River, Ontario

Nova Magnetics Limited
Dartmouth, Nova Scotia

MR. D. BARTLE

N.E.L. Engineering Systems
Toronto, Ontario

Canatom (Ontario) Inc.
Toronto, Ontario
MR. ANIKET PANT

Ceramics Kingston Inc.
Kingston, Ontario
DR. K. TORR

EG&G Labserco
Oakville, Ontario
MR. N. ASPIN

Electrical and Electronic
Manufacturers Association
of Canada
Rexdale, Ontario
E.S. FOX, JR.
E.S. Fox Limited
Welland, Ontario
MR.

MR. FRANK DIDOMIZIO

General Electric Canada Ltd.
Peterborough, Ontario
' MR. R.D. CHAMPAGNE

Hydrogen Industry Council
Montreal, Quebec
MR. R.P. BELL

MEC Limited
Mississauga, Ontario
MR. J. STREMLAW

MR. ROMAN KUCZYNSKI

Atomic

"Energy ""
of Canada

Ontario
Hydro i
Technologies

MR. E. CARD

Wardrop Engineering Inc.
Mississauga, Ontario
MR. J. ROBINSON

Qualprotech (Oakville) Inc.
Oakville, Ontario
DR. JOE FOX

Ontario Hydro Technologies
Toronto, Ontario
Steering
Committee

MR. S. NARGOLWALLA

Scintrex Nucleonics
Concord, Ontario
MR. P. STEFOW (chairperson)

Spar Aerospace Limited
Brampton, Ontario
MR. B. FULLER

Spar Aerospace Limited
Brampton, Ontario
DR. J.W. RICHMAN

Industrial
Advisory '" ~
Committee!

Manager
CFFTP
D.P.Dautovich

Spectrum Engineering
Corporation Ltd.
Peterborough, Ontario
MR. F. STERN, President

Stern Laboratories Inc.
Hamilton, Ontario

Monenco AGRA
Oakville, Ontario

Research &
Development

MR. C. LAVOIE

Monserco Limited
Mississauga, Ontario
MR. W.G.

MORISON

Remote Handling:
J. D. Blevins
Fuel Cycle:
P. J. Gierszewski
Tritium Systems:
R. S. Matsugu

MORW1L Inc.
Mississauga, Ontario
DR. GUY LE CLAIR

Centre canadien de fusion
magnetique
Varennes, Quebec

Printed on recycled paper

Project
Management:
H. Brunnader
M. Carney

Operations:
S. J. Morgan
Administrative
Services:
B. Andrews
M. M. Zito
Information/
Records:
J. E. Loring

