
INIS-mf- -11271

CfFIP
Canadian Fusion Fuels Technology Project

Government of Canada • Government of Ontario • Ontario Hydro



CONTENTS

Page

OVERVIEW 2

PROJECT BASIS 5

ORGANIZATION 9

TRITIUM TECHNOLOGY 11

BREEDER TECHNOLOGY 13

MATERIALS TECHNOLOGY 15

EQUIPMENT TECHNOLOGY 17

SAFETY AND ENVIRONMENT 18

FOREIGN ASSIGNMENTS 20

TECHNOLOGY APPLICATIONS 23

APPENDICES

Copyright © 1985 by Ontario Hydro

Enquiries about copyright and reproduction
should be addressed to:

Program Manager
CFFTP
2700 Lakeshore Road West
Mississauga, Ontario
L5J1K3
Canada



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

Telephone: (416) 823-7387
Telex: 06-982333
Telecopier (416) 823-8020

CFTTP Activities Report 1984-1985

Af* if WHJT

The illustration "Conponents of • tritium storage bed" is of a uranium

bed designed, fabricated and tested by Los Alaaos lational Laboratory

for tritium storage.

Qovemmeni of Canada • Government ot Ontario • Ontario Hydro



Fusion is the process of releasing energy resulting from the combination of atomic
nuclei at extremely high temperatures. It occurs naturally in our sun. Canada is
contributing to the development of technology which will permit this process to be
harnessed and made available on earth. Fusion energy research is an expensive
enterprise but if it is successful, its benefit to mankind will be immense. The
international effort has increased from a modest beginning in the 1950s to a level of
approximately two billion dollars annually in the 1980s, spent largely by the four
major participants: the U.S.S.R., the U.S.A., the European Community and Japan.

There has been a high degree of co-operation between nations on fusion energy
research and development. The CANDU program has given Canada a unique
technological expertise which can be applied to fusion energy research, enabling us
to participate in a meaningful way with the international fusion community.
Through a coordinated approach, Canada's National Research Council has estab-
lished several projects, including plasma physics, inertial confinement and fusion
fuels, which will contribute significantly to the development of technologies in
specific areas leading to opportunities now for Canadian industry in the internation-
al effort.

We, at the Canadian Fusion Fuels Technology Project, are proud to be part of this
effort. This annual report of our activities for the fiscal year 1984/85 allows us to
recount our progress made in this effort and reflect on how our work complements
that of the other Canadian programs and the international programs. It is an
opportunity to report on the contributions made by all those individuals and
organizations that have participated with CFFTP this past year.

Personally, there have been several major achievements of which I feel very proud.
First is the increase in staff levels devoted full time to the efforts of the fusion
program. These efforts should result in improving the results of our already success-
ful research and development program and in transferring technology developments
to Canadian industry.

The earlier work in tritium technology has been completed and has resulted in
requests from external clients for additional work. The breeder technology program
is established as the lead research and development category. There was continuing
activity in materials, equipment and safety and environment with plans for continua-
tion of the remote handling program at Princeton University. A total of 16 people
have been attached to fusion facilities in the United States and Europe.

There was a large increase in the application of existing technology and the
subsequent revenue that this work for outside clients brings to the project. Although
budget cuts in the United States fusion program affected several contracts in this
area, there was still an increase by a factor of 10 over last year in applications and
revenues.

The outside work is indicative of the recognition that the project and its partici-
pants are receiving worldwide. It is expected that before too long, the application of
existing technology will equal or even exceed the level of effort of our research and
development program.

I would like to take this opportunity to thank all those individuals and organiza-
tions that participated in our work. I would also like to extend a welcome hand to
new members to our undertaking. This is an exciting time for Canada's nuclear
industry as we expand our technological knowledge to include fusion based energy
sources. The process of change will require the careful management of all our skills
and resources, both human and financial. This report indicates our success to-date
and indicates the myriad of opportunities that we and our participants face in the
future.

T.S. Drolet
Program Manager
Canadian Fusion Fuels Technology Project
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The Canadian Fusion Fuels Technology
Project

The Canadian Fusion Fuels Technology
Project was formally established in 1982
to strengthen Canada's scientific and
industrial base in regard to fusion fuels
technology and to coordinate its ap-
plication to international fusion power
development programs. The project is
based on the substantial technology de-
veloped for the handling of tritium in
the CANDU1 system and is directed
toward the further development of Ca-
nadian capabilities in five major areas:
tritium technology, breeder technology,
materials technology, equipment devel-
opment and safety and the environ-
ment. The project is funded by three
partners - Government of Canada
(NRCC and AECL - 50%), Ontario
Provincial Government (MOE and
BILD - 25%) and Ontario Hydro (25%).

Accomplishments in 1984/85

The fiscal year 1984/85 represents the
third year of operation of the project
and the reaching of some important
milestones. It has established and con-
solidated its technical directions. It has

1. Refer to Appendix A for glossary of acronyms
and abbreviations.

mobilized the appropriate research and
industrial resource sectors to carry out
the activities established by the project.
It has achieved peer acceptance among
international fusion development pro-
grams. It has created opportunities for
Canadian industries to provide services
to other national programs.

In 1984/85, 108 contracts were
awarded totalling $4 million. Supple-
mentary funding by subcontractors
added approximately $1.9 million to the
total project value. More than 200 peo-
ple participated in the technical work
involved in the project. The contracts
were distributed amongst AECL, indus-
try, Ontario Hydro and universities.
Approximately $285,000 was received
for technical support services provided
to international programs. Sixteen peo-
ple were on attachment to foreign facili-
ties for terms ranging from 1 month to
2.5 years. The assignments were located
in the United States, England and West
Germany.

Figures 1 and 2 indicate the CFFTP
FY 1984/85 budget and the distribution
of contracts (dollar value) awarded by
sector respectively.

Five patents were applied for includ-
ing a tritium discrimination monitor, a
new radio-chemical tritium separation
method, a new variation of fuel cleanup

The Canadian Fusion Fuels Technology Project
site located in Mississauga, Ontario. Canada

by gas chromatography, a passive triti-
um permeation system using bimetallic
membranes, and a new breeder process
using lithium salts dissolved in heavy
water.

Two additions were made to the com-
munication efforts of CFFTP in
1984/85. An educational booklet, ex-
plaining both the basics of fusion and
the aims and roles of the Canadian fu-
sion programs, was produced. An elec-
tronic communication system allowing
communication between CFFTP and
most parts of the world was established.
It is now in routine use between CFFTP
and associates and staff in Europe and
continental North America.

Numerous requests for reports, the
newsletter and attachments of Canadi-
an personnel abroad continue to be re-
ceived. The Tritium Safety Courses at-
tracted registrants from eight countries.

International Fusion Programs

There are fusion programs in Canada,
Europe, the U.S.S.R., Japan and the
United States. The Canadian fusion ef-
forts include the Canadian Fusion Fuels
Technology Project and the Tokamak
de Varennes, where first plasma is ex-
pected in early 1986. Canada is also par-
ticipating in talks with the United
States, Europe and Japan aimed at the
design and construction of an ignition



FIGURE 1
CFFTP—FY 1984/85 Budget

1 Administration
2 Operations and CFFTP

Technical Work
3 Tritium
4 Breeder
5 Material
6 Equipment
7 Safety

( 5.8 $ 233,000

( 9.2%) $ 367,000
(14.8%) $ 590,000
(26.6%) $1,062,000
(14.0%) $ 559,000
(14.7%) $ 589,000
(15.0%) $ 600,000

Total Budget = $4,000,000

FIGURE 2
Distribution of Contracts Awarded

(In FY 1984/85)

1
2
3
4

Industry
Universities
AECL
Ontario Hydro

(31.8%)
( 9.5%)
(40.0%)
(18.8%)

$1,278,000
$ 381,000
$1,607,000
$ 755,000

Tokamak. Canada has offered potential
sites for the project. No decisions have
been reached on construction of tb*
device.

The Commission of the European
Economic Communities has prepared a
five year plan (1985-1989), showing a
total estimated budget of $US 2 billion.
This program consists of a physics pro-
gram, a technology program and inter-
national cooperative projects. The prin-
cipal project is the Joint European To-
rus (JET) at Culham in England. There
are eight Tokamaks in Europe, with
JET being the largest. Planning is cur-
rently underway for the design of NET
(Next European Torus), which is ex-
pected to be in-service by 1996.

The Soviet fusion program includes
several major experiments. The largest
is a superconducting Tokamak (T-15)
expected to begin operation in late
1986. One important goal is the devel-
opment of a fusion reactor for the pro-
duction of fissile fuel.

The Japanese program involves na-
tional laboratories, universities and in-
dustry. The largest experiment is a To-
kamak JT-60. There are no plans to
burn tritium in JT-60.

The United States program has un-

dergone some budget cuts and reorien-
tation. The 1985 budget is $US 437 mil-
lion and the proposed 1986 budget is
$US 390 million. The program is being
directed away from the large flagship
projects towards alternate, more com-
pact concepts.

Bilateral Agreements

CFFTP is interested in establishing
cooperative programs in fusion tech-
nology with other countries. Canada
and Japan have signed a memorandum
of understanding linking the programs
of the two countries in the areas of fu-
sion physics and in development of fu-
sion fuels technology. The agreement
allows the two countries to exchange
expert staff, to share scientific and engi-
neering information, and to participate
in aspects of each others' programs.

A memorandum of understanding
between Canada and the Commission
of European Communities is also under
negotiation. This agreement would pro-
vide for cooperation in the field of fu-
sion research and development and in-
cludes plasma physics, remote manipu-
lators, fusion fuels, safety and environ-
ment plus high power electro-technology.

An agreement with the United States
is currently under negotiation. The
agreement is intended to cover all as-
pects of the fusion programs and will
cover both technical and commercial as-
pects.

Outlook For 1985/86
Interaction with the fusion community
from 1982-85 has indicated continued
support for the CFFTP's technical pro-
gram. The overall program objectives,
mandate and program focus remain val-
id and relevant. Specific technical ob-
jectives outlined below have evolved
and will help in determining program
direction:

• Provide close technical support in
the development of fusion fuels relat-
ed technology and data required for
tritium burning fusion devices in the
next five years;

• Undertake longer term development
for second generation machines
(NET, U.S. "ignition device") which
will require significant advances in
technology;

• Contribute to the overall advance-
ment of fusion energy development
by addressing generic critical tritium



issues such as tritium-material in-
teractions and safety and environ-
mental areas, and by participating in
conceptual reactor design studies.

Within the broad program plan, the fol-
lowing activities will be highlighted:

• Continued efforts will be undertaken
to secure strategic opportunities and
staff for assignment to foreign pro-
jects. This will provide training, de-
velop opportunities for Canadian

technology and promote Canadian
capability;

Continued emphasis will be placed
on direct experimentation with triti-
um. Tritium laboratory facilities are
being established at the University of
Toronto and McMaster University.
Facilities at AECL and Ontario Hy-
dro will be upgraded;

Continued efforts will be made to
secure opportunity for Canadian in-

dustrial participation in fusion pro-
jects, in providing engineering ser-
vices and hardware in fusion fuels
technology and remote handling
areas;

The program plans and budget for
the second five year term of CFFTP
will be established. This second term
will run from April 1, 1987 to March
March 31.1992.

JAERI
Japan

TSTA
LANL
Los Alamos, New Mexico

UCLA
LLNL
Los Angeles, California

UNIVERSITY OF WISCONSIN
Madison, Wisconsin

ANL
Chicago, Illinois
CFFTP
Toronto, Ontario

UNIVERSITY OF ROCHESTER
Rochester, New York
MIT
Boston, Massachusetts

•TFTR
Princeton, New Jersey

INTOR
Oakridge, Tennessee

MOL
Belgium

TEXTOR
Julich, West Germany

KfK
Karlsruhe, West Germany

NET
Garching, West Germany

Spain



Introduction
The Canadian Fusion Fuels Technology
Project has been launched to strengthen
Canada's scientific and industrial base
in regard to fusion fuels technology and
to coordinate the application of that
technology to international fusion pow-
er development programs.

The project, CFFTP, is a national
program backed by funding from the
federal and Ontario provincial govern-
ments, and by Canada's largest nuclear
power utility, Ontario Hydro. CFFTP is
one of Canada's two technical initiative
projects in fusion power development.
The fJrst project, the Varennes Toka-
mak, supports research in magnetic
confinement and power supply tech-
nology. These two technical projects are
conducted under the auspices of Cana-
da's National Research Council. Some
work in inertial confinement technology
is also in progress in Canada.

The project is based on the substan-
tial technology developed for the han-
dling of tritium in the CANDU system.
The capital value of the CANDU sys-
tem in Ontario is approximately $20 bil-
lion. It is estimated that of this figure,
some $2 billion worth has been expend-
ed by Ontario Hydro and AECL on
research, development and acquisition
activity to manage tritium. It is this
strong foundation and present capabili-
ty that makes the fusion fuels program
immediately viable and relevant to fu-
sion programs in the United States, Eu-
rope and Japan.

The CFFTP project originated in
1981, and was formally launched in
1982. From the outset, CFFTP has ope-
rated a program of contracted-out re-
search and development. The R&D pro-
gram is directed toward the further de-
velopment of existing Canadian capabi-
lities in five of the six major fusion tech-
nologies. These include tritium tech-
nology, breeder technology, materials
technology, equipment development
(with emphasis on remote operations)
and safety and environment. The R&D
program is now well established and its
work program is well underway.

There has been immediate opportuni-
ty for Canadian industry to provide spe-
cialized engineering services and con-
sultations. Within the CFFTP organiza-
tion these specialized activities have

been arranged within a technology ap-
plication function. Funding (or these
activities is provided on a contract basis
by organizations requiring these ser-
vices.

Authority
CFFTP was created by joint agreement
amongst the Canadian federal govern-
ment, the Province of Ontario and On-
tario Hydro. Federal participation is via
the National Research Council of Cana-
da (NRCC) with the assistance of
Atomic Energy of Canada Limited
(AECL). The Province of Ontario acts
through the Ontario Ministry of Energy
and the Board of Industrial Leadership
and Development (BILD). Ontario Hy-
dro acts, through the Fusion Engineer-
ing Materials Program (FEMP) of Hy-
dro's Design and Development Divi-
sion - Generation, as the project man-
ager for the CFFTP.

The Fusion Engineering Materials
Program was established in 1982 to
manage Ontario Hydro's programs in
fusion engineering and radioisotopes
and to act as the program manager for
the Canadian Fusion Fuels Technology
Project. Regular Ontario Hydro staff
have been transferred from various divi-
sions including Design and Develop-
ment - Generation, Research Division

CRNL tritium handling
facility—glovebox.

and the Health & Safety Division. Fol-
lowing the guidelines of the Compre-
hensive Agreement, additional staff are
provided from government laboratories
(AECL). universities and private indus-
try (consultants).

Mandate

CFFTP has a mandate to extend and
adapt existing Canadian tritium tech-
nology for use in international fusion
power development programs. It will
execute this mandate through four sets
of actions:-

• Supporting research and develop-
ment activities in technical areas re-
lated to fusion fuels technology. Ac-
tivities supported would be those at-
tempting to address identified needs
in fusion power development;

• Assisting the fusion community to
find solutions for specific problems
in particular projects;

• Providing specialist staff for attach-
ment to fusion projects in order lo
facilitate the exchange of technical
information;

• Facilitating access for the fusion and
industrial communities to the results
of CFFTP development work. Ac-
cess will also be provided to other



fusion related Canadian expertise, ei-
ther in technical institutions or in in-
dustry; experts can be found to pro-
vide technical assistance where re-
quested.

CFFTP will guide interested parties
to any ongoing work, or to any agency
in Canada involved directly or indirect-
ly in fusion and fusion fuels develop-
ment work.

Focus of CFFTP Program

The program is focussed on five main
technical are^s. These are:-

• Tritium Technology: Emphasis is on
problems of fuel systems design, and
on processing of waste and coolant
streams from fusion reaction cham-
bers and air clean up from reactor
vaults;

• Breeder Blanket Technology: Focus is
on solid breeder developments with
emphasis on ceramic fabrication and
characterization, neutronics, materi-
als and engineering aspects, and in-
reactor irradiation tests. Efforts will
be made to refine the technology of
tritium production and extraction;

• Materials Technology: Emphasis is
on the effects of tritium and plasma
on the first wall, fuelling and breeder
system materials. Tritium permeabil-
ity receives special attention;

• Equipment Development: Emphasis is
on remote handling and manipula-
tion, and on equipment handling tri-
tium. Fusion reactor maintenance
problems receive special attention;

• Safety and Environment: Emphasis is
on tritium monitoring, tritium do-
simetry and environmental tritium
dispersion.

Funding

Funding for the five-year project is set
at $16.5 million. The federal government
provides 50% of this funding. The Prov-
ince of Ontario provides 25% of the
funding, and the remaining 25% is pro-
vided by Ontario Hydro. Funds are
used to perform research and develop-
ment and technology application activi-
ties to address fusion and fusion fuel
related problems. Ontario Hydro also
provides the site and offices to house
CFFTP staff.

FIGURE 3
Canadian Fusion Fuels Technology Project Budget
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The CFFTP budget details for years
1983 to 1986 are shown in Figure 3.

Technology Application Activities
There has been an increasing oppor-
tunity for the involvement of Canadian
nuclear and remote operations indus-
tries with fusion projects in other coun-
tries. The need is now present in these
projects for some aspects of the tritium
technology and remote handling skills
that have been developed over the years
in the Canadian nuclear and aerospace
industries.

CFFTP has acted to introduce Cana-
dian industry to these projects and as
coordinator and project manager for
work performed by the various Canadi-
an groups and paid for by the host fu-
sion project in other countries. This
work is largely of an engineering nature
and is complementary to the R&D pro-
gram. It provides added direction to the
R&D program as well as clients for the

products of the R&D program, thereby
giving the CFFTP increased relevance
to the world's fusion programs.

Figure 4 demonstrates the past and
projected future growth of funds creat-
ed by CFFTP seed-monies during the
five year term. This growth of funds is
directly related to the focussing of tech-
nical activities and the development of
business opportunities.

Overall CFFTP Operational Summary
1984/85.
The overall operational summary for
CFFTP is given in Table 1, which shows
the category budgets, the actual costs
and supplementary fundings.

Figure 5 shows the actual expendi-
tures, supplementary funding by con-
tractors, technology revenues resulting
from technology applications for the fis-
cal year 1984/85 by category and against
the budget.
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FIGURE 4
Cumulative Spending and Funding Source

Since April 1982 and Projected to March 1987
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TABLE 1
CFFTP OPERATIONAL SUMMARY FOR FY 84/85

Item
FY 84/85

Budget
Actual FY 84/85

Program Cost
(Cash Basis)1

Supplementary
Funding1

Administration
Operations and CFFTP

Technical Activities
Tritium
Breeder
Materials

Equipment
Safely

Technology Application Cnsi

Technology Re\enue
International Project Support

Total CFFTP Costs

Original FY 84/85 Budget

Carryover from FY 83/84

Total Avail. Budget FY 84/85
Capital Project Expenditure

Total Project Cost FY 84/85
Funds Carried Over
to FY 84/85

233.000

367.000
590.000

1.062.000
559.000
589.000
600.000

4.000.000

4.000.000

70.000

4.070.000

296.717(4.070.000-

234.955

657.595
552.576
549.5991

356.387
671.396
384.834

593.990
284.518

309.4726

3.716.814

56.469

3.773.283

3.773.283)

95.000
275.400
882.9004

395.900
0^

349.900
20.600

2.019.700

Notes:

1. On a cash basis, expenditure was 93"? of budget and on an accrued basis. 1011? of budget.

2. Supplementary funding refers to funds contributed by contractors. The contributions through
preferred rates are not recorded here and in some cases are significant.

.1. The accrued cost for breeder program to the end of the fiscal year is $ 1.062.000.

4. Includes S450.000 above original contracted amount of supplementary funding allocated to facility
development at CRNL.

5. Joint activities at PPPL resulted in total remote handling program efforts of S2.450.OO0 of which
CFFTP provided $450,000 through Canadian industry and PPPL provided $2,000,000 through
technical and facility support.

6. International Project Support: CFFTP resources contributed to international projects. (Difference
between the cost of technology applications contracts and the revenues received from the same
contracts).



The main organizational units related to
the CFFTP are the Ontario Hydro De-
partmental Unit which manages the
project (FEMP). the Steering Commit-
tee which represents the funding parties
and oversees the project, and the Advi-
sory Committee which is an appointed
committee of international and Canadi-
an experts and which acts in an advisory
capacity to the Steering Committee and
to the project. The reporting relation-
ships are shown in the organizational
chart. Figure 6.

CFFTP Staff
CFFTP staff are responsible for the di-
rection of all project activities. These
staff are appointed by Ontario Hydro as
part of its project management func-
tion. The permanent staff members are
listed below:

DR. T.S. DROLET
Program Manager
Dr. Drolet is responsible for the execu-
tion of the overall program.

MRS. M. ATKINSON
Project Secretary

DR. D.P. DAUTOVICH
Manager of Technology Development
Dr. Dautovich is responsible for the se-
lection and management of technology
programs to be funded.

MR. M. CARNEY
Mr. Carney is on full time attachment
from AECL. He assists with the techni-
cal direction of R&D programs and also
provides special liaison between
CFFTP and AECL.

MR. D.F.KUHNKE
MR. N. SANTHANAM
Mr. Kuhnke and Mr. Santhanam assist
with the administration of contracts
and accounts for the R&D and engi-
neering contracts.

MR. P.J. DINNER
Mr. Dinner, who assists with the techni-
cal direction of R&D programs, is cur-
rently on an assignment with the Next
European Torus (NET) team at Garch-
ing, Wesi Germany for two years to par-
ticipate in the review of NET technical
objectives, critical issues, and design
criteria.

FIGURE 6
CFFTP Organization CHART
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Manager
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J.W. Rich man

A.B. Meikle
R.S. Matsugu

Manager
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Development
D.P. Dautovich

Manager
Technology

Safety
K.Y. Wong

R. Stasko

Office and
Information Systems

Specialist
S.J. Morewood

O.K. Kveton R. Stasko C. Boose
C. Burnham V. Shedlowich
M. Carney K. Dalgleish
D.F. Kuhnke j . Njeswandt
N. Santhanam
P.J. Dinner (on assignment at NET, West Germany)

Mr. O.K. KVETON
Technical Manager - Fusion
Mr. Kveton joined the CFFTP staff in
January, 1985 and is responsible for the
engineering and project management of
a number of projects in the develop-
ment and application of fusion fuel sys-
tems.

DR. CD. BURNHAM
Technical Manager - Fusion
Dr. Burnham joined CFFTP in April,
1985 and is responsible for managing
remote handling and environmental
projects, as well as utilising her business
experience to assist in determining the
priorities of R&D projects and in nego-
tiating commercial agreements.

DR. J.W. RICHMAN
Manager of Technology Applications
Dr. Richman is responsible for arrang-
ing the application of Canadian tech-
nology in fusion projects around the
world. This includes the application of
technologies developed from CFFTP
funded projects as well as engineering
services provided by Canadian industry
and extended to various fusion projects.

MR. A.B. MEIKLE
MR. R.S. MATSUGU
Mr. Meikle and Mr. Matsugu assist with
project management of engineering pro-
jects.

DR. K.Y. WONG
Manager of Technology Safety
Dr. Wong is responsible for R&D con-
tracts in the area of tritium safety,
health and the environment and for
safety aspects and implications in the
other program areas. Since safety as-
pects pertain to all of the technologies
considered within technology develop-
ment and to technology application ac-
tivities as well, safety technology is re-
cognized as a separate function.

MR. R.R. STASKO
Mr. Stasko will be joining CFFTP in the
safety and environment area in July.
1985. As a supervising design engineer,
he will be responsible for projects in the
areas of safety and environment, mater-
ials technology, and for providing ser-
vices in these areas to other fusion pro-
jects.

MS. S.J. MOREWOOD
Ms. Morewood is responsible for ensur-
ing that adequate word processing, cler-
ical, financial, and information retrieval
services are provided to all staff.
MS. K. DALGLEISH
Ms. Dalgleish provides word processing
and clerical services.

MS.C.BOOSL
Ms. Boose assists with compilation and
submission of program budgets, main-



tenance of account numbers and moni-
toring costs.

MS. V. SHEDLOWICH
Ms. Shedlowich provides invoicing ser-
vices and assists with the contracting
processes.

MS. J. NIESWANDT
Ms. Nieswandt will be joining CFFTP
in June 1985 and will provide informa-
tion retrieval services which include li-
brary and records management func-
tions.

Steering Committee

The Steering Committee oversees the
project and represents the interests of
the funding partners. It approves the
Annual Project Management Plan and
Budget, and the Annual Report. Repre-
sentation is proportional to funding
with two members representing the fed-
eral government and one member each
representing the Ontario provincial gov-
ernment and Ontario Hydro. The Steer-
ing Committee members and their alter-
nates are listed below with their affilia-
tions:

DR. E.P. COCKSHUTT (Chairman)
National Research Council
of Canada
Montreal Road, Bldg M50,
Room 203
Ottawa, Ontario Kl A 0R6

DR. H.K. RAE
Atomic Energy of Canada Ltd.
Chalk River Nuclear Laboratories
Chalk River, Ontario
KOJ 1J0
DR. B.A. FINLAY1

Ministry of Energy
56 Wellesley Street West
11th Floor
Toronto, Ontario
M7A 2B7

MR. W.G. MORISON
Vice-President
Design & Construction Branch
Ontario Hydro
700 University Avenue
Toronto, Ontario
M5G 1X6

1. Mr.N.D. Markettos, Ministry of Energy, has
taken over from Dr. B.A. Finlay as of 1 April,
1985.

Alternates

DR. T.S. BROWN
National Research Council
of Canada
Montreal Road, Bldg M55,
Room 398
Ottawa, Ontario Kl A 0R6
DR. A.C. JOHNSON
Ministry of Energy
56 Wellesley Street West
12th Floor
Toronto, Ontario M7A 2B7
DR. D.P.JACKSON
Atomic Energy of Canada Ltd.
Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1 JO
MR. H. IRVINE
Director
Design & Development Division -
Generation
Ontario Hydro
700 University Avenue
Toronto, Ontario M5G 1X6

Advisory Committee

The Advisory Committee is an appoint-
ed body assembled to advise the project
through the Steering Committee and
project manager on objectives, direc-
tions and technical activities. It has re-
presentatives from the European,
American and Japanese programs as
well as four Canadian members repre-
senting the various technical resource
sectors of the CFFTP. The members
and their affiliations are as follows:

MR. J.H. MOORE (Chairman)
CEO of Brascan (retired)
P.O. Box 758
London, Ontario N6A 4Y8
Canada
DR. J. DARVAS
Commission of the European
Communities
DG 12/Fusion
200 Rue de La Loi
B-1049Bruxelles
Belgium
DR. J.L. ANDERSON
Los Alamos National Laboratory
University of California
P.O. Box 1663, Mail Stop C348
Los Alamos, New Mexico 87545
U.S.A.

PROF. G.L. KULCINSKI
University of Wisconsin
Nuclear Engineering Dept.
1500 Johnson Drive
Madison, Wisconsin 53706
U.S.A.

DR.NARUSE
Fusion Research and
Development Centre
Tokai Research Establishment
Japan Atomic Energy Research
Institute
319-11 Tokai Ibaraki,
Japan

DR. R.W. MORRISON
Energy, Mines & Resources Canada
580 Booth Street
Ottawa, Ontario K1A 0E4
Canada

PROF. A. HARMS
McMaster University
Dept. of Physics &
Engineering Physics
1280 Main Street West
Hamilton, Ontario L8S 4K1
Canada

DR. R. BOLTON
Chef de Programme
Fusion Thermonucleaire Production
et Conservation de l'energie Institut
de Recherche d'Hydro Quebec
1800 MonteeSte-Julie
Varennes, Quebec JOL 2P0
Canada

Assignments to Foreign Facilities

One of the methods for exchanging in-
formation between organizations is
through staff assignments or attach-
ments to foreign facilities. Sixteen peo-
ple were on attachment to foreign facili-
ties in 1984/85 for terms ranging from 1
month to 2.5 years in length. They are
assigned to projects in the United
States, England and West Germany.
The individuals on assignment and their
parent organization, foreign facility and
location, duration and nature of work
are described in more detail in each of
the respective R&D categories provided
in this report.
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Tritium Technology

Objectives, Priorities and Critical Issues

Objectives of this program area are to
contribute towards the application of
existing tritium technology to fusion for
the near term fusion programs and the
development of new and innovative
processes for tritium management for
the next generation, industrial scale ap-
plications. Critical issues include devel-
opment of systems or approaches that
will result in reduced inventory, im-
proved reliability and efficiency, lower
cost of the fusion device and reduced
radiological impact potential.

The program priorities include triti-
um storage and management, plasma
fuelling and exhaust purification, iso-
tope separation for process streams
such as coolant detritiation, recovery of
tritium from breeding blankets, recov-
ery of tritium from building (air) and
secondary containment envelopes (inert
gas), and extraction and disposition of
radioactive wastes.

Accomplishments

Examination and development of a
number of novel processes and appro-
aches were undertaken in 1984/85.
Highlights include:

A reference tritium systems flowsheet
for the Next European Torus (NET)
project has been prepared. The work is
part of an overall review process of the
options for various sub-systems in the
fusion fuel reference flowsheet for NET
that will continue until 1986. The com-
peting processes for each of the major
applications have been identified, eval-
uated and a most suitable process se-
lected. Corresponding preliminary de-
sign descriptions have been prepared.
The participating contributors were
AECL-CRNL, OH-NMMD, Sulzer
Canada Inc. and CFFTP.

A study of compact alternate magnet-
ic confinement fusion experiments and
conceptual reactor designs was comp-
leted and published. This study identi-
fies the devices with a potential to burn
tritium in the near future. Several of the
concepts show promise of either burn-
ing tritium or evolving into tritium
burning devices by the early 1990's. Of
the several evaluated concepts only the
Frascati Tokamak Upgrade has had
funds allocated. The evaluation forms a

basis of assessment of the applicability
of the present CFFTP R&D program to
the compact reactor concept. Contribu-
tors to the study were OHRD and
CFFTP.

Phase I of the Laser Tritium Separa-
tion Process development project was
completed. Highlights include the dem-
onstration of a highly efficient wavegui-
de-based laser dissociation cell and the
development of an experimentally veri-
fied analytical model describing the in-
terchange of hydrogen isotopes/water
and the process gas trifluoromethane in
the presence of rate enhancing solvents
and catalysts. The objective of the work
was to develop a compact, cost effec-
tive, on-line method of removing triti-
um from any water stream, for a very
wide range of concentrations of tritium
in the water. This work was performed
by OHRD.

An electrolysis cell for highly tritiated
water is being developed. During the
initial phase of the project the test cell
was designed and built and it is ready
for testing and demonstration with triti-
um. Tests will be conducted during
1985/86. This work was performed by
CRNL.

A study was undertaken by OHRD to
design, assemble and test both bench
and pilot scales of a gas chromotogra-
phy system for fusion fuel clean-up. Re-
sults demonstrated that 0.5 to 1.5 L/hr
of gas can be processed with removal of
virtually all H2 and HD. 85% of the HT,
loss of 20% of the D2 while retaining all
of the DT and the T2. A beta-sensitive
detector for the quantification of the
various forms of tritium was designed,
fabricated and tested. A patent applica-
tion has been made.

Collaboration has been established
with international fusion programs
through cooperative projects or attach-
ments of personnel to Next European
Torus (NET) in West Germany, the
University of Rochester and Lawrence
Livermore National Laboratory in Cali-
fornia.

Expertise and Potential Developments

The following expertise and capabilities
have been developed or strengthened by
the tritium technology program:

• Air detri tiation system design;
• Tritium recovery from tritiated wa-

ter;

Electrolysis cell lor highly tritiated water.
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• Recovery of tritium from fusion reac-
tor effluents;

• Tritium storage systems;

• Design and construction of tritium
labs;

• Fusion reactor fuelling system con-
ceptual design.

These capabilities will allow services
to be offered for fuelling systems design
for international fusion reactors; design
of tritium laboratory facilities; design of
tritium cleanup systems; and commis-
sioning of tritium cleanup and storage
systems.

Application of Funds in FY1984/85

mosphere and purification, extraction
and disposal of tritiated wastes.

To meet the overall R&D strategy,
the CFFTP R&D program will sponsor
a broad range of technology consolida-
tion and development activities ranging
from transferring and adapting proven
and developing technologies from
CANDU applications, to sponsoring
the development of novel concepts,
ideas and designs. The results of the
first three years and the projection of
present programs provide evidence of
the continuity of service. Participation
in the United States and European pro-
grams offer the best opportunities for
keeping the CFFTP program relevant
and effective.

Industry
Value of Tritium Contracts by Sector

AECL

AECL
Ontario Hydro
Industry

No.
5

13
5

Value
$

210.695
341.334
61,870

Supp.
Funds

$
38.000

217.400
20.000

Total 23 613,899 275,400

Outlook for 1985/86
Activities for this area are directed to-
ward the development of improved pro-
cesses, systems, methods and experience
for fusion applications. These will be
required for the purification, recovery,
handling and disposal of tritium or tri-
tiated substances and structures in ap-
plications related to fusion fuel storage,
plasma exhaust purification, recovery of
tritium from breeding blankets and coo-
lant streams, room and containment at-

Within this broad R&D program, a
number of projects will be emphasized
in 1985/86. Priority projects include;
tritium storage and management, plas-
ma fueling and exhaust purification,
isotope separation for process streams
such as coolant (He/H2) detritiation, re-
covery of tritium from breeding blan-
kets, recovery of tritium from building
air and secondary containment en-
velopes (inert gas), and the extraction
and disposition of radioactive wastes.
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Objectives, Priorities and Critical Issues
Objectives of this program area are the
identification of breeder design alterna-
tives considering breeding material,
coolant, structure and neutron multi-
plication, ranking of reactor concepts
and focusing on a breeder material with
high concept and/or application
relevancy.

Breeder technology is an important
functional element of the fusion fuel cy-
cle for the purpose of manufacturing
tritium as the fusion fuel. It also plays a
dominant role in the overall commercial
viability of the fusion energy generation
concept. This critical role is displayed
through impact on the reactor core
geometry, neutronics economy, cooling
and heat conversion complexity and ef-
ficiency, reliability, safety and environ-
mental impact.

Accomplishments

The fusion breeder blanket program
with AECL-CRNL was launched in
June 1984 and its first months have
been largely directed to building facili-
ties and developing the technology re-
quired to accomplish the main objec-
tives of the program in 85/86 and
86/87. The project is largely being car-
ried out by AECL-CRNL who also
have contributed significant supple-
mentary funding. Significant achieve-
ments have already come from some
program elements and international re-
cognition of Canada as a contributor to
this critical area of fusion technology
has been achieved quickly.

Evidence of this is the many contacts
and visits by representatives of major
foreign fusion programs; collaboration
with them has been established even at
this early stage in some program ele-
ments and the prospects for joint work
are promising in others. The concept of
having an integrated multi-element pro-
gram focused on the breeder theme has
proven to be very effective both in terms
of internal and external interactions
and in providing the momentum needed
to achieve the goals of the program.

Additional work using lithium salts
dissolved in heavy water as a self-cooled
breeder process has been initiated under
a joint program between CFFTP,
Grumman Aerospace and Rensselaer

Polytechnical Institute (RPI). As the
lead industrial participant, Grumman
Aerospace has applied, on behalf of
CFFTP and RPI, for a United States
patent covering this novel process.

Accomplishments in 1984 and 1985
were as follows:

Irradiation Tests

A site was selected in the NRU reactor
and a permanent control and analysis
centre for the tests is under construc-
tion; the completed facility will be
available on schedule in September
1985. A detailed design has been comp-
leted for the sweep gas rig consisting of
a dynamic capsule concept with annular
pellets, gap gas for temperature control
(300-1000°C) and external cooling. The
tritium analysis train design is fixed and
components are on order. Safety, qual-
ity control and data analysis studies are
complete with the latter now under de-
sign.

Fabrication of Lithium Ceramics

The necessary samples of lithium ce-
ramics from outside sources to allow
work to proceed at CRNL was obtained
from Argonne National Laboratory in
the United States. It was also concluded
that the facilities and expertise at
CRNL are very good for lithium ceram-
ic production and there is potential for
original contributions in the area of
sphere-pac ceramic production and on
little known but promising materials
such as lithium beryllate.

Lithium Isotope Chemistry

An extensive review of lithium isotope
separation assessing all known methods
has been prepared for publication. The
conclusion is that the chemical ex-
change system under investigation in
this program element is one of the most
promising and a proprietary experimen-
tal plan has been produced. Experimen-
tal work has concentrated on develop-
ing methods of measuring 6Li/7Li iso-
tope ratios in solution by NMR meth-
ods. With regard to the preparation and
characterization of lithium powders, the
necessary equipment has been assem-
bled including a muffle furnace, and
water tritiation apparatus with associat-
ed balance installed in a custom-built

dry box. Thus, a capability is now in
place for the preparation of ceramic
powders - the raw material for the fab-
rication element of the program.

Fundamental Studies
The perturbed angular correlation
(PAC) apparatus was built and success-
fully tested and initial experiments on
defects in lithium oxide were begun.
These were the first PAC experiments
on lithium ceramics to be done any-
where in the world. The elastic recoil
detection (ERD) method for profiling
tritium is undergoing extensive study
and the initial results are promising. Li-
thium niobate single crystals have been
obtained (January 1985) from a com-
mercial supplier and work is now pro-
ceeding in this area.

Measurements of 35 keV 3He ranges
in Al, Ti, V, Ni, Cu, Zn, Zr, Nb, Ag, Sn,
Ta, W, Au and Bi using the thermal
neutron reaction 3He(n,p)3H were per-
formed; comparison with Monte Carlo
calculations have provided useful infor-
mation on stopping powers in the fusion
energy regime. Papers have been sub-
mitted for publication on this work and
on the PAC test experiments.

Neutronics

Most of the work in this element has
concentrated on neutronics calculations
for the design of the irradiation test fa-
cilities. The results showed that:

• Lower than natural 6Li enrichment is
required in the test materials;

• Tritium production rate in the ce-
ramic would be low enough so as not
to cause significant safety problems;

• The 6Li burnup would be 0.8%/d;
and

• That the thermal design of the sweep
gas rig would have to take into ac-
count the influence of 3 W/g of gam-
ma heating. This, and other input,
has been essential in designing the
irradiation facility.

Blanket Structural Materials

The unique state-of-the-art low temper-
ature irradiation facility has been de-
signed, components ordered and the
target chamber is under construction.
The He blistering work has shown the
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importance of the structure of the ma-
terials surface in blistering. Further
work is underway to elucidate the role
that subsurface microstructure may
play in this process. These results may
have a significant bearing on the type of
metal processing and resulting surface
morphology used to produce blanket
structures. A joint experiment with Ar-
gonne to study the effects of solutes on
neutron radiation was successfully
completed.

Blanket Engineering

This is a multi-task element of which the
first is the liquid metal breeder aware-
ness sub-element. An orderly means of
monitoring developments in this field
has been instituted and visits to relevant
laboratories are planned for the end of
this fiscal year. Participation in a lithi-
um salt/heavy water blanket design in
collaboration with Grumman and
Rensselaer has proved that this concept
is very promising. A critical issue in this
design is tritium extraction; experi-
ments on a novel method of tritium ex-
traction applicable to this blanket form
the third sub-element, and preliminary
results have been encouraging. A sub-
element on enhanced tritium produc-
tion in CANDU reactors started in
March, 1985.

Total Ontario Hydro Tritium Production
1986-2000

60-

87 89 91 93 95 97 99

Expertise and Potential Developments

The following expertise and capabilities
have been developed or reinforced by
the breeder technology program and
could lead to patent applications for
new processes, materials or designs:

• Testing facilities for different blanket

compositions and configurations;

• Understanding of fundamental is-
sues such as tritium extraction;

• Provision of assistance to commer-
cial fusion reactors.

Application of Funds in FY1984/85

The conceptual breeder blanket model
will be pursued to assess both the rele-
vance of the results to program power
reactor applications and as one factor to
guide selection of the test matrix.

The irradiation facility will be com-
missioned and first results produced on
the macroscopic changes that occur in

Value of Breeder Contracts by Sector

Industry

AECL
Industry
Total

No.
10
1

11

Value
$

1,000,000
40,000

1,040,000

Supp.
Funds

$
882,882

0
882,882

Outlook for 1985/86
Projects in 1985/86 will focus on:

• Ongoing monitoring of design phil-
osophy development for major reac-
tor studies such as MINIMARS and
NET;

• Theoretical studies including feasi-
bility evaluation, such as fabrication,
operation, etc., chemistry, neutron-
ics, structural, and engineering;

• Laboratory tests;

• Irradiation tests.

Collaboration with other groups
working on breeder technology will
continue to be sought.

The first sweep gas tests will be per-
formed in the latter part of 1985/86.
Static in-reactor capsule tests will be
continued as scoping experiments on li-
thium ceramics. Laboratory facilities
will be established for ceramic fabrica-
tion and characterization.

The chemical exchange system for li-
thium isotope separation will be tested.

The work using PAC and ERD will
be continued and expanded to include
nuclear reaction analysis.

The emphasis of the neutronics ele-
ment will shift from design activities to
support of the irradiation experiments.

blanket structural materials under
irradiation.

The liquid metal component wi. >r> -
tinue at its current level. The enl
tritium production work will be comp-
leted and a decision will be made on
whether to proceed with further phases.
The Grumman/RPI/CFFTP blanket
design will receive considerable atten-
tion and the materials compatibility
problem will be studied.

A document summarizing organic
coolant data, appropriate for possible
use in fusion reactors will be produced
byAECL(RC)WNRE.
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Objectives,Priorities and Critical Issues
Objectives of this program are:

• To contribute towards resolving crit-
ical issues in materials technology re-
quired for fusion;

• To develop special materials and de-
vices for fusion applications;

• To establish and maintain technical
expertise.
The research program is carefully fo-

cussed, with tritium as its central theme,
and is complementary to, and coor-
dinated with, other materials research
programs in the fusion community.
High priority is given to addressing crit-
ical materials areas identified for pres-
ent and near-term devices such as
TFTR and JET. Basic research is also
conducted to permit improved under-
standing of tritium-material interac-
tions and provide database and tech-
nology for longer-term devices such as
NET and the United States ignition
device.

Critical issues include: plasma first-
wall interactions, radiation damage to
materials and mechanical behaviour of
irradiated, H/T/He implanted materi-
als, tritium permeation in materials and
development of special materials.

The fusion reactor environment is ex-
tremely hostile to materials. There is
inadequate information based on pres-
ent knowledge and extrapolation from
fission experience to predict material
behaviour and confidently design com-
ponents for D-T burning reactors. Sig-
nificant R&D, much of it long term, is
needed.

Accomplishments
The fiscal year 1984/85 saw further pro-
gress in an ongoing study to generate
scientific and engineering data for de-
sign and selection of first wall materials.
The study is being conducted at the
University of Toronto Institute of
Aerospace Studies (UTIAS) with em-
phasis on volatile production, hydrogen
species retention and permeation in the
first wall.

Progress in 1984/85 included:

• Further development, design and
characterization of special experi-
mental equipment such as the low
energy high flux ion accelerator, the

sub-eV H beam source, the permea-
tion test facility, and the laser-ther-
mal desorption facility for retention
studies.

• Hydrogen retention experiments
with single crystal graphite and coat-
ed samples from JET.

• Experimental studies of the permea-
tion of molecular and atomic hydro-
gen through palladium membranes.

• Initiation of a plan for a low-level
tritium research laboratory for
UTIAS.

A three year program was initiated at
McMaster University's Institute for En-
ergy Studies (MIES) on tritium interac-
tions with fusion fuelling and breeder
systems with emphasis on tritium per-
meation, methane production, develop-
ment of permeation barriers, and of a
system code, to model tritium migration
and inventory in fusion systems. Studies
completed in 1984/85 include a com-
puter simulation and optimization for
the measurement of tritium profiles in
solids and a comprehensive literature
review of tritium sorption and methane
production in breeder and fusion reac-
tor environments.

In addition to R&D programs at
UTIAS and MIES, studies were con-
ducted at TEXTOR, Julich, on asym-
metric permeation of tritium through
metal composites. The key features of
the permeation theory through compos-
ites were verified experimentally. As a

Components of a tritium storage bed.

result of this work, a patent has jointly
been applied for by OHP.D and KfA
Julich. A study on the evaluation of
organic coatings as barriers against triti-
um permeation into concrete surfaces
was also completed.

Close collaboration has been estab-
lished by the UTIAS group with the
United States (Sandia Labs, PLT,
TFTR, INEL and European (Culham,
JET, TEXTOR) fusion programs. The
asymmetric permeation study (project
3.04) was conducted at KfA, Julich. A
meeting was held with the United States
DOE, PPPL, Sandia Labs, and INEL in
January 1985 to identify areas of mutual
interest and potential future collabora-
tion.
Expertise and Potential Developments

The following expertise and capabilities
have been developed or strengthened by
the materials technology program:

• Unique facilities at UTIAS to simu-
late plasma edge conditions (low en-
ergy hydrogen ions, sub-eV hydrogen
atoms) with in-situ diagnostics to de-
termine surface conditions and hy-
drogen retention;

• Protective coatings to minimize triti-
um permeation and facilitate decon-
tamination (OHRD);

• Fabrication of permeation barrier
materials (MIES);

• Broad expertise in the science of hy-
drogen (and tritium) interactions
with materials.

Research on the asymmetric permea-
tion of tritium through metal composite
materials could lead to the development
of a passive, leak-tight tritium pump
with no moving parts. Other applica-
tions include passive fusion reactor ex-
haust detritiation, helium purification,
hydrogen isotope separation and hydro-
gen atom monitoring.

The development of permeation bar-
rier materials and protective coating
could also result in marketable devices,
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products, and engineering services. Re-
search on the tritium retention in mater-
ials, radiation damage and chemical
erosion of materials provides the basic
know-how in tritium-material interac-
tions and materials selection for fusion-
related contracts.

Application of Funds in FY1984/85

but only with tritium due to it's radioac-
tivity. Engineering data for fusion reac-
tors cannot be an extrapolation of hy-
drogen and deuterium data.

Likewise, use of tritium will also be
introduced in the MIES program in
1985/86 in permeation studies. The
MIES program will also start looking at
tritium permeation barriers for fusion

Value of Material Contracts by Sector

Industry

Universities
Ontario Hydro
Industry
Total

No.
10
2
1

13

Value
$

381,010
69,815
28,877

479,702

Supp.
Funds

$
323,769
39,895
32,257

395,921

Outlook for 1985/86
Research on tritium-material interac-
tions will continue to be conducted at
the universities. The University of To-
ronto Institute for Aerospace Studies
(UTIAS) will concentrate on the beha-
viour of first wall materials. The
McMaster University Institute for En-
ergy Studies (MIES) will focus on triti-
um behaviour in fusion fuelling and
breeder systems.

Experiments at UTIAS have so far
been performed with hydrogen and deu-
terium. Experiments with tritium are
planned for 1985/86 using the new triti-
um laboratory facility being acquired.
Experimentation with tritium is essen-
tial as there are some effects which do
not occur with hydrogen and deuterium

fuelling and blanket structural materials
and will develop a system code for mod-
elling the behaviour and inventory of
tritium in process loops.

The work on asymmetric permeation
through metal composites looks very
promising and could lead to several
useful applications, in particular "pas-
sive" limiter pumping which can subs-
tantially reduce the scale of the tritium
purification systems. JET has expressed
strong interest in this development. The
project will continue to be funded in
1985/86 with experiments planned to
be conducted at TEXTOR, Julich.

Specific areas for collaboration with
the United States, European and Japa-
nese programs will be identified and
pursued.
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Equipment Technology

Objectives and Priorities

The objective of the equipment develop-
ment program is to assist the Canadian
industry in the development of equip-
ment for fusion and associated applica-
tions and to foster Canadian involve-
ment in developing world fusion
programs.

The key hardware areas of this prc
gram are focussed on the extension of
capabilities developed in other applica-
tions such as fission and the space pro-
gram to fusion power. Examples include
remote handling, hydrogen compatible
components - valves, seals, pumps, con-
tainers, etc., vapour recovery driers and
protective clothing.

Accomplishments

A Canadian remote handling team
which was attached to the TFTR at
Princeton University in October 1983,
completed phase I work of the coopera-
tive remote handling agreement be-
tween CFFTP and TFTR on March 31,
1985. The team consisted of staff as-
signed from CAE, SPAR and DSMA-
-ATCON. Phase I work covered analy-
sis of TFTR remote handling require-
ments, definition of needs and develop-
ment of an implementation plan. As a
result of this work:

• Demonstration equipment for port
cover removal has been manufac-
tured; manipulator software pre-
pared; and a demonstration carried
out;

• Components of a tele-operator sys-
tem manipulator have been pur-
chased and software completed; the
manipulator has been delivered, as-
sembled and installed for trials;

• Moveable limiter and protective
plate mockups have been completed;

• Demonstration of ML tile mainte-
nance using "hands-on" techniques
was performed; design has been de-
veloped for fully remote proof-of-
principle demonstration;

• A conceptual design for the boom
type manipulator was completed;

• A conceptual design for a track sys-
tem to provide support and transport
method for 1VM was completed; and

• A conceptual design of mockup con-
trol room including design drawings
for control room and workstations
was completed.
An appointment of a Canadian re-

mote handling specialist (Dr. A. Rolfe
of Spar Aerospace) has been made as
Remote Handling Applications Group
Leader at JET, for a five-year term.

Other accomplishments include a
study on pellet injector technology for
fusion reactor fuelling, development of
a tritium vacuum pump by Nova Mag-
netics Ltd. of Nova Scotia (a patent ap-
plication has been made), which has ex-
tremely low tritium leakage rates, and a
study to evaluate hands-on versus re-
mote maintenance for INTOR, from
safety and economic standpoints.

Magnetic coupling

Nova Magnetics tritium pump.

Expertise and Potential Developments

Extension of remote handling capability
to fusion could lead to involvement in
other fusion projects as well as non-
nuclear spinoffs.

Application of Funds in FY1984/85

Outlook for 1985/86

New programmatic guidance from the
United States DOE and corresponding
budget cuts have reduced the scope of
remote handling project at Princeton.
The project is to concentrate on a main-
tenance manipulator for visual inspec-
tion, vacuum leak detection and tile re-
moval inside the vacuum vessel. Several
significant challenges remain in the de-
sign of the system, in particular capabil-
ity to operate at 150°C and under sig-
nificant vacuum. Canadian funding to
allow continued operation with Prince-
ton leading to the eventual provision of
the maintenance manipulator system
will be pursued.

Canadian opportunities in pellet in-
jection with Oak Ridge in providing tri-
tium design support and/or in utilizing
Varennes to test equipment will be
pursued.

A project to develop a tritium vacu-
um pump is planned. The project is to
redesign an existing Mound/Monsanto
vacuum pump to facilitate production
and manufacture for commercial ex-
ploitation. Several enquiries from in-
dustry have been received for such a
pump.

Remote handling requirements for
NET will be reviewed and potential Ca-
nadian involvement will be evaluated.

Value of Equipment Contracts by Sector

-AECL

Supp.
Value Funds

No. $ $
AECL 1 24,325 0
Ontario Hydro 1 25,000 0
Industry 9 609,371 0
Total 11 658,696
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SAFETY AND ENVIRONMENT

Objectives and Priorities

The safety-related aspects of tritium
and its effects on the natural environ-
ment are areas where there is considera-
ble Canadian expertise and where
CANDU experience can be extrapolat-
ed to fusion applications. The objectives
and associated strategies of this area are
to:

• Conduct R&D to adapt and extend
existing Canadian experience in triti-
um safe handling, safety assessment,
control, monitoring, and personnel
protection to meet the requirements
of near-term fusion reactors and triti-
um laboratories;

• Conduct research to address generic
tritium safety issues related to do-
simetry, in-plant and environmental
behaviour with emphasis on the gase-
ous form of tritium.

The program is focussed on four main
R&D areas:
• Development of tritium monitors;

• Dosimetry developments;
• Environmental impact assessment,

and

• Fusion safety analysis.

Accomplishments

Highlights of 1984/85 include:

• Initiation of a major three-year triti-
um monitor development program at
CRNL, with the objective of supply-
ing to the world fusion community a
full range of commercially available
instruments. Work is well underway
on the development of a general pur-
pose gamma-compensated tritium
area monitor, and an HT/HTO dis-
criminating monitor;

• Completion of a study on the inter-
nal dosimetry of HT gas;

• Completion of a study on the deposi-
tion and conversion of elemental tri-
tium in the environment;

• Completion of a comprehensive liter-
ature review of HT to HTO conver-
sion reactions;

• Initiation of an international com-
parison study of tritium dispersion
codes.

Ontario Hydro's Health and Safety
Division has developed a portable HT/
HTO tritium discriminating monitor. A
proposal for patent application was
submitted to an internal Ontario Hydro
committee. As a result, a patent applica-
tion has been filed with the United
States Patent Office.

A manual on Canadian tritium ex-
perience was completed. This manual
documents key aspects of the considera-
ble Canadian experience in Canadian
tritium technology and CANDU
operation.

A Canadian health physicist was at-
tached to JET (April-June, 1984) to as-
sist in the definition of JET's tritium
safety program. The result of this work
was contained in a JET report Guide-
lines for the Management and Control of
Tritium Related Occupational Exposure.
Subsequent negotiation with JET re-
sulted in a three-year attachment of a
Canadian safety engineer to JET in
March 1985.

Expertise and Potential Developments

Substantial Canadian expertise exists in
radiological safety, in particular tritium
safety. This expertise covers broad areas
such as dosimetry, monitoring, personal
protective equipment, facility safety as-
sessment, probabilistic risk assessment,
system safety techniques such as
MORT, environmental impact assess-
ment and facility licensing.

The tritium monitor development
program will result in Canadian indus-

trial products. Scintrex Limited of Con-
cord, Ontario has been marketing a
CRNL design lightweight portable triti-
um monitor. Other monitors that
should be commercially available by
1986 include an area tritium monitor
and a HT/HTO discriminating
monitor.

Currently available Canadian de-
signed tritium protective suits may find
applications in several world fusion
projects.

The Mark III plastic suit.

The OHTDC, a computer code for
assessing the environmental impact
from HT and HTO releases, may find
application in contract work at fusion
facilities and may have some sales
potential.

The broad capabilities in safety areas
will contribute to contract work at fu-
sion-related facilities.

Sciptrex portable
tritium-in-air monitor.
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Application of Funds in FY1984/85

Value of Safety Contracts by Sector

Outlook for 1985/86
Considerable expertise has been built
up in safety technologies such tritium
monitors and protective suits. Participa-
tion in fusion projects, attachment of
staff to fusion facilities, and interna-
tional collaborative studies in the safety
and environment areas will provide re-
cognizable Canadian contributions to
the fusion community, gain access to
foreign fusion programs.

Development of tritium monitors will
continue to be supported. Objectives
are:

• To provide tritium monitoring
equipment to meet the requirements
of fusion facilities;

• To establish a competitive Canadian
tritium monitor supply industry.
Emphasis in 1985/86 will be to assist

industry in conducting market studies
and developing a business plan for the
commercialization of tritium monitor
developments.

AECL
Ontario Hydro
Industry
Total

No.
5
9
5

19

Value
$

231.739
248.572
60,638

540.495

Supp
Fund?.

$
250,127
92,261

7,500
349.888

In the dosimetry area, research will
be conducted on the uptake and do-
simetry of tritium on contaminated sur-
faces to provide data for safety evalu-
ation and exposure control. Tritium
contaminated surfaces could be signifi-
cant sources of exposure at tritium
burning fusion reactors where very high
specific activity tritium is handled in
process loops.

An environmental tritium research
project is being planned to provide field
results for the validation of tritium dis-
persion models. This will provide credi-
ble in-situ data on the conversion of HT
to HTO in the environment. It will be a
cooperative effort with the French CEA
which will also conduct a similar study
in France.

An individual will be provided to JET
on a cost sharing basis to undertake
tritium-safety engineering and licensing
activities related to the D-T operation
at JET.
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TRITIUM TECHNOLOGY
CFFTP Contract No. 1.37
Foreign Facility: Next European Torus (NET), Garching,

West Germany
Individual: Paul Dinner

Organization: Ontario Hydro

Duration: Oct84-Oct86

Determination of progress made by European laboratories
on existing research and development program pertaining to
tritium, participation in review of NET technical objectives,
critical issues, and design criteria involving NET team. Par-
ticipation in the NET tritium systems definition effort

BREEDER TECHNOLOGY
CFFTP Contract No. -
Foreign Facility: Massachusetts Institute of Technology

(MIT), Boston, Mass.
Individual: Sandra Brereton

Organization: Ontario Hydro

Duration: Sep83-Jul85

MATERIALS TECHNOLOGY
CFFTP Contract No. 3.05
Foreign Facility: Attachment to UCLA

Individual: Dr. Paul J. Gierszewski

Organization: P.J. Gierszewski

Duration: Sept 83 - Dec 85

Studies in fusion breeder blankets with emphasis on tritium
production from helium-3 injection into moderators of
CANDU reactors. Analysis of the relative safety between
Tokamaks and mirror fusion devices.

Participated in the FINESSE study led by UCLA to identify
and rank critical fusion technology issues, to evaluate and
quantify testing needs and to identify testing facilities.

EQUIPMENT TECHNOLOGY
CFFTP Contract No. 4.03
Foreign Facility: TFTR, Princeton Plasma Physics Labo-

ratory, Princeton, N.J.

Individuals: Clive Holloway, Tom Szirtes

Organization: SPAR Aerospace, Toronto

Duration: Sept 83 - Mar 85

The purpose is to organize a team of people, working at
Princeton, to establish primary shield, identify refurbish-
ment requirements and remote handling procedures so that
remote handling equipment for the maintenance of TFTR
following 1989 could be provided. Conceptual design of
several subsystems for remotely executed maintenance and
repair of TFTR was carried out. Also the layout and de-
tailed design/development of components used in a limited
demonstration of feasibility of the proposed design concepts
was done. Conceptual design of remote handling equipment
for major TFTR subsystem components.
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CFFTP Contract No. 4.04
Foreign Facility: TFTR, Princeton Plasma Physics Labo-

ratory, Princeton, N.J.

Individual: Jeff Stringer

Organization: DSMA ATCON, Toronto

Duration: Sept 83-Mar 85

The objectives are:
- Conceptual design of remote handling equipment for

major TFTR subsystem components.

- Develop plans to demonstrate proof of principle testing
to verify concepts.

Alternate boom configurations of the positioning and sup-
port system were studied to maximize stiffness. Alternate
drive arrangements i.e. gear, harmonic and link concepts
were also investigated.

CFFTP Contract No. 4.05
Foreign Facility: TFTR, Princeton Plasma Physics Labo-

ratory, Princeton, N.J.

I ndividual: Mike King
Organization: CAE, Montreal

Duration: Sept 83 - Sept 84

The contract was for:
- Carrying out demonstrations of control and display tech-

niques for the remote handling demonstrations.

- Developing concepts for the remote maintenance control
center for TFTR.

- Developing concepts for the remote inspection of the
vacuum vessel of TFTR. The tasks were completed suc-
cessfully.

CFFTP Contract No. 4.08
Foreign Facility:

Individual:

Organization:

Duration:

Fusion Engineering Design Centre
(FEDC), Oak Ridge, Tenn.

Bob Stasko

Ontario Hydro

Nov83-Mar85

CFFTP Contract No. 4.16
Foreign Facility: Joint European Undertaking

Culham, England

Individual: Allan C. Rolfe

Organization:

Duration:

SPAR Aerospace

Sep84-Mar87

Assist in technical studies associated with the United States
INTOR contribution, primarily in the area of safety and
maintainability. Establish a Canadian involvement in the
INTOR project via the United States program. Produce
documentation in support of INTOR objectives and other
involvements as appropriate.

The purpose of this contract is to lead the remote handling
(JET), applications group at Joint European Torus fusion reactor

experiment located at Culham, England. The following
tasks are completed:

- Familiarization with the JET machine and the Fusion
Technology Division.

- Formulation of the remote handling overall control sys-
tem.

- Formulation of an 18-month work plan for the remote
handling applications group.
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SAFETY AND ENVIRONMENT
CFFTP Contract No. 5.20
Foreign Facility: Lawrence Livermore Nuclear Laborato-

ries (LLNL), California

Individual: Otto K. Kveton and Bob Stasko
Organization: Ontario Hydro

Duration: Oct 84 - Oct 86 (attending meetings at
LLNL)

Technical support and consultations to LLNL for the MIN-
IM ARS commercial reactor study in the areas of tritium
systems and health and safety.

CFFTP Contract No. 5.21
Foreign Facility: Joint European Torus (JET), Culham,

England

Individual: Charles W. Gordon

Organization: Ontario Hydro

Duration: Mar 85 - Mar 87

Assignment to UK.AEA as safety engineer for JET Tritium
Recycling System, including safety and licensing analysis on
JET tritium systems and other work as requested by the Site
Joint Safety Officer.

CFFTP Contract No. 5.23
Foreign Facility: Joint European Torus (JET), Culham,

England

Individual: Brian J. Locker

Organization: Ontario Hydro

Duration: Apr 84 - Jun 84

Provide assistance to JET staff in the areas of health physics
and radiological safety issues inherent in using tritium as a
fuel in the Joint European Torus.
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Objectives and Priorities

The technology applications section of
CFFTP was formed to offer services to
international fusion projects. These ser-
vices are based on established Canadian
tritium technology gained from _>0 years
of experience operating power and ex-
perimental fission reactors and also
more recently fro-n the extensive R&D
program focussed on tritium technology
as applied to fusion fuel cycle require-
ments. Services include design, design
reviews, supply and installation, com-
missioning and project management.
These activities help focus CFFTP
R&D programs and ensure the rele-
vance of these programs to the world's
fusion developments.

Accomplishments
CFFTP has obtained recognition in the
United States, Europe and Japan. There
appears to be considerable interest in
the services being offered. Highlights of
the contracts awarded to CFFTP Tech-
nology Applications du; i-g the year in-
clude:

• TFTR: A team composed of Grum-
man Aerospace Corporation staff
and Canadian nuclear specialists
completed the precommissioning
analysis of TFTR tritium systems at
Princeton and submitted plans for
the commissioning of these systems.
The work constituted phase 1 of a

program designed to place TFTR tri-
tium systems in operation ready for
tritium burning experiments.

• FRASCA TI: Completion of a design
study for the Frascali Tokamak Up-
grade (FTU) in Italy to evaluate al-
ternatives and develop preliminary
designs (or an emergency air delritia-
tion system and a torus exhaust
clean-up system. The fuel purifica-
tion system is an on-line system con-
figured for containing up to one
gram of tritium. The Tokamak hall
air cleanup system is intended to
recover and contain any tiiiium
spilled in the event of a breach of
tritium containment.

• MINIMA RS: Participation in a two-
year mirror reactor (MINIMARS)
design study led by the Lawrence Li-
vermore National Laboratory in the
United States. The Canadian team
will design the entire tritium han-
dling system (except the breeders
and fuel injection) and will address
safety and maintenance aspects.

• KfK: A technical review of the design
concept for a tritium laboratory at
Kernforschungszentrum Karlsruhe
Nuclear Research Centre (KfK),
Karlsruhe, West Germany.

• FRA SCA TI A CCELERA TOR: Pre-
liminary engineering of a target ex-
haust cleanup system and an air de-

tritiation system for an accelerator
facility at Frascati. Italy.

• UNIVERSITY OF ROCHESTER:
Preliminary engineering for a tritium
fill station for the University of Ro-
chester Laboratory for Laser Ener-
getics.

• TRITIUM SAFE HANDLING
TRAINING COURSE: Tritium safe
handling training courses were con-
ducted at Princeton University (June
1984) and in Canada (September and
November 1984). About 70 people
from eight different countries in
North America. Europe and Japan
participated in these courses.

Expertise and Potential Developments
CFFTP is drawing upon the resources
of Ontario Hydro, Atomic Energy of
Canada Limited and Canadian industry
in providing tritium technology services
in the following areas:
• Process selection;

• System design;

• Procurement;

• Commissioning;

• Licensing; and

• Health physics and safety.
Utilising this expertise, CFFTP is

able to offer services to European, Unit-
ed States and Japanese laboratories and
major fusion facilities.



GLOSSARY OF ACRONYMS AND ABBREVUTIONS

AECL Atomic Energy of Canada Limited

BILD Business Industrial Leadership Development

CANDU Canada Deuterium Uranium

CEC Commission of European Communities

CFFTP Canadian Fusion Fuels Technology Project

CRN L Chalk River Nuclear Laboratories

DOE United States Department of Energy

EEC European Economic Commission

ERD Elastic Coil Detection

FBB Fusion Breeder Blanket

FEDC Fusion Engineering Design Centre

FEMP Fusion Engineering Materials Program

FER Fusion Engineering Reactor

FINESSE Fusion Integrated Nuclear Experiment
Strategy Study Effort

FTU Frascati Tokamak Upgrade, Italy

GAC Grumman Aerospace Corporation

HVAC Heating, Ventilation and Air Conditioning

IGNITOR Ignition Torus

INTOR International Torus

JAERI Japanese Atomic Energy Research Institute

JET Joint European Torus

K.fA Institut Fur Plasmaphysik der
Kernforschungsanlage, Julich

KFK Kernforschungszentrum Karlsruhe
Nuclear Research Centre

LLN L Lawrence Livermore National Laboratory
MARS Mirror Advanced Reactor Study (2000 MWe)

MIES McMaster (University) Institute for Energy
Studies

MINIMARS Mini-Mirror Advanced Reactor Study (600
MWe)

MOE Ontario Ministry of Energy
MOL The Nuclear Research Center (SCK/CEN)

located at Mol, Belgium

NET Next European Torus

NMMD Nuclear Materials Management Department

NMR Nuclear Magnetic Resonance

N RCC National Research Council of Canada

NRU Nuclear Reactor Universal

NRX Nuclear Reactor Experimental

OH Ontario Hydro

OHRD Ontario Hydro Research Division

OHTE Ohmically Heated Toroidal Experiment

ORNL Oak Ridge Nuclear Laboratory

PPPL Princeton Plasma Physics Laboratory

RPI Rensselaer Polytechnical Institute
TEXTOR Tokamak Experiment for Technology

Oriented Research
TFCX Tokamak Fusion Core Experiment

TFTR Tokamak Fusion Test Reactor

TSTA Tritium Systems Test Assembly

WNRE Whiteshell Nuclear Research Establishment

UCLA University of California, Los Angeles

URLL University of Rochester Laser Laboratory

UTI AS University of Toronto Institute
for Aerospace Studies



REPORTS AND PUBLICATIONS ISSUED TO-DATE

CFFTP TECHNICAL REPORTS (Available upon Request)

CFFTP-G-82002
Remote Handling Needs of the Princeton Plasma Physics
Laboratory

July 1982

V. Smiltnieks

Date:

Author:

Organization: Dilworth, Secord, Meagher and As-
sociates Ltd.

This report investigates the remote handling requirements at
PPPL and identifies specific areas where CFFTP could offer
a contractual or collaborative participation, drawing on the
Canadian industrial expertise in remote handling technolo-
gy. Four areas are reviewed: the TFTR facility as a whole,
the service equipment required for remote maintenance, the
more complex in-vessel components, and the tritium sys-
tems.

CFFTP-G-82003
The Tritium Monitoring Requirements of Fusion and the
Status of Research

Date: October 1982

Author: S.B. Nickerson

Organization: Ontario Hydro

This report is a summary of an investigation ;nto the tritium
monitoring requirements of tritium laboratories, D-T burn-
ing ignition experiments, and fusion reactors. Included is a
summary of the status of research into tritium monitoring
and a survey of commercially available tritium monitors.

CFFTP-G-82004
A Recommended Program of Tritium Monitoring Research
and Development

Date: October 1982
Author: S.B. Nickerson

Organization: Ontario Hydro

This report presents recommendations for programs of re-
search and development in tritium monitoring instrumenta-
tion, based on information contained in CFFTP-G-82003.
Major recommendations are to assist in the development
and promotion of two Chalk River Nuclear Laboratories'
monitors and an Ontario Hydro monitor, and to support
research and development of a surface monitor.

CFFTP-G-82005
A Review of Tritium Licensing Requirements

Date: December 1982
Author: A. Meikle
Organization: CFFTP

This report is an assessment of the licensing requirements
which will have to be met prior to the distribution of Cana-
dian-produced tritium either domestically or overseas. The
assessment considers present licensing requirements and
also the implications of potential changes to licensing re-
quirements.

CFFTP-G-82007
Status Report on Potential Future Nuclear Energy Cycles in
the Period 1982-2020

Date:
Organization:

November 1982

Monserco Ltd.

This report reviews the future nuclear energy cycles that will
be used commercially up to the year 2020. The prime ones
considered are electrical demand, availability of fuel, exist-
ing technology, and social acceptance.

CFFTP-G-82008
Health, Safety and Environmental Research Program
Date: January 1983

Author: P.J. Dinner

Organization: Ontario Hydro

This report outlines the Health, Safety and Environmental
Research (HSER) Program being undertaken by CFFTP.
The program objectives, relationship to other CFFTP pro-
grams, implementation plans and expected outputs are stat-
ed.

CFFTP-G-83010
Database for Fusion Devices and Associated Fuel Systems
Date: March 1983
Author: P.W. Woolgar
Organization: Woolgar Management Services

A computerized database storage and retrieval system for
fusion devices and the associated fusion fuel systems is set
up for the use of CFFTP staff and others.
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CFFTP-G-83011
TSOAK-M1: An Examination of It's Model and Methods
Date: May 1983
Author: D.H. Edgell
Organization: University of Waterloo

CFFTP-G-83013
A Review of the R&D Status in Fusion

Date: May 1983

Author: E.B. Deksnis

Organization: Canatom, Inc.

CFFTP-G-83015
Tritium-Surface Interactions - A Study to Define Current
Understanding and Areas for Future R&D

Date: June 1983

Author: J.S. Kirkaldy
Organization: McMaster Institute for Energy Studies

TSOAK-M1 is a computer code developed by Argonne
National Laboratory to determine the conversion/adsorp-
tion/desorption parameters and to model cleanups. CFFTP
examines the program for reliability and potential applica-
tions.

This report examines the status of various large fusion ex-
periments that are operating or are close to operation.

This report examines tritium-surface interactions as they
relate to a fusion power reactor enterprise. The main em-
phasis is on plasma-surface interactions and the selection of
materials for fusion chamber duty. Included is a literature
review and an inventory of Canadian expertise and facilities
for R&D on tritium-surface interactions. Potential areas of
industrial spin-off are identified.

CFFTP-G-83017
Applications of the Water Gas Shift Reaction to Fusion Fuel
Exhaust Streams
Date: October 1983

Author: A.M. McKay

Organization: Ontario Hydro

This report describes the development of an alternative
method of tritium recovery to the existing hot metal beds
used in the fuel clean up system at the Tritium Systems Test
Assembly. Catalytic reactors were built and tested under
various conditions, and a full scale prototype has been
designed to meet TSTA operating conditions.

CFFTP-G-83018
A Design Assessment of Tritium Removal Systems for the
Mirror Advanced Reactor Study
Date: October 1983
Authors: S.K. Sood, O.K. Kveton

Organization: Ontario Hydro

This study investigates the available processes for removing
tritium from light water, and selects the most appropriate
process for recovering tritium from the various tritiated
water streams identified in the Mirror Advanced Reactor
Study (MARS).

CFFTP-G-83020
Assessment of Compact Alternate Reactor Concepts for
Magnetic Confinement Fusion - Phase 1

Date:
Authors:

Organizations:

September 1983
D.P. Dautovich, P.J. Dinner,
S.B. Nickerson W.T. Shmayda
Ontario Hydro

This report gives a brief overview of CFFTP and its activi-
ties, outlines the study methodology and progress to-date,
and summarizes the differences perceived between "main-
stream" and "compact" fusion reactor concepts which may
affect CFFTP programs.

CFFTP-G-83021
Survey of Pumps for Tritium Gas
Date: May 1983
Author: T.M. Dowell
Organization: Canatom, Inc.

This report considers many different types of pumps for
possible use in pumping tritium gas in the low, intermediate
and high vacuum ranges. No one type of pump is suitable
for use over the wide range of pumping pressure required in
a typical tritium pumping system.
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CFFTP-G-84022
Helium-3 Induced Enhancement of Tritium Production for
Fusion Reactors
Date: November 1983
Author: G.F. Thomas

Organization: Ontario Hydro

CFFTP-G-84023
Microwave Regeneration of Molecular Sieves

Date: May 1984

Author: V.P. Singh

Organization: Ontario Hydro

CFFTP-G-84024
An Analytic Approximation for Time-Dependent Retention
and Re-Cycle of Atomic Hydrogen in Materials

Date: April 1984
Author: P.C. Stangeby

Organization: University of Toronto Institute for
Aerospace Studies

An inquiry into the feasibility of enhancing tritium produc-
tion levels through the activation of helium-3 following its
external addition to the moderator system of a CANDU
reactor.

Molecular sieve driers are being used for removing tritiated
water from the atmosphere in CANDU generating stations
and have also been included in the design of tritium han-
dling systems for fusion reactors. This study was conducted
to obtain preliminary information on the technical feasibili-
ty of regenerating molecular sieves with microwave energy,
concentrating on type 4A molecular sieve with a few tests on
type 13X sieve and also a silica gel adsorbent.

For the case of materials bombarded by atomic or ionic
forms of hydrogen, approximate analytic solutions are ob-
tained for the time-dependent retention and release of hy-
drogen. Simple physical pictures of the retained hydrogen
concentrations are obtained and are found to yield results in
good agreement with those from computer codes such as
PERI.

CFFTP-G-84025
Health Physics in Fusion Reactor Design - The Application
of CANDU Experience with Tritium

Date: June 1984

Authors: K.Y. Wong, P.J. Dinner, G.A. Vivian

Organizations: Ontario Hydro

A review of Ontario Hydro performance in occupational
tritium exposure control and environmental impact. High-
lighted is the application of tritium control technologies and
dose management methodology to design studies on emerg-
ing fusion reactor concepts.

CFFTP-G-84026
Adsorption of Moisture on Molecular Sieve Adsorbents at
Low Humidity
Date: July 1984
Author: V.P. Singh

Organization: Ontario Hydro

Summary of the results of the performance of a 4A molecu-
lar sieve under very low humidity conditions - such condi-
tions being expected in fusion reactor plants.

CFFTP-G-84027
A Review of Tritium Conversion Reactions

Date: June 1984

Author: J.R. Robins

Organization: Ontario Hydro

The chemical processes by which elemental tritium can be
converted to tritiated water are examined by means of a
literature review. Further work is necessary to examine the
effects of various materials, elevated temperatures, and oth-
er parameters on conversion reactions in order to more
closely reflect conditions in reactor buildings and other
tritium containing facilities.
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CFFTP-G-84029
Review of Compact, Alternate Concepts for Magnetic Con-
finement Fusion

Date: June 1984
Author: S.B. Nickerson

Organization: Ontario Hydro

This report is a study of compact alternate magnetic con-
finement fusion experiments and conceptual reactor de-
signs. Efforts concentrate on the following compact alter-
nates: compact toroids, high power density Tokamaks, lin-
ear magnetic systems, compact mirrors, reversed field
pinches and some miscellaneous concepts. Several of these
show promise of either burning tritium or evolving into
tritium burning devices by the early 1990's.

CFFTP-G-84030
Low Level Tritium Research Facility for the University of
Toronto Institute for Aerospace Studies
Date: June 1984

Authors: N.P. Kherani, W.T. Shmayda
Organization: Ontario Hydro

This report is a preliminary design document of the UTIAS
Low-Level Tritium Research Facility including the funda-
mentals of tritium, a description of the research facility,
tritium laboratory requirements and safety analysis.

CFFTP-G-84032
Simulation and Optimization for the Measurement of Triti-
um Profiles in Solids
Date: July 1984

Authors: P.T. Wan, D.A. Thompson
Organization: McMaster Institute of Energy Studies

A study by computer simulation and optimization of an
experimental technique for profiling tritium in the near-sur-
face region of solids using the 3T(d,4He)n reaction. This is a
prelude to a detailed experimental investigation to be car-
ried out at McMaster University on the migration of tritium
in metals and other solids subjected to high temperatures,
temperature gradients and radiation damage.

CFFTP-G-84033
A Review of Fusion Breeder Blanket Technology:
Part 1 - Review and Findings
Date: January 1985

Authors: D.P. Jackson, W.N. Selander,
A.D. Lane, B.M. Townes,
T.C. Leung. J.N. Miller, R.A. Verrall,
J.S. Geiger, R.L. Tapping,
O.S. Tatone, E.C. Carlick,
W.J. Holtslander, P.M. Garvey,
I.J. Hastings

A study of fusion breeder blanket technology which reviews
the role of the breeder blanket, the current understanding of
the scientific and engineering bases of liquid metal and solid
breeder blankets and the programs now underway interna-
tionally to resolve the uncertainties in current knowledge.

CFFTP-G-S4034
Internal Dosimetry of Tn'tiated Hydrogen Gas

Date: February 1985

Authors: B.F. Peterman, R.G.C. McElroy,
J.R. Johnson, D.W. Dunford

Organization: Atomic Energy of Canada Limited,
Chalk River

This is a report on experiments to quantify the doses that
may occur from the tritium gas that is converted in vivo to
tritiated water following the exposure to tritium hydrogen
gas contaminated air. Included is a theoretical evaluation of
the radiological hazards from the uptake through skin of
tritium from tritiated hydrogen adsorbed on surfaces.
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CFFTP-G-85035
Elemental Tritium Deposition and Conversion in the Terre-
strial Environment

Date:
Authors:

Organization:

January 1985
T.G. Dunstall, G.L. Ogram,
F.S. Spencer

Ontario Hydro

Fusion Energy and Canada's Role

Date:

Organization:

January, 1985

P.J. Spratt & Associates

This report describes studies undertaken to determine the
deposition and conversion of atmospheric elemental tritium
in soils and vegetation. These studies are of significance to
the assessment of behaviour and impact of elemental tritium
releases.

This sixteen-page colour booklet has been written by teach-
ers to provide the layman with general background informa-
tion on the topic of fusion energy.

CFFTP PUBLICATION (Available for Purchase)

Canadian Tritium Experience
CFFTP, 1984.
US$ 150.00 (Prepayment required)

The objective of this document is to present key aspects of
Canadian tritium technology, and CANDU operating data
and experience, related to tritium handling and safety that
may be of practical interest and use to the fusion communi-
ty. Topics include tritium production and loss, tritiated
heavy water management, airborne tritium control, tritium
extraction and immobilization, occupational radiation safe-
ty, and environmental safety.



SUMMARY OF ACTIVITIES CARRIED OUT IN 1984/85

In the following sections, the values indicated under contract Cost and CFFTP Funding represent FY 1984/85 values.

TRITIUM TECHNOLOGY
CFFTP Contract No. 1.03
Recombiner Waste Treatment System
Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$9,300

$9,300

September, 1984

D.Thatcher

CFFTP Contract No. 1.05
Tritium Recovery from Fusion Fuel Exhaust Streams by
Liquid Water Electrolysis

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$36,836

$36,836

March, 1985

D.Spagnolo

The purpose of the study was to investigate the use of
wet-proofed catalysts developed at CRNL for the recom-
bination of tritium in air streams at ambient (room tempera-
ture) conditions. Various experiments were performed and
an activation step which greatly increases the activity of the
catalyst was developed.

The objective is to develop a safe and reliable liquid electrol-
ysis cell capable of handling up to 20 moles/day of highly
tritiated water from fusion fuel exhaust streams. The con-
tract called for the selection and testing of suitable materials
that can withstand high beta radiation fields and strong
caustic solutions. This is completed and a final report
(F84009P) was issued.

CFFTP Contract No. 1.12
Laser Tritium Separation — Phase 1

Contractor:
Cost:
CFFTP Funding:

Completion:

Performer:

OHRD
$3,905

$3,905

December, 1984

J. O'Neill

CFFTP Contract No. 1.16
Moving Bed Process for H Isotope Separation
Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

OHRD

$132,800
$66,400

March, 1985

V. Singh, S.H. Hawthorne

This contract is the continuation of a 1983/84 study to
investigate the removal of CTF3 from CTF3/CHF mixtures
by selective multiphoton dissociation of the CTF3 by a CO2
laser in a wave guide based dissociation cell. Various tests
were conducted and a paper was given at the International
Conference on Lasers and Electro-Optics in June, 1984.

The two main objectives of the program were:

- to investigate proof of principle of a moving bed adsorp-
tion system to detritiate fusion reactor coolant streams,
and

- to generate design data to allow the technical and eco-
nomic feasibilities of this process to be evaluated.

The adsorbent for the moving bed has been selected, the
moving bed system designed and constructed and experi-
ments are being conducted with H/D mixtures.

CFFTP Contract No. 1.18
Fuel Cleanup by Gas Chromatography
Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

OHRD

$132,075
$67,075
May, 1985

C.Cheh, R.E. Massey

The objective of this study is to design, assemble and test
both bench and pilot scales of a gas chromotography system
for fusion fuel clean-up. Results demonstrated that 0.5 to
1.5 L/hr of gas can be processed with removal of virtually all
H2 and HD, 85% of the HT, loss of 20% of the D2 while
retaining all of the DT and the T2. A beta-sensitive detector
for the quantification of the various forms of tritium was
designed, fabricated and tested. A patent application has
been made.
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CFFTP Contract No. 1.23
Getter Systems for Fusion Exhaust cleanup

Contractor:
Cost:
CFFTP Funding:

Completion:

Performer:

:FFTP Contract N

Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

OHRD
$31,060
$11,000

June, 1985

J. Noga

o. 1.26
in Sunnort of CFFTP

OHRD

$22,947
$21,904

March, 1985

W.T. Shmayda, N.P. Kherani

CFFTP Contract No. 1.30
General Consulting in Support of CFFTP

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$37,850

$37,850

December, 1985

D.P. Jackson, CRNL staff as required

CFFTP Contract No. 1.31
Tritium Laboratory Designer's Guide

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

T. Kalaba

$8,305

$8,305

May, 1984

T. Kalaba

CFFTP Contract No. 1.32
Design Enhancements for CANDU Driers

Contractor:
Cost:

CFFTP Funding:
Completion:
Performer:

Intertech Eng. Corp.
$9,000
$9,000

September, 1984
C. Cringan

Efficient operation of a fusion reactor will require the re-
moval of impurity gas species from the reactor exhaust
before separation of the hydrogen isotopes and injection
back into the reactor. The use of getters is an option being
considered to purify the exhaust. This option is attractive
due to simple operation of the process and the production of
only small quantities of low activity waste. Partial assembly
of the test system and component commissioning was car-
ried out. The rest is in progress.

The overall objective was to assess and advise on various
aspects of tritium technology that might impact CFFTP
programs. The following activities were carried out:

- A proposal to build the pellet charging station was sub-
mitted to the University of Rochester,

- A design review of the tritium storage, the transfer sta-
tion and the purification process systems for the pro-
posed Karlsruhe Tritium Laboratory was completed, and

- An assessment of the physics basis of reverse field pinch
devices was completed.

The purpose of this contract is to provide expert advice as
requested by CFFTP. General consulting concerning evalu-
ation of proposals and reports and discussion with CFFTP-
sponsored visitors was performed.

A document assessing capabilities of existing Canadian tri-
tium laboratories, future development, their program, scope
of work and objectives was prepared. The objective was to
document and emphasize Canadian experience in tritium
handling i.e., operational safety, monitoring systems, pro-
tective clothing and equipment, dosimetry and operator's
surveillance, environmental dispersion and control, clean-
up of gaseous and aqueous waste treatment, maintenance,
glove box techniques and tritium compatible materials and
equipment.

Tritium control requires a higher performance standard
than that required for recovery of heavy water. In this study
ideas are presented for improved decontamination factors,
ranging from the limits of conservative design practice to
the upper limits of conceptual drier design.
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CFFTP Contract No. 1.33
General Consulting Support for CFFTP

Contractor:
Cost:

CFFTP Funding:
Completion:

Performer:

OHRD
$11,000
$11,000
March, 1985

B. Nickerson

CFFTP Contract No. 1.38
Testing of Fusion Fuel Cleanup System
Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$152,000

$114,000

March, 1985

W. Holtslander

This contract provides consultation related to the CFFTP
strategy and R&D needs as required. The work in 1984/85
included attending various meetings and symposia like Tri-
tium Monitoring Advisory Committee meeting, Fusion
Power Associates symposium, etc. A talk titled "Tritium
Monitor Market Analysis" for the Tritium Monitoring Ad-
visory Committee meeting at CRNL was prepared and pre-
sented on January 10,1985.

The objective is to evaluate the technical feasibility of a
system proposed for Frascati fuel cleanup as part of a
different contract. This involves evaluation of a uranium
bed to remove H2O, NH3 and N2O from the gas mixture and
to evaluate the SAES purifier for impurity removal. The
testing of a uranium bed, operating at temperatures initially
25-250° C, showed effective removal of the H2, CO, CO2,02,
from a gas stream prepared to simulate fusion fuel exhaust
gas. Removal of CH4 required uranium bed temperatures
greater than 400°C. It was also shown that the CuO/MnO2
bed was not suitable for CH4 removal because of decom-
position of the catalyst at high temperatures.

CFFTP Contract No. 1.39
NET Fuel Loop & Blanket Tritium Systems Design
Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$20,000

$20,000

October, 1987

A. Dombra

To review process options and provide conceptual designs
for recovery of tritium from NET blanket concepts. A re-
view of process options showed that some traditional meth-
ods, in particular the cryogenic freezer and adsorption
methods, are not well-suited for tritium recovery at 8 MPa.
New system concepts are being considered.

CFFTP Contract No. 1.40
NET Reference Flowsheet Design and Technical Support for
CFFTP European Assignment
Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

Ontario Hydro

$10,000

$10,000

August, 1986

S.K. Sood, A. Busigin

This project involved technology application assistance to
the Next European Torus (NET) project including develop-
ment of a reference fusion fuel flowsheet and conceptual
design of tritium systems.

CFFTP Contract No. 1.42
MINIMARS Study for LLNL Tritium Systems Design

Contractor:

Cost:

CFFTP Funding:
Completion:
Performer:

Ontario Hydro
$4,000
$4,000

September, 1986
O. Kveton

The scope of the study involved design of tritium handling
systems for the MINIMARS reactor study project headed
by Lawrence Livermore National Laboratory (LLNL) with
the exception of blanket and fuel injection systems. Meet-
ings were held in 1984/85 defining the parameters of the
tritium handling systems design.
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BREEDER TECHNOLOGY
CFFTP Contract No. 2.02

Fusion Breeder Blanket Program Management

Contractor: AECL-CRNL

Cost: $195,510

CFFTP Funding: $137,000

Completion: March, 1987

Performers: D. Jackson, M.V. Boland

CFFTP Contract No. 2.03
Solid Breeder Irradiation Test

Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

AECL-CRNL

$213,570

$149,500

March, 1987
I. Hastings, R.A. Verrall, J.M. Miller,
A. Celli, WJ. Holtslander, L.L. Lar-
son, T.A. Naeem

The purpose of the contract is to set up planning, coordina-
tion and management of the Fusion Breeder Blanket Pro-
gram (contracts 2.03 to 2.09). This involved establishing a
program centre, monitoring and reporting program pro-
gress. The program centre was established and the data link
to CFFTP is now in full operation. The program progress
was monitored and reports issued.

The purpose of the contract is to investigate the release of
tritium from solid breeder materials under irradiation by
means of in-reactor sweep gas and capsule tests. The tasks
include identifying NRU site for irradiation tests, setting up
a permanent control/analysis centre, detailed system design
and acquiring instrumentation. In 1984/85, a preliminary
test involving a 50-hour irradiation of gamma lithium alumi-
nate was carried out in NRX. The experiments for sweep gas
tests and safety analysis of all systems are continuing.

CFFTP Contract No. 2.04
Lithium Ceramics Fabrication

Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

AECL-CRNL

$213,570

$149,500

March, 1987

I. Hastings, R.A. Verrall, J.M. Miller,
A. Celli, W.J. Holtslander, L.L. Lar-
son, T.A. Naeem

CFFTP Contract No. 2.05
Lithium Compound Chemistry

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$188,600

$132,000

March, 1987

E.A. Symons

The purpose of the contract is to acquire, fabricate and
characterize solid breeder ceramics. Li2O and gamma
LiAlO2 pellets were received from Westinghouse Hanford.
First irradiation assessment of gamma lithium aluminate is
complete and characterization of ceramics is continuing. A
program for lithium ceramic fabrication has been planned
and will be implemented in 85/86.

The main objective is to study the preparation/purity of
lithium oxide salts and develop a lithium isotope separation
method based on chemical exchange systems.
A simple method for analysing lithium ion concentration in
solution is required, to facilitate study of the distribution of
lithium salts between the immiscible liquid phases used for
isotope separation. A procedure based on a specific cation
electrode and a pH/mV meter has been developed in
1984/85 that is both fast and reliable with a precision of
better than 2%.
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CFFTP Contract No. 2.06
Fundamental Breeder Studies

Contractor:
Cost:
CFFTP Funding:

Completion:

Performers:

AECL-CRNL
$224,500

$157,000
March, 1987

M.L. Swanson, T. Wichert,
I.V. Mitchell, T.E. Jackman,
J.A. Davies, L.M. Howe, J. Sawicki

To study the mobility and trapping of hydrogen and helium
isotopes in the near-surface regions of solid breeder materi-
als, using ion beam analysis, perturbed angular correlation
measurements, and transmission electron microscopy. Pre-
liminary channeling measurements have been made of a
LiNbC>3 crystal, for evaluation of beam induced disorder in
Li-containing crystals. A collaborative agreement with Ja-
pan has been launched in this area and work on Li2O single
crystals will commence when these are obtained from Japan.

CFFTP Contract No. 2.07
Fusion Breeder Blanket Program—Neutronics
Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

AECL-CRNL

$65,850

$46,000

March, 1987

P.M. Garvey, R.E. Donders

The purpose is to assess the irradiation environment for the
in-reactor tests of solid breeder materials and provide neu-
tronics support to the program in areas such as enhanced
tritium production and conceptual blanket designs. In
1984/85, tritium production and heating rates in small lithi-
um ceramic samples have been evaluated.

CFFTP Contract No. 2.08
Fusion Breeder Blanket Program—Structural Materials
Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

AECL-CRNL

$267,440

$187,000

March, 1987

S.B. MacEwan, R.H. Zee, W.G.Davies

The purpose is to study the effects of radiation damage in
blanket structural materials. The design of the low tempera-
ture irradiation facility is complete. The cryostat has been
tested at liquid helium temperature. The computer program
for the on-line data aquisition system is now complete. A
test chamber was fabricated for the Zygo laser. The laser is
being tested at room temperature for stability and sensitivi-
ty. A computer code has been written to interface it with the
data-aquisition system. All the necessary components for
incorporating the resistivity target chamber to the beam line
have either been purchased or machined. Physical installa-
tion will commence in 1985.

CFFTP Contract No. 2.09
Fusion Breeder Blanket Program - Blanket Systems Engi-
neering

AECL-CRNL

$63,800

$42,000

March, 1987
W.N. Selander, P. Gierszewski,
D.P. Jackson, J.M. Fletcher

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

The purpose is to establish the capability for breeder blan-
ket design and related technology. The contract is subdivid-
ed into three elements:
- To monitor developments in liquid metal breeder blan-

kets;
- To participate in the design of a heavy water/lithium salt

breeder blanket;
- To investigate the possibility of developing a process to

remove tritium from the LiOD-D2O blanket using ioniz-
ing radiation to induce the equilibrium of the tritium
between D2O gas and D2O. A fourth element to investi-
gate the enhanced production of tritium in CANDU
systems will be launched in 1985/86.

In 1984/85 a tour of European laboratories performing
fusion related work in support of the NET reactor concept
was made. Liquid metal experimental facilities were visited
and experimental programs and breeder design concepts
were discussed. Three sets of irradiation cells have been
constructed: two glass systems (one for hydrogen and deu-
terium experiments and one for low-level tritium experi-
ments), and one stainless steel system for higher level triti-
um experiments.
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CFFTP Contract No. 2.10
Joint CFFTP/Grumman/RPI Li-D2O Breeder Develop-
ment

Contractor: Grumman Aerospace

$40,000

$40,000

October. 1985

L. Deutsch. P. Gierszewski,
D.P.Jackson

Cost:

CFFTP Funding:
Completion:

Performers:

MATERIALS TECHNOLOGY
CFFTP Contract No. 3.01
Tritium First Wall Studies

Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

UTIAS

$350,000

$200,000

March, 1985
A.A. Haasz, P.C. Stangeby

CFFTP Contract No. 3.04
Asymmetric Permeation

Contractor:
Cost:
CFFTP Funding:

Completion:
Performer:

OHRD
$51,000

$51,000
October, 1985

W. Shmayda

CFFTP Contract No. 3.06
Tritium Sorption and Methane Production

Contractor:
Cost:
CFFTP Funding:

Completion:
Performer:

MIES
$15,000

$15,000

August, 1984
P.T. Dawson

CFFTP Contract No. 3.07
Simulation and Optimization for the Measurement of Triti-
um Profiles in Solids

Contractor:
Cost:
CFFTP Funding:

Completion:
Performer:

MIES
$15,085
$15,085
August, 1984

D. Thompson

A cooperative program between CFFTP, Grumman Aeros-
pace and Rensselaer Polytechnic Institute (RPI) is continu-
ing to investigate the feasibility of a heavy water/lithium
salt breeder blanket. The CFFTP portion is being conduct-
ed as a sub-element of the breeder blanket program with
specific responsibility for tritium recovery. A joint (Grum-
man/RPI/CFFTP) presentation of the D2O/uthium salt
breeder blanket concept was made to United States DOE
officials and a favorable response was received. On behalf of
CFFTP and RPI. Grumman has applied to the United
States Patent Office for a patent covering this new fusion
breeder process that incorporates self-cooling.

Experiments were conducted on methane production from
carbon due to simultaneous impact by sub-eV H° atoms and
energetic H~/He* ions, on hydrogen retention on various
first wall materials including coatings, and on hydrogen
permeation. Planning for a tritium laboratory is essentially
complete and tendering is in progress.

The permeation characteristics of copper/mild steel com-
posites were studied at Kf A, Mich. The theory of asymmet-
ric permeation was confirmed experimentally and the con-
cept of a passive tritium pump with no moving parts was
developed. A patent covering this concept has been applied
for by OHRD.

A literature review was completed on methane production
reactions in fusion reactor systems and components.
(CFFTP report CFFTP-G-85038)

Established and optimized a technique for measuring the
profiles of implanted tritium in solids. (CFFTP report
CFFTP-G-84032)

38



CFFTP Contract No. 3.08
Diffusion of Deuterium and Tritium in Metals Subjected to
Temperature Gradients and Radiation Damage

Contractor: MIES

Cost: $40,000

CFFTP Funding: $40,000

Completion: March, 1985

Performer: D. Thompson

EQUIPMENT TECHNOLOGY
CFFTP Contract No. 4.15
Pellet Injector Study

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CANDU Operations

$24,325

$24,325

July, 1984

R. Nakagowa

CFFTP Contract No. 4.17
Tritium Vacuum Pump Development

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

Nova Scotia R F C

$27,250

$27,250

May, 1985

P.M. Taiani

SAFETY AND ENVIRONMENT
CFFTP Contract No.5.05
Internal Dosimetry of HT Gas

Contractor:

Cost:

CFFTP Funding:

Completion:

Performers:

AECL-CRNL

$8,500

$8,500

June, 1984

B. Peterman. J.R. Johnson

CFFTP Contract No. 5.06
Portable Discriminating Tritium Monitor

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

Ontario Hydro

$72,300

$50,000

August, 1984

A. Mihai

The study will use the technique developed in project 3.07 to
investigate the effects of temperature, temperature gradient
and radiation damage on the diffusion of tritium through
fusion reactor components. The major effort in 1984/85 was
on acquisition and set up of experimental equipment.

The overall objective is to examine the methods of fuelling
fusion devices to enable an assessment of pellet injection as
a fuel delivery mechanism. A report detailing the fuelling
methods and assessing pellet injection was issued.

The contract involved development of a tritium vacuum
pump which has extremely low tritium leakage rates. The
pump was successfully developed and a patent application
has been made by Nova Magnetics Ltd. of Nova Scotia.

A study was completed on the in vivo conversion of HT to
HTO in humans and dosimetric implications (CFFTP re-
port CFFTP-G-84034)

A lab prototype portable HT/HTO discriminating monitor
was built and tested. The monitor uses condensation of
HTO on ultra-thin plastic scintillator. Its capability to dis-
criminate against HT, gamma and noble gases was con-
firmed. Application has been filed for patent protection for
this new monitor.

39



CFFTP Contract No. 5.11
Elementary Tritium Deposition and Conversion in the Terre-
strial Environment

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

Ontario Hydro

$94,500

$47,250

September, 1984

F. Spencer

A study was completed on the mechanism and rate of con-
version of HT to HTO in the environment and on the
deposition of elemental tritium on soil (CFFTP report
G-85035)

CFFTP Contract No. 5.12
Tritium Monitor Development Program

Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

AECL-CRNL

$290,000

$145,000

March, 1987

S. Kupca

A major three-year program was initiated to develop tritium
monitors to meet the requirements of fusion, fission and
tritium laboratory facilities. Substantial progress was made
towards developing an area tritium monitor and a HT/HTO
discriminating monitor.

CFFTP Contract No. 5.18
International Comparison of Tritium Computer Codes
Contractor:

Cost:

CFFTP Funding:

Completion:

Performer:

Ontario hydro
$12,500
$10,000
April, 1985
K. Donnelly

A joint study was undertaken to compare the output of
computer codes of calculating the environmental impact
from tritium (HT and HTO) releases. A preliminary report
was issued.
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