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Tritium Monitors for TFTR

CFFTP has supplied the USA's TFTR
tokamak with a set of special tritium
monitors and gas flow measurement
devices for tritium measurement and
accounting. They were delivered in June
and have been commissioned in readi-
ness for TFTR's forthcoming program of
fuelling the tokamak with tritium and
deuterium (D-T). The D-T fuelling pro-
gram should commence in late 1993.
TFTR is located at the Princeton Plasma
Physics Laboratory.

The Canadian tritium monitors are for
measuring quantities of tritium stripped
from TFTR torus exhaust gases, in oper-
ating scenarios where it is convenient to
strip out and hold the tritium on molecular
sieve beds, rather than recycle it immedi-
ately from the gases through process
systems to the TFTR fuelling systems.
The monitors can measure tritium con-
centrations as tritiated water (HTO) and
elemental tritium (HT) in damp exhaust
gas at high flow rates.

When TFTR is fuelled with D-T, very little
will actually be consumed in D-T fusion
reactions. As a result, the majority of
tritium injected as fuel will appear in the
torus exhaust gases, which are first
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collected in a gas storage tank for tem-
porary holding after a tokamak shot.
Tritium-bearing gases in this tank will be
processed in one of two ways:

• Preferentially, exhaust gases collected
in the storage tank will be processed
by the Tritium Purification System, also
being supplied to TFTR by CFFTP.
This system recovers all hydrogen iso-
topes on uranium beds, then separates
them by cryogenic distillation to recycle
tritium to TFTR fuelling systems.

• Alternatively, tritium in the collected
torus exhaust gases can be stripped
out and captured on molecular sieve
beds. In this case, exhaust gases
taken from the storage tank are passed
through a recombiner to convert
elemental tritium to tritiated water. The
gases then pass through two molecular
sieve beds in series to strip out the
tritiated water.

When exhaust gases are routed through
the molecular sieve beds, the new moni-
tors measure tritium entering and leaving
each bed. Together with accurate flow
measurement devices, the monitors will
account for the tritium inventory captured
in the molecular sieve beds. If desired,
the tritium-loaded beds can be shipped
off-site for tritium recovery or storage
elsewhere.

The monitors allow gas flow rates up to 2
STP litres/second. They were calibrated
with gas mixtures containing HT and HTO
up to 50 Curies/litre. They'and the flow
devices were designed, built and tested
in less than 8 months. CFFTP was the
project integrator; design and construction
were done by Ontario Hydro Research
Division, University of Toronto, Qual-
protech, Inc. and Torrovap Industries.

In October, the cryogenic Tritium purifica-
tion System was undergoing commission-
ing trials in Canada at Ontario Hydro's
research laboratories. Shipping to TKTR
is scheduled for early 1994. -,

More information from Ron Matsugu, \
CFFTP, (905) 855-4727, or from Bob \
Sissingh at PPPL, (609) 243-2164. \
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Distinguished High Technol-
ogy R&D Managers join
CFFTP Steering Committee
CFFTP welcomes Dr. Joseph Wright of
Xerox Corporation and Dr. Leonard
Bolger of the Canadian Institute for
Advanced Research (CIAR) as members
of the CFFTP Steering Committee. The
Steering Committee is responsible for
strategic guidance of CFFTP, and appro-
val of its programs. Both of the new
members have long and distinguished
records as managers of research and
development organizations, and consider-
able experience of commercially applying
new technologies. CFFTP is dedicated to
involving industry in its programs, and to
transferring technologies developed by
CFFTP to industry. The experience that
Dr. Bolger and Dr. Wright can bring to
bear in helping CFFTP achieve its goals
should prove most valuable.

Dr. Wright is Vice President and Centre
Manager of the Xerox Research Centre
of Canada. He leads the worldwide
materials research activities for Xerox
Corporation. He has a special interest in
the management of advanced technology.

Dr. Bolger is a Vice President of CIAR.
Before joining CIAR, he was a Vice Presi-
dent of Shell Canada and President of
Shell Canada Chemical Co. He brings
expertise in international business devel-
opment, and the management of
research and technology application.

CFFTP Staff Changes
and Postings
Eight staff members have left CFFTP in
the last few months, and one new person
has joined the staff. To those who left,
CFFTP extends its thanks for their contri-
butions and wishes them well in their new
endeavours. Their duties have been
assigned to other CFFTP staff members.

OTTO KVETON left CFFTP at the end of
October to join NITEK Corp. As a NITEK
employee, Otto goes to Japan in Novem-
ber to join the Joint Central Team (JCT)
of the International Thermonuclear
Experimental Reactor (ITER). Otto was

mainly responsible for Fusion Fuel Sys-
tems R&D programs at CFFTP. This
responsibility has been taken over by
PAUL GIERSZEWSKI and RON MATSUGU.
Otto will join the Tritium Plant Group of
the ITER JCT Nuclear Technology Divi-
sion at Naka, near Tokyo. The Naka
nuclear site is part of the Japan Atomic
Energy Research Institute. Otto was with
CFFTP from its earlier years, and has
contributed much to the development of
Canadian fusion fuel systems technol-
ogies.

PAUL DINNER has now left CFFTP but
remains with Ontario Hydro. After eleven
years with CFFTP, he has moved on to
join the Sustainable Development Tech-
nologies group at Ontario Hydro Technol-
ogies. There, he is responsible for devel-
opment and promotion programs in alter-
nate energy technologies. Paul was a
founding member of CFFTP, joining in
October 1982. He spent the last eight
years at Europe's Garching fusion site
(the NET team) as a fusion reactor fuel
systems and safety specialist, and repre-
sentative of CFFTP, He is replaced at
NET by DAVE MURDOCH of Qualprotech.

BOB STASKO has left CFFTP, and like
Paul Dinner, has joined the Sustainable
Energy Technologies group. Bob will be
responsible for programs in energy effi-
ciency technologies, and their commercial
use. He joined CFFTP in 1985, and was
very active as a development and safety
engineer during the ITER Conceptual
Design Activities. He spent several terms
at Garching, Germany, on this work.

GARY VIVIAN has retired. Latterly, Gary
was responsible for coordinating CFFTP's
ITER-related activities, and liaison with
various ITER groups outside Canada.
During Gary's four /ears with CFFTP, he
contributed in the fields of fusion safety
and environmental impact of fusion.
JOHN BLEVINS has taken over as

CFFTP's international liaison contact for
ITER-related activities, and coordinator of
ITER-related work at CFFTP. TONY
NATALI2IO has taken over fusion safety
responsibilities.

DOROTHY SLOCUM has left Ontario
Hydro after a long career with the Com-
pany. At CFFTP she was part-time Sec-
retary to Don Dautovich.
Secretary HILDA MAURER has left to

join the Sustainable Technologies group
at Ontario Hydro Technologies, where
she is Secretary to Carole Burnham, the
Director of that group.

ANITA MAH of CFFTP's Financial Ser-
vices department has left to join the Busi-
ness Services Group of Ontario Hydro's
Electricity Group, which is the electric
power generation and transmission arm
of Ontario Hydro.

PETER OSTROWSKI is welcomed to
CFFTP to take over as Finance and
Operations Officer, taking up the two
responsibilities of overall management of
CFFTP finances and manager for
CFFTP's non-technical staff. Peter is
very experienced in financial and busi-
ness management of technology-based
companies. He takes over these duties
from BRENDAN YOUNG, who left earlier in

the year.

PETER LADD from CFFTP, already at
Garching working on NET/ITER, was
chosen as a team member of the ITER
JCT Divertor and Plasma Interface Divi-
sion at the ITER Garching Co-centre.
Peter is an expert in design and applica-
tion of high vacuum systems.

Tokamak Divertor Research
New Divertor Probe for ASDEX-U

Divertor Modelling

Research into operation of tokamak
divertors is an important topic in fusion
reactor development. Plasma impurities
such as metal and carbon ions, and the
helium "ash" from fusion reactions, must
be removed from the plasma in reactors
to avoid unwanted dilution and cooling of
the fusion reaction. Tokamak fusion
reactors will probably rely on divertors to
remove plasma impurities, so divertor
R&D is currently an active field with much
to be learned. For divertors to be effec-
tive, the plasma flux transporting the
impurity ions out of the main plasma must
flow efficiently into the divertors. But
plasma flows in divertors are complex
uiid not well understood at present.

Recent CFFTP-cofunded work has
resulted in development of a compact in-
vessel plasma probe for exploring divertor
plasma behaviour, and has shed light on



the phenomenon of plasma flow reversal
in tokamak divertors. This research is
important because plasma flow reversal -
a tendency for some plasma and impurity
ions to flow back out of the divertor -
could have important implications for
divertor design and efficiency. The work
is being done by Peter Stangeby of the
University of Toronto Institute for Aero-
space Studies, and Spencer Pitcher of
CFFTP and PPPL, Princeton N.J.

Dr. Stangeby studies edge and divertor
plasmas. Working with the JET tokamak
project in England, he has developed
DIVIMP, a Monte Carlo computer code,
for analyzing and predicting impurity
transport in divertor plasmas. Sometimes
used in combination with other codes
which model hydrogen plasma flows,
DIVIMP is now being used to help design
divertors, and analyze performance of
existing designs. Stangeby's research
indicated that there would be plasma flow
reversal in divertors, which could diminish
the efficiency of the divertor in its import-
ant task of collecting and retaining
plasma impurities. Stangeby recently
completed a year of research at Europe's
JET tokamak in England, where he
helped to design the new JET divertors.
In August, Stangeby finished installing the
DIVIMP code at the ASDEX-U site in
order to analyze divertor data. DIVIMP
has attracted interest from a number of
other tokamak sites, who have requested
use of the code.

Dr. Pitcher has developed a compact,
fast radial-arm Langmuir plasma probe
which will assist research into divertor
plasma flows. The new in-vessel probe
(\VP) senses plasma flow direction and
measures plasma density, temperature
and electric potential over a cross-section
of the divertor plasma. To avoid being
burnt, plasma probes can spend only a
fraction of a second in the plasma to do
measurements. Typically, fast plasma
probes are large and expensive linear
reciprocating probes. In contrast, the
CFFTP IVP is a low cost sweeping-arm
probe which moves through an arc paral-
lel to the divertor plate face to make
measurements across a span of the
divertor plasma. Due to its compact size
and low cost, these probes can be
installed in hard-to-access locations such
as inboard divertors.

Dr. Pitcher installed a prototype of the
IVP probe on the ASDEX-Upgrade
tokamak in Garching, Germany last year
for testing. This probe swept over a 30

cm span of divertor plasma in 150 milli-
seconds. The IVP detected evidence of
the plasma flow reversals as computed
by Stangeby. The ASDEX-U team has
now ordered a second probe for measur-
ing the inner divertor plasma.

More information:
Peter Stangeby (416) 667-7729,
Spencer Pitcher (416) 667-7855, or
Paul Gierszewski (905) 855-4717.

Hydrogen Isotope Separation
Low Tritium Inventory using Advanced
Gas Chromatography Technique

A compact technology for separation of
tritiated hydrogen isotope mixtures, with
dramatically reduced in-system tritium
inventories, has been developed at
Ontario Hydro's research laboratories.
The new technology is based on
advanced gas chromatography (GC)
methods. Target applications of the tech-
nology include low-tritium-inventory fusion
reactor fuel systems, tritium laboratory
hydrogen isotope separation systems,
and detritiation of heavy water (after first
removing deuterium and tritium as gas
from the heavy water).

The new technology depends on a novel
GC control technique and uses relatively
narrow GC columns. The advanced GC
systems operate at liquid nitrogen tem-
peratures. Isotope mixtures are pro-
cessed in batches. Current trials are
being performed with 1 cm diameter GC
columns. A column of this diameter can
separate hydrogen isotopes at rates as
great as a conventional GC column ten
times larger in diameter. For processing
hydrogen isotopes mixtures (H, D, T) to
separate out the tritium component, the
advanced GC can have a tritium inven-
tory between 30 and 50 times less than
the in-system tritium inventory necessi-
tated by conventional GC technology.
Separation factors between different out-
put fractions (T2, DT, HT, D2, HD, H2) are
excellent.

In addition to being more compact and
with lower tritium inventory, the new GC
process is simpler and safer. It needs no
pressurized subsystems, and requires
only a small amount of helium carrier
gas. Testing of the technology for sep-
aration of hydrogen isotope mixtures was
completed this summer. The technology

was developed jointly by CFFTP, Ontario
Hydro Technologies and staff of China's
Southwest Institute of Physics and Chem-
istry (Chengdu), currently working at
Ontario Hydro. During this autumn, the
technology is being tested for separation
of stable isotopes heavier than hydrogen.
Isotope separation is one of CFFTP's
core technologies on which it places
heavy R&D emphasis.

More information from Paul Gierszewski
CFFTP (905) 855-4717, or Chris Cheh at
Ontario Hydro Technologies (416) 207-
6159, Fax (416) 207-5551.

Maintenance Robotics at
Naka, Japan
SPAR Aerospace, CFFTP and the Japan
Atomic Energy Research Institute (JAERI)
have initiated a collaborative project to
develop robotic control systems for fusion
reactor divertor maintenance machinery.
The project is being jointly funded by
CFFTP, JAERI, SPAR Aerospace and by
Canada's Japan Science and Technology
Fund.

JAERI's Naka research site already has
built some robotic machinery for changing
heavy divertor components, based on
existing ITER reactor design concepts.
JAERI wishes to develop a computerized
control system for this robotic divertor-
maintenance manipulator, which is cur-
rently equipped with manual controls. To
initiate this joint work, Roderick Miller of
SPAR is at present visiting JAERI's Naka
site near Tokyo for several weeks, to
assess the controls requirements of the
JAERI divertor manipulator. A return visit
to SPAR in Canada by JAERI engineers
is planned for the end of the year, to
develop the control system's specification
and design requirements.

Divertor segments for an ITER-size fusion
reactor could weigh 1-2 tonnes each.
SPAR Aerospace has special expertise in
heavy-payload remote manipulators and
their control systems. A special technical
difficulty with heavy payload robotics is
accurate load positioning and position
measurement, resulting from the loading
and flexure of the long, multiply-jointed
robotic manipulator arm.

More information from John Blevins,
CFFTP (905) 855-4721, or Clive
Holloway (905) 855-4702.



Since May 1993, CFFTP has released the fol-
lowing publications, reflecting Project activities.
Reprints are available from the CFFTP Informa-
tion Coordinator. A complete list of CFFTP
Publications issued since 1982 is also available.

Examination of Heat Generated From The
Electrolysis of 0.57M K2CO3 & NA2CO3 Elec-
trolytes (OHRD report no. 93-20-K) Antoniazzi,
A.B.; Shmayda, W.T. March 1993. G-9147.

Effect of Impurities on the Measurement of
Tritium With lonization Chambers (AECL-
10764) Rodrigo, L; Yin, D. May 1993. G-9199.

Maintenance of Large Gate Valves in Torus
Vacuum Pumping Systems (Paper presented
at SOFT Conference, Rome, Italy, September
1992) Stringer, J.D.; Blevins, J.D. September
1992. G-9206.

ITER Containment Design-Assist Analysis:
Containment Pressure Differential Sensitivity
Study for 100 Percent Inlet Header Break.
(AECL TTR-445) Nguyen, T.H. March 1993.
G-9268.

Plasma Driven Decontamination of Tritiated
Stainless Steel. (Preprint of paper presented at
SOFT Conference, Rome, Italy, September
1992) Antoniazzi. A.B.; Shmayda, W.T. Sep-
tember 1992. G-92104.

Fusion Energy: An Emerging Practice (Paper
presented at the OECD Nuclear Energy Agency
Workshop on Radiation Protection Toward the
Turn ol the Century, Paris. France, 11-13 Jan-
uary 1993) Benco, A.; Vivian, G.A. January
1993. G-9315.

Hydrogen Transport & Trapping in Graphite.
(UTIAS-347) Chiu, S.; Haasz, A.A. March
1993. G-9316.

Engineering Design of ARIES-I'.I (Paper pres-
ented at the 2nd Symp. on He-3 Fusion, July
1993) Sze, D.K.; Wong, C ; Cheng, E.; Sawan,
M.E.; Sviatoslavsky, I.N.; Blanchard, J.P.;
Gierszewski, P.; Hollies, R. and the ARIES
Team. July 1993. G-9322.

Pilot Reactor Breeder Blanket Mock-Up Con-
ceptual Design. Williams. G.C.; Kynaston, T.;
Kidd, C. May 1993. G-9336.

Synergistic Chemical Erosion of Graphite
Due to Simultaneous Bombardment by H+ &
Other Low-Z Ions Using a Dual-Beam Accel-
erator (Preprint of paper intended for publication
in ajournai or proceedings) Haasz, A.A.; Davis,
J.W. April 1993. G-9337.

Remote Maintenance of Fusion Machines
(Paper presented at the CNA/CNS Fusion Sem-
inar for Industry, Toronto, April 21,1993)
Holloway, C. April 1993. G-9353.

Industrial Impact of the Canadian Fusion
Fuels Technology Project Summary Report.
The Impact Group, July 1993. G-9357.

Tritium Sorption on Concrete Protective
Coatings & The Impact on Operational Safety.
(Paper presented at the IAEA Technical Meet-
ing, Toronto, ON, June 7-11,1993/AECL paper
no. AECL-10909) Miller, J.M.: Deschenes, L.L;
Senohrabek, J.A. June 1993. G-9365

Residual Tritium Effects During Spill Clean-
up. (Paper presented at the IAEA Technical
Meeting, Toronto, ON. June 7-11, 1993/AECL
paper no. AECL-10910) Allsop, P.J. June 1993.
G-9366

First Results With the In-Vessel Probe on
ASDEX-Upgrade. (Paper presented at the 20th
EPS Conference, Lisbon, Portugal, July 1993)
Pitcher, C.S.; Bosch, H-S.: Carlson, A., et al.
July 1993. G-9369.

A Simple Fast Pulse Gas Vaive Using a
Dynamic Pressure Differential as the Primary
Closing Mechanism, (Rev. Sci. Instrm. 64 (6),
June 1993,1410-1413) Thomas, J.C.; Hwang.
D.Q.; Horton, R.D.: Rogers, J.H.: Raman, R.
June 1993. G-9374.

Can Detached Divertor Plasmas Be Explained
As Self-Sustained Gas Targets? (Paper sub-
mitted for publication in Nuclear Fusion)
Stangeby. P.C. August 1993. G-9379.

CFFTP Mission Synopsis

The CANADIAN FUSION FUELS TECHNOLOGY PROJECT
develops and applies engineered fusion systems and tech-
nologies 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.

Contact CFFTP

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

Program Manager: Dr. D. P. Dautovich

CFFTP Telephone: (905) 855-4701 FAX: (905) 823-8020

Operations Coordinator: Sonja Morgan (905) 855-4711

CFFTP Journal is published three times per year in English.
To receive CFFTP Journal, or to receive CFFTP technical
reports, write or Fax CFFTP, Attn: Janine Loring, Information
Coordinator, or call (905) 855-4710,

French Language Information (Ontario Hydro): (905) 592-
2220

® Printed in Canada

on Recycled Paper


