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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Introduction

Early in 1985 the proposed sale of the isotope, "tritium" by Ontario
Hydro became a public issue. A number of community groups claimed in
public forum that trit ium recovered from Ontario Hydro's nuclear reactors
would be sold or diverted to American thermonuclear (fusion) weapons
Their position was based on the following presumptions:

. that trit ium was a major component in American nuclear weapons,

. that the United States'had a supply problem with or shortage of this
material,

. and that. Ontario Hydro would directly or indirectly support the American
nuclear weapons program:

a) by providing trit ium directly to the U.S. Department of Energy for
use in nuclear weapons,

o r • '
D) by supplying trit ium to certain buyers - either traditional
commercial facilities or the developing fusion research agencies
associated with the Department of Energy, thus allowing or making
possible the diversion of this isotope to nuclear weapons purposes.
This argument is based on the significant linkage between many large
U.S. companies and the U.S. defense program. It also presumes
shortaae of supply of this isotope by the Department of Energy in the
U.S.,

or
c) by answering the needs of the commercial market, at present,
supplied from production reactors dedicated to supplying U.S military
requirements, indirectly allowing the U.S. government to concentrate
its efforts on the production of trit ium for nuclear weapons. This is
generally known as the "substitution argument".

When members of what has become known as the "Tritium Issues
'Working Group" were f irst approached by Dr. T.S. Drolet in mid-April 1985,
we were asked if we would agree to participate in a study to assess
whether Canadian trit ium, which is to be produced only for commercial and
research purposes, could be inadvertently utilized, either directly or
indirectly, in the American nuclear weapons program. Our discussion of
these issues is covered in Volume I of this report and is supplemented by
appropriate Appendices in Volume 2.
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methodology and approach

This report has been written by a Working Group composed primarily
of individuals with considerable experience in research, analysis., and
information transfer with regard to nuclear power and public util it ies. The
report is the result of extensive gathering of literature on trit ium and
related topics, and of interviews with individuals from Atomic Energy of
Canada Ltd., the United States Department of Energy, the United States
Department of Defense, and many public interest and research groups.* The
path of the research has taken members of the group to interview or
consult with individuals in Ottawa, Toronto and Washington D.C.

While the Working Group has chosen to study and draw conclusions
about the nuclear weapons program of the United States in detail, we do
have some evidence that the conclusions reached regarding nuclear weapons,
trit ium and the other issues we discuss may be valid for other countries, at
least for the United Kingdom and its Chapelcross facility. However, we
have not been asked to research extensively trit ium as it may pertain to
other countries' nuclear-weapons programs.

In validating our findings, some surprise and concern was raised,
particularly in the United States, by the data we had accumulated about
nuclear weapons design and facilities. It was suggested that publishing
this information might be aiding and abetting a technological transfer
concerning the design of nuclear weapons to irresponsible parties.
Consequently, we have published some of our findings in an Appendix.

Throughout our research effort, we have consciously and continuously
sought to acquire information that would validate the hypothesis that
trit ium produced by Ontario Hydro would find its way, deliberately or
accidentally, into the U.S. nuclear weapons program. We have also sought to
investigate the potential significance of trit ium from Ontario Hydro
indirectly contributing to the U.S. nuclear weapons program, the
"substitution" argument.

The Working Group notes that some quarters of the public perceive or
articulate issues where in fact no issue exists. For example, i t is not at
issue whether or not Ontario Hydro wi l l produce tritium. Tritium occurs in
the normal operation of a CANDU reactor. The Tritium Removal Facility
(TRF) is being built to answer a concern by the public and Ontario Hydro,

*These groups include the National Resources Defense Council and the Centre for Defense
Information in the United States.
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f irst for improved worker safety, then for public safety. Following tuts
decision, and recognizing that tritium had to be disposed of either through
sale or permanent storage, this by-product was examined for its
commercial possibilities to clearly establish Hydro's options.

In short, both the existence of the TRF and the existence of tritium
for sale or disposal are givens. The choices that face Ontario Hydro and the
government of Ontario are to store permanently tritium as a waste product
and allow it to decay into helium, or, as we attempt to do in many other
areas, recycle this resource and make it available to the commercial market
at some net benefit to the electricity consumers of Ontario.

To ensure a thorough review of the issues involved, we have
attempted to identify fully the concerns articulated by many interested
public groups. In particular, we note the concerns of Energy Probe, the
United Church of Canada, Toronto Nuclear Awareness and the Campaign for
a Nuclear-Fj-ee Ontario regarding the world-wide proliferation of nuclear
weapons, both vertical and horizontal.

In the process of attempting to understand the various perspectives
offered by these sroups, we have noted that how each organization perceives
the issue of tritium sales is dependent upon the moral and political values
held by each individual group.* Those values are in turn influenced by life
cycle stage, culture, ideology and many other factors. We have also
observed that no particular opinion about the risks perceived by each group
is provable as to right or wrong in an absolute sense, although each set of
individuals has an opinion about the merit of its opinions.

We have noted for example, that the range of opinion about the
acceptability of risks related to nuclear weapons is extensive. Those who
feel that it is immoral to use nuclear weapons as a deterent, irrespective of
other values, view risks of tritium finding its way into a nuclear weapon
differently than those who view nuclear weapons deterrence as being both
moral and necessary. Others, noting the absence of a major world war for
40 years, argue on pragmatic grounds that our existing deterrence capability
should be maintained. Many Canadians al?o believe that the number of
weapons in the superpowers1 stockpiles is too large, and that any addition to
the stockpiles is unnecessary. Others feel that a clear nuclear superiority
should be maintained at all costs.

*See M.Thompson, "Political Culture: an Introduction", IIASSA-2361, Laxenburg Austria.
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We also are aware that there exists in Canada a large constituency
that believes that Canada's position as a free country is dependent upon the
American nuclear umbrella. We note that this constituency perceives a
certain ambivalence in Canada's policies, since we are said to enjoy the
benefits of its own value system and territorial security without
contributing to the maintenance of this nuclear deterrence. A countervailing
view is that Canada has elected to make 3 non-nuclear contribution to the
joint defence system of our western allies.

Each of these perspectives presents a posture of absolute knowledge,
and, as a consequence, l i t t le or no compromise is possible. We observe that
the "truth" might lie somewhere between these extremes, if for no other
reason than a recognition of the fal l ibi l i ty of all mankind.

We believe that most thinking people would register their alarm, as
we did, when they saw the massive buildup of warheads and delivery
systems on the part of the nuclear weapon states. This widespread concern
has been the natural and logical result of the increasing understanding of
the consequences to mankind and the biosphere of a major thermonuclear
war. This concern has resulted in the increasing public support in both the
United States and Europe for strategic arms control. The Working Group
wishes to identify itself with the cause of non-proliferation.

As a result of the complex qualitative nature of these policy
questions, we have not arrived at our conclusions with respect to the
nuclear weapons fssue through the use of cost/benefit analysis. We believe
that there is no financial benefit to the electrical consumers of Ontario that
would justify the risk of Canadian trit ium contributing to the "nuclear arms
race" in a significant manner. If such a likelihood existed, we would
recommend against the commercial sale of tr i t ium irrespective of any
financial benefits that might accrue. We have not done so.

Since the question of whether or not trit ium is used in tnermonuclear
weapons is germane to our investigation we needed to research all the
public data we could directly acquire, or acquire through verbal means.

While our research has been extensive, we learned that published
research on many of the nuclear related subjects was difficult to obtain. As
a result, we have been compelled, through the constraints of secrecu
imposed on manu official sources of information, to reiu heavilu upon
information pieced together through the efforts of special interest and
public awareness groups in the United States, all of whom have an
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established record of criticising the U.S. and global proliferation of nuclear
weapon capabilities, •

We con advise the reader, however, that most of the trit ium in
nuclear weapons is produced by the weapon itself. Elemental (pure) trit ium
is at the same time clearly a component of many thermonuclear weapons.
The use of tr i t ium in these bombs brings to the military the advantage of
smaller weight-to-yield ratios, and i t is through these lower weights that
modern delivery systems can be built. It is this downsizing that is of
critical importance to the number and types of warheads. It is generally
recognized that elemental tr i t ium is a yield enhancer in a fission or fusion
weapon. However, we stress that a fusion weapon alone is not possible
without a fission reaction. In other words, a fission bomb is required to
produce a fusion bomb.

Since trit ium is clearly used in nuclear weapons, public concern
regarding possible diversion of Canadian trit ium to nuclear warhead
purposes is, in our opinion, reasonable and demanding of study. However, we
also observe that if one were to follow and believe some of the statements
made in the media, one would conclude that Ontario Hydro has embarked upon
a policy to make available its tr i t ium to the American military
establishment for nuclear weapons purposes. This is clearly not an issue
since we can find no evidence to make this scenario in any way credible.
Sale of Hydro's trit ium to the commercial market would make ayailable the
only non weapons-related supply of tr i t ium to this market.*

Selling to the U.S. nuclear-weapons program would not only be against
the policies of the government of Canada, i t would also be against the
established and published policy of Ontario Hydro itself with respect to the
export of i ts nuclear power reactor systems, materials, equipment,
technology or services. This policy adopted in 1984 states as follows:

Ontario Hydro supports the peaceful and beneficial use of
CANDU power reactors and technology domestically...and...Hydro
supports and assists the federal government in the transfer of
nuclear technology for peaceful and beneficial uses to foreign
countries ... and furthermore ... Ontario Hydro wi l l provide
assistance only where the federal government deems that

*!t is a i interesting to note that at present the tritium light-source industry receives its tritium
from Oak Ridges as a surplus product to the U.S. nuclear weapons needs. This constitutes 8 cash-
flaw from a commercial activity, back to a nuclear weapons facility.
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adequate safeguards exist against nuclear weapons
proliferation.

We recognize that Ontario Hydro as a public corporation has the
resources to provide leadership in furthering many of these values held dear
by Canadians. In a time of considerable concern over the "military-
industrial complex", Hydro can continue to show that a separation can exist
between the peaceful and military uses of nuclear power and its products.
This Delief is based on our perception that the major role of such a public
corporation should include the furthering of many values and interests, be
they public participation or more meaningful employment.

The Tritium Issues Working Group believes that the thrust of Canada's
initiative to control the spread of nuclear arms is very germane to the
discussion of the sale of trit ium for commercial purposes. The issues
raised thus far in the public forum are, at their roots, proliferation issues.
The proliferation of nuclear weapons referred to in the Non-Proliferation
Treaty identifies two directions of control: (!) vertical proliferation -
which refers to countries with existing nuclear weapons arsenals who
develop new weapons systems or expand on existing inventories of
warheads, (2*) horizontal proliferation - which refers to countries
developing nuclear weapons for the f i rst time.

We would ask the reader to remember Canada's outstanding role with
respect to its contribution to the Nuclear Non-Proliferation Treaty (NPT)
and its implementation. The fact is that Canada has in existence one of the
most stringent export regulations in the world in this area, and we have
maintained those at considerable cost to the Canadian nuclear industry.*
On the other hand, some believe that Canada's actions in administering our
non-proliferation policies have not been stringent enough. It is not within
the scope of this report to examine this judgment, but to measure the
proposed sale of trit ium against existing policies, treaties and the policy
intentions of the Canadian government.

As we point out in our history section (Appendix 3), Canada has had a
policy for at least the past 20 years of not involving itself in any direct
way in the supply of any fissionable components of the nuclear bomb.
Furthermore, Canada was the only country which in 1945 possessed the
technical capability to develop nuclear weapons, but elected in spite of this
not to develop a nuclear arsenal. While some nuclear materials such as

* l t Is worth recalling that the U.S. has just announced a $10 billion sale in U.S. reactors and
technology to China, a non-3ianatoru of the NPT. Toronto Star, July 24, 19S5.
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uranium were sold to the United States, Britain and France, in the 1950s and
early '60s, it is clear that, in the years subsequent to Lester B. Pearson's
prohibition on selling nuclear material for weapons purposes in 1965,
Canada has adopted as a policy a non-proliferation posture in addition to its
refusal to possess nuclear weapons itself.

We as a group have also considered a potential third area of concern -
the use of trit ium by terrorist groups or rogue nations - though we could
find no great concern in this regard. If either of the former have a fission
capability, i t has been argued as to what their motivation would be to move
on to a fusion capability. When one considers the massive leap in technology
and sophisticated machining processes, such a move would require, the risk
of detection is greatly increased for no apparent net gain.

It should be noted, as pointed out to the Working Group by U.S.
sources, that i t is in the control of fissionable isotopes and transference of
nuclear weapons technology that all signatories to NPT have placed their
hopes. In other words, denying the capability to create a fission weapon, is
an essential step to denuinq the creation of a thermonuclear (fusion)
weapon.

We have noted that attempts to further the cause of non-proliferation
is generally targeted at the materials that go into warheads. Unfortunately,
this often leads to an underestimation of the importance that technology
and national wi l l play in the production of fission or fusion weapons. These
devices are considerably more sophisticated than generally understood, and
an unrealistic fix on any one material can be circumvented, particularly if
the nation state is adamant that it wants a nuclear weapons capability.

It is irresistibly attractive to seek a technical or material solution
to the global arms race. If. for a moment, we believed that selling Ontario
Hudro's tr i t ium would further contribute to an increase or maintenance of
the U.S. nuclear weapons arsenal, we would recommend against the sale of
tritium. We can find no such evidence.

It is an unfortunate fact that the NPT has been signed only by those
nations who don't have and/or don't want others to have nuclear weapons.
The suspected growth, over the past 40 years, in the number of nuclear-
weapons states in the world speaks to the role of national wi l l when a
certain technological capability is present. What success the NPT has had is
based on our ability to deny technology to non-signatory countries including
design and special production facilities or to demand of them non-
proliferation agreements when Canada and some other nations have sold
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nuclear reactors. In this regard, it is important to note the acquisition by
the government of India of nuclear technology in this regard predates the
NPT bu a number of uears. When some states have attempted to acquire
nuclear weapons capabilities despite international approbation, pre-emptive
actions have been initiated, such as the air attack on Baghdad by Israel some
years ago, or the economic pressure placed on South Korea by the U.S.

In the final analysis, the problem addressed by the MPT wil l only be
solved through the development of an international wi l l to discard these
weapons as part of international power politics. This is not to say that we
in Canada should not exercise every opportunity to slow down or halt
proliferation. It is to say that even more activity through education or
developing public concern should be directed at creating an international
environment in which nation states do not see nuclear weapons as
fundamental to their continued survival.

Methodological limits

From the Working Group's perspective, the sale of trit ium is obviousiy
dependent upon satisfactory answers to a wide -variety of questions,
particularly any possible nuclear weapons connections and those
environmental considerations (including public health) associated with any
of the myriad of isotopes used in a modern industrial society.

>

The practical analysis of these questions requires limits and
boundaries. While "lateral thinking" is dependent on perceiving and
integrating apparently unrelated subjects, and we naturally desire to
include any and all possible subsets, some limits must be established.
Furthermore, all too often, technical issues are raised to further political
aims or we argue about peripheral topics to attack a major issue. While i t
may be interesting to debate which issues are linked to trit ium sales, we
have decided to l imit the range of questions to be considered.

At the outset we have decided that the likely success of fusion energy
is related but not directly linked to the question of tr i t ium exports. The
feasibility of fusion energy wi l l continue to be researched until the success
of fusion technology is determined. Whether or not fusion is successful,
trit ium wi l l st i l l be required for this research so that reaching conclusions
3bout the potential adequacy of fusion energy wi l l not help to clarify the
issue of trit ium sales.

Arguments about the efficacy of Strategic Defense Initiative (SDI),
Mutually Assured Destruction, and other weapons systems, defence systems
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and concepts are not related to the question of the sale of tritium.
However the risk of Ontario Hydro tritium contributing to the production of
nuclear weapons or other weapons is an issue that is within the bounds of
our study.

The morality of nuclear energy is not directly linked to the tritium
export issue. This question has been discussed elsewhere.* In addition, the
question of the relationships or implied linkage of regulatory bodies to
organizations exporting nuclear material has been discussed at length in
other forums and is not seen to be germane to this discussion. Even so, the
adequacy of the regulations applicable to tritium exports is within the
purview of our analysis, as is the relationship between international energy
laboratories and defence research laboratories.

We also have assumed that a prima facie case can be made for the
ethical acceptability of the removal of tritium from CANDU reactors since
the Darlington TRF has a direct role in the protection of worker and public
health.

Consequently, our prime question is, "Are the risks of misuse of
tritium obtained from the Darlington TRF of such significance that Ontario
Hydro should not proceed with the selling option?"

This is a value-laden question which is complicated for three reasons.
First, risks in the policy arena cannot be quantified. Second, perceived risks
have, in tne public forum, as important a role as probabilistic risks. Third,
it is not clways possible to have perfect knowledge about the consequences
of any action. Thus, absolute certainty about policy outcomes can not be
demanded or guaranteed. On the other hand, questions of risk must be
addressed and judgments must be made. The only option left to policy
makers is to judge whether knowledge of the risks is sufficiently high, and
that the risks themselves 3re sufficiently low to give assurance that the
exporting of a material such as tritium should proceed. In addition, it is
incumbent on decision makers to initiate policies or procedures to minimise
risks. To this end, we have attempted to assist policy makers by clarifying
how significant the risks are and to make recommendations intended to
minimize these risks.

*"Moral and Ethical Issues Related to Nuclear Energy Generation", CNA Seminar, Canadian Nuclear
Association, 111 Elizabeth Street, Toronto Ontario, March 1980.
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The Study

Our study directs itself as well to answering these questions with
respect to our specific area of interest:

(1) How did Ontario Hydro arrive at the situation that this isotope was
available and what are the policies, procedures and practices of
Canada with regard to nuclear reactors and nuclear weapons? For
purposes of readability and priority of issues, this section appears as
Appendix 3.

(2) What is the role of trit ium in fusion nuclear explosive devices*
(Appendix 7)?

(3) What is tritium? We also have discussed the basic physics related to
these questions in Appendix 5 to provide those not familiar with this
isotope with a primer on the topic. We must also know how it may
impact on the environment and on Diofogtcal systems. We have
addressed this in Chapter 3.

(4) How, where and in what amounts does the(U.S. produce its own
tritium? Chapter 1 is critical to most issues since all arguments
including the "substitution" argument are primarily based on scarcity
of some resources or limitations on production capability.

(5) What are the commercial possibilities of this isotope, potential
revenue, or health and safety benefits if this isotope was
commercially marketed?

To assist in making judgments about whether the risk of trit ium
sales wi l l bs significant, we have identified seven measures which can be
used in assessing the issues.

1. Motive. Does the selling country or agency have something to gain by
selling trit ium to a nuclear weapons program or allowing i t to fall

' into the hands of "undesirables"? Will they lose something if they
don't sell? Will the importing country or buyer have something to

* We caution the reader that weapons delivery systems do not fall under Canada'3 NPT obligations
and/or policies. Weapons systems are highly dependent upon a wide variety of tehcnologies 3nd
materials such as steel and a range of non-nuclear metals, guidance systems, and particularly
computer technology. Both the Cruise missile system and President Reagan's Strategic Defense
I nitiative are more dependent on and subject to the development of super-computers and guidance
systems than they are on the number, and In some cases the type, of nuclear warheads.
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gain by diverting, or using directly, the tritium for nuclear-weapons
purposes? Will.they lose something if they do not use Ontario Hydro
trit ium for weapons purposes?

2. Political Will. Has the exporting and importing country or
governmental agency indicated its intention for the use of the
tritium? What is the record of the countries and governmental
agencies involved in living up to political agreements?

3. Legal Measures. Do regulations, laws or policies restrict or prevent
trit ium being exported directly to a nuclear weapons program or
restrict or prevent the diversion of this trit ium into a nuclear weapon
or program? Can punitive measures be called for if the law regarding
trit ium exports is violated?

4. Institutional Control. Are there agreements, contracts, and policies
which exist relevant to the sale of tritium? Do these institutional
controls cover the plausible scenarios for the direct or indirect route
of tr i t ium to a nuclear-weapons program?

5. Technical Barriers. Are there physical barriers which may be placed
on the trit ium to be sold such as to reduce the risk of tr i t ium being
directly or indirectly exported to a nuclear-weapons program?

6. Review and Monitoring Mechanisms. Is there a review and"monitoring
system in place to provide for the timely detection of tr i t ium being
directly or indirectly used for nuclear weapons purposes. Will there
be inspection to allow the identification of possible misuses of
tritium?

7. The historical, cultural and sociological context; reviewing and
assessing the social environment within which the decision is being
made. Is the decision consistent with past traditions and cultural
values? Will it be acceptable to a broad enough base to be seen as
"democratic"?
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Conclusions

It must be noted that we could find absolutely nothing of a factual
nature to justify the hypothesis that Canadian tritium would find its way
into the American nuclear weapons program, nor did we find a single person
amongst those interviewed in the United States to say that diversion of
tr it ium from commercial to military uses is credible. This includes major
U.S. public interest groups on record as being opposed to the American
nuclear-weapons build-up. We have also had the same response through
brief inquiries about the U.K. weapons program, we draw the readers'
attention to Appendix 2 listing the individuals from whom we requested
information. The evidence is sufficiently wide-ranging that any statements
on the potential diversion of trit ium produced at the Darlington Tritium
Removal Facility into U.S. nuclear-weapon uses must be regarded as either
conjecture, or that the claimants have access to material that is presently
highly classified or secret, or that we simply did not find. In addition we
have concluded:

(1) that Ontario Hydro, by documented policy, has precluded any of its
nuclear technology or materials be used in any nucleai-weapons
program,

(2) that the diversion of Canadian trit ium into a nuclear weapons program
is against the policies of the Canadian Government as expressed by
both the Atomic Energy Control Board and the Department of External
Affairs.

(3) that at present the United States has a more than adequate capacity
to produce trit ium to supply its present military needs and that its
current supply of commercial trit ium through Oak Ridge is entirely
surplus to those needs,

(4) that production plans currently under development with respect to
future needs in the U.S. appear to be adequate to meet their long-term
trit ium and Plutonium requirements for nuclear-weapons material.

(5) that, while Ontario Hydro trit ium shipments may alter the quantity of
trit ium sold by Oak Ridge National Laboratories to the commercial
market, the capacity of the United States to produce trit ium for
military purposes means that Canadian-produced tr i t ium cannot in
any way "free up" American trit ium for military use; either by
increasing available quantities or reducing cost. Nor does trit ium
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production constitute a drain on American resources, the basis on
which any substitution argument would be valid. Simply put, neither
the U.S. military, the Department of Energy or the U.S. Congress would
allow themselves to be explicitly or implicitly, directly or indirectly
dependent on a foreign country, let alone a provincial ut i l i ty, for this
strategic isotope.

(5) that i t is against U.S. law to transfer special nuclear material from a
licensed facility to a military purpose or facility in the U.S. While
trit ium is not defined as a special nuclear material in the U.S., we
have been advised that the intent of this law or the spirit of its
intent would be applied to Canadian tritium. Further, any purchase of
this material for these purposes would legally have to be reported to
Congress and hence noted by the broad public, including interest
groups with a proven track record of detecting and preventing such
activity,

(7) that, while the export of trit ium is controlled by the regulations of
both the AECB and the Department of External Affairs, Canada does
not, at present, hove in place procedures or licencing arrangements to
verifu the ultimate use of trit ium.

(8) that there is a small but expanding commercial marketplace for
Ontario Hydro's tr i t ium, e.g. - pharmaceutical and safety-light
products and fusion research.

(9) that, as documented through over 25 years experience, there are few
environmental problems associated with traditional tr i t ium products.

(10) that the increasing size of new tritium-products wi l l demand new
policies and procedures particularly with respect to waste
management.

(11) that these new products wi l l demand policies, procedures and
licenses with respect to manufacturing, handling and distribution not
currently in force.

(12) that the availability of trit ium within Canada provides an opportunity
to develop a new, presently modest but potentially significant, value-
added manufacturing component to Ontario's industrial mix.

(13) that there are significant societal, safety, and other benefits which
wil l occur from the commercial sale of trit ium and trit ium products.
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In spite of these findings, and since this issue would appear to be
important to many Canadians, the federal government, the AECB and Ontario
Hydro should continue their attempts to develop further appropriate
approaches or systems to provide the Canadian people with practical
assurance that none of their concerns with respect to the military
contribution of Canadian-produced trit ium wi l l ever be realized. We believe
these regulations or assurances can be framed in such a way as not to
prejudice the growing commercial market for tritium-related products or
the needs of scientific research. We wi l l return to this in our
recommendations regarding regulations.

Recommendations

We believe that prudence demands that extra protections be
implemented to minimise any risks and to provide Canadians with
assurances that Canadian policies have the active and ongoing support of
our regulatory structures. Consequently we recommend the following:

(1) The Ontario Government should provide assistance and create
incentives _ with respect to the development of a domestic industry
manufacturing trit ium light products; particularly in the area of developing
airport lighting systems.*

(2) We recommend that the AECB establish as soon as possible the
maximum levels of emissions allowable within and from these
manufacturing plants.

(3) The AECB should define more clearly the meaning of "frivolous use" as
applied to products containing trit ium. A principal reason for this is to
provide manufacturers or enterprises suitable, before-the-fact guidance as
to the acceptability of proposed products to assist manufacturers in their
planning and development. We suggest that the terms "safety" or "health-
related" replace the term "frivolous".

(4) We recommend that each manufacturer have a designated health-
safety officer. This individual is to be on the payroll of the manufacturer
but accountable to the AECB with respect to worker health considerations
(monitoring and overall radiological safety of the plant).

^Ontario Hydro should provide some research and design expertise to the Canadian manufacturing
component, perhaps through its Kipling Research Facility.
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(5) We recommend that the AECB develop and publish required testing
procedures and standards for the design of prototypes of products. Of
particular interest would be the establishment of particular standards for
leakage, breakage and durability.

(6) We recommend that the AECB identify the amount of tr i t ium in a
product which, by its amount, constitutes a waste management problem
demanding return to a waste management facility.

(7) Anu single product used in Canada containing a significant amount of
trit ium should be end-use licensed. We have not identified "significant",
since we recognize that the AECB has the required expertise in this regard.
It is apparent that some trit ium products (airport lighting for example) wi l l
require some waste management procedures. Ontario Hydro, because of its
developing expertise with the handling of tr i t ium, should be required to have
a role in the disposal of these products at the end of their useful lives. (We
note that the residual trit ium and helium could be recycled.)

(6) Tritium should not be designated a safeguardable product bu Canada.
We believe that adequate opportunity exists under our current "prescribed
substance" definition to put in place the regulatory and inspection (auditing)
processes to provide assurance this material wi l l not be used for purposes
inimical to our non-proliferation posture. In the face of- a lack of
international support for designating trit ium safeguardable under IAEA,
any such unilateral move in this regard would only preclude the sale of
Canadian trit ium and hence destroy any potential commercial opportunities
that exist in this area for Canada, since such a move must be made on a
government to government basis, while providing no apparent benefits
with regard to limiting the nuclear arm race. The only result would be to
leave the market open to non-signatories of the N.P.T. or nuclear-weapons
manufacturers.

(9) The AECB should adopt Canada's non proliferation policy objectives as
a major, and formalized criterion in any licensing of trit ium products,
manufacturing facilities or export agreements. In short, in addition to their
traditional concerns for public and occupational health (which include on-
site inspections) our N.P.T. objectives should also be a m8jor and formal
criteria, validated by appropriate checks.

(10) The AECB should develop policies and procedures (conditional
licensing) to verify the ultimate use of Canadian trit ium with respect to all
companies or countries purchasing this isotope.
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(11) Given the role of trit ium in nuclear weapons raw trit ium should not
be sold to a company, facil ity, or government located in a country that has
not signed the N.P.T.

(12) Consideration should be given to limiting the export licensing of
shipping of bulk amounts of trit ium (perhaps 20 000 curies per shipment).
We believe that this would avert the possibility of any diversion into
military purposes of significant quantities from a single sale and allow
verification procedures time to work.

(13) Raw trit ium should not be sold through agents. Rather sales should be
restricted to agreements between the Canadian produceKs) and the trit ium
products manufacturer or fusion facility. Furthermore, "secondary sales" or
transhipping should be clearly prohibited. This is not to be read as
precluding coordination or collaboration of sales on the part of Canadian
tritium producers.

(14) Any extra-national purchaser of more than 20 000 curies per annum,
irrespective of use should agree prior to sale to allow Canadian authorities
to audit and verify the actual use of this tritium.

(15) Any manufacturers of any large trit ium light sources (remote airport
lighting sustems) should be required to agree not to distribute these
products to a client within a country that has declined to sign the N.P.T.
Further, they should also agree to prohibit secondary sales of their products
to a non-N.P.T. country. Verification and audit procedures with respect to
this policy must be in place.
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CHAPTER 1

PLUTONIUM AIH> TRITIUM:

PRODUCTION AND SUPPLY

Introduction

The committee examined the role of trit ium in modern thermonuclear
weapons (see Appendix 7). We found that tr i t ium is a component of these
warheads. It is noted that most of the trit ium involved in the explosion is
created from lithium deuteride within the weapon itself. However, trit ium
in its elemental (pure) form, performs a number of functions - for example,
as a yield enhancer in many fusion weapons.

Central to the issue of Ontario Hydro making available quantities of
trit ium to the. commercial marketplace is the question of what, if any,
impact-would these supplies have on the thermonuclear warheads programs
of the United States and/or other countries. In order to formulate a view on
this matter, at least insofar as the United States is concerned, i t is
necessary to understand the production system in place for tr i t ium, plans or
capabilities for future production systems, current and projected future
production targets, current tr i t i i im inventories, and future military needs
for trit ium.

Although the production of trit ium is the central matter of interest
for this report, i t can not be separated from a discussion of plutonium
production for thermonuclear warheads purposes. In the United States, both
Plutonium and trit ium are produced in the same "production reactor(s)" via
neutron capture in different target materials, U-238 for plutonium
production, and lithium-aluminate for tr i t ium production. In anu one
production run in a given reactor, either Plutonium or trit ium can be
produced, but not both (although very small amounts of tr i t ium are produced
in control rods, blankets, and dischargeable targets). Obviouslu then.
questions of adequacy of trit ium production are linked to those of that
nation's Plutonium production, and vice-versa.

The rale of gaseous trit ium in thermonuclear weapons is discussed in
Appendix 7 of this report, and from this i t is seen that thermonuclear
weapons states wi l l have an ongoing interest in securing supplies of
trit ium. The distinction between osseous trit ium used in the f irst stage of
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thermonuclear warheads, as a yield enhancer, or in tactical nuclear
weapons, and the gaseous trit ium produced in rnanu warheads from lithium
deuteride. should alwaus be kept in mind. Tritium from the latter source
has absolutely nothing to do with the former or with any supplier of trit ium
in its pure form such as Ontario Hydro.

Much of the information on these topics is obviously held as
classified by the pertinent governmental authorities. An excellent single
compilation of information on these topics is the soon to be published
Nuclear Weapons Databook. Volume II (to be published by 3allinger
Publishing Company). We have, with permission, liberally used this source.
Wherever possible we checked this data with different sources. For a more
complete discussion of the measurements, calculations, and sources used to
compile some of the summary data reported here, readers are encouraged to
consult this volume when i t is published.

Host of the information on the supply side of nuclear weaponry in this
report refers to the American nuclear arsenal. We did not spend time
attempting to gather data on the nuclear v/arheads programs of the U.S.S.R.,
China, or France. The few inquiries we made to U.K. authorities left us with
the impression that l i t t le was to be gained in attempting to get additional

information from this source.* We found the Americans, however, whether
we were talking to anti-nuclear weapons groups or governmental
authorities, to be most co-operative, interested, and helpful.

Much attention has been given to the 1983 hearing of the U.S. Congress
with respect to so-called trit ium shortages. It is our observation that
rather than shortages, the major thrust of Department of Energy witnesses
(born out by D.O.E. spokesmen to this study) dealt with future capacity and
the aging of existing plants.

We regard the material presented in this chapter as providing a
factual (and often Quantitative) basis with which to discuss the issues that
are addressed in Chapter 2.

*A more lengthy investigation may be able to shed some further light on issues involving tr i t ium
in 3ome of these jurisdictions.
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Part A - Plutonium

Nuclear fission weapons are made using either uranium or plutonium
as the fissile material. Since plutonium and trit ium are both produced in
the United States from the same production reactors, plutonium and trit ium
production questions are interconnected. It is helpful to understand some
basic facts concerning plutonium in order to appreciate what is saidiater in
this report about trit ium supply questions.

In particular, whether or not adequate supplies of trit ium can be
produced for the weapons program is partly dependent on the existing
stockpile and the future demand on plutonium. Currently there seem to be
adequate supplies of plutonium. (Since plutonium has a half-l ife of 24 OOO
years much plutonium is currently being supplied through recycling from
retired weapons.) However, some concerns have been expressed about
plutonium supply into the 1990s. We wi l l examine these questions in this
chapter.

1.1 A plutontum isotope primer

Plutonium, as i t exists in various types of reactors and in weapons, is
made up of various proportions of different isotopes. There are at least 16
different plutonium isotopes, of which the four most important are:
plutonium-238 (half-life 86.4 years), plutonium-239 (half-life 24 390
years), plutonium-240 (half-life 6580 years), and plutomum-241 (half-life
13.2 years). The relative amounts of Pu-239 and Pu-240 are the most
important factor in determining suitability for weapons use. Reactor-grade
plutonium is roughly 70 percent plutonium-239 and 20 per cent plutonium-
240, whereas weapon-grade pfutonium is about 93 per cent plutonium-239
and 7 per cent plutonium-240.

1.2 Location of plutonium production facil i t ies

The Hanford Reservation at Richland, Washington, founded in 1943,
produced the plutonium for the atomic bombs used at the Trinity test and at
Nagasaki. The wartime project resulted in three plutonium production
reactors, three separation plants, fuel fabrication facilit ies, and the f irst
steel tanks containing high-level, liquid radioactive wastes. Except for a
much smaller pilot-project reactor at Oak Ridge, Hanford was the world's
first plutonium factory. It was built and operated during the war by Du Pont
and is located on some 570 square miles in southeastern Washington.

A total of 14 reactors in the United States have been used to produce
both fuel and weapons grade plutonium. Eight of these, at the Hanford
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Reservation, operated between 1944 and 1971. All eight have now been shut
down (average operating life, 17.4 years), are being dismantled, and ire not
considered to have any restart capability.1

A ninth production reactor, the Hanford N-Reactor, started operations
in December of 1963 and is st i l l operating after 21 years. Until 1982, i t
was not used to produce significant quantities of plutonium for the weapons-
program, but it has supplied electricity to the northwest power grid since
1966. Since 1932 however, N-Reactor has produced weapons-grace
Plutonium, has supplied fuel-grade piutomum to Savannah River ror blending
to produce weapons-grade plutonium, and has supplied electrical power to
the grid. No trit ium is produced in the N-Reactor, nor is production
contemplated.* The l ife of the N-Reactor wi l l extend into the 1990s, when
irreversible damage to the blocks of graphite moderator wi l l make operation
increasingly difficult, although the DOE has begun studies on extending N-
Reactor's useful lifetime.2

Beyond this, Hanford may be a leading contender for the site of a new
production reactor, if one is to be built (see discussion later in this
chapter). Since the production reactors currently operating at Savannah
River are expected to shut down before the end of this century, Hanford may
again become a centre of activity in the creation of plutonium for use in
weapons.

The remaining five production reactors are heavy water reactors at
the Savannah River Plant in Aiken, Georgia. Two of these, the R- and L-
Reactors, operated for an average of 12.05 years. They are not operating at
present, although L-Reactor, having undergone a $190 million upgrade,
should be restarted by September of 1985. This wi l l increase U.S. plutonium
and trit ium production capacity significantlu. (See later discussion.) Three
other reactors, P, K and C, are currently operating (average operating
lifetime to date 30.4 years), and have produced both plutonium and tritium.3

The N-Reactor operated In a piutonium/tritium co-production mode or operation in 1966 and
1967. Final Environmental Impact Statement. L-Reactor Operation. DOE/EIS-0103. Savannah
River Plant. Mau 1984. Vol. I, p. 2-4. Hereafter cited a3 DOE, FE13, L-Reactor. Because the N-
Reactor is fueled with slightly enriched uranium, tr it ium production is limited to a coproduction
mode of operation. Consequently, the maximum trit ium outputof the N-Reactor per Mvd of
operation is significantly less than the output of a Savannah River reactor dedicated to tr i t ium
production. Nuclear Weapons Databook. (unpubiished)Vol.ll. p.94.
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1.3 Current sources of fissile material

Host of the plutonium and uranium used in American weapons comes
from weapons that are retired from the stockpile. Additional plutonium is
produced in the production reactors at Savannah River, and the N-reactor at
Hanford.

Evidence presented to the House Armed Services Committee in the
United States indicates that, up to the present time, adequate supplies of
Plutonium and uranium have been able to be provided to the military program
through the facilities operated by the Department of Energy. We quote:

"We have not had to draw from inventory any highly enriched uranium
for the weapons program per se for about 20 years."4

"Plutonium and trit ium production goals have exceeded the forecasts "
and "at levels substantially exceeding our fiscal year 1982 plan."5

"I am very pleased to tell you that with the strong support of this
committee, we have been able to provide the necessary (nuclear) materials
and we are meeting our materials production goals - either meeting or
slightly exceeding our goals."6
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1.4 Estimates of production of piutonium in U.S. military program

An estimate of the net annual production of weapon-grade piutonium
projected into the late 1980s is provided in Table 1.1. This table combines
weapon-grade production at the N-Reactor and supergrade plutonium plus
blending at Savannah River7.

Blending is one process that the United States is using to increase the
amount of yyeapon-grade piutonium available. One-part of fuel-grade
Plutonium is blended with two-parts of supergrade piutonium to produce
three-parts of weapon-grade material. This procedure produces weapon-
grade Plutonium that is about 50 per cent more than what would be produced
in the reactors alone.

BLENDING

Supergrade Pu Weapon-grade Pu
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Table 1.1

WEAPON-GRADE PLUTONIUM PRODUCTION

Savannah Savannah
Hanford River River Fuel Grade . Total
Weapon-Grade Weapon-Grade Supergrade Required Weapon-Grade Weapon-

Fiscal Separated (a ) Separated (a ) Separated (a) (Kg) (e) By Blending Grade
Year (Kg) (e ) (Kg) (Kg) <d) Annual Cumulative (Kg) (e) (Kg)

1982
1983
1934
1985
1986
1987
1988
1989
1990

910(b)
1050(b)
650 (c)
650 (c)
650 (c)
650 (c)
650 (c)

700
240
0
0
0
0
0
0
0

360
700
920
920
1160
1140
1400
1400
1400

180
350
460
460
580
700
700
700
700

ISO
530
990
1450
2030
2730
3430
4130
4830

540
1050
1380
1380
1740
2100
2100
2100
2100

1240
1290
2290
2430
2390
2750
2750
2750
2750

(a) Allows for six months cooling period of discharged fuel before processing.

( b ) PUREX separated only 6 per cent Pu-240 plutonium in FY1984 (from
1046 MT uranium) and in FV1985 (from 1200 MT uranium), culling
out all of the 6 percent Pu-240 plutonium in stooge and processing fuel
from current production.

( c ) Assumes N-Reactor operation at 4000 MWth and 52 per cent capacity
factor.

(d ) This assumes blending with 12 per cent (average) Pu-240 plutonium
and gives a lower bound to fuel-grade requirements. Blending with 9 per
cent Pu-240 plutonium for example, requires 50 per cent more fuel-
grade plutonium.

(e ) Blending combines supergrade with fuel-grade plutonium, two parts to
one. Assumes fuel-grade with 12 per cent Pu-240.

Source: Nuclear Weapons Databook, (unpublished)Vol. II
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1.5 Plutonium inventory

No official data on inventories of weapons-grade plutonium is
available in the open literature.

The inventory estimate in Table 1.2 is the most carefully done
estimate available in the public domain to date. The inventory includes
materials actually in the weapons themselves as well as material that has
only been allocated to the weapons program, it is believed that "only a
small fraction is currently available as a reserve".3

Table 1.2

Estimates

Plutonium:
Plutonium:

of Plutonium

Weapons-grade
Fuel-grade

Inventory

Source:

in U.S. Weapons Program

Inventory
(EndFY 1984)
(tonnes)

92 000(+ - ) 14000
15 500

• Nuclear Weapons Detabook. (unpublished)Vol.!

In view of the difficulty of ascertaining the retirement rates of
present warheads, and the precise amounts of plutonium in a recoverable
form available from these warheads, as well as the difficulty in knowing
just how much plutonium is required per weapon to meet the new weapon
design requirements, we do not feel that the numbers in Tables 1.1 and 1.2
can be used as a base to judge the adequacy of their ability to provide future
military needs. The figures in Table t.l do, however, reveal an upward trend
in the total U.S. ability to provide plutonium for weapons with existing
technology.

1.6 U.S. capacity to supply future plutonium requirements

•Although the total number of weapons in the U.S. stockpile is down
from the 1967 high of 32 000, there can be no doubt that during the period
1933-85, there wi l l be a substantial increase In numbers measured against
the 1982 total. Perhaps as many as 13 per cent more.

As well as the increase in the number of weapons, there is reported
to be an increase in the quantity of plutonium per weapon. These weapons
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are smaller in size and yield, and increased quantities of Plutonium are
required in the design'of such weapons.9

We have found no evidence to indicate that American authorities in
the Department of Energy see any reason to be concerned about their ability
to supply Plutonium for the weapons program over the next few years, but
looking further down the road, they have expressed concerns about'security
of plutonium supply into the 1990s.

To this end, the U.S. has begun funding programs to ensure supply
during the 1990s.

These are as follows:10

1) Blending of fuel-grade and supergrade plutonium into weapons-grade
Plutonium at Hanford.

2) A six year, $462 million (U.S.) Facilities Restoration Program, designed
to restore the production capability of four sites in the weapons complex.

3) Conversion of the N-Reactor at Hanford to produce weapon-grade
plutonium. __ >

4) Restart of the refurbished L-Reactor at Savannah River.

5) Operation of the PUREX fuel processing plant at Richiand, Washington, for
the separation and conversion of fuel- and weapons-grade plutonium to
Plutonium oxide for later processing into appropriate weapons-grade form.

6) Installation of high productivity "Mark 15" enriched uranium fuel cores
at the Savannah River reactors to provide an increase in the production of
plutonium in these reactors.

7) Continued research and development of a Special Isotope Separation
program. This new technique, if developed successfully, may have the
capacity to provide all future plutonium requirements of the U.S. military
program by very efficient conversion of existing plutonium that is not
suitable for weapons into weapons-grade material, consequently allowing
existing production facilities to concentrate on tritium production.
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Part B - Tritium

Introduction

Tritium is used (but not required)* in many designs of modern
thermonuclear warheads. Further discussion of the nature of this use, and
the types of weapons thought to involve small quantities (probably 1-5
grams) of tr it ium, is found in Appendix 7 of this report.

The purpose of this section is to outline how and where this tritium
is produced, present estimates of the rate of this production and the
production capability, and present evidence as to the adequacy of the supply
of trit ium for military (nuclear) use, both in the short (present, to mid-
1990s) and longer terms.

This information provides a quantitative basis for the discussion of
issues that have been raised pertaining to any connection between Canadian
commercial trit ium supplies and the military program of the United States.

1.7 Trjtium: Savannah River weapon? facility

The Savannah River plant was built by E.I. DuPont de Nemours Company
for the Atomic Energy Commission and has been operated by Du Pont ever
since. The site occupies some 250,000 acres (390 square miles). It is
located some 15 miles from Augusta, Georgia. Operations began late in
1952 with the start-up of a facility to extract "heavy water" (water
containing some deuterium atoms replacing some of the atoms of normal
hydrogen) from the Savannah River facility. The first nuclear reactor was
activated a few days before the end of 1953. By 1956, the basic plant was
completed at a cost of over $1.1 billion.

Today, all the trit ium being produced for U.S. nuclear weapons comes
from the Savannah River Plant. It has five production reactors, three are
operating (P, K and 0 , one (L-Reactor) is about to restart, and one (R-
Reactor) is in standby condition. Both fuel and target elements for the
reactors are made at Savannah River; the targets include both depleted
uranium to be converted by neutron capture into plutonium-239, and lithium
for the production of tritium.

* "It is not necessary to use elemental deuterium and tritium directly in a thermonuclear
weapon." Huclear Weapons Databook. (Ballinger Publishing Company) Vol. I, p. 27.
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The method of production of tritium is as follows: targets containing
lithium-6 are bombarded by neutrons in the production reactors. After
irradiation, some of the lithium atoms split into helium and tritium. The
trit ium is then separated from the helium and lithium by physical
processes. Only a small section of the entire plant contains this trit ium
separation facility. The plant also has the capability for trit ium loading of
weapons components, as well as for unloading and reclaiming trit ium from
weapons being recycled or refurbished. The facil ity at Mound, Ohio, operated
by the Monsanto Research Company, recovers and purifies trit ium from
wastes and recycled components, a capability described by the DOE as "an
outgrowth of weapons production activities involving components
containing tritium."11

Since both trit ium and plutonium-239 are produced in the same
production reactors (using lithium and uranium targets, respectively), there
is potentially a competition between the two for space in reactors.
Moreover, neutron bombs are said to require more trit ium than other nuclear
weapons. These considerations may help explain the need found by two
recent studies* for expanded plutonium production facilities to meet the
expected demand for additional nuclear warheads during the eighties and

nineties.

1.8 Military tritium production in other countries

In Britain, work began in 1980 on a £10 million trit ium production
reactor (using the lithium technique) at Chapelcross. This facil ity is
expected to be operational soon. Dr. Arnold Allen, chairman of the U.K.
Atomic Energy Authority, stated to a member of this working Group that to
the best of his knowledge, there was no concern in Britain at the present
about their ability to meet their own nuclear military requirements for
trit ium. Dr. Allen observed that British policy** would preclude nuclear
materials from another country's commercial program from being diverted
into British military (nuclear) activities.12 Further investigation about the
nature of this policy would be necessary to be sure of specifics.

. In France, tr i t ium is produced in two heavy water production reactors
(named Celestin), at Marcoule In the Rhflne Valley. Obviously, there are
facilities in the U.S.S.R. for production of nuclear-weapons materials, and
probably also in China.

* Science (January 9, 1981) and (October 1 6 , 1 9 8 1 )
** See Appendix 3
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1.9 Estimates of production of tritium in U.S. military program

The trit ium production rate at Savannah River has been estimated by
the Notional Resources Defense Council by several different means. These
estimotes are summarized in Table 1.3.13
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Table 1.3
ESTIMATES OF

SAVANNAH RIVER REACTOR TRITIUM PRODUCTION (kg)

Fiscal

Year

1955
1956
1957
1953
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1936
1937
1933
1989

Plutonium

Production'

10.8
3.3
3.8
2.8
4.0
2.6
2.4
2.4
2.9
2.3

11.5
10.8
0.8
0.3
2.0
2.0

12.0
12.0

Constant
Release

Fraction2

0.2
4.9

12.3
25.7

9.4
7.4
7.5
8.4
3.4

11.0
3.6
3.4
3.5
4.7
3.1
2.3
4.3
6.1
3.6
2.2
1.6
1.4
2.2
2.2
2.1
2.3
2.6

10.8
10.2
10.2

Thermal

Output3

1.00
2.45
3.65
4.20
5.30
6.25
6.45
6.35
6.30
6.45
4.25
4.40
5.20
4.95
3.50
3.00
2.85
3.50
3.77
3.32
2.32
4.05
2.62
2.42
2.38
2.90
2.76

10.79
10.21
10.21

Dedicated
Reactor

Output4

0.50
7.35

15.51
28.35
10.15
10.94
11.29
11.11
11.02
12.18
2.13
2.20
2.60
4.95
3.50
3.00
2.35

10.21
3.7?
3.82

.2.82
4.05
2.62
2.42
2.38
2.90
2.76

10.79
10.21
10.21

1. Based on assessment of equivalent pi utoni urn production.
2. Assumes tr i t ium production proportional to the routine tr i t ium release to atmosphere from the

separation areas.
3. Assumes tr i t ium production proportional to reactor thermal output.
4. Assumes tr i t ium production related to the number of reactors dedicated to t r i t i urn production

and their thermal output.

Source: Nuclear Weapons Databook. (Unpublished) Vol.11
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Based on the figures in Table 1.3, the current inventory of tr i t ium can
be calculated by applying the 5.5 per cent inventory loss due to half- l i fe
decay. Table 1.4 shows the inventory, the estimated uncertainty in that
figure and the cumulative and maximum annual production as estimated by
the different estimation techniques shown in the last three columns of
Table 1.3.

Table 1.4

Summary of Tritium Production Estimates (kg)
(1955- 1984)

Tritium Production (kg) based on:

Maximum
Annual Production

Production

Inventory (after decay)
(at 31 Dec. 1984)

inventory
Uncertsintu

Constant
Release

Fraction

25.7

173.6

79.2 .

(+ - )25

Thermal
Output

10.79

139.3

72.2

(+->24

Dedicated
Reactor
Output

28.35

208.6

90.0

(+-J30

1.10 Tritium supply from Ontario Hydro for commercial purposes

For comparative purposes, we have shown in Graph G-l. l (p. 16) the
quantities of tr i t ium projected to be removed from the Tritium Removal
Facility at Darlington through the period 1986 to 2006, and on the same
page, in Graph G-1.2, U.S. tr i t ium production estimates from column one of
Table 1.3.

Several observations can be made from Graphs G-1.1 and G-1.2:

1. The Savannah Rtver production reactors are capable of sudden and large
changes in annual production output (i.e. - from 2.8 kg to 11.5 kg from 1981
to 1982). We believe they have even more capacity than that evidenced
above.
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2. Tritium outputs projected from 1965 to 1959 are consistent with the
previously outlined indications of an increased tritium reduirement for the
near future.

3. Seen against the estimates of U.S. military trit ium production for the
years 1977-1981, the proposed Canadian production figures are about the
same amounts. Seen against the 1983 American production estimates,
Canadian supplies would appear to be about 25 per cent of the U.S. military
production. Seen against, the military production estimate for 1958 of
23.35 kilogram (Table 1.3, column four), Canadian supplies would appear to
be about 9 percent of military production.

In summaru i t is not possible to give an accurate estimate of future
Canadian trit ium production measured against real U.S. production caoacitu
to produce trit ium for military purposes, because of the uncertainty in the
production estimates in Table 1.3. and because even these are just
estimates of actual production, they do not at all reveal real production
capacity. But while aur evidence indicates that proposed Canadian trit ium
production could be as high as 9 per cent of U.S. production caoacitu insofar
as i t is revealed in Table 1.3. we continue to labor under the assumption
that publicly available data understates the size of real U.S. capacity.
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G-1.1

12

1 0 -

3 -

Production (kg) 6

4-

2

0

Ontario Hydro TRF Projected Tritium
Production Capacity

36 38 50 92 94 96 98 00 02 04

16

6-1.2

Tritium Production (U.S.)

72 73 74 75 76 77 78 79 80 81 82 83 34 35 86 87 88 89
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1.11 Commercial supplies of tritium from U.S.

The Department of Energy supplied the following figures on quantities
of trit ium made available to the commercial marketplace through Oak Ridge
National Laboratories.

Vear Amount(kg)

198! 0.09
1982 0.12
1983 0.19
1984 0.50

Additional perspective on this matter can be gained from the
following figures.

American exports of "nuclear by-products material"
(of which trit ium makes up the bulk), during the years
1975-1980, were reported in The Nation magazine in
July of 1980 as follows:

1975
1976
1977
1978
1979

0.002
0.001
0.066
0.216
0.733

Kg
kg
kg
kg
kg 0

0
0
0
0
0

.208 kg (South Korea)

.156 kg (Mexico)

.104 kg (Philipines)

.104 kg (Hong Kong)

.083 kg (Switzerland)

.078 kg (Singapore)

This information was provided by the DOE under a
Freedom of Information Act request. It seems likely
that these supplies were destined for the trit ium
watch industry which was active in those years.

The quantities of Savannah River trit ium made available to the
commercial marketplace over the period 1981-1984 are in accordance with
a DOE statement to us by R. W. (Ron) Cochran, Deputy Assistant Secretary,
Nuclear Materials, U.S. Department of Energy, that trit ium made available
from the Savannah River Plant for commercial purposes is "a very small
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fraction of what we produce", and further that" it is a long-standing policy
that DOE tritium serves militaru needs first."

No official figures on American commercial domestic use of trit ium
during the period 1975-79 were available to us but we did discuss these
figures with Mr. Cochran. He stated that as a general rule, aboui one-third
of trit ium made available in the past to the commercial market has been
allocated to the U.S. domestic market, and about two-thirds was exported.
This would mean, if applicable to 1979.. that about 1100 grams of trit ium
were released from the U.S. to the commercial market. In turn, this would
mean that, out of the total of about 2.4 kilograms of trit ium production in
1979 (as reported in Table 1.3), 1.1 kilograms (or almost 46 per cent) of
this production would have been released to the commercial market. 'We do
not find i t reasonable to interpret 46 per cent as "a very small fraction of
what we produce", and we take this as seme evidence suggesting that the
trit ium production estimates in Table 1.3 may be low. Although Mr. Ron
Cochran would not comment on the figures developed by Dr. Tom Cochran
(author of Nuclear Weapons Databook. Volume ll), he did point out that it
should be obvious, given the importance of tr i t ium supplies to the strategic
policies of the United States, that demand for commercial supplies of
trit ium would not interfere in any way with military requirements.

Further evidence is available from statements made about trit ium and
Plutonium in the 396 pages of testimony during the hearings of the
Department of Energy National Security and Military applications of Nuclear
Energy Authorization Act of 1984 (House of Representative Committee on
Armed Services Procurement and Military Nuclear Systems Subcommittee,
March I, 1983 (see Appendix 8 for extracts).

1.12 Future directions in tritium demand for military purposes

A. Maintaining present stockpile of thermonuclear weapons

The role of trit ium in thermonuclear weapons is examined in Appendix
7 of this report. While i t is important to keep in mind that much of the
trit ium which undergoes fusion in a thermonuclear weapon is generated in
the bomb from ljthium-6 (in the form of lithium-6 deuteride), and thus is
not connected at all with supplies of elemental tr i t ium (in any form), many
thermonuclear weapons (and perhaps all) also contain elemental trit ium in
their primary stages to enhance the supply of neutrons. It is further noted
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that enhanced radiation (ER) or "neutron" bombs contain elemental trit ium,
end that variable yield weapons contain elemental trit ium and deuterium
that is bled into the weapon in proportions and amounts that allow a
particular yield to be "selected" in situ. It is also important to remember
that fusion reactions in weapons only occur after an initiating fission
reaction. References to trit ium as a "trigger" mechanism are misleading.
The real "trigger" is provided by fissionable materials (uranium or
Plutonium).

Because trit ium is radioactive with a 12.33 year half-l ife (which
means it loses 5.5 percent of i ts activity each year), a continued supply of
"fresh" trit ium is essential, even to maintain existing inventories of
thermonuclear weapons in the possession of any state.

B. Increase in production of thermonuclear weapons in the United
States

Initiatives begun by the Carter administration, and continued and
expanded by the Reagan administration, have called for an increase in the
size and type of nuclear weapons in the stockpile. One DOE official has
stated that the number of weapons was expected to increase by 13 per cent
by the end of fiscal year 1988.14 The Materials Production budget has gone
from $506 million in fiscal year 1980 to $1,741 billion in fiscal year
1985.15 We also note the appearance of enhanced radiation (ER) weapons (an
initiative of the Reagan administration) and of an increased number of
variable or selectable yield weapons, as well as fission weapons with D-T
boost. All of these weapons usually use gaseous deuterium and trit ium in
their design.

C. Strategic Defense Initiative (Star Wars)

At this time It is difficult, if not impossible, to make statements
concerning Plutonium or tritium supplies that may become involved in
President Reagan's Strategic Defense Initiative.* We have found no
literature that points, either qualitatively or quantitatively, in this
direction. The lack of any specific plans (at least insofar as is available in
the public domain) for this initiative, and the immense amount of research
that has yet to be done to sort out priorities and indeed, which plans are
technically and/or economically possible to achieve, make this an area of

* For further discussion of the Strategic Defencse Initiative, see Appendix 4. Still further information on
5DI should be forthcoming from 4 federal task group appointed to study this matter.
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speculation. One DOE official, R.W. Cochran, Deputy Assistant Secretary,
Nuclear Materials, "would not rule out tritium from a Star Wars scenario,"
but since information is highly classified, he would not go into any detail.16

The fact that he would not rule i t out does not necessarily imply that
trit ium would be involved. Mr. Cochran spoke of the difficulty that
surrounds responding to questions which cannot be answered because the
information is classified. Even a "no comment" answer is (sometimes
correctly and sometimes incorrectly) interpreted as implying an affirmative
answer.

We believe that our position on possible tritium involvement in St3r
Wars, should be "no reliable information on this," meant to be taken literally
with no hidden message.

In the light of the quantitative information presented in these two
sections, we wi l l discuss issues that have been raised in connection with
Canadian commercial trit ium and the nuclear weapons program of the United
States in Chapter 2.
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CHAPTER 2

TRITIUM ISSUES

There have been printed statements circulated in Canada that allude
to a possible (or probable, or even definite) link between the proposed
commercial availability of Canadian-produced trit ium and the U:S. military
nuclear program.

Altnough these statements display a range of views on the implied
linkage between Ontario Hydro trit ium and the weapons program in the
United States (from "almost certainly" to "likely"), they are alike in that
none refer to any quantitative, legal, or policy information which would be
pertinent to making such judgements.

fn Chapter 1, we have shown the reasons that trit ium supplies are
related to Plutonium supplies, and presented and discussed quantitative
information pertinent to their near- and long-term availability.

In this section, we wi l l further explore issues that hove been raised
with respect to Canadian trit ium supplies and trit ium used for military
weapons purposes.

2.1 Adequacy of present U.S. tritium production capabilities

in section 1.9, we presented quantitative estimates concerning the
trit ium production capacity of the Savannah River reactors. Our reading of
the literature (in particular, the House Armed Services Committee
Hearings), leads us to state that trit ium production to date ha? certainly
met all military requirements. The restart of a fourth Savannah River
reactor (L-Reactor), wi l l provide additional trit ium supply security ior the
near term. The N-Reactor at Hanford (presently producing Plutonium) is
available as backup for tritium production in case of problems with tne
Savannah River reactors.

However, the DOE has expressed concern about the age of the Savannah
River reactors (average age over 30 years as of June 1985).

Providing that these reactors continue to perform (although they are
"aging", we have seen no evidence to indicate that they are not expected to
operate satisfactorily), we see no reason to believe that adeauate supplies
of trit ium for military needs would not be-able to be met by these reactors
until the mid-1990s.
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take, and that it can De taken as a signal that the United States wil l ensure
an indigenous supply of manufactured tritium is available for its military
needs. This further implies that, that country wi l l not allow itself to
become dependent on anu foreign countru for military supplies deemed
necessary for its needs (if of course such a product is capable of being
produced from natural resources or supplies from within). Such is
demonstrable the case for tritium. In our opinion, this situation is of
central significance for the issue of supplies of Canadian commercial
tritium being available in the United States. It certainly militates against
an argument that the United States might come to reiu on trit ium produced
in Canada for its military needs.

There is another practical political (and legal) dimension that bears
on this issue.

During the late 70s, there were discussions about the possible trade
of American trit ium for British Plutonium, conducted between the United
States and Britain. Some of these materials were produced in civilian
(commercial electric-generating) reactors, and objections were raised in
both countries about the possible use of these materials in the nuclear
military programs of these nations. This trade stirred considerable debate
in these countries as to the appropriateness of this application o; nuclear
materials produced in commercial reactors in Britain, to a nuciear military
program. The debate was additionally fueled by a remark by the Secretary
of Energy at the time, Mr. Edwards, that a military use of materials from
civilian reactors would be an economically sensible thing to do. There was
a very negative reaction to this from many quarters, (including the domestic
nuclear uti l i ty industry in the United States.)

One objection made during the debate in the United States related to
"the hypocrisy" of nuclear-weapons states offering nuclear materials,
technology and expertise to non-nuclear states onlu under the terms and
conditions of the Non Proliferation Treaty, which demanded assurances that
such materials would nol be used in connection with the production of
nuclear explosive devices, while the supplying (nuclear weapons) states
would be engaging in that very practice themselves! This argument (and
others), won the day in the United States, and, as of January 4, 1983, the
(U.S.) Atomic Energy Act of 1954 was amended by adding to Section 57 of
the 1954 Act, the following clause:

"e. Special nuclear material, as defined in section 11,
produced in facilities licensed under section 103 or 104 may not
be transferred, reprocessed, used, or otherwise made available by
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any instrumentality of the United States or any other person for
nuclear explosive purposes."

This section made it illegal in the United States to use special
nuclear material* produced in that countru in a commercial nuclear facility.
for nuclear explosive purposes.

It should be observed that this law does not bear on such materials
produced in licensed (commercial) facilities outside of the United States.
However, in our discussion of this point with people (both opponents and
proponents of the nuclear-weapons program) in the United States, i t was
mode quite clear that the intent of this law is to rule out any American
involvement with such activities, whether or not such material was
produced in the United States. It was pointed out, for instance, that
although the passage of this law levied a considerable (extra) financial
burden on the U.S. taxpayer (many billions of dollars), the benefits of a clear
distinction between civilian and military expenditures was deemed by the
political process to be worth the price. Military production expenditures
would have to be clearly identifiable and justifiable on their own. Any
linkage between civilian and military applications of nuclear power was and
is just not acceptable.

When a member of this Working Group pressed a member of the U.S.
Department of Energy on this issue, and said that, notwithstanding the
above, i t st i l l would not be illegal in the united States to divert
commercially-produced nuclear material that was produced outside the U.S.
into its military program, he admitted that i t would not. However, we note
that sole of such material for nuclear weapons purposes would cleorlu not
be consistent with Canadian present and long-standing policies on non-
proliferation. At the present time, clarification of the conditions under
which trit ium would be exported would fall under the Export Permits Act.
We recommend that the government of Canada clarifu the terms under which
trit ium is sold to insure compliance with the spirit of these policies. (See
Chapter 4).

* Tritium is not designated technically, in. the U.S., as a Special Nuclear Material. Nonetheless,
in separate conversations with Mr. Ronald Cochran, Mr. Critz George, and Mr. Charles Simpson,
all with the Department of Energy (Office of Nuclear Materials Production), these officials all
indicated that the Department of Energy treats tritium as if it were a Special Nuclear Material
insofar as nuclear military acquisitions are concerned. The apparent reason that they have not
pushed to have tritium officially designated as a Special Nuclear Material (as defined in
legislation), Is that the DOE recognizes that if this were done, the ensuing controls, regulations,
and procedures may seriously jeopardize the range of legitimate commercial purposes to which
tritium can be put.
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This only leaves the matter of a deliberate diversion of Canadian
tritium by the U.S. into its military program, in contravention of terms and
agreements that such a sale would have to carry with it. A U.S. DOE official
refuted this suggestion, and pointed out that such an attempt would have no
chance of success and would certainly not be worth the consequences of
being detected. The official said that detection would be inevitable,
because i t would have to be reported in open Congressional hearings since i t
would be an expenditure of public monies on the purchase a product by the
DOE from a source outside of the DOE. Although the specific amounts
purchased (diverted), may be deleted from the public records, the material
and cost would have to be identified, and certainly the general thrust of
such a practise could not escape public attention (attention which would
most certainly come from a variety of interested groups, particularly the
Natural Resources Defense Council). In view of the intent and background of
American legislation on such issues this official felt confident 1,. assuring
us thai ,;.3nij people would similarly delight in exposing such deception if it
were to be practised.

Finally, and notvithstanding any of the above, members of this
Working Group have been clearly told by two Department gf Energy officials
that "we fcn't want your trit ium, and we don't need your tritium." Theuaisu
stated that, should an official eiuT-ernment .to government statement
formalizing this be required, they would be sure such a policy statement
would be immediately obtained. This would put a political control against
the possibility of such a diversion of tritium occurring, and we recommend
that this be done. Since the United States is a signatory of the Non-
Proliferation Treaty, a willingness to enter into such an agreement with
respect to tr i t ium, even though trit ium is not specified as a "nuclear
material" under the NPT, would be expected. However, most sovereign
nation states, including the U.S., demand that some verification mechanism
be in place. We recommend that Canada should undertake suitable
verification procedures. (See Chapter 4).

2.4 Vertical proliferation through substitution

The possibility that Hydro would make trit ium available to the
commercial market has raised what is known as the substitution argument.

Although we judge it quite possible that the availability of Canadian
commercial trit ium to the marketplace may effect the quantity of trit ium
made available through the American distribution centre at Oak Ridge,
evidence discussed in this section makes i t clear to us that any such
changes in American commercial trit ium availability would have no effect
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on the production of American weapons tritium. The substitution issue with
respect to Canadian tritium "taking the heat off" the American military
trit ium production facilities, has been publicly raised during the past few
months.

Simply put, this argument states that by providing goods or services
to a country you free up its productive capacity to undertake activities it
wouldn't otherwise do. Generally used in the context o1 the U.S.S.R. and its
satellites, it is most familiar in the area of wheat. In regard to the latter,
it is believed that by denying wheat to the U.S.S.R. they would "have" to
convert resources used in weapons production to growing food. As a
consequence we could force the Russians into a form of disarmament.

The validity of such a "substitution" argument rests prima facie on
both of two conditions being present.

1. That there is a re>3l shortage in production capabilities of tne
material substituted for; or that in the production of this
material, other tasks are not being completed and that the
supply of such a material by an external body wi l l allow the

' tasks to be completed,
and

2. That a denial of the alternative source of the material wi l l
change behavior in the desired manner. (In the above example,
decrease their weapon inventory in order to feed their people.)

Obviously, any substitution argument falls short of its validity if it
is simply punitive. That is to say, if it results only in raised costs and
inconvenience. If i t is the latter, then the theory is nothing more than a
restatement of the basic economic theory of comparative advantage. One
need only look at the existance of international tariff structures to see the
validity of this position. Again, national wi l l and perceived national
interest are the major motivating forces. Even when there are cost
advantages, these more often than not take second place to political
considerations.

As pointed out above, i t has been suggested that if Ontario Hydro were
to make its commercial trit ium available on the American market, the
Deportment of Energy (U.S.) would divert its existing commercial trit ium
production back to warheads and hence a "substitution" has taken place.
This suggestion seems to be based on one of three assumptions:
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1. That the Department of Energy has an obligation to produce
tritium for commercial purposes.

2. That there is a real shortage, now or in the future, of trit ium
production capability in the American defense industry.

3. That if Hydro denied tritium to the American market the
Department of Energy would have to meet these commercial
needs and hence would have iess for bombs, we would, in
short, force them to change their behavior.

The above arguments have hod appended to them the suggestion that
significant cost savings would accrue to the Department of Energy if it
doesn't have to supply the commercial trit ium market.

The f i rst of these points is simply not true. All sources of trit ium
for the U.S. military are operated by military nuclear-materials production
plants whose aniy mandate is to supply military needs. Guaranteeing a
commercial supply is not allowed under the U.S. Atomic Energy Act, and is
given no priority in these installations.

Regarding the shortage of trit ium, i t is evident that tritium is sold to
commercial industry around the world by the Department of Energy in a
manner similar to the disposal by any military establishment, it is
inconceivable that the release of any quantities of trit ium to the
commercial market would in any way decrease the quantity of trit ium that
the United States deems necessary to hold in reserve (that is, above that
actually required for their immediate warhead needs). The fact that
commercial trit ium has been available in varying quantities every year for
at least the last two decades must be taken as conclusive proof of a
permanent state of tritium overproduction as far as nuclear weapons are
concerned. In fact, if U.S. commercial trit ium were to be available within
the U.S., the Department of Energy would be precluded from competing with
this supply.

It must further be emphasized that the mandate of the Department of
Energy, is not only to supply present, military needs, but also to ensure that
there are long term assurances of adequate supply of necessary nuclear
materials for the weapons program. In this light, arguments that Canadian
tritium would displace tritium produced for nuclear military purposes can
only be seen as a suggestion that the United States government is not
capable of meeting this mandate. We have seen no evidence to support this,
and do not find the suggestion credible.
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We do note, however, that t r i t i um avai labi l i ty in the long run (mid
1990s and beyond) may part ial ly be dependent on a construction star t in the
near future of a new production reactor (discussed in Chapter 1).

It has also been argued in subst i tut ion theories that a supply of
Canadian t r i t i um would al low fac i l i t i es operated by the Department of
Energy to be freed up to produce other nuclear materials.

However, the only other mi l i ta ry purpose to which these fac i l i t i es
could be put is the production of Plutonium. As we have seen, the
Department of Energy has taken several steps to assure an ample supply of
Plutonium for present and future needs. Thus., jus t as Canadian t r i t i um w i l l
not contribute to a larger supply of t r i t i u m for mi l i ta ry purposes, so too i t
w i l l not contribute to the supply of plutonium.

Finally, to suggest that the Department of Energy of the United States
would i l legal ly and undiplomatically purchase Canadian t r i t i u m to ensure a
saving of what is , in the total American Defence Budget, an almost
immeasurable amount, is inconceivable.

To see this point clearly, i t must be remembered that the DOE is under
no compulsion to supply any t r i i i u m to a commercial marketplace. A

" Canadian presence in this market would not "free up t r i t i um stocks for use
in nuclear weapons", as suggested by one group in Canada. One can not free
up that which is not constrained in the f i r s t place. Quite simply, i f
Canadian t r i t i um were to be marketed commercial ly, there would be no
advantages accruing to the supply of nuclear mi l i ta ry materials in the
United States. A denial of Canadian t r i t i um would only force commercial
manufacturers and fusion researchers to buu their t r i t i um from the U.S.
Department of Energy, thereby subsidizing, through a transfer of monies, the
U.S. weapons program - a result in direct, opposition to anu ""substi tut ion
argument" objective.

It might be suggested that when fusion reactors come "on stream"
their demand for t r i t i um would put considerable pressure on the Department
of Energy's production capabil i t ies i f no other source were available f rom,
for example, Canada or France. The only part icipants to suf fer in th is
scenario w i l l be the commercial fusion reactors since as we have pointed
out, the Department of Energy (U.S.) must, by law, answer the mi l i ta ry needs
of the United States f i r s t and foremost. Since commercial fusion reactors
are wel l "down-stream", any scenarios regarding t r i t i um, the U.S. mi l i ta ry
program, and fusion i tse l f is purely conjecture. In any event, we are advised
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that future fusion reactors wil l have to breed their own supply of trit ium if
they are to be viable energy alternatives.

We have pointed out the interlocking nature of industry and the
military in Appendix 6. No better example can be given than in the case of
the Inertial Confinement Experimental Fusion Program. There is much
conjecture about this program's link with the U.S. military. While many
believe that magnetic confinement fusion reactors wil l end up as the
technology of choice for commercial fusion reactors., inertial confinement,
reactors are st i l l under development. We would like to make three
observations.

1. The ultimate success and hence development of this option is st i l l
questionable and well in the future.

2. We know of no practicable linkage between inertial confinement
fusion reactor research ;3nd thermonuclear weapons.

3. The question of fuel supply to an inertial-confinement facil ity, 2nd
hence a possible linkage to the U.S. military, has a parallel with
applications of computer technology. All available literature
suggests that i t is» the computer and its programs which are
fundamental to the Strategic Defense Initiative, all modern
tracking or guidance systems, warplanes, etc.

To suggest that Canadian trit ium be denied to this type of reactor
because of a "potential" link to the military demands that the same be said
of computer technology. The existance of these linkages are part of the
complexities in the final analysis of international trade.

There is a solution to the above, however, as i t relates to tritium. If
the AEC8, or the Department of External Affairs, believe that supplying
trit ium to any facility compromises Canada's non-proliferation policy, they
should not issue Hydro a license to export tritium to that facility. Because
of the sensitivitu of the issue, the AECB should approve.license. and audit.
anu extra-notional purchaser of tr i t ium over 20 OOP Ci per anntim(2 grams).

2.5 Horizontal proliferation

It should be noted that the largest part of the fusion yield in a
thermonuclear weapon is provided by the trit ium and deuterium generated
inside the weapon from lithium-6 deuteride, and not from trit ium supplied
from outside the weapon.
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Nonetheless, the use of deuterium and tritium gases in "small
amounts" in the primary system (as a fission efficiency booster or as a
neutron source for the secondary system), may be of concern with respect to
the possibilities of horizontal proliferation among nations. The main
advantage that such a system brings is the low yield-to-weight, ratio and
the relative ease of delivery of the weapon. A country with a fission
capability, but without (sufficient) supplies of tr i t ium, may'f ind it
advantageous to develop variable-yield tactical weaponry. On the surface,
there would seem to be no technical reasons why a supply of trit ium
obtainable from the acquisition of a suitable number of, for example,
trit ium runway markers/diversion or theft of one entire airstrip's runway
markers could yield as much as 10 grams of tritium) would not be suitable
for such purposes.

There are real objections to such a line of thinking, however. In order
for the above scenario to have any practical uti l i ty, such a state would
want, presumably, a significant number of such tactical weapons in its
arsenal. Such weapons would need periodic replenishing of the trit ium
suoply due to radioactive decay. Thus a single or repetitive diversion of a
trit ium source such as a series of runway markers would not likely remain
undetected for long. The political risk on the world stage from being
detected at such activities would be considerable. Further, i t is very
unlikely that a state which has made fission weapons would also not be able
to meet any trit ium needs i t may have, since trit ium is an extremely easy
isotope to produce in nuclear reactors designed for this purpose. It is (as
we have been continually advised) believed that non-proliferation must
start and depend on a denial of the f irst fission weapon and the technology
to produce it. All international efforts with regard to non-proliferation are
based on ensuring this denial.

One could also conjecture a scenario in which a sub-national terrorist
group obtained supplies of commercial-purpose trit ium and used i t to
fabricate a thermonuclear weapon for terrorist purposes. We do not believe
that such a scenario has credibility for several reasons.

First, we observe that trade in small quantities of tr i t ium has taken
place for over twenty years now. No country has deemed it necessary that
trit ium be declared a safeguardable material during this period of time; nor
has the International Atomic Energy Agency. We take this as one indication
that such a scenario is not plausible.

Secondly, to build and detonate a thermonuclear weapon, a terrorist
group would have to be able to f irst fabricate a nuclear fission weapon, and
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then incorporate this weapon with fusion elements to produce a tritium -
deuterium based thermonuclear weapon.

Much has been written on the possibilities of a small group of
terrorists being able to structure a pure fission weapon. A reader
interested in becoming informed on some of the intricacies involved in such
a process is encouraged to review the open literature on the subject. A
survey of this literature suggests to this committee that, although i t would
be theoretically possible for such to occur, most credible sources suggest it
would be extremely unlikely. (We have found no attempt to quantify what
"extremely unlikely" means.)*

However, we are here discussing trit ium and any possible terrorist
use of this substance in a weapon. Whatever the degree of the unlikelihood
of the construction of a high-yield fission weapon, there must be added the
additional factors pertinent to a thermonuclear explosive device. To
appreciate, even in broadest outline, what is involved here, the following
brief summary of the essential elements of a thermonuclear explosion is
helpful. The following processes are involved:

1) A high explosive detonation

2) A f irst fission event

3) A f irst fusion event

4) Isentropic compression of lithium-deuteride fuel

5) Creation of required high temperatures

6) The second fusion reaction

* There appears to be a widespread belief that by now, so much i nformation has been published i n
open literature on ftesion-veapon principles and design, that almost anyone could make one The
widely circulated report that two students, one from M.I.T. and the other from Princeton,
practically designed a weapon through a search of the open literature, is discussed by physicist
Hans Bethe in an article in the Hew Yorker magazine. December 10, 1979. Bethe, a person who
has been deeply involved in weapons design, was asked: "Suppose one had available all the open
literature on making a bomb, including these student papers, snd one had all the enriched
uranium or plutonium that one needed - where would one be in the construction of an atomic
bomb?"

"His answer was "Nowhere." Though the general principles involved in making such a
device are well known and are available i n the open literature, he explained, the details, which are
extremely intricate, are not. 'I have seen the paper of the Princeton student, and to the
professional it is
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All of these explosions, implosions, and nuclear reactions must take
place in a precise sequence, with a specific time interval between events,
and all within a few millionths of a second.

The creation of a fission device is in itself a significant, engineering
achievement. To move to the fusion stage demands a marked upgrading of
techniques, technology, and production facilities - all this while being
subject to the risk of discovery.

In the final analysis, once the fission capability is. passed along "the
cat is out of the bag." While we find i t difficult if not impossible to
imagine terrorists with a fission capability, we can not find any credible
motivating factors they might have to move to the next stage - a fusion
weapon.

In view of the above comments, we at this time see l i t t le reason to
justify suggestions that Canadian trit ium wi l l end up in some part of the
thermonuclear weapons programs of a country listed as an acceptable
nuclear materials trading partner under the Export. Permits Act.

2.6 A ban on tritium production ?

One author4 has argued that if weapons states would agree to
eliminate trit ium production, then the present stockpile of thermonuclear
weapons would decay into old age and become incapable of thermonuclear
explosion. (This of course would not apply to purely fission weapons.) This
author goes further, and argues that the international inspection processes
necessary to verify that all weapons states abide by an agreement of this
type may be relatively less difficult to achieve than other inspection routes
involving Plutonium or uranium. It should be noted that this author focuses
on the production of "tritium for military purposes," not the"production of
tritium."

If indeed, an international agreement to achieve arms control,
reduction, or elimination could be reached because of the relative ease of
inspection and verification procedures that may be associated with trit ium
production, we, the Tritium Issues Working Group, along with much of the
world, would be overjoyed. Past experience in the arena of arms
negotiations has made us painfully aware of the complexities of such
matters. We would encourage further discussions of such a possibility. We
fail, however, to see that the distribution of the quantities of commercial
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tritium being proposed oy Ontario Hydro has any real impact on these
matters at this time. Should the political wi l l to proceed with such an
agreement develop among the nuclear-weapons states, it is obvious that, a
safeguard control on Ontario Hydro tritium inventory could be handled
easily along with other trit ium sources that would have to be similarly
treated. Furthermore, a scenario based on international coercion of a nation
state (lacking the internal wi l l towards nuclear disarmament) would only
force that country back to utilising a fission bomb, in short, we doubt the
viability of a "technical fix" to what is, to all apparent purposes., a political
/moral lack of wi l l on the part of some or all the parties. And in the csse of
nuclear disarmament or control, all the parties must be in agreement.
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CHAPTER 3

TRITIUM AND THE ENVIRONMENT

Introduction

Tritium is produced in large quantities in two different ways:

1) The action of neutrons in a nuclear reactor on the naturally
occuring isotope.

This is the process which is used at the United States facility at
Savannah River and it provides, up to the present, one of the major
commercial sources of trit ium (in addition to being the major source of
trit ium for the U.S. weapons program).

2) Tritium is also produced in substantial quantities in Canada's
CANDU reactors by the action of the reactor neutrons on the deuterium in
the heavy-water moderator and coolant in the reactor. The reaction is
represented by the equation

D + n

This tr i t ium is an unwanted contaminant in the reactor and, if not
removed, wi l l build up to an equilibrium concentration. This equilibrium is
achieved when the rate of production by neutron bombardment is just equal
to the rate of removal of the trit ium by radioactive decay and losses from
the reactor.

The moderator of a typical CANDU has 290 tonnes of DjO in its
moderator and at equilibrium wi l l contain about 65 Ci/kg' of trit ium in the
form of tritiated heavy water DTO; this is a total mass of about 2 kilograms
of trit ium. The cooling system of the CANDU has a smeller quantity of heavy
water, but i t spends only part of the time in the neutron flux inside the
reactor. It spends a larger part of the time outside the reactor
relinquishing its heat; when outside there is no production of tritium.. At
equilibrium the coolant wi l l contain 2.5 Ci/kg or 0.04 kilograms of tritium.
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A light-water reactor, such as those used In the United States,
produces less than one-thousandth this amount of tritium from ternary
fission and from neutron bombardment of lithium and boron in the light
water.2

This trit ium is a hazard in the operation of a CANDU reactor and
should be reduced or removed, in the early years of operation of CANDU
reactors it was possible to reduce the trit ium activity in a reactor when a
new reactor required its moderator charge. Some of the tritiated water
from the older reactor could be transferred to the new, and the water in
each diluted with fresh untritiated heavy water.3 Such a method can only be
pursued when new reactor sites are available to effect the transfer. If new
reactor construction slows or ceases, then new methods must be found to
remove the tritium. It is considered desirable to maintain the moderator
content at about 5 Ci/kg.

Principal sources of trit ium exposure at present in CANDU reactors
come from chronic leakage from machinery and acute heavy-water spills,
the latter due to equipment failure or operator error. It may be generally
accepted that tritiated-liquid spills in poorly ventilated areas wi l l produce
an airborne concentration of about .01 Ci/m3 in the immediate area.4

The Tritium Removal Facility (TRF) at Darlington is designed to
accomplish the removal and safe storage of the tritium from the heavy
woter of CANDU reactors and return the heavy water to service. The amount
of tritium available from TRF is expected to rise to a steady level of
approximately 25 MCi/yr.5

If the tritium is considered simply as waste, then the issues of
management of this waste must be considered. One method is to ignore
tritium extraction and simply to store the radioactive moderator until the
activity has decreased to safe levels. Since the half-life of tritium is 12.3
years and, os pointed out in Appendix 5, about seven half-lives are required
to reduce activity to I per cent then the retirement period will be lengthy,
in fact longer than the reactor lifetime, and the volume in storage will be
large. In addition, as seen in Appendix 5, tritium in the form of tritiated
water is its most hazardous form.

On the grounds of reducing the problems of storing large quantities
of contaminated heavy water alone, the removal of tritium makes sense. In
addition, the tritium can be converted to the much safer form of tritium gas
and con be further immobilized.
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When it is realized that the removal of trit ium is feasible, then it is
possible to think of it,, not as "waste", but as a "by-product". It is then
important, to investigate to what uses i t might be put, or to moke it
ovoiloble for sale for already developed commercial uses.

3.1 Commercial uses of t r i t i u m

There are three ways in which trit ium may be used in the substantial
quantities which the CANDU makes available; all these use trit ium in the
elemental form.

1) There is a large world-wide investment in fusion research. Such
research is now at the stage where most of the properties of the high-
temperature and high-density plasmas which fusion requires are now
understood. This research has been done using plasmas composed of
hydrogen and deuterium. With these plasmas there is no hope, in the near
future, of producing conditions such that the fusion energy produced is equal
to the energy input into the fusion device. To accomplish this so-called
"breakeven", i t wi l l be necessary to use plasmas of deuterium and trit ium in
the reaction:

D + T > He4 + n + energy

Fusion test devices are now being, and hove recently been, built in
which i t is expected that the breakeven conditions for the D-T' reactions
wi l l be reached. Some of these machines, such as the TFTR at Princeton, ore
in fact designed to also use trit ium in the later stages of their operation.
This tr i t ium could well be supplied from the stocks extracted from CANDU
reactors.

2) When the f i rst generation of fusion reoctors ore built for the

production of commercial power, they wi l l undoubtedly monufacture their

own trit ium. They wi l l probobly do this by using their high neutron flux to

interoct with Li^ as described in the previous section. They w i l l , however,

require start-up infusions of tr i t ium and again, these may well come from

CANDU production-

it is interesting to note that the only method by which trit ium can be
eliminated faster than its half-l ife permits is via the fusion reaction.

3) Because of the very low energy of the tritium beta particle, the
difficulty of experiencing eny prolonged exposure to elemental trit ium ond
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the relative ease with which this isotope can be produced, trit ium has
attracted considerable attention as a potential raw material for specialised
commercial products.

There are a growing number of commercial applications of tr i t ium,
particularly in the self-luminous safety light area. The best dsveloped of
such products is the self-luminous safety light tube which has been
extensively used in miniature versions in watches and in larger versions in
self-luminous safety signs, in both cases the basic element is a quantity
of high purity (~993 purity) trit ium gas sealed in a glass tube lined with a
phosphor; the tube is surrounded by a high impact plastic sleeve. The small
tubes contain about 0.12 Ci (12 millionths of a gram) of trit ium and the
larger about 5 Ci (0.5 thousandths of a gram). Four or five of the larger
tubes are used in a typical EXIT sign. The products include: lights for watch
dials, fail-safe EXIT (and other warning) signs, airport runway lights,
helicopter rotor-tip lights and instrument-panel illumination. Airport
runway light panels are considerably larger, containing about 1000 Ci (0.1
grams) with 5 to 10 individual elements. A complete runway marker system
could contain between 50 and 100 panels.

3.2 Tritium in the environment

Hydrogen is ubiquitous in the environment and it follows that tritium
is also. The natural level of tritium is uncertain but is reported at about 2
disintegrations per minute per gram of water.6 This activity would be
provided by about 2 x 107 atoms of tritium in one gram of water, or about
one atom of tritium for every 3 x 1015 atoms of ordinary hydrogen. The
present level is presumably about twice the level which existed before
1950. The testing of thermonuclear bombs in the atmosphere added greatly
to the earth's natural background of tritium. The test ben has- allowed the
12.3 year half-life to reduce that substantially.

The earth's liquid water budget is about 1.4 x 102 4 grams (g) and this
will contain about 1.3 x 106 MCJ of tritium. Lake Ontario, with about 1.6 x
10'8g of water, contains about 5.6 x 105 Ci of tritium.

Since only one part in 10& of the earth's water resides in the
atmosphere, its load of tritium is correspondingly reduced. More important,
this ratio shows that tritium which is released into the atmosphere will
eventually be largely stored in the oceans, since only a negligible fraction
of water remains in the atmosphere.



P.J.Spratt& Associates Inc. ,

Other than a negligible amount in organic molecules, trit ium in nature
wil l be in the form of tritiated water HTO. The cosmic ray processes which
produce trit ium do so one atom at a time and these atoms quickly become
incorporated into HTO by isotopic exchange with H2O. The elemental form of
tr i t ium, T2, is manmade, and, so long as oxidization is prevented, is the
safest form in which to store trit ium. If T2 gas were released intp the air
it would be eventually oxidized to HTO and washed out by rain into the
oceans.

The solubility of hydrogen gas in water is small. A large release of
trit ium gas under shallow water would bubble up and largely survive as T2

into the atmosphere where dispersal and oxidization would transform i t to
HTO. As discussed in 3.5, the hazard to humans from exposure to elemental
tr i t ium is much less than that from HTO.

Because of the vast dilution properties of the oceans, i t is difficult
to envisage credible scenarios which result in significant exposures of the
general population to HTO. The situation of nuclear radiation workers is
indeed another matter, but in that case the problem should be well
understood, contained, and managed.

3.3 Irradiation by tritium light sources

Other than the very low level of Bremmsstrahlung X-rays ("0.1 mrad
per hr. at the surface of a large tube), there is no radiation from this source.
Generous estimates of the leakage from such tubes and the conservative
assumption that all such trit ium would rapidly become incorporated in

tritiated water give a calculated individual dose of 4X10~5 mrem in an
office or industrial location and 1000 times less to the general public in the
open air.7 If the trit ium remains elemental, these doses are reduced by a
further factor of 1000.8 These levels are much below the ICRP
recommended maximum levels.

in the event of a person breaking a new tube, he would be exposed to a
short-term concentration of 5 curies of T2 gas. If we assume a once air
exchange in a room of 35 m3 volume, one analysis of such an accident
estimated dose of 60 mrem for an exposure of I hour*

* McDowell-Boyer, L.M., «nd O'Donneli, F.R., Estimates of Potential Radiation Doges from
Whttvatchet Containing Tritium C M . NUREG/CR-0215.
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A recent worker safety assessment performed by Ontario Hydro staff*
estimates that the radiation dose to an installer as a result of an accident
involving a tritium gas-filled exit sign would be 84 millirem. The
calculations which generated this value were based on several conservative
assumptions about the nature of the accident and worker exposure to
trit ium gas. The assessment also assumed a serious failure mode (total
destruction) which has a very low probability of occurrence. Accordingly,
the 84 millirem radiation dose can be regarded as an upper bound.

Possibilities for exposure also arise in connection with improper
disposal of the units, either before the end of their expected 10-year l i fe or
at the end of that period. The trit ium tubes are clearly marked to be
returned to the manufacturer or to an authorized radioactive waste disposal.
Nevertheless, a certain fraction of tubes wil l be disposed of in an improper
manner by transfer to municipal waste sites.

It is estimated that about 10 000 units, with an expected life span of
10 years, could be in use in Canada.9 In an equilibrium situation, about 1000
units wi l l need replacing each year. Most w i l l , of course, be properly
returned, particularly i f there is an economic incentive provided for the
return of tubes when replacement is required. St i l l , at the outside, it may
be assumed that 10 per cent of these wi l l be improperly disposed of, a total
of 100 signs per year. If the signs are simply buried, then no further notice
need be taken; however, it may be that they might be broken in compactors
or incinerated. The worst case would be if they were all so treated.

The tritium in these 100 signs may be assumed to be released as
trittated water. At the end of 10 years the signs contain about 120 Ci and
so the total release will be 1200 Ci. The worst possible case would be that
they were released at the same place at the same time. The radiation dose
to a person standing 100 m from the release point all year would be 0.4
mrem/yr.10 Dispersal of the signs to N sites would reduce the dose by a
factor of N.

In a fire in a building which contained such signs, there is a high
probability that the integrity of the tubes would be intact as they are made
of Pyrex glass which softens only above 1500C. It is difficult to conceive a
situation involving such temperatures where anyone could remain alive and
have to worry about the danger of exposure.

* Letter/Report to H. Devftt M PreHmtrwru Estimate of Individual Worker Dose Resulting from a
Failure of a Tritium Safttu Lfoht: H. Kaoir, L. 3«n«ma, April 1985.
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3.4 T r i t i um immobi l izat ion and s to rage"

When trit ium gas has been produced i t is necessary to find a safe and
convenient way to store it. The most obvious way is to load i t , at elevated
pressure, into steel cylinders. The high pressure storage of gases is a wel l -
established technology and is used for the short-term storage and-delivery
of trit ium. For long-term storage, however, the leakage of gas and the
deterioration of cylinders may be a problem, especially with a radioactive
substance.

Storage of trit ium as a liquid or solid is not a viable alternative
because of the expense, complexity, and long-term unreliability of the
necessary cryogenic equipment. One attractive feature of cryogenic
storage, however, is the much reduced volume of the stored material. The
density of liquified gases is about 1000 times greater than the gas at
normal temperature and pressure.

The most promising method of storing trit ium is as a metal tritide. In
this form the density of the trit ium is actually greater than the molecular
liquid or solid; this is shown in Table 3:1.12

Table 3:1. Density of atomic hydrogen in various forms
(relative to the molecular solid)

Form Density

Liquid H2
Solid
Water

TiH2

UH3

1.0 (defined)
1.3
1.6
2.2
2.0

In addition there is virtually no vapor pressure of trit ium at room
temperature, no high pressures are involved, and the trit ium is easily
recoverable in a very pure form. It has long been known that many metals
readily form compounds with hydrogen called "metal hydrides." Among these
are the actinide metals, chiefly uranium, and the transition metals,
titanium and zirconium.

Uranium forms a trihydride, UH3, and is routinely used in traps to
clean traces of trit ium from other gases or to purify tritium.
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The most promising transition metal for the long-term inert storage
and recovery of trit ium is titanium. When exposed to hydrogen, titanium
rapidly takes it up and forms a very stable solid, titanium hydride, at room
temperature. The vapor pressure of H2 in equilibrium with titanium hydride

at 25 C is 10"20 of an atmosphere and even at 500 C the pressure is st i l l
only 10"2 of an atmosphere. Above 600 C the hydride rapidly dissociates
and the hydrogen can be completely recovered.

There is a risk of exposure, however, even from the tritides via
inhalation as fine particles in air. If inhaled, the half-l ife of a tr i tide in
the lungs has been estimated to be 500 days with an effective dose per unit
about 40 times that of HTO.13 This does not take into account the shielding
of radiosensitive lung cells by other intervening tissues, and, due to these
uncertainties, no dose factor for tritides has been adopted.

A storage container for tritium is a stainless steel tank with a
volume of 6 litres. This vessel contains about 1 l itre of titanium hydride
which is an activity of 500 000 Ci of trit ium. The amount of titanium

required, in the form of sponge, is about 825 g. The rest of the volume of
the tank is available to accomodate the helium gas produced by the
radioactive decay of the trit ium and is sufficient to hold the entire helium
production if the tritium is never removed. Should this happen, the pressure
of the He* would rise to 7000 kPa (70 atmospheres); the cylinder has a
working pressure of 8600 kPa.

In recovery of the tritium, the helium is pumped off at room
temperature (He3 is a valuable isotope in its own right) with no tritium
contamination and then the cylinder is heated to 550 C at which point the
tritium is released in a controlled manner.

For transportation the titanium hydride container is placed in a
second stainless steel drum which is in turn placed in a large insulated
drum. The insulation is designed to protect the inner tank in the event of a
fire.

• The Darlington site of the TRF will have a concrete vault for the safe
storage of the titanium hydride containers.14 The vault will have a capacity
of 700 containers which represents the total output capacity of the TRF for
40 years. This amount of titanium hydride would be a total activity of 1200
hCi. The vault is designed such that it cannot initiate or support an internal
fire, and is insulated to limit the internal temperature in the event of an
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external fire. Further safety is provided oy the fact that the cannisters are
designed to contain the'pressure of a total release of the trit ium gas from
the tritide.
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CHAPTER 4

REGULATIONS FOR TRITIUM PRODUCTS

Introduction

The discussion of regulations pertaining to trit ium wil l be divided
into two parts. Part A deafing with environmental and worker safety., and
Part B with regulations designed to prevent unauthorised use. The latter
wil l concentrate on regulations as they pertain to Canada's non-
proliferation posture. It is only on the condition of a satisfactory
assessment of these areas, or the adoption of viable alternatives, that the
sale of trit ium by Ontario Hydro should proceed.

Part A

Environment and Health Regulations

4.1 Overview

The traditional fuel cycle provides a useful model to study th"e
commercial use of tritium. That is, the progress of a substance from its
extraction as a raw material, through its refinement and manufacture into
useful products, to eventual possession by consumers, and' finally to
disposal as a waste.

Paralleling the fuel cycle model, there are, at present, essentially
four different areas of environmental and health regulations relating to the
use of trit ium for commercial purposes:

1. The production of elemental tritium.
2. The transportation of elemental trit ium and its containment.
3. The manufacture of tritium products.
4. End-user licensing requirements and waste disposal.

Consistent with the regulation of all nuclear matters in Canada, the
regulation of trit ium and trit ium products is a federal responsibility.
Accordingly, regulations relating to the commercial use of tritium may be
found in four federal statutes - the Atomic Energy Control Act. the
Radiation Emitting Devices Act, the Export/Import Permits Act, and the
Transportation of Dangerous Goods Act.
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Tritium is defined as a prescribed substance by the Atomic Energy
Control Act, as administered by the Atomic Energy Control Board (AECB), and
the AECB is empowered to regulate quantities as small as one millicurie.

4.2 Production of tritium

At this time, Ontario Hydro has the Darlington TRF under construction.
Licenses for siting and construction have been obtained. By the time of
commissioning the facility, it is anticipated that the application for the
ongoing operation of both the removal and storage systems wil l be finalized
and approval received.

Information received from the AECB has provided us with the
assurance that all required information has been provided by Ontario Hydro
to the satisfaction of the Board. The regulatory agency is currently, and
wil l continue to monitor construction of the facility. The AECB's on-site
inspectors at Darlington wi l l monitor the facility once operations begin.

4.3 Transportation

Up to the present, time,- Ontario Hydro has been primarily concerned
with the transport, of heavy water containing tritium (tritium oxide).
Tritium oxide, in an aqueous solution of ten curies per litre to a l imit of 50
000 curies per shipment, (in a vehicle, aircraft, hold compartment, or deck
area of a seagoing vessel) may be transported in ordinary stainless steel
drums without a special license.1 Present Canadian regulations allows
shipment of this aqueous solution at activity concentrations of 100 curies
per kilogram, with an upper l imit of 100 000 curies per shipment.

The shipping of elemental trit ium to manufacturers introduces a new
dimension to tritium transportation. This arises principally because
tritium-product manufacturers require their bulk quantities of tritium in
either a gaseous form or in a metal (uranium or titanium) tritide form. This
wil l necessitate a new container design. Approval of the new containers
wi l l require AECB approval. It is anticipated that the shipping
concentrations wi l l remain at 100 curies per kilogram but there wil l be an
upper l imit on quantity.2

In the past, conditions for the shipment of prescribed substances were
described in a number of separate acts covering rail, road, sea, and air
transport. Recently however, the provisions of these various regulations
have been gathered into a single comprehensive document called the
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Transportation of Dangerous Goods Act. Tfiis act was registered on January
18, 1955, and its provisions come into force at staged intervals between
January 23 and July 1, 1985. Detailed regulations under this act had not
been published at the time of the preparation of this report.

Tritium oxide (up to 10 curies/litre) is listed as a radioactive
material of low specific activity, within this act. The act requires the
consignor to comply with the International Maritime Dangerous Goods code
when transporting by ship.4 The act also specifies packaging requirements
for all dangerous goods, and tritium is classed as a member of packaging
group Y.. Specifically, this means its packaging shall be in accordance with
the physical or chemical properties of the article or substance.

Further special restrictions require notification to the federal
government of the name, address, and head office of the person shipping or
acting as agent for the shipment (Section 12.1 of the act5). This person
must be resident, in Canada and a Canadian citizen.

4.4 Packaging of tritium

One of the requirements for any commercial use of tr i t ium is the
development and licensing of an approved container, as required by the
Atomic Energy Control Board (AECB). In general, the AECB follows the
standards and classifications of the International Atomic Energy Aqency
(IAEA).

There are two general classes of packages defined by the IAEA. Type
A packages allow shipment of very small quantities without a certificate
from the AECB. Quantities are limited to a maximum of 1000 curies.6 It is
expected that most trit ium purchasers would find this too small an amount,
so consideration of a Type B package is necessary to ship amounts ranging
from 10 000 to 50 000 curies per shipment, that most manufacturers would
find desirable.

There are two different forms of these packages. Type B(U) means
that it is unilaterally accepted by many countries under IAEA regulations,
(in Canada, the AECB may endorse these packages when supported with
proper documentation), while Type B(M) means that prior approval of the
package design must be sought from each country outside Canada to which
tritium is shipped. The unilateral designation means that no such approval
is necessary because the package wil l have been found acceptable, under the
higher type B(u) standards. It must be emphasized that it is the 5 (u)
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package that is most advantageous to the supplier, as this designation
means that the package nas been built to sufficiently stringent standards
that it wi l l be accepted by most countries which accept IAEA standards.
These packages must be separately approved by each country to which
tritium would be shipped to determine the acceptability of the package.
Thus., the supplier is spared the additional time required to have a Type B(M)
tested in all destination countries by developing a Type B(U) package
instead.

The most recent tritium container developed in Canada was a storage
vessel with a capacity of 500 000 curies (50 grams) enclosed by a 45 gallon
drum overpack. This system was designed to meet Type B(U) specifications.,
and it was being tested at Chalk River Nuclear Laboratories. However, it is
believed that this container may be too large to suit the needs of
commercial customers. This is so because many existing tritium-products
manufacturers have regulatory limits imposed on the size of shipments-
received. Most manufacturers wi l l require frequent shipments in the 10 000
to 20 000 -curies range.7 This package has not yet tisen approved by the
AECO, nor has an application for approval b&en requested.

With smaller, more frequent shipments., it can be expected that s high
proportion of the trit ium wil l be shipped by aircraft. As a result, efforts
are being made to design a container which would keep the total weight to a
minimum. This container design wil l also have to take into consideration
the prospect of IAEA adding a crush test to its package requirements. This
requirement wi l l most likely pertain to Type B (U) containers.

4.5 Manufacturing of tritium products

The manufacture of products that contain trit ium wi l l be new in
Canada. Precedents for these operations do exist in other countries,
particularly the United States, Great Britain and Switzerland. If tritium
produced in Ontario is to be used by local industry rather than exported, then
regulations wil l be necessary to ensure an adequate level of safety and
training for employees in a plant.

First attention wil l focus on worker contact with trit ium, the
unpacking of the gas, and the handling and installing in finished products. It
wi l l be necessary to examine dose rates or exposures under normal
operating conditions as well as the probable nature and seriousness of
accidents. The low activity of beta particles emitted from tritium should
contribute to the ease of constructing these regulations.
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The consequence of spills or accidents may be much more serious. If
trit ium oxidizes it is absorbed by the human body in the same fashion as
ordinary water.

This leads to the question of medical testing for dosage on the part of
workers in a plant using tritium. The standard method of recording-dosages,
the use of badges., wil l not be adequate for tritium due to the potential
danger of trit ium oxide. This is most accurately measured by urinalysis.
Standards wil l thus have to be set to indicate intervals of urinalysis testing
for both normal operations and in the event of a spill. It wi l l also have to be
determined as to who wil l do the testing and what wi l l be done with the
results. It might well prove most efficient for each manufacturer to
establish their own programs under specific guidelines from the AECB. We
recommend that each manufacturer have an individual designated as a health
safety officer. This individual, to be on the pauroll of the manufacturer,
would be responsible to the AECB with respect to worker testing and plant

This form of co-operative program should pose l i t t le apparent
problem for manufacturers. The Self Powered Lighting Company in the
United States, for example, conducted urinalysis tests on workers involved
in handling trit ium every week in normal operating conditions,
supplementing NRC regulations requiring such testing only once per month
This pursuance of safety beyond what was required was due to the fact that
the cost was relatively low for the safety benefits accrued.

Current standards at Ontario Hydro require that personnel who
regularly perform radioactive work must be tested weekly, those who work
in Radiation Arees but do not perform work involving radiation exposure
must be tested monthly, while all others at a CANDU station must be tested
quarterly. The established dose limits vary slightly from station to station,
but at Pickering a recorded dose of 25 or 50 microcuries per litre means
that an employee must be placed on a Restriction or Removal classification,
respectively. Both categories mean that an employee cannot perform
radioactive work without approval, and all employees are encouraged to
remain below a burden of 10 microcuries per litre.8

Another area of concern in the manufacturing process is the control
of waste. Just as reactors must control their emissions of trit ium, so too
must manufacturers take steps to ensure that leaks of tritium are
controlled. It is difficult to imagine that any waste control system wil l be
foolproof, so some standard of maximum level of emission must be set. in
addition to AECB monitoring. it would be useful to consider a system
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accounting for all tritium admitted onto a site and recording where tho;?
quantities have gone.

The next area to be considered in the manufacturing process is
concerned with the products themselves. Required testing procedures and
standards for the design of prototypes wil l have to be established with
acceptable levels determined for leakage, breakage and durability in the
environment. This wi l l include methods of labelling the finished products to
indicate the contents., monitoring of radiation doses to 'workers and the
public. Doth immediate and long term, expected useful l ife of the product
and the quality control standards of manufacture. The Department of
Consumer Affairs at present has no regulations for trit ium in consumer
products.

No commercial manufacture of tritium products on any significant
scale wi l l be possible in Canada until manufacturing safety standards are
complete. Current AECB regulations require that all industries using these
materials must have licenses to possess them, to maintain inventories and
to ship them. Manufacture of specific items requires model approval before
a product can be marketed. The AECB may accept test results from the
Nuclear Regulatory Commission (NRC) in the United States; this was
demonstrated with the acceptance in Canada of household smoke detectors
containing Americium-241.

4.6 Domestic end-use licensing and waste disposal

Current AECB policy is to require end-use licenses for all products
containing trit ium. The purpose is to prevent the unnecessary use of
radioactive isotopes in products deemed frivolous in nature and ultimately
to provide for public health. The only exceptions to end-use licenses are
specific exemptions granted by the AECB to specific kinds of consumer
products, however, the role of the distributor is also considered by the
AECB.

Current practice in Canada is that the use of tritium in products shall
not be allowed for those deemed to be of a frivolous nature. Examples of
this would be glowing jewelry, children's toys, advertising signs or any
other use not related to safety. The principal use of trit ium is its ability to
provide lighting without electricity, and as such i t is already found in
military aircraft, the exit signs of most commercial aircraft and some
watch dials.

At present, each product is decided upon an individual basis as to
whether or not i t is frivolous in nature by the AECB. It should be noted that
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the Department, of Consumer Affairs have no prohibitions regarding the use
of tritium in consumer products. If production of tritium goods or their use
becomes significant, however, a refined definition of what frivolous use is
would be necessary. With specific guidelines, a manufacturer could know in
advance whether a product, was likely to meet with AECB approval. Clear
guidelines would mean a saving of time and money on the parts of.both the
manufacturer and of the AECB, as some proposals would be well within
acceptability while others would not. Thus, a manufacturer proposing to
make tritium-illuminated telephone dials, for example, could have an idea in
advance as to whether the proposal was likely to be acceptable.

It should De mentioned that the only trit ium products which have
gained any significant market are those for which there are exemptions
from end-use licensing, as end-use licensing of all products principally
serve the purpose of making difficult the approval of tritium-use products.
This situation of blanket regulation prevails in the Federal Republic of West
Germany. It would thus be desirable that no end-user licenses be required
for anu AECB-aooroved products containing small amounts of tritium. This
could be more than compensated for with more detailed definition of
frivolous use and established standards for product safety. To this end, we
view positively the AECB maintaining an ongoing review as to whether or
not classes of generic consumer products using small amounts of trit ium
require licensing of the end-user.

The second topic of end-use is the question of waste disposal. It
should be recognized that when the AECB grants an exemption from end-user
licensing i t is simultaneously granting an exemption for that product from
any special disposal methods. The question of disposal of a product after
its useful l i fe has expired wi l l have to be examined just as carefully as that
of a more specific definition of frivolous and non-frivolous use. Perhaps
the most useful practice would be to require manufacturers to retain
records of products containing significant amounts of tnt ium and recall
them for disposal at the end of their useful life. This occurs with many
products, such as fire extinguishers for routine maintenance, and there need
not be a direct link between records kept for waste disposal and end-user
licensing except where large amounts of trit ium are involved.

4.7 Tritium regulation in the United States

Some assessment of the character of domestic production of trit ium
may be gained by looking at cases of other countries producing tritium for
commercial use. In the United States, licenses can be issued to firms
wishing to produce products containing tritium if specified information is
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provided. This list, includes items such as product-testing data under NRC
regulations; radiation testing levels at five and 25 centimetres from the
tritium source; quantity to be produced and the expected life of the product,
handling controls during manufacture; and any other information that may be
required. An applicant wi l l also have to demonstrate that manufacturing
facilities are adequate to protect health and minimize danger to life and
property, that training and experience are sufficient to minimize the above-
mentioned hazards and that recommended dose levels for organs of the body
not be exceeded by way of manufacture or storage of the product.

In applying for an import license, a manufacturer must indicate the
•source of the trit ium being imported, the dotes of the f irst and final
shipments, the method of transport with an iAEA Certificate of Competent.
Authority and the quantity of trit ium being shipped. Any licensee allowed to
possess at one time and in one location more than 10 000 curies must
submit an inventory statement twice each year. All licensees are required
to provide immediate notification of any attempted or apparent theft or
unauthorized diversion of trit ium from licensed uses. Regardless of
quantities involved, all licensees must file an annual report indicating the
number of products manufactured during the year and the quantity of trit ium
contained. We recommend that these practices be adopted in Canada.

NRC regulations also demand that manufacturers visually inspect each
device and reject those which have observable defects which could iii&ci
the containment of the tritium. If. requires an immersion test in water to
determine that the tritium is in a watertight container.

4.8 Tritium regulation in Britain

The principal regulatory document for source materials in consumer
products in Europe has been the Euratom Treaty. Despite this um&rella
agreement, however, there are some differences in the various nations of
the European Economic Community, in 1976 when Britain became a
signatory to the treaty, i t was required to institute a statutory system of
prior authorization of some classes of consumer products.

'Even before this time, a series of studies had been instituted in
Britain in some areas, notably radioluminous watches. These studies were
supervised by the National Radiological Protection Board, and the principal
concern was old watches luminized with Radium-226 These were old
timepieces sent in by the public, and the Board's actions resulting from the
test data ranged from returning the timepieces with reassurances, to
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recommending that the watch be disposed of. The standards of the studies
corresponded to those of IAEA?

it •/•/as stated that the Board had always dealt with cases on an
individual basis, and that a general recall was not justified, as it was
believed that the response would be minimal and out of all proportion -to the
resulting public anxiety. The Board's general policy was that there should
be very substantial reasons to advise that a product should no longer be
marketed. For new products, the Board has recommended the adoption of
standards set by IAEA.

On the subject of trit ium illumination, the Board recommended
gaseous light sources rather than paint, it was felt that the only hazard
with the lights was the eventualitu of breakage of the das-filled tubes,
which the Board described as a rare occurrence. In that event, i t was stated
that the only specific health hazard was the potential intake of tritiated
water. It concluded that use of trit ium in safety and emergency signs was
immediatslu acceptable.

Types of products that have not been found acceptable in Britain are
tritium-illuminated picture frames, illuminated paper weights and designs
on the side walls of swimming pools.10 The board has also advised against
use of radioactive tracers to distinguish one manufacturers products from
another.

Applications of a low benefit but st i l l accepted product include
telephone dials, liquid crystal digital watches, camera range and view
finders, fishing floats and fishing rod tips.

In i ts concluding policy statement, the board expressed the view that
i t must be sensitive to the needs of consumers as well as fully aware of the
hazards associated with a particular product.

"At the levels of radiation normally involved, no health effects would
ever be observed. For radiation protection purposes, it is conventionally
assumed that any radiation dose entails some risk of deleterious effects,
and all doses, at least in principle, must be justified in terms of the
benefits to be accrued. This automatically suggests a system of prior
authorization or licensing. The controlling authority may be expert in
estimating risk but not necessarily expert in determining benefit"11
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4.9 T r i t i um regulation in the Federal Republic of Germany

A quits different approach to radioluminous materials such as tritium
can be found in the Federal Republic of Germany, despite its similar
adherence to the Euratom Treaty. By 1975, the republic allowed the
manufacture of gaseous trit ium light tubes and electronic tubes, it should
be noted that in addition to federal approval of products, each member state
of the FRG has the right to grant or refuse approval of a product. In general,
these matters are discussed by a commission of the respective authorities
of all states and chaired by the Minister of the Interior

The West German view of tr i t ium commercial products was a
favourable one with a system of quality control and prior notification of the
use of source materials in consumer products. A much larger concern in
West Germany was with those products that contained radioactive
substances unintentionally through the raw material or added substances It
was stated in 1977 that annual exposure in houses built in Saarland after

1900 was 20 mrem higher then those built before 1900.1* This was
attributed to the fact that many buildings in Saarland were built, from
furnace slag containing Radium-226 and Thorium-232.

The principal concern in Germany during the 1970s was with recycled
materials. In the issue of consumer products containing tr i t ium, German
policy h'as been to pursue similar views of risk-benefit analysis and prior
product approval before allowing new products to be marketed.

This situation changed quite dramatically in the late 1970s. For
purely political reasons, the West German government decided thot all
radioisotopes, regardless of their properties, would require licensing at all
levels of government down to and including the county level.

This blanket restriction was so complete that for a time some
passenger jets were unable to land at German airports because they had
trit ium lights on board. This law has not been amended to date, but certain
provisions are not as rigorously enforced. It is true, however, that any
aircraft delivered to West Germany cannot have trit ium lights installed.

4.10 Conclusions for commercial regulations

The actual manufacturing of trit ium commercial products is virtually
unknown in Canada, but, if tntium is made available by Ontario Hydro to
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commercial customers, an interest in this area wil l develop. To allow this
process, regulations wil l have to be established for the handling of tritium
in 3 similar manner that regulations have been established for the handling
of any other hazardous substance.

Proper regulations, especially pertaining to containment on-site and
medical standards for testing wil l be necessary if any domestic industry is
to emerge. It should again be noted that, due to Ontario Hydro's detailed
expertise, Ontario may be in an advantageous position in the provision of
advice, technology and safety standards for manufacturers using its tritium.

The Working Group is of the view that end-use licensing is not a
useful regulatory tool if applied to everu product containing trit ium. 11s
principal purpose in the case of West Germany is to pose a de facto
prohibition through bureaucratic obstacles to the use by consumers of a
particular class of product. We recommend that end-use licenses be
selective and based upon the auantitu of trit ium in a particular product.

It is. however, the opinion of the Working Group that there should be a
direct linkage between end-use licensing of a product containing significant
amounts of trit ium (airport lighting sustems). and waste dispose!. The
appropriate authorities could require*manufacturers to recall products at
the end of their useful l ife for proper disposal. This would require
manufacturers to retain records of the sale of their products, and to be
charged with their proper disposal. One advantage of tr i t ium is that i t can
be recovered from its luminescent tubes, the helium removed, and the pure
trit ium returned into a new light fixture.

It is also thought that a clear and public definition of frivolous use of
trit ium be provided by the AECB. The Working Group is not recommending
the direction that such a definition would take, but simply that
manufacturers would not have to waste time and resources pursuing ideas
that were finally rejected. The working Group wishes to emphasize that it
is agreement with the policy of prohibiting frivolous use.

From these observations, it is the view of the Working Group
that Canadians ere well protected by regulations in public and
environmental safety, particularly in production, packaging and
transport of tritium. It is in the area of manufacturing that some
regulatory structure should be provided if a domestic industry is
to emerge, but It is our opinion that the expertise to achieve this
is readily available In Canada.
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Part B

Non-proliferation policy and regulatory structures

4.11 Export-Import Permits Act/Atomic Energy Control Act

Originally regulations in the atomic energy area - in Canada and
across the world - were developed predominantly to ensure that radiation
exposures to workers and the general public are within levels judged to be
acceptable, and that appropriate measures to protect the environment are in
place. These regulations were not formulated with respect to a concern
over the possibility of Canadian-produced isotopes being included in the
warheads deployed by nuclear-weapon states. As pointed out in our
historical section, however, Canada adopted a non-proliferation posture in
1957 when i t , as an original member, helped to develop the International
Atomic Energy Agency. Our non-proliferation policy objectives are
administered through two acts - the Export/Import Permits Act and the
Atomic Energy Control Act. This section wi l l show that regulations already
exist in Canada to prevent diversion of a material such as trit ium from
commercial purposes to military ones.

At the outset we can state that, aside from the concerns that have
been expressed by certain individuals and groups in Canada, we have found
no evidence that there has until now existed any major concerns about
commercial trit ium products being used for a nuclear weapons purpose in
the world community at large. This despite the fact that a commercial
trit ium industry has operated for some 30 years.

Consequently, tritium is not listed as a safeguardable material by the
Non-Proliferation Treaty and thus is not restrictedby IAEA regulations, the
crux of which is the on-site verification procedures. However, tritium
imports and exports are controlled in Canada by the federal Department of
External Affairs under the provisions of the Export/import Permits Act.
This act established three control lists:

1. the Area Control List specifying those countries to which the
export of strategic goods is controlled,

2. the Export Control List specifying those goods to be controlled
regardless of destination,
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3. the Import Control List specifying those goods to be controlled
that would'be shipped into Canada.

As a nuclear by-product, trit ium is named as a prescribed item under
the Export Control List and as a prescribed substance under the Atomic
Energy Control Regulations. This means that tr i t ium, or products containing
trit ium, cannot be imported or exported without both a permit from External
Affairs and a license from The Atomic Energy Control Board. External
affairs is empowered to grant exemptions from any or all provisions of the
act. The minimum concentration required for trit ium to be controlled is if
the ratio of trit ium to hydrogen exceeds one part per thousand. This
concentration is sufficiently low that all forms of export or commercial
marketing would be controlled by the act, as manufacturers would only wish
to deal with trit ium undiluted with hydrogen.

It should be understood that while the Department of External Affairs
is charged with administering the Export/Import Permits Act it does so
with the advice and the concurrence of the AECB in the area of nuclear
exports. In practice, these branches of government, co-operate closely upon
these matters.

Furthermore, the AECB has within it an operational section (the
International Safeguard Section) which as part of the safeguards and
security division is charged with administering Canada's Nuclear Non-
proliferation Policy. We have been advised that Canada's very stringent non-
proliferation policies are a fundamental consideration in any licensing
undertaken by the AECB with the granting of export permits by External
Affairs.

The advantage of the Export/Import Permits Act is that it allows
control over the quantity and destination of trit ium without requiring
safeguards as prescribed by IAEA. However, if there is a risk that a supply
of trit ium PU Ontario Hudro could be illegally diverted into a weapons
program, the provisions of this act as currently administered would not
serve to reduce that risk in a manner acceptable to Canadians. Our
administration appears to place too much trust in our trading partners and
not enough in our own actions to assure compliance with these agreements.

4.12 Conclusions on export regulations

As outlined in earlier sections of this report, the possibility of
Canadian-produced trit ium being used in or in any way contributing to a
nuclear weapons program is extremely small. It is the view of the Working
Group that the Export/Import Permits Act and the Atomic Energy Control
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Act provide all the powers needed to further minimize this risk with the
judicious inclusion of specific prohibited destinations for tritium on the
control lists specified by various acts.

The Working Group does not recommend that tritium be regarded as a
safeguardable substance, but i t is of the view that a number of steps can be
taken within the context of existing legislation and policy to provide
further assurances in this area. It should be noted that precedents for these
regulations or restrictions already exist in practice. We are advised., for
example, that the U.S. Department of Energy itself demands on-site
inspections of the tritium inventories held by non-U.S. companies in spite of
trit ium not being a safeguardable substance. Furthermore, the Department of
External Affairs can and has attached special conditions to a particular
export permit.

Consequently, we strongly recommend that a mechanism should be set
UP to allow the Department of External Affairs, or the AECS. to audit and
confirm the final use of anu trit ium Quantities purchased in Canada
amounting to 10 QQQ curies or more.

The second recommendation is that a formal arrangement between tse
Department of External Affairs and the AECB should be made to facilitate
this inspection process. It is true that these two branches of government
cooperate at present extensively with regard to Canada's Nuclear Non-
Proliferation Policy, but the Working Group is of the view that there are
grounds for a formal connection concerning tritium sales specifically.

The third recommendation is that shipments of tritium made to parts
of the world outside Canada should be restricted to those nations' which
have signed the NPT. and be limited to Quantities of 20 000 curies or less.
and that on-site inspections be carried out to ensure the final use and
destination of this tritium produced in Canada. Further, these contracts
should contain a clause prohibiting re-sale of tritium or products containing
significant amounts of tritium bu those countries to non-NPT countries.
This would not only inhibit significant quantities of tritium being diverted
into an unauthorized purpose, but it would also provide a mechanism to
discover and react to the diversion of any significant amounts of Canadian-
produced tritium.
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CHAPTER 5

TRITIUM - COMMERCIAL ASPECTS

Introduct ion

Ontario Hydro intends to sell tr i t ium recovered through the Darlington
Tritium Removal Facility (TRF) to the domestic and international industrial,
commercial, and medical markets and the fusion research and development,
markets. With an annual production capacity at the Darlington TRF of 2.5
kilograms (approximately 24 100 000 curies)* and a current market value
of $1.50 Can./curie** tr i t ium, if substantial amounts are sold, potentially
represents a major revenue source to Ontario Hydro. However, as
acknowledged even by the ut i l i ty, the sale of substantial quantities of
trit ium for non-weapons purposes raises a number of questions. Some of
these questions, particularly those related to environmental impact,
diversion for nuclear weapons purposes, and regulations, are addressed
elsewhere in this report. In this chapter the discussion focuses on the
opportunities and constraints associated with the non-nuclear weapons
markets for tr i t ium and tr i t ium products.'

Topics to be examined include: Ontario Hydro's production and supply
capability; existing and future supply competition; the history of
commercial markets for tr i t ium; existing and future markets for tr i t ium in
commercial products; anticipated longer-term demand for tr i t ium in
industrial, commercial, and medical markets; fusion markets; anticipated
tri t ium requirements for fusion research and development; summary of
commercial and fusion tr i t ium requirements; and finally, other commercial
issues including pricing policies and the impact of additional tritium-based
value-added research and manufacturing in Ontario and Canada.

5.1 Darl ington TRF - production and supply capabi l i ty

Reliability of supply, in acceptable quantities and form are important
matters which must De considered if Ontario Hydro is to significantly
penetrate the international tr i t ium markets. Accordingly, in this section
we wi l l briefly review the uti l i ty's production, storage, and shipment plans.

* TIM *t«nd«rd measure UMd by the commercial market it curie*. Throughout this chapter, thia
measure will be used, but where appropriate the approximate grams will also be 3hown.
** The world market price for tritium is $1.20 U.S./curie. Throughout this chapter, this value
hM been converted into equivalent Canadian dollars of $ 1.50 CanVcurte.
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The Darlington TRF wi l l produce approximately 57.3 kilograms of 99.5
per cent pure trit ium gas over the 20-year period, 1936-2006. At 9658 Ci
per gram,* this amounts to slightly under 500 million Ci of tritium. Tritium
wi l l be extracted at a level rate of 2.5 kilograms per year through a process
designed and extensively tested in France. The only change to this
extraction pattern is a slightly greater rate at the front end of the project -
typical of equilibrium processes. Ontario Hydro's anticipated production rate
is shown in Graph 5.1.

Graph 5. l
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The extracted tritium will be stored as a metal hydride in stainless
steel containers with a volume of 6 litres. Approximately 1 litre of this
container will be occupied by a uranium or titanium sponge on which the
tritium will be stored in a ratio of approximately one to one. The remaining
volume of the container is available to accommodate the helium gas
produced by the radioactive decay of tritium. When the container is heated
to a temperature of 550C the tritium is released in a controlled manner for
repackaging in smaller containers of 20 000 Ci or 50 000 Ci capacity which
are convenient for shipment and customer use. The storage vault that has
been constructed at the Darlington TRF has the capacity to hold all of the
storage containers from 40 years production.

*For ease of calculation, the reader mag wish to use the popular conversion ratio of 10 000
curies ptr gram of tritium.
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The TRF production and storage buildings wi l l be located adjacent to
the Darlington reactor facility and within the confines of the Darlington
generation site. The security measures in place for the TRF are the same as
those for the Darlington generation facility.

Distribution of trit ium from the Darlington TRF wil l be governed by
the Atomic Energy Control Board Act, export and import permits, and
Canadian rai l , road, sea, and air transportation regulations. Tritium
packaging systems and shipping containers wi l l require a license from the
AECB. An export permit wi l l be required for export of tr i t ium to all
destinations including the United States. Import and operating licenses for
the country of destination are the responsibility of the end user. Canadian
and foreign transportation and packaging regulations are based on
International Atomic Energy Agency regulations.

Once the necessary regulations are satisfied, trit ium distribution
wil l be Freight on Board (FOB) Darlington. This means that a)) licensing,
permit, and freight costs wil l be to the account of the end user.

*
Ontario Hydro intends to supply its major customers directly from

Darlington by bulk shipments of between 20 000 and 50 000 Ci. The uti l i ty
has further indicated that it is not interested in being the packager of
trit ium for the multitude of medical, university, and other institutional
users. To service this latter market. Hydro intends to sell tr i t ium to
customers manufacturing tritium-luminous pigments and tritium-labelled
compounds (Amersham, Radium-Chemie, New England Nuclear, etc.) who in
turn would repackage in smaller quantities and then, utilising their
extensive sales system, would supply the smaller users.

The perceived advantages to Ontario Hydro are twofold:

1. These companies, through repackaging, would be in a
position to supply the many customers who require
small quantities of tr it ium, even down to 50 Ci for
their purposes.

2. The uti l i ty would gain the services of the sales
organizations of these companies, each with worldwide
representation, to advance the sales of tritium.
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The Working Group believes that Ontario Hydro must approach the
foregoing distribution strategy with caution. Direct contact with
customers doth large and small wi l l be essential for two reasons: 1) to
build a long-term relationship with potential users which reflects an
interest in the customer's products, business, production needs, and trit ium
handling requirements, and 2) to demonstrate to critics of trit ium sales
from Ontario that the uti l i ty has every intention to clearly monitor the
distribution and end-use of every curie of trit ium sold from the TRF

5.2 World tritium supply

Currently, there are, throughout the world, five potential suppliers of
trit ium for commercial applications. Four are nuclear-weapons states -
France, the United Kingdon, the U.S.S.R., and the United States - and the
f i f th, Belgium, has a nuclear-fuel reprocessing facility. Sased on
documented information i t is understood that:

The United Kingdom, as a result of military commitments is not
in a position to supply the commercial markets and in all probability wi i i
not be able to do so in the foreseeable future.

•Belgium has limited supplies and only occasionally sells small
'quantities.

The Soviet Union, on the basis of the limited information
available, has never sold trit ium on the open market but i t is understood
that it is will ing to do so at any time.

France has sold small quantities for the past five years and has
indicated an intention to actively re-enter the trit ium market. Mo
information is available on France's overall supply capability.

Currently, the paramount world supplier of commercial tr i t ium
is the United States Department of Energy through its Oak Ridge National
Laboratory (ORNL).

ORNL operates a repackaging facility for bulk trit ium supplied from
Savannah River. Orders from commercial users must be placed with OPNL
one year in advance. Quantities are distributed to the commercial market in
amounts of 1 to 50 000 curies and on special request may be shipped m
quantities up to 500 000 Ci. This supply is made available mainly from
within the excess production capacity of the U.S. nuclear weapons program.
Worldwide sales of trit ium from ORNL over the last four years have been as
follows:
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Table 5.1 YEAR

1981

1982

1983

1984

AMOUNT (Ci)

900 000

1 200 000

1 900 000

1 500 000

(90 g)

(120 g)

(190 g)

(150 g)

The distribution, pricing, and commercial practices related to ORNL's
sale of trit ium to both the domestic and international commercial markets
are closely regulated by relevant sections of the United States Atomic
Energy Act. These sections are as follows:

SEC.63. DOMESTIC DISTRIBUTION OE SOURCE MATERIAL

(c.) The Commission (Nuclear Regulatory Commission)

may make a reasonable charge determined pursuant to

subsection 161 m. for the source material licensed and

distributed under subsection 63 a (1), subsection 63 a (2),

or subsection 63 a (4), and shall make a reasonable charge

determined pursuant to subsection 161, for the source

material licensed and distributed under subsection 63 a.

The Commission shall establish criteria in -vriting for the

determination of whether a charge Trill be made for the

source material licensed and distributed under subsection

63 a (1), subsection 63 a (2), or subsection 63 a (4)

consi taring, among other things, whether the licensee is

a nonprofit or eleemosynary institution and the purposes

for vhich the source material Trill be used.
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5EC.81 .DOMESTIC DISTRIBUTION

The Commission may distribute, sell, loan, or lease such

byproduct material as it OTOS to licensees Trtth or Trtthout

charge: provided, ho-rover, that, for byproduct material

to be distributed by the Commission for a charge, the

Commission shall establish prices on such equitable basis

as, in the opinion of the Commission, (a) -Till provide

reasonable compensation to the Government for such

material, (b) vill not discourage the use of such material

or the development of sources of supply of such material

independent of the Commission, and (c) trill encourage

research and development.

Stt.82. lORIIGM DISTRIBUTION Of BYPRODUCT MATERIAL

(b) The Commission is also authorized to distribute

byproduct material to any person outside the United States

upon application thereof by such person and demand

such charge for such material as vould be charged for the

material if it -were distributed Tithin the United States:

provided, however, that the Commission shell not

distribute any such material to any person under this

section if, in its opinion, such distribution mould be

inimical to the common defense and security. And

provided further, that the Commission may require such
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reports regarding the use of material distributed pursuant

to the provisions of this section as it deems necessary.

(c) The Commission is authorized to license others to

distribute byproduct material to any person outside the

United States under the same conditions, except as to

charges, ds irould be applicable if the material rare

distributed by the Commission.

SEC.121 .EFFECT OT INTERNATIONAL ARRANGEMENTS

Any provision of this Act or any action of the Commission

to the ertent and during the tune that it conflicts'inth the

provisions of any international arrangement made after

the date of enactment of this Act vill be deemed to be of no -

force or effect.

SEC 161. GENERAL PROVISIONS

That Commission shall establish prices to be paid by

licensees for material or services to be furnished by the

Commission pursuant to this subsection, vhich prices

shall be established on such a nondiscriminatory basis as,

in the opinion of the Commission, vill provide reasonable

compensation to the Government for such material or

services and mil not discourage the development of

sources of supply independent of the Commission
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As the foregoing indicates, ORNL with the approval of the Nuclear
Regulatory Commission in the United States sets the pries for its trit ium
supplies and establishes the distribution priorities. The ORNL pnee is
generally accepted as the world price. Currently this price, which is
designed to recover operating costs, is set at U.S. $1.20/curie. This price
level has been maintained for approximately two years but past history
indicates that sudden price changes have not been uncommon and have often
created market difficulties for the trit ium products industry.

Military requirements take priority in the distribution of tr i t ium
from ORNL. As a result uncertainty of supply for commercial purposes and
long lead times in placing orders have been issues which have plagued the
trit ium products industry. ORNL has not been organized to aggressively and
professionally "service" the industry and as a result deliveries are often
sporadic and remain as a second priority to U.S. military requirements and
activities in the weapons program.* The possibility that supplies could be
interrupted at any time has created constant worry in the industry and is
perceived to De a major factor which has retarded growth.

Given the past performance of ORNL and the requirements of the
Atomic Energy Act, i t is understandable that both the manufacturers of
tritium products and Ontario Hydro have speculated about ORNL's continuing
involvment in servicing the commercial markets once the Darlington TRF
comes on line.1 In the reports we reviewed i t was suggested that ORNL may
withdraw from commercial distribution once Ontario Hydro enters the
market. To appraise this speculation, we held conversations with an
o flclal of the United States Department of Energy. The official was able to
confirm that two alternatives hove been under active consideration: ( I )
complete withdrawal at an appropriate stage; or (2) establishment of a
separate organization from ORNL to commercially market tritium. However,
in the final days of compiling this report, we further learned that recently
an individual from the U.S. State Department held discussions with a
representative from the Canadian Department of External Affairs wherein i t
was indicated that in all probability the united States wi l l remain in the
market and wi l l keep ORNL going.

*We htve ten edvtsed bg »n official in the U.3. Department of Energy thtt the United Stitee
government through ORNL hts not aggressive!g marketed tritium, «nd, given the above quoted
leojtittion, the odmfnfttretor* do not tense thtt they c*n legelty Increese their merfcetf ng ecMvitg.
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5.3 Supply - discussion

When this research project began, there was speculation that Ontario
Hydro could effectively become the sole supplier to the world's commercial
tritium-products market. However, findings during the project clearly
indicate that at least three additional suppliers - ORNL from the United
States, Saclay from France, and Atomic Energy of Canada Ltd. (AECL)** from
Canada - are in a position to supply separately all or part of the market
needs.

As a result of the emerging competition, we have concluded that any
calculation with respect to market penetration should not assume a
monopoly position. Clearly, marketing strategy, pricing, appropriate
packaging, satisfactory deliveries end customer service must all be given
careful consideration if Ontario Hydro is to significantly penetrate the
commercial/research trit ium market. Competition from other sources
could significantly l imit Ontario Hydro's market penetration. Accordingly,
the upside l imit on Ontario Hydro revenue from trit ium sales should
proDebly De based on a maximum penetration of 50 per cent of the market
total.

5.4 Commercial markets - history2

Tritium use for commercial purposes is not new - i t began in the late
1950s with the development of labelled products and self-luminous
aigments. Tritium, which is a low beta emitter, quickly superseded the use
of hard radiation (gamma) emitters such as radium-226 and promethium-
147. initially, growth in tr i t ium applications was slow but steady. By 1961
attention had turned to the potential use of tr i t ium gas in self-powered
light sources. In a small laboratory operated by Saunders Roe, a seaplane
and helicopter manufacturer with close association with the British
government, the f i rst light sources were developed for the military Soon
attention turned to the development of EXIT signs for commercial use in
hotels and cinemas. Interest spread throughout Europe and the United States
and resulted m licensing arrangements being made with Swiss, French, and
American firms. By the mid-seventies, two British firms - Saunders Roe
Development Ltd., and Brandhurst Co. Ltd., one Swiss firm - Merz & Benteli
recently renamed Mb-Mfcrotec A6, and two American firms - American

"Atomic Energy of Canada Ltd. (AECL) l? current)g constructing « small tritium removal facility'
»t lU ClMik River *tt«. With *n annual capacity of four per cent of U * Darlington TRF, or
approximately I 000 000 curies, AECL could become * significant competitor in the world
tritium market.
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Atomics and Self-Powered Lighting inc. - 'vvere producing self-powered light
sources.

Sales were buoyant end pressures to produce were mounting. New
applications were constantly being considered, the most significant being
tritium illuminated watch dials. Demand for tritium climbed dramatically,
not only in the U.S., but also in Europe and particularly in Asia. Table 5.2
which was assembled from information reported in The Nation magazine in
July of 1950 shoves this dramatic growth.

Table 5-2

American Exports of "Nuclear By-Products Material"
(of which tritium makes up the buik;*

1975
1976
1977
1978
1979 .

2 g
'9
66 g
2l6g
733 g

Such excitement can, on occasion, lead to sioppiness and this was
certainly the case in 1973 when American Atomics, which had a history of
gas releases, accidentally released a large quantity of tr i t ium into the
atmosphere. Regulatory authorities closed the plant, American Atomics was
liquidated, the trit ium LCD watch industry collapsed and the trit ium
industry, now in disarray, entered a period of retrenchment, consolidation
and analysis. The trit ium manufacturers faced excess inventories As a
r..*;j1t, the demand for trit ium dropped in 1980 to less than 100
>.rams/annum.

While there were no further closures from the 1973 event, dramatic
cutbacks in staff occured for all tritium-product manufactures, and careful
scrutiny of the manufacturing process oy the regulatory authorities and the
industry became commonplace. As a result and consistent with practices
today, decisions were made to concentrate on manufacturing appropriate

*TMs inform«tlon was supplied by the DOE under a freedom of information Act request, it seems
liktlg that the** supplies ware destined for the tritium watch industry which was active In those
years.
* *0 f the 733 grams, 546 grams were snipped to swrtn Kom, rne Pninipiow, Singapore, S M
Mexico for prwumtd « • * in the tritium witch industry.
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safety related trit ium products which could De produced in a safe,
environmentally and occupationally acceptable manner. Today there are
three major categories: light sources for safety purposes, foils and targets,
and medical applications. The largest application is for light sources.
Tritium foils are normally used for chromatography and targets used in
neutron production with various types of accelerators for physical
experimentation, special effects studies, and neutron indicating devices. In
the pharmaceutical field, tr i t ium is used as a tracer in labelled compounds
because i ts properties make i t one of the preferred nuclides among the
radionuclides available.

5.5 Commercial markets - existing users

There are in North America and Europe ten companies using tr i t ium in
the production of industrial and pharmaceutical products. This small group
of companies collectively forms the tnt ium industry. There are other minor
users of tritum such as laboratories (i.e., HcMaster University,etc.) but their
usage is so small that theirneeds do not significantly influence the overall

^ market demand. Of the present ten companies, four'are in the United States,
"four are in the United Kingdom and two are in Switzerland.

Due to supply irregularities from ORNL, the majority of the industrial
firms involved with tr i t ium maintain approximately two to four months'
inventory on-site at any one time. Accordingly, the maximum tr i t ium supply
at the largest manufacturing operation rarely exceeds 200 000 curies. The
principal uses to which the manufacturers inventories would be applied are
set out in Table 5-3.

Tab1« 5-3

List of commercial tr it ium uses

USE TRITIUM
QUANT ITV
PER ITEM

(Ci)

Light Sources - Gas fi l led Tubes

E.:il signs for buildings 25

Exit signs for aircraft 20
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Oil ng-offshore-markers-signsanc 20-200
markers and overhead lighting markers.
Safety signs for installations with high
fire-hazard potential, where electrically
powered signs are undesirable.
(Examples are emergency exit and life-
boat signs on oil rigs.)

Remote airfield runway landing lights 500-1000
(Curies per single array)
Emergency telephone booth 50

Watch dial illuminators (military) 0.2

Map readers for night use 5

Telephone dial illuminators 0 25

Night sights for artillery weapons 2-50

Night sights for small arms (pistols and rifles) 0.1-0.5

Aircraft instrument panel illumination 2-20

Route markers or target identifiers 5

Light Sources - Luminous
Paints and Plastics

Control dial painted marks >0.1

Aircraft instrumentation dial >0 I
illumination

Industrial Uses
(Other than light sources)

Tracer - oil well logging and flow nominal
characteristic determination
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Research Uses
(Not including fusion)

Autorediography norninel

Labelling of laboratory chemicals for
use in determining chemical reaction
dynamics in medical and biochemistry research nominal

5.6 Commercial markets - future trends

From our analysis we have concluded that of all the commercial,
industrial, pharmaceutical, and medical applications, the gaseous tritium
light sources (GTLS) represent the greatest potential for increased tritium
utilization. Two applications exhibit the most promise: 1) safety related
signs which will operate in emergency, underwater and explosive
atmospheres (such as methane in mining environment) even during power
failures, and ii) runway/heliport markers and wands for remote or portable
requirements.

The use of tritium in light sources is not new but the size of the
lights and the tntium requirements represent a significant shift. To date
most safety related gaseous tritium light sources have been small (aircraft
exit signs, map readers, etc.). with the increasing size and utilization of
GTLS in commercial buildings and larger units for runway systems, safety
and breakabiiity became a concern. Questions were raised about the ability
of GTLS signs to meet the safety standards of American National Standard
N540; Classification of Radioactive Self-Luminous Light Sources 1975, the
standard used in the United States and also applied by the AEC83 As a
result, the United States Army, in 1964, conducted extensive break tests on
various manufacturers of EXIT signs. All failed the test initially. Results
of the tests were discussed with the vendors and improvements in design
and construction were suggested. Two vendors resubmitted improved
products for re-evaluation and these passed all the ANSI-N-540 tests.
These upgrade standards ars now in general application.

Today, tritium based safety signs are receiving mixed acceptance.
Expanded utilization is occuring in historical buildings, schools, and
hospitals in some countries, e.g. England, the United States, and
Switzerland. Other countries, including Germany and France, have placed
strict limits or prohibitions on tritium light use. in Canada there are
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currently four distributors of trit ium lights manufactured Dy foreign firms.
These lights may De found in a numDer of locations, but two prominent
locations with extensive utilization are the historic legislative buildings of
Manitoba and British Columbia. Continued growth in this sector could
represent a significant supply opportunity for Ontario Hydro.

Airport/heliport runway markers are currently in the development
stage.4 Since 1932, QRNL with major stimulus from the United States
military and the Department af Energy has been developing and testing
•Radioluminescent" lighting as a cost-effective alternative light source
(one-half to one-fifth the cost of conventional electric systems) in remote
locations. In Alaska, extensive tests have been conducted at two airstrips,
using prototype systems, for night operations under winter conditions The
results of these tests have encouraged further full scale tests which wi l l
be undertaken over this coming winter season.

Ultimately, Federal Aviation Administration (FAA) approval wi l l be
essential. Canadian armed forces, the Department, of Transport, the Ontario
ninistrtes of Health and Transportation and Communications are monitoring
the developments closely. It is anticipated that ORNL will be tendering for
improved designs in the near future.

Each runway marker system will require between 50 000 and 100 000
curias of tritium (each light standard or array uses 1000 curies with 100
curies per tube). The tubes would be made of Pyrex glass and would be
surrounded by a second tube made of lucite plastic. This assembly would
then be contained in a larger lucite and metal container having a total of 10
tubes. The Pyrex is a suitable container for temperatures ranging from -90
C to 900 C, and also provides exceptional protection against vandalism.

The potential market penetration of runway marker systems is
significant. In Alaska there are over 800 general aviation airports of which
only 70 are illuminated for night operation. In Canada's north, there are 37
sites. The Canadian military has expressed an interest in a light, portable,
durable, and self-supporting light system for their helicopter operations
and-Search and Rescue system. The Ontario Ministry of Health currently has
53 air ambulance landing sites and could potentially increase this number to
300. There are also numerous small general-aviation airports in the
northern portions of most provinces, and throughout the Northwest
Territories and Alaska.
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5.7 Commercial markets - discussion

In Table 5-4 we hove summarized an Ontario Hydro forecast oi high
and low commercial demand for trit ium over a 20-year period. In preparing
this summary, we were mindful of the volatility which hes characterized
the trit ium products market and accordingly have been extremely
conservative in projecting future growth. The low demand assumes no
escalation in utilization of tr i t ium by existing manufacturers other than
increased utilization for new applications. The high demand assumes annual
escalation of 10 per cent per annum in utilization by existing firms plus
new applications and the addition of two manufacturers. Expanded demand
is directly related to market acceptance of a significant number of 6TLS
signs and runway markers. In calculating these demand projections we have
not maae any allowance for significant developments in competitive
products which could possibly undermine the market penetration of trit ium
lignt sources.

Overfill we have concluded that the future demand for tr i t ium for use
in commercial products wi l l not grow significantly unless there is greater
market acceptance of GTLS lights, resulting from current testing of runway
marker systems and increased demand for safety purposes (i.e., underground
mining applications). Market forces alone wi l l not stimulate further tnt ium
requirements. Aggressive applications research may have to be undertaken
or supported by Ontario Hydro either alone or in co-operation with others
(government ministries, trit ium products manufacturers, etc.). The support
from Ontario Hydro might come through either the Kipling Research Centre
or the Canadian Fusion Fuels Technology Project.
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5.8 Fusion development

As indicated in the introduction, trit ium wi l l be used as a fuel for
fusion research, development, and eventual operations. However, to date,
there has been negligible usage of trit ium by the fusion community. Since
the development of the Tokamak concept of plasma confinement by the
(J.S.S.R. in the 1960s, all of the target parameters necessary for fusion have
been demonstrated separately in laboratory-scale devices. These
parameters wi l l be brought together for the first time in the "Proof of
Principle" machines which wi l l be tritium-deuterium burning devices.

Two such machines have been constructed; the Tokamak Fusion Test
Reactor (TFTR) at Princeton University in the United States, and the Joint
European Torus (JET) at Culham in England. These devices wi l l be the first
to achieve "brpakeven" i.e., produce a fusion reaction in which as much
energy is produced as consumed. Budgetary cutbacks >n the United States
and Europe have delayed the "breakeven" dates of both these machines. The
new anticipated "breakeven* date of the TFTR machine and the JET machine
is expected to occur in 1988 and 1989 respectively.

Design studies,, research and technology development have already
been committed for "Engineering Test Reactors" (ETR's), the next generation
devices. While these programs have slipped some three to five years, the
fusion industry anticipates that the various national programs ' .11 commit
themselves to construct ETR's by the early 1990s and trit ium application
for these devicrts is well assured.

Likewise, the fusion industry anticipates that by the late 1990s, the
first full-scale demonstration of fusion reactors should be committed for
operation. The two most frequently mentioned are the Next European Torus
(NET) and the Japanese development, the Fusion Engineering Reactor, JT-60
which wi l l burn trit ium towards the end of its life. These wi l l likely be
followed by commercial size reactors which wi l l necessarily breed their
own trit ium supplies.

Canada and the Canadian Fusion Fuel Technology Project, in particular,
are also participating in future fusion reactor research. Two initiatives
with industrial groups are in the development stage and both are directed
toward compact reactor designs. These are the Ignition Tokamak Reactor
Experiment (IGNITOR-2) and the Ohmically Heated Tokamak Experiment
(OHTE -3). These experiments are expected to require trit ium supplies by
the early to mid-1990s.
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in the western world and Japan there are, in addition to the foregoing,
five major national or international laboratory projects related to fusion.
These are: Tritium Processing Laboratory (TPL) - in Japan, the Mol
laboratory - in Belgium, the Kernforschungszentrum (KFK) - in Karlsruhe
Germany, and ISPRA laboratory - in Italy. Discussions are also underlay
concerning two major international demonstration projects known as the
Ignition Tokamak Reactor (INTOR) project and an Italian research project at
the FRASCATI laboratory.

5.9 Projected fusion use of tritium - discussion

The most encouraging aspect of fusion development is that research
is continuing. On the other hand, it appears that further delay is inevitable.
At present, i t is anticipated that fusion applications for trit ium wi l l start
in a nominal way with the TFTR where the f i rst deuterium-tritium burn is
expected in 1983. The first major requirement for tr i t ium should be the
Japanese Tritium Processing Laboratory (TPL) which is anticipated to need
400 grams in 1986. In Table 5-5 which follows, Ontario Hydro's "best
estimate" of trit ium requirements has been assembled. These requirements
are based on the most current information concerning fusion developments.
While these demand figures have taken into account new programs and
slippage of existing programs, we believe caution should be exercised in
projecting the future fusion demands for trit ium. Accordingly, the
committed fusion demand scenario is based solely on existing programs
where the physical experimental facility is already in place. The planned
scenario includes the low scenario projects as well as those projects that
ore at the "paper" or laborotory stage of development.



Table 5-5 International Tritium Demand for Fusion Applications
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5.10 Tntium technology sales

The trit ium sales program could have significant tr i t ium technology
spinoff benefits, not only to Ontario Hydro but to Canadian Fusion Fuels
Technology Project and Canadian industry.

Primary or direct, benefits would be revenues obtained from the
industrial and fusion community for provision of:

established tnt ium technology, i.e., plastic suits, monitors,
containers, remote manipulators, isotope separation systems

research and development services, i.e., tr i t ium waste
treatment

engineering and consulting services, i.e., fusion fuel systems
and nuclear systems engineering

- health and safety services, i.e., dose and emission assessment,
waste management.

5.11 Summanj of tntium commercial and fusion prospects

It is recognized that any forecast of future demand is highly
speculative, since actual requirements can often be influenced by political,
technical, social, and regulatory factors not known or anticipated at the
time of the forecast. Even so, we believe i t is useful to summarise the
known information about tr i t ium markets and project future tr it ium demand
under both high and low scenarios.

1. There currently exists a world market for tr i t ium of
approximately 2.0 million curies per year valued at $3
million per year, based on a price of $1.50 Canadian per
curie.

2. The commercial market consists of two major sectors:
Pharmaceuticals - tracing of chemicals and drugs for
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medical diagnostic purposes - 15 per cent of the
commercial market.
Self-Illuminated Lighting - exit signs, instrument
lighting, runway lights, background lights for military
range finders, compasses., etc. - 85 per cent of the
commercial market.

3. The commercial market could virtually double to 4.0
million curies in the next two years if there is rapid
FA.A., government, non-nuclear military, and public
acceptance of tr i t ium lighting systems for remote
airstrip and heliport sites.

4. (a) Based on a 10 per cent increase per year, the
commercial market could increase from the current 2.0
million curies/year level to 12.4 million curies/year
over a 20-year period from the TRF in-service date. This
would represent a revenue increase from $3.0
million/annum to $18.6 million/annum.

(b) At the expanded level brought about by FAA market
acceptance of the runway marker systems the
commercial market could increase from the current 2.0
million curies/year level to 24.6 million curies/year
over the 20-year period from the TRF in-service date.
Corresponding revenue increase would be from the
current Canadian equivalent level of $3.0 million/annum
to $37.2 million/annum.

5. Fusion requirements for tr i t ium wi l l be fully dependent
on governments' (Canada, United States, Japan,and
Europe) financial support for fusion research and
demonstration. The committed fusion-research program
wil l require 4.4 kgs of tr i t ium over the 20-year period
from the TRF in-service date. The proposed fusion
research program would required 83.9 kgs of tr i t ium over
the 20-year period from the TRF in-service date.



P.J. Sprat t & Associates Inc.

6. Over a 20-year period from 1957 (TRF in-service date) to
2006 the following projections summarize potential
trit ium requirements under low and high demand
scenarios:

Low Low High High
Commercial Commercial Commercial Commercial

Low High Low High
Fusion Fusion Fusion Fusion

Commercial Demand-kg S.4 8.4 27.4

Fusion Demand-kg 4.4 33.9 4.4

Total Demand-kg 12.8 92.3 31.8

7. Ontario Hydro's output from TRF could definitely f i l l both
the worldwide Low Commercial/Low Fusion and High
Commercial/Low Fusion requirements over the 20-year
l i fe of TRF. On the other hand, a major growth in fusion
research would lead to a shortfall from the Darlington
TRF and'alternate supplies of trit ium would be required.

3. Most of the revenue from trit ium would come from
offshore purchases for commercial or fusion application.
On the basis of capturing 50 per cent of the total world
market and assuming that the market is eventually
segmented on a 90 cent foreign/10 per cent domestic
ratio, the offshore revenues over 20 years for each
projection would be as follows:

..c

Low
Commercial
Low
Fusion

Low
Commercial
High
Fusion

High
Commercial
Low
Fusion

High
Commercial
High
Fusion

$83.45 M $602.4 M $207.3 M $726.2 M

9. An annualized estimate of domestic and international
trit ium demand is shown in the table which follows. The
annual requirements should be considered against the
annual production capability of Darlington TRF of 2.5
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Kg/annum and the storage capacity at the facility and the
projected production over the life of the facility.

Table 5 -6

Various Estimates of the Total Tritium Demand

YEAR

Potential
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Low
Industry
Low
Fusion

Ko

supply demand:
0.30
0.80
0.80
1.16
2.06
1.46
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40

Low
Industry
High
Fusion

Ka

0.30
0.80
1.28
1.10
2.12
1.52
0.52
0.44
3.70
6.70
6.70
6.70

12.70
10.40
10.40
4.40
4.40
4.40
4.40
4.40

High
Industry
Low
Fusion
Ko

0.96
1 00
1.15
1 .30
2.35
1.81

• 0.38
0.95
1.03
1.11
1.21
1.31
1.43
1.56
1.70
1.85
2.02
2.21
2.41
2.64

High
Industry
High
Fusion

Ka

0.96
1.02
1.43
1.38
2.47
.1.93
0.99
0.99
4.43
7.41
7.51
7.61

13.73
11.56
11.70
5.85
6.02
6.21
6.41
6.64

12.3 92.3 31.8 111.3
market

50% of
market

6.4 46.2 15.9 55.6
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5.12 Other commercial issues

Pricing policy

Pricing policy wi l l be a major factor influencing Ontario Hydro's
financial return and market penetration. Competition with ORNL and other
suppliers suggests that price reductions might be desirable to gain market
penetration. On the other hand, withdrawal by ORNL and other suppliers
could De interpreted as an unfettered opportunity to significantly increase
prices beyond the current Can. $1.50/curie level. We have concluded that
neither strategy would be desirable.

Recent history has shown that with price stability the trit ium
industry has again begun to grow and new applications are being considered.
Ontario Hydro's pricing should not disrupt this momentum arid lower prices
wil l not be necessary to gain market penetration.

.Accordingly, throughout this chapter we have assumed the world price
for tr i t ium wi l l remain constant over the projected period. This price is
Can. $1.50/curie or $15 000 000/kilogram.

5.13 Value added manufacturing in Ontario

Ontario Hydro has indicated i t intends to use its supply of trit ium at
the Darlington TRF as a tool to encourage fusion research in Canada and also
to stimulate value added manufacturing in this country. We have briefly
examined this objective and have made the following observations.

Fusion research5

Since 1980, Ontario Hydro has been directly or indirectly associated
with three fusion research projects. Each of these has given Canada a real
presence in the international fusion scene. All three utilize uniquely
Canadian expertise and knowledge The f irst is a major Tokamak being built
at V'arennes, near Montreal, by IREQ (the research branch of Hydro-Quebec),
the National Research Council of Canada (NRCC), the Universities of Montreal
and Quebec (IRNS), MPB Technologies Inc., and Canatom Inc. This is a
medium-sized machine, designed and built in Canada to investigate specific
aspects of Tokamak operation. Research wi l l concentrate on three areas:
the problems of running a Tokamak continuously or with such long plasma
pulses that its efficiency wi l l be much improved; the interaction of the
plasma with the inner wall of the toroid; and the development of diagnostic
tools for studying the properties of the plasma and its interaction with
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various materials. A staff of 100, including 40 scientists and engineers,
wil l operate this proj.ect.

The second involves inertial-confinement research. Studies wi l l
investigate the problems associated with the interaction of laser beams and
solid targets. This work is largely centered at the laboratories of the NRCC
and of the Universities of Alberta and British Columbia.

The third important venture in fusion research is the Canadian Fusion
Fuels Technology Project (CFFTP). Through the efforts of these
organizations, many Canadian private sector firms who would have
otherwise been excluded from fusion research, have been drawn into the
studies in order to take full advantage of Canada's long-standing reputation
in the study of the properties of hydrogen.

We have concluded that through proper management and utilization of
the trit ium resource at Darlington TRF, Ontario Hydro could significantly
stimulate fusion research in Canada. These efforts should continue and
should embrace the engineering and scientific community outside of Ontario
Hydro.

Value-added manufacturing

Just as with fusion research, Ontario Hydro perceives that Canadian
industry can become extensively involved in the manufacturing and
distribution of tr i t ium products to the domestic and international markets
Accordingly the uti l i ty intends to promote the establishment of a Canadian
manufacturer of tr i t ium products for the commercial/industrial sector The
rationale is simply a Canadian resource being value added through a
manufacturing process in Canada for Canadian jobs and Canadian profit.

It is perceived that the potential growth of the GTLS safety sign and
runway marker market presents such an opportunity to develop a trit ium
light manufacturing operation in Canada. Ontario Hydro, the Ministry of
Industry and Trade, and the Ontario Development Corporation have been
holding discussions with companies having trit ium light source
manufacturing expertise. Two have expressed an interest in forming a
consortium to establish a new manufacturing facil ity in Ontario. This joint
undertaking could result in the establishment of a production facility with
the potential of $17 million annual sales and job opportunities for up to 200
persons.6 Of course, the necessary regulatory approvals which are
discussed in another section would De required.
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The Working Group supports the efforts of Ontario Hydro not only on
economic grounds Dut also on the basis of non-proliferation. To the greatest
extent possible Ontario Hydro should encourage maximum utilization of its
trit ium gas by domestic manufacturers. By following this policy and by
careful auditing of utilisation, the uti l i ty could minimize the possibilities
of undetected diversion of the raw trit ium resource to a weapons program.
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