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SEMINAR ON FUSION BASICS
November 27-28,1990

CFFTP is holding a two-day Seminar on
Fusion Basics for engineers, scientists
and managers who have a professional
interest in fusion. Applications are
invited.

The Seminar's objective is to provide a
broad appreciation of fusion R&D, and of
the issues in fusion power development.
The Seminar is provided primarily for
those who have been involved in specific
aspects of fusion R&D, and who wish to
gain an appreciation of world fusion R&D
and its current and future directions. It
will also give technical managers a useful
overview of fusion energy.

Registrations will be confirmed, subject to
continued availability of places. About 80
people are expected to attend. Seminar
fee is $175.00.

Topics covered:
• Fusion Basics: The physics of fusion

and research reactors.
• What's so Special about Tritium?
• The Fusion Reactor First Wall and

Breeder Blanket.
• Deuterium-Tritium Fuel cycle.
• Commercial Fusion Reactors:

Issues, needs, the Competition.
• Remote Handling
• Site and Reactor Building Design.
• Fusion Safety Considerations
• Canada's Approach to Fusion
• CCFM and Tokamak de Varennes
• Fusion Energy: Where to from here

To register or request more information,
contact: Hilda Maurer, Fusion Seminar
Coordinator, CFFTP. Phone (416) 855-
4716, or Fax enquiries (416) 823-8020.

NEW TELEPHONE NUMBERS

All CFFTP staff now have their own
telephone numbers. Some key
numbers are printed on the back page.
Contact CFFTP for a full listing.

R & D NEWS

FUEL PROCESSING LOOPS:
New HITEX Process presented
to ITER
Ontario Hydro has developed a novel
conceptual design - the HITEX process -
for recovering tritium from the tritiated
impurities expected to be found in fusion
reactor exhaust streams. The process is
simple, and depends on swamping the
tritiated impurity gases with ordinary
hydrogen (protium), and then passing the
resulting gas mixture through a high
temperature isotopic exchange (HITEX)
reactor to achieve isotopic equilibrium of
isotope species among the hydrogen and
impurity molecules. Tritium and
deuterium removed from the impurities
are bled off in gaseous form via a
palladium-alloy diffuser.

In August, a design for an ITER-sized
fuel processing loop based on the HITEX
process was presented for consideration
as an ITER fuel processing loop option,
at the ITER Joint Tritium Working
Session in Garching, Germany.

Operation
Impurities expected in fusion reactor
exhaust streams include tritiated methane
and other tritiated hydrocarbons, tritiated
ammonia and tritiated water, as well as
oxygen, oxides of carbon and other non-
hydrogen-bearing molecules. Before
being passed to a fuel processing loop,
the raw reactor exhaust would be treated
to remove helium and the bulk of
'unburned' D-T fuel.

In a full-size HITEX loop, tritiated
impurities with some deuterium-tritium
(D-T) carryover would be detritiated by
factors in the range of about 100 million.
The residual tritium content of the
detritiated impurities would not represent
an environmental hazard.

Tritiated impurity gases are admitted at
low pressure to a tank, which is then
filled to a higher pressure with ordinary
hydrogen. A compressor recirculates the
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HITEX continued

hydrogen/impurity mixture in the tank
through a high temperature isotopic
exchange reactor, where tritium atoms
bonded in the impurity molecules can
exchange into the free hydrogen gas to
form primarily H-T molecules. These
tritiated species are bled off, through a
diffuser, from the stream leaving the
HITEX reactor. Addition of hydrogen to
the swamping tank continues during the
recirculation stage. The H,D,T gas
removed via the diffuser would be passed
to an isotope separation system that
would extract the deuterium and tritium
for recycling as fusion reactor fuel.

An experimental program to test the
performance of the HITEX process is
underway.

For further information, contact Kam
Wong at CFFTP or Dr. Sav Sood,
Nuclear Engineering Department,
Ontario Hydro (416) 592-5501.

TRITIUM

DARLINGTON TRF TRITIUM
YIELD
Ontario Hydro's Darlington Tritium
Removal Facility (TRF) resumed
operation on June 12 after replacement
of piping and components in the
cryogenic tritium processing systems.

By September 16, operations since the
June 12 restart had yielded about 7
million curies of tritium, through the
processing of 620 megagrams of tritiated
heavy water at an average tritium
concentration of 12 curies per kilogram.
The refurbishing operations which ended
on June 12 involved cutting and replacing
components and pipework which had
processed high concentration tritium, and
were thus heavily contaminated on their
inner surfaces. Procedures for
decontaminating, cutting and welding
tritium-contaminated pipework were
developed and safely implemented by
Ontario Hydro, with negligible tritium
uptakes by personnel.

As CFFTP Journal was being prepared, it
was learned that tritium yield to October
22, since the June 12 restart, had
reached 12 million curies.

More information: Kam Wong, CFFTP.

PROJECT NEWS

TECHNOLOGY TRANSFER
Management of Tritiated Wastes.
Hydrogen Gas Separation.
CFFTP's Technology Transfer program is
searching out industrial applications for
tritiated waste management technology,
and for gaseous separation processes.

Waste management technologies for
tritiated wastes available to CFFTP
include waste detritiation and inert
solidification.

The specialty gas industry is being
examined for possible applications of
gaseous separation technologies. For
example, manufacture of portable
generators for high purity medical oxygen
is a possibility being examined. Other
possible applications include hydrogen
purification for fuel cells and for ammonia
purge gas recovery systems.

Parties interested in applying fusion
technologies outside the fusion field are
asked to contact Nick Markettos, CFFTP,
for more information.

Fusion Technology Fellowship

The first Fusion Technology Fellowship
has been awarded to Michael Graf, a
graduate of the University of Toronto,
Engineering Science Department. Mr.
Graf is now a graduate student in the
Department of Nuclear Engineering at
Massachusetts Institute of Technology.
He plans to pursue research in fusion
technology.

For more information on CFFTP Fusion
Technology Fellowships, contact Dr. Kam
Wong at CFFTP.

Visit of Professor Qiu Li-Jan

Prof. Qiu Li-Jan, Deputy Director of the
Institute of Plasma Physics, Hefei, China,
visited CFFTP in September, and
discussed potential areas of cooperation
between CFFTP and fusion centres in
China. Prof. Qiu also visited Centre
canadien de fusion magnetique (CCFM)
near Montreal, the National Fusion
Program (NFP), and some Canadian
companies participating in fusion R&D.

R & D NEWS

TRITIUM SURFACE CONTACT
DOSIMETRY PROGRAM
CFFTP is one of four partners in a three-
year Canadian multi-agency research
program, the Tritium Surface Contact
Dosimetry Program. The overall goal of
this Program is to refine understanding of
the radiation dose distribution in humans
resulting from uptakes of elemental tritium
through contact of skin with surfaces
contaminated with tritium.

Although the uptake of tritium in the oxide
form, e.g. as tritiated water, is well
understood, improvement is desirable in
our knowledge of the metabolism of skin-
absorbed elemental tritium, and in the
dosimetric models used to calculate
human radiation doses resulting from
such uptakes. For example, it is well
known that elemental tritium absorbed
through the skin gives rise both to
tritiated water and to organically-bound
tritium in body fluids and tissues. Earlier
work in the UK (Harwell) and at AECL
Research has established the general
nature of the uptakes, retention and
excretion patterns. This provides the
basis for the monitoring, occupational
protection and performing dose
calculations.

The Tritium Skin Contact Dosimetry
Program will study in greater detail the
skin uptake mechanisms, and the
subsequent metabolic processing of the
tritium. This will include further studies of
the chemical makeup of the organically
bound tritium, and the physical and
chemical state of tritium on the contact
surface. Theoretical, physical and
biological studies will be conducted.

The program began in June, and is being
managed by the Health Physics
Department of Ontario Hydro's Health
and Safety Division. The four partners
funding the study are Ontario Hydro, the
Atomic Energy Control Board, CFFTP
and AECL Research.

The work will be performed by AECL
Research at Chalk River, by Ontario
Hydro Research Division and by
independent universities and laboratories.

The Program management structure
includes a Project Advisory Committee
representing Ontario Hydro employee



interests, including labour
representatives, as well as an external
Scientific Review Committee.

For further information, contact Gary
Vivian at CFFTP, or Murray Walsh,
Ontario Hydro Health Physics Department
(416) 683-7516.

TRITIUM SAFETY AND
ENVIRONMENTAL EFFECTS

Gary Vivian of CFFTP is coordinating a
program of international cooperation in
the study of Tritium Safety and
Environmental Effects (TSEE). This
cooperation is one of eight proposed
tasks in a wider International Energy
Agency collaboration on the
Environmental, Safety and Economic
Aspects of Fusion Energy.

Participants from eight countries met
October 15-18 in Aiken, South Carolina,
USA, for the first Workshop on Tritium
Safety and Environmental Effects held
under the IEA collaboration. The
Workshop was organized and hosted by
Dr. Charles Murphy of the Westinghouse
Savannah River Laboratory, USA.

Valuable progress was made by the 40
attendees, in exploring potential joint
experimental and theoretical work in
TSEE. Options for joint work may
include:
• Joint experiments on special issues.
• Joint writing groups - concentrated

work sessions producing a report
summarizing the state of knowledge in
a particular area.

• Joint proposals - funding for a
particular joint effort might comprise
contributions from two or more
countries.

• Benchmarking of computer models -
different models would process the
same scenario data, such as a defined
tritium release, and compare impact
predictions.

Sessions at the Aiken Workshop reflected
the seven sub-tasks identified so far as
part of the overall TSEE Task:

• Tritium Sampling and Measurement.
• Environmental Models.
• Environmental Model Validation.
• Tritiated Organic Compounds.
• Long-term Databases.
• Human Dosimetry.
• Materials Science.

The 40 papers presented, from eight
countries, covered current work in most
of the world's tritium safety research
centres.

Numerous scientific disciplines were
represented at the Workshop; the
awareness of tritium work in other
disciplines was found most useful by
those attending. Sub-task leaders are
preparing plans for cooperative work in
their topics for consideration in 1991.

Further Information from Charles Murphy,
Westinghouse Savannah River
Laboratory: (803) 725-5224, Fax (803)
725-4704, 725-1660, or from Gary Vivian,
CFFTP.

AQUEOUS LITHIUM SALT
BLANKET DATA
Lithium Nitrate and Lithium Hydroxide
solutions; New Thermal Conductivity and
Specific Heat data.

CFFTP has proposed Aqueous Lithium
Salt Blankets (ALSB) as an alternative to
ceramic tritium breeder blankets for ITER
and fusion power reactors. As an ITER
R&D contribution, CFFTP has funded the
measurement of new property data for
concentrated lithium salt solutions. This
research was conducted in the Fluids
Thermal Conductivity group with Dr.
Ramesh Prasad at the University of New
Brunswick (UNB).

The lithium salts of most interest to fusion
are lithium hydroxide (LiOH) and lithium
nitrate (LiNO3). A previous literature
review (CFFTP G-8932, Fusion Eng. and
Design Yi (1990) 59-71) had identified
some gaps in the property data base at
high salt concentrations and temperatures
of interest for ITER (20-100°C) - in
particular thermal conductivity and
specific heat. No pertinent data for such
LiNO3 solutions could be found, and very
little for LiOH.

The UNB experiments used the transient
hot wire method. Since LiOH and LiNO3

solutions are electrically conductive,
tantalum wires were used with an
electrochemically produced oxide layer
for insulation. Breakdown of the oxide
layer in LiOH solutions limited the
maximum temperature of LiOH data to
60°C. LiNO3 data was completed to
90°C. Lithium salt concentrations in the
UNB experiments were 10-15 molal (up
to 51% salt by weight in solution) LiNO3,

and 2 - 5 molal (up to 11 % salt by
weight) LiOH.

The thermal conductivity was found to
increase by about 10% for LiOH relative
to water, while it decreases by a similar
amount for the LiNO3 solutions. The
specific heat of LiOH decreases by less
than 10%, and could not be resolved
within the uncertainty of these
measurements. The specific heat for
LiNO3 was found to decrease by 30%
relative to pure water. The results will
be published in CFFTP report G-9070,
available on request from CFFTP.

More information: Paul Gierszewski (416)
855-4717, or Ramesh Prasad (506) 648-
5518.

INTERNATIONAL NEWS

ICF REACTOR STUDY
KICK-OFF
Gene Nardella of US Department of
Energy chaired a kick-off meeting for the
US Inertial Confinement Fusion (ICF)
Reactor Design Study, on October 11 in
Chicago. Attending the meeting were
representatives of McDonnell Douglas,
SPAR Aerospace, CFFTP (as part of the
McDonnell Douglas team), W. J.
Schaffer, and several US national
laboratories.

The objective of the 18-month ICF reactor
study is to prepare and evaluate designs
for commercial ICF fusion power plants.
MacDonnell Douglas and W. J. Schaffer
are prime contractors to USDoE. Each
will prepare two ICF power plant designs.

Fourth Topical Meeting on Tritium
Technology in Fission, Fusion and
Isotopic Applications.

Albuquerque, New Mexico
29 September - 4 October 1991.

First Announcement and Call For
Papers.

Program Topics: Tritium Processing; Tritium
Safety; Measurement and an Accountability;
Tritium Properties and Interaction with
Materials; Design, Operation, and
Maintenance of Tritium Systems; Tritium
Storage, Distribution and Transportation;
Tritium Waste Management and Discharge
Control; Tritium Applications.

Deadline for Submissions (400-600 words);
February 15,1991. Contact John Bartlitt, Los
Alamos National Laboratory, P.O. Box 1663,
MS C348, Los Alamos, NM 87545, USA.



CFFTP SCIENTIFIC AND
TECHNICAL PUBLICATIONS

Since July 1990, the following CFFTP
publications have been released. Reprints
are available from the CFFTP Information
Coordinator (416) 855-4710. A complete
CFFTP List of Publications is also offered,
listing all reports published since 1982.

Tritium Behaviour in Ceramic Breeder
Blankets. (Paper presented at Tritium &
Advanced Fuels in Fusion Reactors,
International School of Plasma Physics,
Piero Caldirola, Varenna, 6-15 September
1989; CEC publication no. EUR 12540 EN;
AECL paper no. AECL-10042) May 1990. J.
Miller. G-9010.

Deuterium Permeation & Diffusion In
High Purity Beryllium. (Preprint of paper
accepted for publication in the Jrnl of
Nuclear Materials) May 1990. E. Abramov,
M.P. Riehm, D.A. Thompson, W.W.
Smeltzer. G-9013.

Study of Erosion & H-Recycle/lnventory
of Carbon/Graphite. April 1990. A. A.
Haasz, J.W. Davis. G-9034.

Search for Neutron Emission Induced by
Thermal Cycling of Metal Deuterldes.
(Preprint of paper submitted to II Nuovo

Cimento, Italian Physical Society,
September 1989) May 1990. N.P. Kherani,
W.T. Shmayda, A.B. Antoniazzi. G-9036.

Chemically Enhanced Self-Sputtering of
Carbon. (Preprint of a paper intended for
publication in a journal or proceedings) May
1990. J.W. Davis, A.A. Haasz. G-9037.

Erosion & Hydrogen Retention of
Graphite For First Wall Use In Fusion
Reactors. June 1990. A.A. Haasz, J.W.
Davis. G-9040.

Impurity Transport at the Plasma Edge.
(Invited paper to 9th Intl. Conf. on Plasma
Surface Interactions in Controlled Fusion
Devices, 20-25 May, 1990, Bournemouth,
U.K.) June 1990. P.C. Stangeby. G-9041.

Magnitude & Direction of Forces on
Impurities Near a Divertor Plate. An
Exploratory Investigation. (Invited paper
to the Satellite Workshop of the 9th Intl.
Conf. on Plasma Surface Interactions, 28-
30 May, 1990, Cadarache, France) June
1990. P.C. Stangeby. G-9042

Chemical Erosion of Sintered Boron
Carbide Due to H+ Impact. (Preprint of a
paper intended for publication in a journal or
proceedings) June 1990. J.W. Davis, A.A.
Haasz.

Corrosion of Carbon Steel in Aqueous
Lithium Hydroxide Under a Hydrogen
Blanket. (Preprint of a paper submitted to
Corrosion) March 1990. J.W. Graydon,
D.W. Kirk. G-9045.

Corrosion of Nickel & Stainless Steels in
Concentrated Lithium Hydroxide
Solutions. (Preprint of a paper submitted
to Corrosion) June 1990. J.W. Graydon,
D.w. Kirk. G-9046.

Thermal Desorption of Deuterium from
Polycrystalllne Nickel Pre-lmplanted with
Helium. (Paper presented for publication in
the Jrnl of Nuclear Materials) July 1990. S.
Shi, E. Abramov, D.A. Thompson, W.W.
Smeltzer. G-9051.

Comparison of Rigid vs Flexible
Confinement Systems for NET/ITER
Blanket Handling: Final Report. (Wardrop
report no. 90-8004-04-00) August 1990. G-
9055.

Synerglstic Effects Between Helium &
Deuterium on Gas Detrapping in
Polycrystalline Nickel. (Preprint of a
paper intended for publication in a journal or
proceedings). September 1990. E.
Abramov, S. Shi, D.A. Thompson, W.W.
Smeltzer. G-9057.

CFFTP MISSION SYNOPSIS

The CANADIAN FUSION FUELS TECHNOLOGY PROJECT
develops and applies engineered fusion systems and technologies for
application in world fusion programs. The Project was launched in 1982.
CFFTP is a key centre of Canada's National Fusion Program (NFP).

CFFTP is funded jointly by the Government of Canada, the Province of
Ontario and by Ontario Hydro.

« Government of Canada participation is via AECL Research, which
operates the NFP with funds supplied by Energy, Mines and
Resources Canada.

• The Province of Ontario participates through the Premier's
Technology Fund, operated by the Ontario Ministry of Industry, Trade
and Technology and supported by the Ontario Ministry of Energy.

• Ontario Hydro is the administrator of the Project.

CFFTP executes its mandate by:

• Supporting research and development in engineered fusion systems,
in universities, industry and research centres, with major emphasis on
fusion fuels technologies.

• Assisting the fusion community to find engineered solutions to specific
problems, and acting as a liaison channel .

• Attaching specialists to fusion projects to facilitate exchange of
technical information.

• Transferring fusion technologies to industry, and making CFFTP
technology developments available to the community at large.

CFFTP
Canadian Fusion Fuels Technology Project

Program Manager: Dr. D.P. Dautovich Telephone: (416) 855-4701

Mailing Address: Canadian Fusion Fuels Technology Project
2700 Lakeshore Road West
Mississauga, Ontario
Canada L5J 1K3

Enquiries: (416)823-0200
FAX: (416) 823-8020

Manager-Fuel Systems and Materials Development K. Y. Wong
Telephone: (416) 855-4715

Manager-Safety, Analysis and Facilities Engineering G.A. Vivian
Telephone: (416) 855-4733

Manager-Technology Applications A.B. Melkle
Telephone: (416) 855-4724

Manager - Technology Transfer Projects N. Markettos
Telephone: (416) 855-4703

Manager-Finance and Operations B.C. Yeung
Telephone: (416) 855-4704

Operations Coordinator S.J. Morgan
Telephone: (416) 855-4711

Editor - CFFTP Journal R. Macphee
Telephone: (416) 925-3117; Fax: (416) 925-2809

CFFTP Journal is published three times per year in English. To receive CFFTP Journal, write or Fax CFFTP, Attn: Janine Loring, Information Coordinator,
or Telephone: (416) 855-4710. French Language Information (Ontario Hydro): (416) 592-2220


