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ABSTRACT

The Canadian Fusion Fuels Technology Project (CFFTP) is a national project
Whose aim is to develop capability in tritium and robotics technologies for
application to international fusion development programs. Activities over the
first five years have brought substantial interaction with the world's leading
projects such as TFTR, JET and NET. Canadian R&D and engineering services,
and hardware are in demand as these major projects prepare for tritium
operation leading to the demonstration of energy breakeven around 1990.
Global planning is underway for the next generation ignition experiment. It
is anticipated this will provide increased opportunity for CFFTP and its
contractors among industry, universities and governmental laboratories.

INTRODUCTION

The Canadian Fusion Fuels Technology Project (CFFTP) began operations in
the spring of 1982. It was established as an initiative and funded by the
Federal Government, the Province of Ontario, and Ontario Hydro, to undertake
the development of a focused set of fusion technologies based on recognized
strengths in the management of tritium and in remote handling (robotics).
Table 1 provides a list of the agencies providing funds and guidance to the
Project.

TABLE 1: AGENCIES PROVIDING FUNDS AND
GUIDANCE TO THE PROJECT

Federal Agencies

Department of Energy Mines and Resources - Panel on Energy Research
and Development

National Research Council
Atomic Energy of Canada Limited - Chalk River Nuclear Laboratories (AECL-CRNL)

Provincial Agencies

Ontario - Ministry of Energy
- Ministry of Industry, Trade and Technology *

Ontario Hydro - Design and Development
- Generation Division

* Potential future participant



The Project was designed to work in close co-operation with international
fusion projects and to develop processes, systems, hardware and services in
assisting the fusion community abroad in their work on major projects such as
Tokamak Fusion Test Reactor (TFTR), Joint European Torus (JET) and Next
European Torus (NET). In this way, CFFTP has established a Canadian
capability in selected fusion technologies, developed opportunities for
organizations in Canada to participate in world leading projects. In
addition, the Project has actively reported on these efforts to establish
recognition for our achievements within the technical community at home and
abroad, and to develop an understanding of fusion and Canada's role with the
Canadian public and the school system.

CFFTP activities are undertaken through contracts to a large number of
technical organizations representing industry, universities and national
laboratories. Table 2 provides a partial list of past and potential future
participants who have contributed to the Project. These efforts are-directed
and co-ordinated by a core group of Project staff located in Toronto.

TABLE 2: PARTIAL LIST OF PAST AND
POTENTIAL FUTURE

PARTICIPANTS IN CFFTP

SPAR Aerospace
Ontario Research Foundation
Monserco
Scintrex
E.S. Fox
Canadian General Electric
Canatom
Babcock and Wilcox
Wardrop
Spectrum Engineering
Labserco
London Nuclear
High Vacuum Systems
Bot Engineering
McMaster university
University of Toronto
Atomic Energy of Canada Ltd.
P.J. Spratt & Associates
Ontario Hydro
Macphee Nuclear
The Book Press (A. Wyatt)
Canadian Aviation Electronics
DSMA Atcon Ltd.



The current program operates at a level of approximately $7 million per
annum. This includes direct Project funds, supplementary funds contributed by
participating contractors, and funds contributed by international fusion
projects for engineering and research services, and hardware.

CFFTP has been successful in mobilizing a significant technical resource,
an estimated 300 persons have converted or developed skills for application in
fusion development activities. This is at a time when projects abroad, such
as TPTR and JET, are making preparations for tritium operation which will
begin around 1990. This factor of timing and the recognition of Canada's
capability in tritium technology and remote handling has enabled CFFTP to make
significant contributions in R&D, engineering, hardware and people to these
projects.

In carrying out its program over the past few years, CFFTP has organized
along five major program areas. These are tritium technology, blanket
technology, materials technology, equipment and safety. A summary of the
activities in these areas follows.

TRITIUM TECHNOLOGY

The fuel cycle for a fusion reactor involves the insertion, removal and
processing of the deuterium-tritium (DT) fuel, and any impurities or carrier
gases. For a 1000 MWe fusion power reactor, about 2 kg/d of DT fuel is
processed with up to roughly 10% of helium, methane and other gases. Since
tritium is expensive and moderately radioactive, its control and recovery to a
very high efficiency dominates the fuel cycle design.

The objectives of the tritium technology program are to apply existing
tritium technology to near-term international fusion programs, and to develop
new and innovative processes for tritium management for the next-generation of
industrial scale applications. Critical issues include reduced inventory,
improved reliability and efficiency, lower cost, and increased safety.
Programs under study include design assessments for near-term devices and
fusion reactors, and development and testing - particularly with tritium - of
new processes and components.

Fusion Fuel Cleanup

The basic function of the fuel cycle is to process the unburnt fuel from
the plasma chamber (only about 5% of the fuel is burnt per pass) to remove
impurities. A fusion fuels cleanup system, based on uranium gettering, was
built and successfully tested with hydrogen and tritium at the CRNL Tritium
Laboratory. The work demonstrated that a simple metal getter process can
effectively clean fusion fuels.



Glovebox Detritiation System

A test facility built by Ontario Hydro Research Division (OHRD) and
installed at Tritium Systems Test Assembly (TSTA) at Los Alamos has operated
successfully. Detritiation factors of ten were achieved within 10 minutes in
typical glovebox environments, with initial tritium concentrations of 10-1000
mCi/m^. These tests were based on new commercially available metal getters
for operation in inert atmosphere. Other alloys with even better properties
have been proposed and will be explored further.

For gloveboxes with air atmospheres, a novel process based on ceramic
electrolysis of hydrogen has been proposed. In this process, the tritium gas
does not need to be first converted into the ten-thousand times more hazardous
oxide form. Consequently, such a process would have substantial safety
advantages. Early experiments have indicated the sensitivity of the ceramic
to water content, current levels and fabrication details. Considerable effort
remains necessary to bring the concept to commercial fruition.

Gas Chromatography

The development of a small, low inventory isotope separation process based
on gas chromatography was undertaken through various laboratory experiments
aimed at producing scale-up factors for diameter, column length, optimum
temperatures and sample sizes. A throughput of 1.7 L/hr was achieved with
acceptable separation in a very small, low inventory unit. A tritium
laboratory scale unit is being constructed and tested at OHRD with financial
support from the Kemforschungsanlage Karlsruhe (KfK) laboratory in Germany
and the Ispra fusion laboratory in Italy. The process could also be scaled up
further to modest sized tokawak systems. An industrial prototype is being
developed by Labserco in Ontario.

Laser Isotope Separation

Laser isotope separation has a number of applications, with uranium
separation currently receiving the bulk of the international attention. At
both OHRD and CRNL, research on laser separation of deuterium from protium has
been carried out for many years. This work is presently being extended to the
design and testing of scale-up factors for a pilot-plant laser isotope
separation system for tritium from protium. Among the most attractive
applications of this technology are its ability to provide efficient
extraction of small amounts of tritium from water - too much tritium to simply
release it to the environment, too much water to simply store, and too little
tritium to justify more conventional water detritiation systems. Recent
experimental effort has addressed both the laser issues (waveguide design,
scaloup of reaction rates with laser chamber dimensions) and the chemistry
issues (exchange reactions, tritium recovery chemistry).



Other processes

Development of new processes and components continues to be of interest.
Other processes tested experimentally include electrolysis cells for high
tritium concentrations, moving bed processes for hydrogen isotope separation.

Design Studies

Modelling and design assessments are an important activity, both in
determining the optimum combination of components for a given application, and
in determining the usefulness of new process ideas. Significant design efforts
include the design of all the tritium systems for the MINIMARS reactor study,
and the design of a reference tritium system for NET. Modelling has included
such efforts as cryogenic distillation columns, and water detritiation systems
for near-term devices (e.g., TIBER, NET) and for reactors (e.g., the TITAN
design study).

BLANKET TECHNOLOGY

The fusion blanket surrounds the plasma core of a fusion reactor. The
functions of the blanket are to remove the energy released by nuclear fusion
reactions in a useful form, and to produce tritium fuel to enable further
operation of the reactor. Since the blanket is a critical part of the fusion
fuel cycle, and since blanket research may lead to other useful technological
capabilities, CFFTP has established a fusion blanket technology research
program. More details of the Canadian blanket program are given in a related
paper at this conference.

Fusion blanket technology involves new materials, conditions and processes.
To put the requirements into perspective, most present concepts of fusion are
based on a deuterium-tritium (DT) plasma consuming about 120 kg T/yr and 80 kg
D/yr in a fusion power reactor producing 3000 MWth. Eighty percent of this
energy is removed by the blanket, and usually assumed to be used to raise steam
for electricity production. All the tritium is produced in the blanket by
reaction of the escaping fusion neutrons with lithium-bearing materials. The
energy removal is carried out at an average power of 5 MW/m2 across several
hundred square meters of blanket frontal area, which also form the vacuum
chamber boundary around the plasma. The general conditions are roughly similar
to those in a CANDU fuel bundle, but the fusion blanket energy removal occurs
between a plasma at 100 million degrees Kelvin within one meter on one side,
and superconducting magnets at 4 degrees Kelvin within one meter on the other
side. In the midst of this heat transfer, the tritium must be produced and
removed in-situ at the same rate as it is consumed by the plasma, or several
hundred times the total natural production rate of this rare isotope.



In order to perform its functions, the blanket must provide a structural
framework to support lithium-bearing materials, a means to remove the tritium,
a primary coolant system, and adequate neutronic shielding of subsequent
magnets. In spite of the apparently harsh conditions, a variety of concepts
have been proposed. The details vary with the specific application, but they
can generally be divided into those based on solid breeding materials (e.g.,
L1AIO2), and those based on liquid breeding materials (e.g., liquid Li).

A complete blanket design requires knowledge of materials (structure,
breeder, coolant), thermal-hydraulics, thermal-mechanics, tritium transport
and neutronics. Consequently, in its first five years, CFFTP has used
existing strengths in all these technical disciplines to examine particular
issues for blanket technology, and develop Canadian capabilities. Much of the
effort was located at, and co-funded by, CRNL. Other participants included
Ontario Hydro, Whiteshell Nuclear Research Establishment (WNRE), and
AECL-CANDU Operations, and cooperative efforts with groups in the US, Europe
and Japan. The .major program areas were: irradiation tests; fabrication of
lithium ceramics, lithium isotope chemistry, fundamental studies, structural
materials, the aqueous lithium salt blanket, and general concept development.

Irradiation Tests

The rate and form of tritium release form breeder materials is a key
uncertainty since it affects the residual tritium inventory in the blanket,
and the nature of the tritium recovery system. Fission reactor irradiation
experiments have been used to determine these characteristics and explore the
underlying mechanisms. Seven solid lithium ceramics were irradiated at CRNL
to determine tritium release characteristics in post-irradiation anneal
experiments. These tests include LiA102 fabricated by CRNL, Argonne
National Laboratory (ANL) (US), Commissariat l'Energie Atomique (CEA)-Saclay
(France) and Japan Atomic Energy Research Institute (JAERI); and L12O
fabricated by JAERI and ANL (US).

The initial irradiation tests have led to a major in-situ solid breeder
irradiation test called CRITIC. In January, a 100 g array of Li20 pellets
(fabricated by ANL) were placed in the NR17 reactor at CRNL for in-situ tritium
production and release experiments over the next six months. Results will
include tritium release behavior at low temperatures (400°C) and high
temperatures (900°C). This test is a unique experiment internationally in
several respects - choice of solid breeder, amount of tritium produced, size
of specimen, upper temperatures, and general maturity of the test capsule
design. In the future, this test assembly will be used to irradiate and test
Canadian and international fabricated breeder specimens.

Fabrication of Lithium Ceramics

The development of appropriate forms of lithium bearing ceramics is a major
task for fusion. In this program,.facilities and expertise at CRNL from the
CANDU fuel ceramics program are being applied to fusion needs.



Sintered pellets of LiAlOj have been fabricated and used in irradiation
experiments at CENL and -it Saclay (France) . Blankets composed of small
spheres (less than 1 mm diameter) are of substantial interest, but are
difficult to manufacture with the desired microstructure. At CRHL, various
routes for the development of basic ceramic powders, and final product with
controlled microstructure in sintered or sphere-pac form, are being
developed. Agglomeration processes have produced 2 mm spheres, and sol-gel
processes are under development for even smaller sizes.

Lithium Isotope Chemistry

Many blanket concepts require 6Li concentrations far above its 7.5*
natural isotopic abundance. Liquid/liquid exchange is one of the most
attractive methods for lithium isotope separation, and several possible agents
have been tested. However, the enrichment factor is only about 1.04 per pass,
consequently fast and accurate measurements are necessary for screening
tests. Experimental work has resulted in lithium concentration measurement
methods (over a 105 range in concentration) with commercial electrodes, and
in NMR and mass spectrometer techniques to measure 6Li/?Li isotope ratios.

Fundamental Studies

Elastic recoil detection and nuclear reaction analysis methods for tritium
profiling in near-surface layers (within 1 micron) have been developed.
Initial measurements of implanted hydrogen, deuterium and tritium in
and LiAl(>2 have established the viability of the techniques for solid
breeder studies. These tools may be used to probe tritium transport
characteristics such as surface adsorption and bulk diffusion more precisely
than is possible in the fission irradiation and tritium release tests.

Structural Materials

A unique cryogenic irradiation facility has been constructed at the CRNL
tandem accelerator. A Zygo scanning laser for very small strain measurements
has been tested. Zirconium samples have been irradiated to low damage rates
in 14-MeV neutrons, thermal neutrons, high-energy electrons, and 15-MeV
protons for comparison of the effects of source particle and energy. Studies
with zirconium have shown the importance of the surface structure in helium
blistering.

Aqueous Lithium Salt Blanket

A relatively simple blanket concept has been proposed based on lithium salt
dissolved in low-temperature, low-pressure water in a steel container. This
concept can provide, for example, a net tritium breeding



ratio of 40% with a 10% structure content and only 50% coverage of the
plasma. The use of other structural materials, neutron multipliers, higher
coverage, and higher temperatures allows this concept to provide
reactor-relevant power and tritium. Work on this concept included neutronics
studies of tritium breeding and effect of materials choices, assessment of
tritium recovery, and assessment of corrosion. CFFTP participated with groups
in the US and Europe who are considering this blanket concept both for a
reactor (the TITAN study) and for next-generation Engineering Test Reactors
(ETR). One particularly attractive feature of this blanket for CFFTP is its
extensive use of available Canadian technologies.

Concept Development

Several other activities have also been pursued. Liquid metal breeders is
another blanket approach receiving significant international attention. Since
there is little Canadian experience working with liquid metals on an
industrial scale, no major experimental programs were initiated. However, a
small effort was made to become aware of the status and experiments
internationally for fusion, and to evaluate the usefulness of developing some
Canadian expertise.

Organic coolants were also assessed. These offer high temperature, low
pressure, limited reactivity with liquid metals, reduced corrosion and
activation, good heat transfer, and no MHD effects. It was shown that
decomposition and flammability can be controlled in fusion conditions. High
heat flux components and intermediate heat exchangers are particularly
interesting applications.

The experiments needed for developing fusion nuclear technology were
explored in the US FINESSE program. CFFTP participated in the areas of solid
breeder blankets, tritium technology and fusion test facilities. This study
is serving as a framework for individual program plans and experiments, as
well as for international cooperation.

MATERIALS TECHNOLOGY

CFFTP fusion materials related R & D focuses on (a) the interaction of
plasma with the first wall; (b) interaction of tritium with materials; and
(c) development of special purpose materials for fusion applications.

Plasma/First Wall Studies

The interaction of plasma with first wall materials is studied at the
University of Toronto, Institute for Aerospace Studies (UTIAS). The rates and
mechanisms of chemical erosion of first wall protective materials such as
carbon are studied to establish life-time data and



engineering design parameters for plasma-facing components. The retention or
trapping of tritium in first wall materials, its recycling back to the plasma,
and permeation through the first wall are studied to provide data for safety
assessment and tokamak particle control.

The UTIAS has specially built equipment and capability to generate H+ and
H° species with energies that simulate plasma edge conditions. Data on the
dependence of the chemical erosion rate of carbon on H+ flux over the range
of 10^ to 2 x 10^6/cm^. sec were obtained. The erosion rate increased
with flux up to a flux of- about 3 x 1015/cm2.sec beyond which it appeared
to saturate and fall off. This is an important step towards establishing data
for reactor operating conditions, at a flux of about lO^/cm^.sec.
Another key contribution was data on the synergistic effects of H+ and H°
on erosion, using 0.07 - 1 keV H+and sub-eV H°. It was found that for
tokamak relevant H+/H° flux ratios of 0.1 to 1, the erosion behaviour of
H° is similar to that of H+.

The erosion of amorphous hydrogenated carbon films formed on the surfaces
of tokamaks was studied, as part of an international collaborative effort
involving research groups at TEXTOR (Julich, West Germany), INEL (U.S.), and
UTIAS. This research will lead to the important area of co-deposition of
carbon and hydrogen in tokamaks, which affects tritium retention, recycling,
and carbon erosion.

Future work in the erosion area will focus on ETR relevant materials and
conditions for plasma-facing components, including the important area of
radiation induced sublimation over the temperature range of about 1000 -
2000°K, and thermal sublimation beyond 2000°K.

Near surface trapping cf sub-eV hydrogen atoms on graphite, and on Tic and
Sic relevant to JET and the Tokamak de Varennes was studied and found to be a
significant mechanism affecting tritium inventory and recycling at
temperatures < 1000°K.

The contents of inherent hydrogen in graphite were measured. It was found
that even after bake out at 500°K, the inherent hydrogen content was
typically 0.1%. This hydrogen may undergo isotopic exchange with tritium,
thereby giving rise to high tritium inventories in graphite, or it may be
released to the plasma thereby diluting it with protium and quenching it. The
inherent hydrogen content was found to be reduced by four orders of magnitude
at a bake out temperature of 2200°K, which was recommended for pre-treatment
of graphite tiles.

i". tritium laboratory is under construction at UTIAS and will be put into
service before the end of 1987. It will be used to study ultra high vacuum
components for tritium service, and to produce plasma/first wall interaction
data specifically with tritium in order to confirm that the existing body of
hydrogen and deuterium data could be extrapolated to D - I burning tokamaks.



Tritium Diffusion and Permeation

At McMaster University, experimental facilities, specimen fabrication and
analytical techniques were developed to study the diffusion of tritium in
structural materials relevant to fusion reactors. Special provision is made
to permit introduction of irradiation damage to the specimens to simulate
fusion reactor conditions. This research will provide data relevant to the
design of fusion reactor structural components and safety assessment.

Another program has been initiated at McMaster University to develop and
evaluate tritium permeation barriers to control the migration and loss of
tritium from fusion system components. One barrier material chosen for study
is alumina, which is known to be one of the most effective permeation
barriers. It is necessary to ensure integrity and proper adhesion of the
barrier to the substrate material, under irradiation and differential thermal
expansion conditions. Initially, nickel is used as the substrate in order to
calibrate the permeation apparatus. Aluminum is deposited on nickel followed
by formation of the AI2O3 barrier by implantation of oxygen ions or by
anodic oxidation. An alternate method that will be used is direct sputtered
deposition of AI2O3 on the substrate. Different substrate metals relevant
to ETR applications will be studied. Other barrier materials that have been
considered include silicon carbide and silicon nitride.

The permeation of tritium through composite materials of dissimilar metals,
a process called asymmetric permeation, was studied in collaboration with the
Julich Nuclear Research Centre. Experimental findings confirmed theoretical
predictions of the asymmetry of permeation of hydrogen atoms. In essence,
hydrogen atoms permeate preferentially in one direction through the composite
material. This requires prior molecular dissociation of the gas.

One application of this concept is development of a passive tritium
transfer pump with no moving parts. A prototype pump was developed using
copper and alpha-iron as the composite materials and hot tungsten filaments to
produce hydrogen and helium gas mixtures at hydrogen concentrations from 20
ppm to 50% by volume. The total pressure was, however, limited to about 0.1
Torr due to use of the hot tungsten filaments. The use of a radio-frequency
discharge method to produce hydrogen atoms will improve the pressure range.

This leak-tight, passive tritium-compatible passive pump may be used in
tritium transfer operations in tritium handling processes. It is particularly
useful where there is a need to separate tritium from other gaseous components
or impurities. In metal gettering of tritium, for example, it is often
necessary to separate tritium from the He-3 decay product of tritium. Another
potential application is passive first-stage detritiation of the plasma
exhaust.



SAFETY

Introduction

The present direction of designs for next-step fusion reactors involves the
magnetic confinement of ignited tritium/deuterium plasmas. Critical safety
issues will relate to the handling of large quantities of tritium in fuel
handling systems, in exhaust gas cleanup, in tritium breeding blankets and in
tritiated waste streams; and in activation of fusion reactor materials and
structures by the highly energetic 14.1 MeV fusion neutrons.

Due to the tritium associated with pressurized heavy-water reactors,
Canadian experience arising from CANDU design and operation can be viewed as
particularly relevant to the development of safe fusion technology. For this
reason, the radiological knowledge base in the Canadian nuclear industry is
being applied to safety-related issues in the international fusion community.

Objectives

There are three main areas of effort associated with the CFFTP program in
environment and safety:

1. Safety-related R&D.

2. Development of Analytical Tools.

3. Applications to the Safety Engineering of Fusion Facilities.

Developments in areas 1 and 2 are aimed at ultimate application to design
issues in area 3.

The overall objective is to have a significant impact on the safety-related
aspects of fusion facility designs. This will be accomplished by establishing
a Canadian capability base in technical areas such as tritium dosimetry,
environmental assessment, atmospheric dispersion of tritium, maintenance and
operation, safety engineering and facility layout.

Achievements

Accomplishments over the last five years include the following:

. Successful commercialization of the Model 209 portable tritium monitor,
fabricated by Scintrex Limited under license from CRNL. One hundred and
sixty of these units, priced at approximately $3,000 Canadian, have been
sold to date.



Development of the Model 275 gamma-compensated tritium area monitor, which
has recently been added to the Scintrex line of commercially available
nuclear instruments. Eighteen have been sold to date, with bids submitted
to several potential buyers at fusion facilities, or tritium laboratories.

Prototype testing of an HT/HTO discriminating tritium monitor, which is
being licensed for manufacture. Arrangements have been made to ship a unit
to Harwell (U.K.) for evaluation in the summer 1987 for use at JET and
possibly European Tritium Handling Experimental Laboratory (ETHEL) in Italy.

Initiation of a concept evaluation and proof-of-principle study program to
determine the optimal detection technologies for an innovative tritium
dosimeter and/or a portable alarming tritium dosimeter.

Submission of an engineering safety assessment to the HINIHARS fusion
design study as part of the Canadian contribution to that project.

Placement of a safety engineer with the JET project, to assist with tritium
safety engineering and licensing tasks related to the D-T operation planned
for that facility.

Initiation of a temporary assignment of specialists to the NET project to
assist with safety, facility layout and tritium control subtasks associated
with the reference NET machine design.

Contributions to the tritium safety elements of the TIBER II reactor design
study, presently under way at the Lawrence Liver-more Laboratories in
California.

Upgrading of the Ontario Hydro tritium dispersion code (OHTDC) such that it
incorporates recent experimental data on soil asorption, oxidation and
resuspension. The code also runs ten times faster than the original, and
is probably the most comprehensive predictive code of its kind presently
available, due to its incorporation of ground level oxidation and
resuspension effects.

Comparision of international tritium dispersion codes.

. Completed studies on lung tritium micro-dosimetry and skin tritium uptake
from metal surfaces contaminated with tritium gas.

The fourth and fifth Tritium Safe Handling Courses were conducted in May
and October 1966, with classes in Toronto, and lectures and practical training
at CRNL. The course was well received by participants, with forty attendees
representing organizations from nine countries.



Collaboration continues with U.S., Japanese and European agencies planning
a tritium release.experiment, targeted for the Chalk River site and scheduled
for summer 1987. Canadian scientists and technicians will direct the
experiment, collecting and analyzing data for ultimate comparision with the
French release experiment of summer 1986, and the Canadian pilot release
experiment of fall 1986.

EQUIPMENT TECHNOLOGY

The objective of the equipment technology program is to utilize and adapt
to fusion applications, the Canadian experience gained in the development of
tritium handling equipment for CANDU reactors, and the remote handling
equipment developed for the space program and maintenance of CANDU reactors.

Activities focus on the development of remote handling equipment for use
with diagnostics and maintenance systems and on the development, manufacture
and testing of tritium compatible components such as tritium storage
containers and transfer pumps.

Remote Handling Design Activities

CFFTP has participated in the design of remote handling systems for three
fusion research machines: TFTR, JET, and a design study for MET.

TFTR

CFFTP1s initial involvement at TFTR involved the attachment of four
specialists from the Canadian remote handling industry at PPPL. These
specialists from Spar Aerospace, Canadian Aviation Electronics and DSMA A.TCON
Ltd. helped to define the remote handling requirements for TFTR, set
priorities on these requirements and also reviewed existing remote handling
technology and its adaptation to TFTR requirements. They also participated in
the development of concepts for the remote maintenance of TFTR and in the
demonstration of these concepts using a mock-up.

A design team drawn largely from the above Canadian industries and Ontario
Hydro then went on to finish the conceptual design as well as 80% of the
preliminary design of the invessel maintenance manipulator. Personnel from
TFTR, KfK and CEA - Saclay also participated in the design development. The
manipulator design allowed for entry and working anywhere inside the torus
while the tokamak is at operating vacuums of 10~8 torr and temperatures of
150°C. The system was designed to service components inside the torus, i.e.
protective tiles, surface pumping panels and diagnostic probes. The
maintenance activity was to be performed using a 'boom* type mechanical arm
with dextrous manipulator arms fitted with special end effectors and alignment
equipment. This phase also involved the development of concepts for a remote
maintenance control center and for remote inspection of the vacuum vessel.



JET

A remote handling specialist from Spar Aerospace has been attached to JET
as Remote Handling Applications Group Leader since 1984. This Group is
responsible for establishing remote handling procedures for all JET
components; designing and developing special tools, devices and attachments
for interfacing with manipulators and transporters; setting up of man/machine
interfaces and control room cabling, electronics and computer links; and
training of personnel in the use of tools and manipulators.

Some highlights of work performed by the JET Remote Handling Group include
development of a number of special cutting and welding tools, including an
external orbital TIG welding tool, cutting tool for internal fillet welds,
water hydraulic pipe expansion tools, a handling tool for toroidal limiter
bellows and toroidal limiter tile handling tools. The tools have the same
functional requirements as corresponding manual tools, but with simpler
handling requirements to reflect the reduced dexterity of servomanipulators as
compared to human operators. These tools will be used by personnel during the
1986/87 shutdown at JET to prove their functional adequacy.

In addition work has been carried out on an overall control system for
remote handling, an articulated boom master model has been constructed, a
remote handling database has been defined and a torus access cabin designed.
A concept design for a transporter to service the machine equipment outside
the vacuum vessel has been derived and the detailed design is underway. This
transporter will be used to position a servomanipulator and toolbox.

At NET, a design team from Spar Aerospace has been involved in the
definition of invessel remote handling requirements and in the development of
a concept design for an invessel manipulator. The invessel handling system
will consist of two articulated booms integrated in contained transfer flasks,
which will be attached to equatorial entry ports. The booms may be equipped
with different types of end-effectors, e.g. one manipulator unit and one
special gripper for divertor plates. The manipulator unit will consist of an
electrical force-feedback master-slave manipulator with 20 kg load capacity
and an electrical master-slave manipulator with 150 kg load capacity. Other
options to the articulated boom such as invessel vehicles and a combination of
vehicles and booms are also under investigation.

The invessel remote handling equipment is to perform the following tasks:
allow inspection of first wall and first wall located equipment, e.g. ICRF
antennae; remove, replace and repair first wall tiles; remove and replace
divertor plates in conjunction with associated exvessel equipment; clean up
and recover debris from the torus interior; support contingency operations;
support vacuum vessel or blanket leak repairs; remove and replace
stabilization coils; remove and replace sublimiters.



Other Equipment Activities

Funding from CFFTP has enabled Nova Magnetics in Nova Scotia to develop a
tritium gas transfer/vacuum pump with a free flow capacity of 8
litres/minute. This pump is suitable for tritium service because of its very
low leakage rates (less than 10~7 cc per second or lower on special order)
due to use of a magnetic coupling device.

Tritium processing and cleanup systems often require temporary storage of
elemental tritium. One method frequently used is the passage of a tritium
containing stream through a bed of uranium. The tritium reacts with the
uranium to form a tritide. Heating of the bed to an appropriate temperature
will release the tritium for subsequent use. During 1986/87, E.S. Fox Limited
in Ontario built a commercial prototype uranium 'getter* bed, based on a
design developed by Ontario Hydro's Research Division. This bed can store
500,000 curies of tritium. An early application of this bed has been at the
Darlington Tritium Removal Facility.

PROSPECTS FOR THE FUTURE

In April of 1987, CFFTP entered its second five-year term. Activity for
this period is expected to be at a level of J7-J10 million annually
considering all sources of funds. During this time frame, it is anticipated
that JET and TFTR will demonstrate breakeven with deuterium-tritium plasmas
and the Japanese Tokamak JT-60 will reach breakeven equivalent plasma
conditions with deuterium.

Also during this time frame, decisions abroad will be made on proceeding to
the next generation iqnition experiments. One option is for nations to
continue on an individual basis with the U.S. considering the Compact Ignition
Tokamak, Europe considering NET and Japan - the Fusion Engineering Reactor. A
second option is to build a single co-operative facility involving all the
major nations including the U.S.S.R. This has become known as the Engineering
Test Reactor.

The first phases of one or more of these projects is likely to be started
around 1988/89. It is anticipated that there will be an increased demand for
the technologies and skills represented by CFFTP and its supporting
contractors during this period.

During this period, CFFTP will strengthen its relationships in the U.S.,
Europe and Japan and seek participation in specific co-operative experiments
some of which would be located in Canada. Among these experiments are
included continued co-operation in the IEA - co-ordinated solid breeder work,
possible loop experiments with the aqueous lithium salt blanket concept,
experiments involving atmospheric conversion and uptake of elemental tritium,
and testing the tritium compatability of large scale components. A further
priority will be to participate on a selective basis on the national design
teams working on the future



ignition experiments, including work for the ETR. Although formidable
negotiations lie ahead of establishing an international project as large as
the ETR ($2 - $4 billion), initial discussions have succeeded in starting
preliminary activities. In March of 1987, initial co-ordinated work started
by the major fusion nations with Canada as a participant (CFFTP staff) to
establish an understanding of the national design options and project
objectives. This will be used as the basis by which a common set of
objectives and single design can be developed for the international project.


