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APPENDIX I

TERMS OF REFERENCE

Scope of work

To co-ordinate and manage a project for the Tri t ium Issues Working
Group. The project is a review by a broad group of individuals of the
sociological and technical considerations of t r i t ium and i ts related
technology.

The work wi l l cover the following specific areas:

A) Development of an ethical framework related to
technology, morality, weapons, polit ics, etc.

B) Review the history of nuclear power in Canada,
placement of this technology. in context with other
technologies, waste products and the CANDU reactor
system.

C) Assessment of t r i t ium as a unique product, as a
class of isotopes, waste by-product and physical
properties, effects on human l i fe and i ts place in the
natural environment.

D) Assessment of t r i t ium and the environment,
diffusion through commercial application, European and
American experience, waste management and recycling.

E) Assessment of commercial applications, including
current experience, historical applications for
commercial purposes, offshore revenue for Canada,
value-added component and role of Ontario Hydro.

F) Assessment of t r i t ium and weapons, including
technology and the mil i tary, past and future role of
t r i t ium in weapons, proliferation theories, generic
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conclusions regarding linkages, dependence of Americans
on foreign sources of strategic resources.

G) Review of regulations in effect now with respect to
nuclear and/or other products with potential to military
application, and what is needed.

H) Review of traditional Canadian postures in the area
of technology perception and political culture, the role,
mandate and responsibility of Ontario Hydro, growth of
international economy, Canada's competitive position in
this economy and the challenges and dilemmas that
modern decision makers have in a highly interrelated
technological world.
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APPENDIX 3

HISTORICAL PERSPECTIVE

Although not widely known, Canada's involvement in the development
of nuclear energy goes back to the end of the nineteenth century. As a
background to the current developments and issues with respect to tritium
production it is of interest to trace the broad paths that have been rollowed
In Canada in four areas:

- nuclear physics
- fissile materials
- heavy water
- nuclear-power reactors

The early history in the first three areas was brought to a focus in
the Manhattan Project, during the latter stages of World War II, which led to
the development of the atomic bomb.

The development of nuclear-power reactors and, as a by-product, the
proposed sale of tritium commercially, are closely related to the growth of
Canada as an industrial nation and particularly to steps, in recent years, to
develop a high-technology base for the future.

A-3.1 Nuclear physics

In 1898, the year that Madame Curie and her husband discovered
radium, Ernest Rutherford was appointed Professor of Experimental Physics
at McGill University in Montreal. During his nine-year tenure of that
position, the new MacDonald Physics Laboratory became a world-class
centre for nuclear physics. In his book Radio-Activity, published in 1904,
Rutherford discussed the energy given off by radium and commented "there
is thus reason to believe that an enormous store of latent energy is resident
in the atoms of the radio-elements."

There were many developments in the basic understanding of the atom
during the next 35 years and a Canadian student of Rutherford, who had
moved to the renowned Cavendish Laboratory at Cambridge, England, was
now in charge of the nuclear physics division of the National Research
Council. Dr. George Laurence was a native of P.E.I, in 1940 he conducted
some early experiments on the fissioning of natural uranium in a primitive
graphite pile. Primitive is an accurate description. A bin lined with
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paraffin wax as a reflector was built. About 3 kilograms of uranium oxide
were packed at a time into paper coffee bags and some 300 of these bags
were then literally built into a lattice pile surrounded by relatively pure
calcined coke used in the manufacture of graphite. The neutron source
consisted of 200 milligrams of radium mixed with a few grams of
beryllium. The neutron flux was measured with Geiger counters that Dr.
Laurence made himself. The total amount of material used was well below
the critical si2e needed to sustain a chain reaction.

A-3.2 Fissile materials

The Canadian development of radioactive ore mining also started in
the 1930s. The mining of pitchblende commenced at Port Radium in 1932.
The first production of radium took place at a new refinery in Port Hope in
May 1933 and by 1937 the production rate had grown to the, for those days,
impressive figure of 4 grams of radium per month. This production
challenged the previous radium monopoly held by the Union Miniere de Haute
Katanga in the Belgian Congo and resulted in the price of radium being
reduced from around $100 000 per gram to $20 000 per gram. Both the
mining and refining were carried out by Eldorado Gold Mines, Ltd., then a
private company. The outbreak of the Second World War made it difficult to
get manpower, equipment, and supplies, and mining operations on Great Bear
Lake ceased in July 1940.

A-3.3 Heavy water

At the outbreak of war the only source of heavy-water supply in the
world was from Norway. Only small quantities were produced for supply to
laboratories at about $500 per kilogram. French scientists arranged to
obtain, in March 1940, the 200 kilograms that then constituted virtually the
entire world supply of heavy water. This heavy water was brought to
England, just prior to the fall of France to Nazi Germany, by a number of
refugee scientists including Dr. Hans Halban and Dr. Lew Kowarski who then
continued their work on heavy water as a moderator at Cambridge.

In the summer of 1941 a number of U.S. scientists had started to
study-the possible production of large amounts of heavy water in North
America. Since heavy water occurs naturally in all waters, salt and fresh,
on the earth's surface, in concentrations of about 150 parts per million, it
seemed quite probable that heavy hydrogen could be produced by the
electrolysis of water to produce electrolytic hydrogen. The Consolidated
Mining; & Smelting Company was producing electrolytic hydrogen at a plant
in Trcil, B.C. for the subsequent manufacture of ammonia.
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Thus, unbeknownst to all the players at the time, the ingredients
were in place for a heavy-water nuclear reactor program in Canada. Without
the stimulus of a world war it is almost inconceivable that the subsequent
development of an indigenous nuclear program in Canada would have
occurred. As has been so common in Canadian history, we would have
imported a complete foreign technology and continued it as a branch-plant
operation.

A-3.4 The Manhattan Project

The year 1942 saw the essential ingredients for Canada's nuclear
future fall into place. Early in the summer of 1942 the U.S. government
awarded a contract to Consolidated Mining & Smelting Company to build a
new heavy water plant at Trail at an estimated construction cost of $2.5
million. The production rate was planned to be about 5 tons per year. The
U.S. government was not willing to have to rely, even during the middle of a
war, on a close ally for what it deemed to be an essential strategic material
and invested a further $14.5 million on three additional plants in Alabama,
Indiana, and West Virginia. Full production was not achieved in any of these
four plants until 1944 and consequently they had no direct bearing on the
production of plutonium for the first bombs at Alamogordo and Nagasaki.
The plutonium for these weapons was produced in the graphite-moderated
reactors at H8nford, Washington.

At the same time the U.S. government also wanted to purchase 2C0
tons of uranium oxide from Eldorado who reactivated the Great Bear Lake
mine in August 1942.

The initial plan was to transfer Dr. Halban's heavy water team from
England to the U.S.A. However, the Americans raised security objections on
the grounds that all but one of Halban's original team were Europeans, albeit
refugees from the Nazi occupation controlling most of Western Europe. As
a compromise it was decided in August 1942 to locate the team in Canada.
During the fall of 1942 and the early part of 1943 the Anglo-Canadian
nuclear-research laboratory was set up in Montreal.

Formal agreement on the joint Anglo-American wartime atomic work
was reached between Roosevelt and Churchill at their conference in Quebec
City in August 1943. A Combined Policy Committee was established with
CD. Howe, Canada's wartime Minister of Munitions and Supply, as the
Canadian member along with three U.S. and two British members. Out of this
was born the Manhattan District Project, code-name for the program to
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develop the atomic bombs that were eventually used against Japan in August
1945. It was headed by U.S. General Leslie Groves.

Even after signing the Quebec Agreement there was a considerable
amount of uncertainty about the main thrust of the Canadian effort. At a
meeting of the Combined Policy Committee in Washington on April 13, 1944
it was finally agreed to build a multi-million dollar plant for the production
of plutonium from uranium using heavy water as the moderator, under the
direction of a senior British scientist. The scientist selected was Dr. John
Cockcroft, who was later to become head of the U.K. Atomic Energy
Authority. This project was a back-up in case major problems developed
with the Hanford graphite reactors.

A-3.5 Nuclear-power reactors

!n June and July 1944 there was a wide geographic search for a
suitable site covering much of the northern and eastern shores of Georgian
Bay, Lake Huron, Lake Superior, the Ottawa River, Lake Mackinac, and the St.
Maurice-River. On July 16, 1944 it was decided to start construction on an
Ottawa River site near Chalk River.

This was not the first heavy-water reactor to be built. 8y early
summer 1944, a relatively small heavy-water "pile" had started operation
at the Argonne Laboratory in Chicago under the direction of Dr. Walter Zinn,
a Canadian from Kitchener, Ontario. Because of delays in getting full
production of heavy water from the plants being built in the U.S. and Canada,
there was no Canadian plutonium produced before the end of the war.

By 1945 the construction work force at Chalk River had risen to over
3000. The small Zero Energy Experimental Pile, ZEEP, was started up on
September 4, 1945. It was the first reactor in the world to be designed and
operated outside of the U.S.A. The much larger National Research X-
perimental (NRX) reactor was start,d up on July 22, 1947.* Reactor costs

10

* It is *n interesting side note that plan* were well advanced to put a small steam turbine-
generator into service, using steam generated from one of the NRX test loops, at the end of
December 1952. Just two weeks before this was scheduled for completion, the major accident
occurred at NRX. But for this the first nuclear electricity in Canada might have been produced in
1952.
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were considerably lower in those days, ZEEP was built for $200 000 and
NRX* for $10 million. '

In September 1946 Dr. Cotkcroft was succeeded as head of Chalk
River by Dr. W.B. Lewis, to whose leadership much of the development and
success of the Canadian-Deuterium-Uranium (CANDU) is owed. The Canadian
development of nuclear-power reactors designed and built in Canada, using
Canadian uranium and heavy water, has proceeded steadily from the first
small 22 MWe (Megawatt electrical) nuclear power demonstration (NPD)
plant that went into service in 1962, and is stil l in service, to the giant 800
MWe units In operation at the Bruce Nuclear Generating Station today. The
initial design group was established at Chalk River in 1954 and headed by
H.A. Smith, on loan from the then-named Hydro-Electric Power Commission
of Ontario (now Ontario Hydro). Ontario Hydro is the only utility in North
America with design/construct/operate capability in the nuclear power
field. Its close cooperation with AECL and Canadian industry has resulted in
the excellent overall design of the CANDU system; stations essentially built
on schedule and to budget and that operate consistently in performance in
the upper 10 per cent of the world's operating reactors.

Although accidents of geography and history may make certain
resources available it is stil l necessary to seize opportunities, if progress
in technology applications is to be made. Uranium occurs in large quantities
in Canada. The first Allied heavy water plant in World War II was built in
Canada. Canada's largest contribution to the overall Manhattan project was
the building of a large heavy-water moderated and cooled reactor, even
though not completed until two years after the end of the war.
Perseverance, enthusiasm, and steady government support then contributed
to the successful development of the CANDU reactor. This report is not
directly concerned with the development of the CANDU reactor system but
Canadians have cause to be proud of the success of this world-wide
technological achievement. In addition to the success of CANDU, Canada has
also, through the efforts over the past 30 years of AECL's Radiochemical
Company, become a world leader in the production and supply of a wide

* All Canadian research reactors (NRX, NRU, and the SLOWPOKE reactors in universities) use
high enrichment (93%) U- 235 fuel. Since there are no enrichment facilities in Canada, this fuel
Is bought from the U.S. by Atomic Energy of Canada Ltd. (AECL). The used fuel, containing about
5 0 X U-235, is returned to the U.S., and AECL receives a credit for the value of this uranium.
This U-235 is recovered and recycled into new reactor fuel. Since there is only 7% U-238 in
the fresh fuel and the fuel normally is taken to high burn-up, there is little piutonium in the
returned, used fuel. After processing to recover the U-235, this plutonium remains in the vaste
stream and is stored. It does not go into the U.S. weapons stockpile, and safeguard requi rements are
fully met. This trade has been in effect for nearly 40 years and Is covered by a U.S. - Canada
bilateral agreement.
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range of radioisotopes and of cancer-therapy machines. AECL has supplied
75 per cent of the cooalt-60 cancer-therapy machines in use worldwide and
90 per cent of the cobalt-60 sterilisers for medical supplies. Canada
provides roughly two-thirds of the total world needs for radioisotopes used
in medicine. The majority of the cobalt-60 is actually produced in Ontario
Hydro operated power reactors at Pickering and Bruce. It is estimated that
there are now close on 300 million medical diagnostic tests done each year
using a wide range of radioisotopes and that the cancer therapy equipment
produced in Canada has given some 13 million person-years of extended life
to cancer patients.

Canada is also the leading producer of heavy water for peaceful
nuclear use. Even when the Glace Bay and Port Hawkesbury plants are shut
down, leaving Canada with four shut-down heavy water production plants,
one partially built and mothballed, and one plant sti l l operating at Ontario
Hydro's Bruce Nuclear Power Development, this will sti l l be the case.
Canada has a large stockpile of heavy water sufficient to cover all needs
until there is an upturn in the heavy water reactor market.

Canada now has the capability to build and export a complete range of
nuclear facilities dedicated to peaceful purposes. As with all technologies
and works of man they could be misused for destructive purposes. But, over
the years Canada has taken an active role in developing the necessary
international controls designed to control the proliferation of nuclear
weapons.

A-3.6 Development of Canadian nuclear non-proliferation policy

Canada has never contemplated building nuclear weapons of its own
even though, until probably the mid-1960s, it was the only country outside
the five nuclear weapons powers (U.S.A., U.S.S.R., U.K., France, and China)
with the technical and material capability to do so. Canada was a supporter
of the ill-fated Baruch plan of 1946 which recommended the creation of an
international authority which would own all fissionable materials in trust
for the world and which would own, operate, and manage all facilities
handling such materials. Through the efforts of Dr. George lgnatieff and
others at that time, and subsequently, through diplomatic channels and the
United Nations, Canada gained a reputation for being a staunch supporter and
founder of non-proliferation policy development. It is most unlikely that
any formal consideration was ever given to designing and producing nuclear
weapons in Canada since the only organization with a weapons mandate in
the history of the Canadian nuclear program was Defence industries Limited
(DID. Originally OIL contracted not only to build but also to operate the NRX
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reactor. However, it was a responsibility they wished to divest themselves
of soon after the war -ended and they urged General A. 6. L. McNaughton, the
first President of the Atomic Energy Control Board, to transfer operating
responsibility to the Notional Research Council (NRC). This posed some
novel problems for a research organization but in February 1947 NRC
assumed responsibility for all the operations at Chalk River,1 five months
before NRX was completed. On April 1, 1952 a new crown corporation.
Atomic Energy of Canada Limited (AECL) took over responsibility for the
Chalk River establishment.

The International Atomic Energy Agency (IAEA) came into existence,
as a United Nations agency, on July 29, 1957 with Canada as one of the
original members. After many years of discussion the Non-Proliferation
Treaty (NPT) was finally endorsed by the United Nations General Assembly
on June 12, 1968. The Treaty recognised the five nuclear weapons powers
and sought to prevent any growth in that number. The treaty provided for
the exchange of nuclear technology for peaceful purposes and Article VI
states:

Each of the Parties to the Treaty undertakes to
pursue negotiations in good faith on effective
measures relating to cessation of the nuclear
arms race at an early date and to nuclear
disarmament under strict and effective
international control.

A number of other UN treaties, related to nuclear matters, have also
been concluded such as the Partial Test Ban Treaty in 1963 and the Outer
Space Treaty of 1967, the latter of which prohibits the placing in orbit of
nuclear weapons or other weapons of mass destruction.

The first major upset to the development of nuclear reactors for
peaceful purposes occurred in May 1974 when India detonated a nuclear
explosive device. It was learned later that India had obtained Plutonium for
the test device from the CIRUS research reactor using uranium fuel of non-
Canadian origin. The CIRUS reactor, a copy of the original NRX reactor at
Chalk River, was supplied under a Colombo aid plan agreement concluded in
1956. This reactor end the subsequent two CANDU power reactors (copies of
the original Douglas Point reactor) for the Rajasthan Atomic Power Project
(RAPP) were supplied under bilateral agreements between India and Canada.
In 1971 a Canada-India-IAEA agreement transferred responsibility for
applying safeguards at RAPP to the International Atomic Energy Agency
(IAEA). The picture was further complicated by the fact that the heavy
water for the CIRUS reactor was supplied by the U.S.A. India claimed that

13
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the test was solely for peaceful purposes, that i t was "a peaceful nuclear
explosion" (PNE)*. However, the Canadian government does not distinguish
between nuclear weapons and nuclear explosives for peaceful purposes and
suspended its nuclear cooperation program with India.2

India has always maintained that there was no technical breach of i ts
undertakings to Canada as they existed at that time, since material of non-
Canadian origin was used and the device was for peaceful purposes. Canada
has not sought to test the validity of this claim before any international
court and, as stated above, suspended all nuclear cooperation with India.
Since India is not a signatory to the Nuclear Non-Proliferation Treaty (NPT),
Pakistan has consistently refused to sign the Treaty unless India also signs.
Although in 1959, Canada signed a bilateral agreement with Pakistan to
supply a small 137 MWe CANDU reactor of Canadian General Electric design,
this refusal by Pakistan to sign the NPT also has led Canada to suspend all
nuclear cooperation with Pakistan.

For twenty years, from 1945 to 1965, as part of Canada's defence,
relations with the U.K. and the U.S.A., Canada exported both uranium and
Plutonium to these countries for use in their nuclear weapons programs.
This policy was ended in June 1965 by Prime Minister Lester B. Pearson, and
all exports of Canadian uranium since then have been solely for peaceful
purposes.

During this same period the question of U.S. nuclear weapons on
Canadian territory as part of Canada's obligations under the North American
Air Defence Agreement (NORAD) came to a head. By the late 1950s the l is t
of proposed nuclear weapons on Canadian territory covered the following:

- nuclear warheads for Bomarc missiles based in Canada
(Bomarc-A missiles could take either conventional or nuclear
warheads, Bomarc-B could only be armed with nuclear
warheads);

- storage of anti-suDmarine nuclear weapons for use by U.S. Navy
forces based at Argentia, Newfoundland;

* At that time there was considerable interest «nd development work going on in the use of PNEs in
both the U.SA (Project Plowshare) and the U.S.S.R. Various proposals had Been studied for
blastings new sea-levei Panama Cenai; excavating new harbors in Western Australia; stimulating
oil recovery for shale and oil sands; blasting earth and rock dams, etc.
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- storage of thermonuclear bombs at Goose Bay for the use of the
U.S. Strategic Air Command;

- nuclear warheads for air-to-air missiles for U.S. F-89
squadrons operating from Goose Bay and Harmon Field,
Newfoundland;

- nuclear warheads for missiles to be used by the RCAF in
Canada, Honest John warheads and nuclear weapons for F-104
Starfighter squadrons based in Europe.

The Department of National Defence and its Minister (General Pearkes
and Mr. Douglas Harkness) supported these proposals but Mr. Howard Green,
Secretary of State for External Affairs was opposed. The vacillations in
policy that ensued were a major factor in the collapse of the Diefenbaker
government. In the ensuing 1963 general election, Mr. Lester B. Pearson took
the position that Canada had a Treaty obligation to accept nuclear warheads
for the Bornarc missiles. However, after becoming Prime Minister he then
negotiated with the U.S. for their removal.

In December 1974, Canada stated as policy - "Nuclear exports can go
forward only to those states (both non-nuclear and nuclear weapon states)
which have undertaken to accept in formal agreement, a number of additional
requirements designed to minimize the proliferation risk associated with
Canadian nuclear exports". In December 1976, seven months after India
tested a PNE device, Canada adopted a much stricter set of controls usually
known under the description of "full-scope safeguards." Basically these
safeguards require a recipient country of Canadian uranium, heavy water,
reactors or directly associated technology to have ratified NPT and to sign a
formal agreement not to use any such material to produce nuclear explosive
devices of any sort. They also establish controls over the retransfer of
Canadian-supplied nuclear items to third parties, and over the reprocessing
of Canadian-origin spent fuel-and "fall-back" safeguards in the event that
the IAEA, for any reason, is unable to continue Its safeguard activities.
These controls have been strictly applied as evidenced by the suspension,
for short periods of time, of shipments of uranium to countries such as
Switzerland and Japan until they agreed to these conditions. Although, in
theory, all the nuclear supplier nations have the same control policy on
nuclear exports, in practice France and West Germany have interpreted the
requirements less rigorously than Canada (for example the sale of a heavy-
water production plant to Argentina by West Germany/Switzerland). Canada
has thus demonstrated its willingness to place principle ahead of jobs for
Canadians.
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A-3.7 Approval of Ontario Hydro"s first tritium removal facility

This report addresses the issues surrounding the proposed sale of
tritium recovered from Ontario Hydro's CANDU nuclear power reactors. The
Ontario Hydro Board was first informed of the intent, to install a Tritium
Recovery Facility (TRF) at its May 1980 meeting. Originally the plan was to
install TRF's at each station with the first facility to go into Pickering.,
followed Dy units at Bruce and Darlington in the early 1990s.

At the August 1980 board meeting the proposal for the Pickering TRF
stated that the facility was:

required to reduce the tritium concentration in moderator
and heat transport systems in order to maintain and
improve worker safety and continue the operation and
maintenance without increasing staff at Pickering
Generating Station.5 (underlining in original).

Cost benefits included' avoiding any reduction in station capacity
factor if the TRF'was not installed; savings from lower-station radiation
exposures and avoidance of additional manpower costs; and revenue from
potential sales with particular reference to the international fusion
program.

In February '1932 the Hydro Board approved the installation of a TRF
at Darlington, identical to the one approved 18 months earlier for Pickering.
The rationale for the Darlington TRF was that it would:

reduce tritium concentrations in moderator and heat
transport systems to levels that ensure tritium
emissions to the environment are at acceptable levels
and occupational radiation exposures are as low as
reasonably achievable (ALARA).4

The need for a TRF at Darlington is greater than at Pickering because
the Derived Emission Limit (DEL) for the station is significantly less than
for either Pickering GS A or B. This reduction in DEL occurs because of the
topography of the Darlington site and the greater importance of the food
chain pathway at this site. Emission limits at. Darlington are about one-
fifth of those at other stations.
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r
in February 1953 the Hydro Board approved the cancellation of the

Darlington TRF contract and the transfer of the Pickering TRF contract to
Darlington. The primary reason for this was:

improvement in atmospheric drying at Pickering and continual
heavy water exchanges have succeeded in holding the tr i t ium
exposure in the plant and releases from the plant to below the
projected levels. These measures have reduced the urgency for
tr i t ium removal but have not changed the need for t r i t ium
removal as the tr i t ium levels in the moderator rise and the
plant ages.5

The TRF at Darlington is scheduled for f i rs t start-up in September
1956 and completion in April 1937.

A-3.8 Tritium as a product of technology

Canada is in the forefront in tr i t ium technology and the extraction
and handling of tr i t ium. Tritium is a high-value, high-technology product
with many beneficial commercial applications. In the commercial market i t
commands a price more than one thousand times greater than that of gold.*

A-3.9 Technology in Canada

There often appears to be considerable ambivalence in Canadian
attitudes to technology. Canada is blessed with an abundance of natural
resources far greater in total., on a per capita basis, than any other country
in the world. Canada has a large production of agricultural products, energy
resources (coal, hydropower, oi l , natural gas, and uranium) and minerals of
virtually every type. Much of Canada's commerce and trade has, therefore,
developed around the extraction and selling of these resources and great
wealth has flowed to the country. But i t must never be forgotten that a
large fraction of that wealth lies in what nature provided and that we
Canadians, as "hewers of wood and drawers of water", add relatively l i t t le
value to these products of nature. Technology that directly contributes to
extracting these resources efficiently, such as modern agricultural and
mining machinery, is warmly welcomed as is technology that enables
Canadians to better cope with a harsh climate and the reafities of a small
population spread over vast distances. Very often this technology is

* Current price of tritium is over $15 000 per gram. Current price of gold is around $13 per
gram.
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technical "fixes" are not an adequate or even, in many instances, a proper
solution to what are really institutional or social problems. As population
densities rise, society becomes ever more dependent on technology working
nearer and nearer to perfection for the maintenance of a high standard of
living. The problems, solutions, and standards of living are very different in
a city in India as compared to one in North America. Rural life in North
America sti l l has marked differences from urban life in North America as
well as rural life in the developing world. It is certainly 8 worthy goal, and
often a considerable challenge to strive for the maximum benefits of
technology whilst reducing the level of risk and adverse side affects.
Improvements in health are a graphic example of the difficulty of
introducing a new technology without at some point trying it on people,
since it is popular welfare that is the whole purpose of the development.

Canada has rarely been a world leader in developing technology itself
and on those occasions when it has been in such a position i t has shown an
almost perverse delight in putting itself out of business. Part of the reason
for this state of affairs is undoubtedly historical. The Industrial
Revolution, from the mid-eighteenth to the end of the nineteenth century,
started in Great Britain and rapidly spread to Western Europe and the U.S.A.

.Canada, at this period, was more concerned with the evolution from British
colony to a young Dominion, pushing its own frontier westward, while
keeping a wary eye on its neighbor the other side of the 49th parallel, and
absorbing on the land waves of immigrants. During this period Canada was a
source Qf agricultural and raw materials for Britain and an outlet for
British manufactured goods. It took the strains of two world wars in the
first half of the twentieth century to propel Canada into becoming an
industrial power. This new role was a wrench in many ways from the
established patterns of a predominantly rural and small-town society to the
more hectic pace of the second half of the twentieth century. A rapidly
growing population, with much higher expectations than its parents, could
only be supported by higher productivity and the fruits of modern
technology. In these circumstances it is perhaps not surprising that there
were some spectacular failures along with major successes. The CANDU
system is one such success as evidenced by its consistently high levels of
lifetime performance published at regular intervals in Nuclear Engineering
International and Nucleonics Week.

The successes tended to be concentrated in the more traditional areas
- major new hydroelectric projects, the building of the St. Lawrence Seaway
and the TransCanada Pipeline. A successful steel Industry was built to
process Canadian raw material into a wide range or finished steel products.
In 1983 Dofasco ranked first in the world for profit as a percentage of sales
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at a time when many steel mills in the U.S.A., Britain and Europe were being
closed down.

Although Canada produces some special application aeroplanes the
Canadian aircraft industry never recovered from the Avro Arrow debacle in
1959. The basic reason given for cancelling the Arrow was th8t there was
perceived to be no further need for a manned fighter aircraft. A quarter of a
century later the Canadian government authorized the purchase of a major
replacement program - of new manned fighter aircraft, designed in the
U.S.A. The cancellation was perhaps more due to the Canadian technology
inferiority complex, a deep-grained belief that Canada cannot compete in
the big leagues and that if we do something new and different from the rest
of the world it must, therefore, be wrong because there is no way that
Canadians could possibly have invented and commercialized a "better
mousetrap."

The names of Canadian inventors, medical discoverers and engineers
are not exactly household words—Banting and Bpst, Gzowski, Sandford
Fleming, Beck, to name a few. They may achieve some recognition as names
on a building. Most Canadians might know Bell Enterprises by its logo (of a
bell) and not associate the invention of the telephone with a native of
Brantford, Ontario byjthe name of Alexander Graham Bell.'Canadian history,
as taught at school, abounds with stories of explorers and fur traders. For
much of the 13th and 19th centuries Canada was struggling to nationhood
and had very l i t t le, in the same vein, to compare with James Watt (the
steam engine), George Stephenson (steam locomotive), Henry Bessemer
(steel making), Nicholas Otto and Rudolf Diesel (internal combustion
engine), Thomas Edison (electric light), Isambard Kingdom Brunei (bridges
and steamships), Guglielmo Marconi (radio), Michael Faraday (the principle
of the electric motor), the Wright brothers (aeroplane), Frank Whittle (jet
engine), Albert Einstein (theory of relativity) and so on down a lengthy list
of technological pioneers.

It can rightly be argued that Canada's overall contribution on the
world scene could be expected to be small given our small population.
Canada has just over 2 per cent of the population of the developed
industrialized world and about 0.5 per cent of the total world population. In
this light the achievement of the CANDU system is remarkable, accounting
as it does for 5-6 per cent of both the total world installed nuclear capacity
and of nuclear-power reactor exports. This contrasts to Canada's 3.3 per
cent share (1982) in total world exports of manufactured goods.
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Interesting statistics are published by the Organization for Economic
Co-operation and Development (OECD) on 100 engineering products. The
production statistics are based on the value of deliveries, thus excluding
inventory, for the 20 member countries. These countries include all the
major industrialized countries in the world (U.S.A., Japan, U.K., West
Germany, France, Italy, Switzerland, Sweden, and Canada) but excludes the
Soviet bloc. Statistics were not available for all countries for all the years
reported (1975 to 1973) but all the major countries are included in the
selected 11st of products below:

Table A-3.1 Canadian share of total industrial production (1977)

S.I.T.C.
GRADE SHARE

NO. PRODUCT (S)

232 Buses, Trucks, Road Tractors • 7.3
231 Passenger Cars 4.8

22 " Railway Rolling Stock 4.9
171 Insulated Wire & Cable 3.8
163 Electr ic Switchgear 2.2
25 A i r c ra f t , A i r c ra f t Parts, and Engin'es 1.9
26 Ships and Boats „ 1.6
27 Sc ient i f i c , Medical, Optical Measuring Instruments 1.3

1442 Special Mining, Oil & Gas Field Equipment 1.2
181 Television Broadcast Receivers 1.0

12 Metal working Machinery 0.7
1442 Construction and Mining Machinery 0.3

121 Metal-Cutt ing Machine Tools 0.3
113 Electronic Computers 0.3

Note 1: S.I.T.C. - United Nations Standard
International Trade Classi f icat ion
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A-3.10 High technology industry and the role of t r i t ium

High technology industry and the military applications of science and
technology go hand in hand. The aircraft, space, telecommunications and
computer industries are excellent examples of this. Many materials used in
society for peaceful purposes - steel, gold, aluminum, cobalt, nickel, copper,
petroleum, chemical and pharmaceutical products - are equally widely used
for military purposes. In itself the possible military use of a product or
technology is no reason for not using that product or technology in broadly
beneficial civil applications. The space program was born out of the
destructive German V-l and V-2 pilotless aircraft and rocket programs at
the end of World War II. There are sti l l obvious very close linkages between
the current space programs of the superpowers and military applications,
from the design of intercontinental ballistic missiles to intelligence-
gathering space satellites. The use of Canadian communications satellites
and of such achievements as the CANADARM handling device in the space
shuttle are rightly hailed as Canadian technology success stories. Even
here, as everywhere else, opportunities not only have to be there but they
also have to be seized. In the early days of the space shuttle program Spar
Aerospace had the choice either to develop the space toilet system or the
remote handling space arm. The toilet system might well.be regarded as
having a less direct possible military application even though undoubtedly
essential, but the remote handling arm has far more potential for use in
hazardous situations on earth.

The proposal to market tritium and the technologies
associated with it should be seen in the context of the total
economic growth of the nation, albeit as a very small port. The
technologies associated with its removal, handling, and
transportation, all of which grow out of the nuclear industry,
provide a technological contribution to an economy that many
believe has devoted too much attention to resource extraction and
manufacture of bulk commodities.

It has been clearly and consistently stated by many authorities that
the level of Canada's production of resources is nearly at its zenith, and
that a decline in real demand can soon be expected. These authorities
include the Economic Council of Canada and the Science Council of Canada.
This is principally due to the development of synthetic substitutes to
wholly or partly replace the current and previous use of raw materials.
Examples would be fibre-optics for use In Information transmission and new
ceramics to replace wood and steel in construction. As the growth in
demand for these synthetics increases, they wil l become proportionately
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cheaper and in many cases offer improved qualities. We are living in an
ever-changing and highly-competitive world.

The absence of significant growth prospects and the major threat of
serious decline in resource industries is mirrored by potential decline in
Canada's manufacturing sector. This area is beset by at least two
structural problems that show l i t t le sign of being corrected. The first is
that industry in Canada is increasingly unable to compete with similar
industry in Asia due to lower offshore wage rates. It is highly unlikely that
these differences would ever be significantly evened out in the near future.

The second and more serious problem is that Canadian bulk-
manufacturing industries are among the slowest in the world to adopt high
technology in the manufacturing process. According to the Economic Council
of Canada, there is a current lag-time of five years between the marketing
of new technology and its adoption. Thus, domestic factory managers wil l
increasingly find themselves pursuing obsolete and more expensive methods
of production due to too late application of such things as computer control
and robotics.

It is only in a political environment that encourages flexible, high-
technology, industry-producing, finished consumer products, that any major
economic growth can take place to offset shrinkage in other areas: This
trend of faster growth has already been demonstrated in Canada. The
Economic Council of Canada stated that growth in 33 high technology
industries averaged at 3.9 per cent per year from 1971 to 1981, while the
growth rate for Canadian industry as a whole was only 3.1 per cent.

The production of tritium at Darlington wil l offer another opportunity
to compete internationally in the high technology fusion industry. It wil l
also provide as a major spinoff benefit the development of sophisticated
remote handling equipment and packaging techniques.

As Dr. Stuart Smith, chairman of the Science Council of Canada, says,
a country such as Canada does not have the economic size to develop high
technology in all sectors - specialization is required. The development of
tritium handling equipment and the fact that we in Canada will be the only
source in the world of tritium produced by commercial, non-military
facilities wil l constitute Canada's special and needed expertise in the
development of commercial fusion energy and to the non-electrical lighting
industry. It could also offer the benefit of isolating the source of this
isotope with respect to the military. Any effort to isolate nuclear weapons
production from normal commercial activities is mandatory if one perceives



P.J. Sprat* & Associates Inc.

the interrelationship of military/industrial establishment as a negative
trend. After all, the commercial tritium industry is at present buying its
tritium from the nuclear weapons program, thereby providing additional
dollars for the production of more nuclear weapons.

It cannot reasonably be expected that development of tritium and the
related technologies will cure all economic il ls; it is after all a very
modest project in the total scene of things at this time. However, it does
constitute a needed step in our participation in the high technology fusion
industry, a part of the overall picture of the necessary direction of future
growth. Only with the development of unique and indispensable technologies
will Canada be spared the necessity of having to negotiate trading
arrangements on the terms of a supplicant.
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APPENDIX 4

STRATEGIC DEFENSE INITIATIVE

There has been a great deal of discussion of President Reagan's
Strategic Defence Initiative (SDI), first announced in his speech of March
23, 1983. This report does not address the merits or otherwise of this
proposal but, since there hove been statements in Canada linking SDI with
tritium, it is appropriate to briefly outline the technologies that are being
considered in this program in order to establish where in fact tritium might
be used.

Much research and development work has been done in both the U.S.A.
and U.S.S.R. during the past 30 years on anti-ballistic missile defence
possibilities. Most of this work has concentrated on attempts to destroy
the missile in the final- stages of its flight, after it re-enters the earth's
atmosphere. A basic purpose of SDI is to find ways to destroy missiles
during all the other stages of their flight - boost, post-boost, and mid-
course.

In order to have credibility as a total defence against nuclear
weapons, the final system in place, if one should ever be built, must be 100
per cent effective. The significance of this can perhaps be better
appreciated if one considers the hypothetical case of a one-thousand bomber
attack being launched against Japan in August 1945 with the Japanese
having a 99.8 per cent successful air defence so that only two bombers
reached their targets - Hiroshima and Nagasaki. Such a percentage air
defence success rate was quita unapproachable in the last war and there is
no evidence that it is approachable by any current defence system. Bearing
this factor In mind what are the possible defence systems being
considered?

The systems can be classed under one of two headings - antibellistic
missile (ABM) systems or directed-energy systems. The ABM systems
depend on bringing a defending missile close enough to the attacking missile
to destroy it. The defending missiles obviously travel at missile speeds and
thus have only one chance of success. The directed-energy systems, on the
other hand, use either electromagnetic energy or subatomic particle beams
travelling close to or at the speed of light and thus could be fired at an
incoming warhead hundreds of times in the few minutes that it is available
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as a target. It is these latter systems that lie at the heart of the SD!
proposals.

An ABM system is dependent on both long-range and short-range radar
that can spot the missiles soon after they are launched, which may be up to
4000 kilometres distant, and can guide the defending missile accurately to
intercept the warhead and destroy it. Apart from the defending missiles,
this requires, therefore, both highly sophisticated radar and computer
systems. In an all-out nuclear attack there could be literally thousands of
incoming missiles re-entering the atmosphere within minutes of each other.
During their flight through space, prior to re-entry, the nuclear-loaded
missiles could be accompanied by many times their number of decoys. Since
there is no atmospheric friction in space, very light decoys wil l travel at
the same speed as their parent missiles and will not burn up. As soon as all
this material re-enters the atmosphere the decoys will burn up and the real
missiles can then be definitely identified.

In order to destroy attacking missiles the ABMs would be nuclear-
tipped and the ensuing burst of x-rays from a fission-fusion-fission weapon
would damage or deflect a re-entry vehicle in outer space at a distance of
around 2 kilometres; or the intense flux of neutrons generated by a fission-
fusion weapon could destroy an approaching missile at a distance of a few
hundred metres. Unfortunately the release of all this energy generates large
quantities of electrons which will "blind" long-range radar over a wide area.

The combination of radar defence "self-blinding," the vulnerability of
radar defences to attack, the cumulative reliability of the three main ABM
system components - radar, computer and missiles - in the range of only
about 40 to 60 per cent,1 and possible offensive countermeasures to an ABM
defence made it abundantly clear to both the U.S. and Soviet governments
that an ABM system to defend cities was impracticable. It was this
realisation that led them, in 1972, to sign a treaty banning further
development and deployment of ABM systems. The ABM treaty specifically
prohibits the development, testing, or deployment of mobile land-based,
sea-based, air-based, or space-based ABM systems. It does permit each
side to have one, and only one, fixed land-based facility with no more than
100 missiles and launchers. President Reagan has been careful to phrase his
SDI program as a research program only and therefore allowable under the
ABM treaty.

A number of possible directed-energy weapons have been proposed,
falling into two classes - particle beams and lasers. All the directed-
energy weapons require that the beam actually strikes the target which is a
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more stringent requirement than a conventional or nuclear explosive which
has a "kin radius". In order to destroy an incoming missile it is first
necessary to detect the missile and clearly identify it from the decoys; the
beam then hos to be trained on the target, follow it and be fixed through the
intervening medium in order to hit the target. It is then necessary to
determine whether the target was in fact hit and if so how badly it was
damaged; if not, the aim has to be corrected and the beam fired again. When
this cycle is successfully completed a new target has to be identified and
destroyed.

A weapons system, therefore, consists of much more than the actual
particle beam or laser. Very sophisticated computers are needed; a large
energy system both to generate the running power needs and the bursts of
power needed for the beam pulses; and a range of sensors to locate, identify,
check for hits or misses and extent of damage to the target. The desirable
time to destroy the enemy missiles is during the boost phase since their
rocket motors are sti l l burning and they have not reached full speed. The
time available to destroy the thousand or more missiles launched in an "all-
out" attack is therefore only around 100 seconds.

Since many missiles could be launched from submarines located
almost anywhere in the oceans of the world it would be necessary to have
about one hundred satellites with particle beam weapons in orbit at any one
time at an altitude of about 1000 kilometres. Since the missile being
attacked is at most about 10 metres long and its distance from the satellite
would be at least 1000 kilometres, the angulsr accuracy of detection would
need to be one part in 100 000, a formidable technical challenge. Firing a
beam of electrons from o spoce satellite would result in the satellite
acquiring a net positive charge and thus attracting the electrons back to the
satellite. In addition the electrons in the beam are mutually repelling each
other and thus the beam tends to diverge quite rapidly. A more serious
problem is the variation in the earth's magnetic field since this field also
deflects the beam path. These factors make the use of an electron or proton
beam as a weapon impossible.

Many of these problems could, theoretically, be overcome by using a
beam of neutrons. Tsipis has calculated how much chemical fuel would be
needed to be theoretically sure of destroying a launch of 1500 Soviet
missiles.2 Chemical fuel would need to be used since the amount of energy
required is far too large for solar panels and it would be impossible to
contain and channel the energy from nuclear explosions. He calculates that
over 50 million tons of chemical explosives would be needed for the 100
satellites. If the U.S.A. had 10 space shuttles, each making 3 flights a year.
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it would take 600 000 years to move the required amount of explosives into
space.

If a space-based particle beam system is impractical, could a lend-
based system be used to defend missile silos so as to preserve a strike-
back capability? The analysis of the effects of the surrounding atmosphere
on a beam of particles being propogated from the earth's surface is quite
complex butTsipis concludes that they could not be sufficiently reliable in
themselves and could be readily thwarted oy much more cost-effective
enemy countermeasures.3 Because of these shortcomings in a particle-
beam system, interest has been shown in possible laser weapons. Since
laser light is made up of photons which are neutral, they are not affected by
the earth's geomagnetic field nor do they repel each other as do charged-
particle beams. However, in the atmosphere, a laser beam is weakened by
many effects - dust, water droplets, smoke particles, fog, etc. For
defensive purposes laser atmospheric weapons would be almost useless
since the enemy could choose to launch his attack in bad weather.

In space a laser beam spreads almost directly in proportion to its
wavelength and inversely In proportion to the diameter of its transmission
mirror. Tsipis goes through a similar calculation to that for the particle
beam case for the time required to place the necessary quantities of
hydrogen fluoride, for an infrared laser system, into space and came out
with a minimum figure of a thousand years.4 However, as he points out,
much less is known about laser physics than particle beams and so there is
some possibility that a breakthrough in laser technology might make laser
weapons possible in the future.

One such scheme is based on a ground-based excimer laser using
xenon and chlorine to emit ultraviolet radiation beamed via a mirror in
geosynchronous oroit (at an altitude or 36 000 kilometres) to a "fighting-
mirror in comparatively low polar orbit (at an altitude of 1000 kilometres)
which would reflect the laser beam at the rocket booster after launch. The
scheme depends on a theoretical technique to overcome the atmospheric
laser problems outlined above. However, even if the scheme could be made
to work it is calculated that it would require 300 000 MW of electric power,
more than 60 per cent of the total current electric generating capacity in
the U.S.A. Since special power plants would have to be built to give the
pulses of power required this would require an investment alone in excess
of $100 billion.'
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Another scheme would be to use a small nuclear explosion in space
(currently banned) to vaporise atoms and. excite them to emit x-rays. This
has the obvious problem of using a device that destroys itself on first firing
and there are also difficult problems in focusing and aiming the x-ray
beams.6

Only in this latter system is there any possible role for nuclear
weapons (and thus tritium) in SDI or Star Wars. The Star Wars scenarios are
far more dependent upon high speed computers, advanced radar, infra-red
sensing devices, controls and instumentation of all types, chemical lasers,
and space launch vehicles than on a supply of tritium.
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APPENDIX 5

BASIC PHYSICS OF RADIONUCLIDES

A-5.1 Hazardous products

One of the hallmarks of the technological society is its involvement
with hazardous products. Technological processes often produce them and
many processes require them as input. The success of technology has gone
hand in hand with the ability to produce, recognize, and control hazardous
materials.

An example is the production and use of gasoline. At the beginning of
the automobile era gasoline was considered an extremely hazardous
substance, so much so as to almost preclude widespread consumer use. The
hazard remains today, but the technology of handling flammable liquids has
so advanced as to make us virtually unaware of the protective mechanisms
in place when gasoline is retailed.

Among the hazards associated with various materials, perhaps the
most generally misunderstood is that of "radioactivity." it is the purpose of
this chapter to discuss this phenomenon in general, and in particular to
consider the case of "tritium."

A-5.2 Isotopes

To understand the origin and nature of radioactivity i t is necessary to
discuss first the nature of "isotopes", which in turn requires a brief
discussion of nuclear structure.

All atoms consist of a small nucleus surrounded by a relatively large
volume occupied by electrons. This outer cloud of electrons determines the
size of the atom and carries all of the atomic negative electric charge. This
electron cloud also determines the gross chemical properties of the atom.
Since the elements of the periodic table are classified and named according
to their chemical properties, then all atoms with the seme number of
electrons are, by definition, atoms of the same element. Thus, for example,
all atoms with eight electrons are "Oxygen", those with 92 are "Uranium,"
and those with one are "Hydrogen."

The mass of the electrons makes up only about one part in several
thousand of the mass of the atom. Host of the mass of the atom resides in a
very small positively charged nucleus, as first elucidated by Rutherford,
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Geiger, and Marsden in 1909. Since the atom as a whole is electrically
neutral, the nucleus must contain a positive charge equal to the number of
electrons in the outer part of the atom. If the number of electrons is "Z"
then the total charge of the electrons is - Z (measured in elementary
charges) and the nuclear charge is +Z; the quantity "Z" is called the "Atomic
Number." Each of these positive charges is carried by a particle called
"proton." The mass of the proton is about 2000 times the mass of the
electron but its electrical charge is equal in magnitude and opposite in sign.
Thus an atom of atomic number Z must have Z protons in its nucleus.

In addition to the proton, the nucleus may contain a number of
particles called "neutrons" which have no electrical charge and a mass
almost identical to that of the proton. Since the neutron is electrically
neutral, it does not alter the nuclear charge of the atom and thus does not
affect the number of outer electrons. Thus the addition of one or more
neutrons to a nucleus will in no way alter the chemical poperties of the
atom. Such atoms which have different nuclear masses "A" (A is called the
"atomic .mass number") but the same value of Z (i.e. the same chemical
properties) are called "Isotopes". Two examples of isotopes are given in
Tables A-5.1 and A-5.2; the list of hydrogen isotopes in Table A-5.2 is
particularly important in what follows.

Table A-5.1 The isotopes of oxygen

Symbol

80 15

Number of
outer

electrons

8

8

8

8

8

8

Number of
nuclear
orotons

8

8

8

8

8

8

Number of
nuclear
neutrons

6

7

8

9

10

11

Atomic
Number

Z

8

8

8

8

8

8

Atomic
Mass
A

14

15

16

17

18

19
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Note that the value of the atomic mass is just the sum of ihe number
of protons and neutrons.

Table A-5.2 The isotopes of hydrogen

Symbol Number of Number of Number of Atomic Atomic Common
outer nuclear nuclear Number Mass Name

electrons protons neutrons Z A

1 1 Hydrogen*

Deuterium

Tritium

A-5.3 Radioactivity and its units

The relative numbers of protons and neutrons in a nucleus provides a'
way of understanding why some nuclei are unstable and emit particles or
radiation, a phenomenon that is called "radioactivity. There is a narrow
range of combinations of protons and neutrons that leads to stable nuclei.
For example, in Table A-5.1, only three of the six isotopes of oxygen listed
are stable, those with masses 16J7, and 18. The stable nuclei generally
are those that have only slightly more neutrons than protons.

If a nucleus has too few neutrons it will usually emit a positively
charged particle (called a "positron") and in the process convert a proton
into 8 neutron in the nucleus, thus increasing the proportion of neutrons. In
Table A-5.1, 80 1 4 and QO1 5 are both positron emitters. The radioactive
decay of gO14 would be represented by the following reaction equation

8g14

Since the number of protons in the nucleus has been reduced from 8 to
7 the nucleus is now one of nitrogen. The symbol I3+ stands for the positron.

* In order to avoid confusion between hydrogen as a chemical name and as a designator of the
lightest isotope, some have proposed "protium" for the latter.
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If the nucleus has too many neutrons it is also unstable and will
undergo a radioactive decay in such a way as to increase the number of
protons. It can do this by converting a neutron into a proton plus an
electron. The electron cannot exist inside the nucleus and so it is ejected
as a radioactive particle called a "beta particle" and is represented by the
symbol D". In Table A-5.1 gO1^ ' s suc i1 3 nucleus and its decay scheme is
given by the equation:

3 Q ! 9 » Q F ! 9 + C-

Since the atomic number is increased from 8 to 9 the new nucleus is one of
fluorine.

For very heavy nuclei there can be another form of radioactive decay
in which a very stable entity consisting of 2 neutrons and 2 protons called
an "alpha («<) particle" is emitted. The radioactive decay of radium is such a
process.

In addition to the above, some excess energy in the new nucleus may
be emitted in the form of a high-energy electro-magnetic wave called a
"gamma ( p ray". A particularly important example of this is the radioactive
decay of cobaIt-60 which is represented by the equation:

27C06O > 23M6 0 + fl- + /

The beta particle is particularly energetic and has many uses
including tumor therapy.

The various types of radioactivity are summarized in Table A-5.3.
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Table A-5.3 Radioactive emissions

Symbol Nature of the emitted species

++ 2 protons + 2 neutrons = nucleus

of a helium atom

0" ordinary electron

C+ positron or pos i t ive ly -
charged electron

¥ or x high-energy electromagnetic
wave

There are two systems of units for radioactivity in current use in
1985. The new set of units in the S.I. system has not been in use for a
sufficiently long time that the older set can be ignored, so both will be
described here.

The basic element of radioactivity is the disintegration of one
nucleus. A radioactive source in which one disintegration takes place each
second is said to have a strength of 1 becquerel (1 Bq). In the older system
the unit was the curie(Ci) and is equal to 3.7X1010 disintegrations per
second, that is, 3.7x1010 Bq= iCi. These units are summarized in Table A-
5.4 In section A-5.5 below.

A-5.4 Holf-life

If an isotope is unstable, it is clear that its numbers must decrease
with time. The way in which the number decreases is characterized by the
isotope's "half-life." The half-life is the time required for the number of
nuclei to decrease By a factor of 2. In 2 ha?f-)fves the number decreases by
2^ = 4, in 3 by 2^ = 8 etc. In half lives the number of nuclei decreases by
2n. As a rule of thumb, it requires 7 half-lives to decrease the number of
radioactive nuclei to 1 per cent of its original value and 10 half lives to
reduce to 0.1 percent.

The half-lives of Isotopes vary through a vast range from billionths
of a second to billions of years. Unless an isotope is continuously produced
by natural or artificial processes, the only naturally occuring radioactive
isotopes will be those with very long lives.
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A-5.5 Radiat ion dose and i t s un i ts

The radiation resulting from a nuclear transformation is commonly
referred to as "ionizing radiation" since i t usually has enough energy to
knock an electron out of a molecule, a process known as "ionization." As the
radiation passes through matter, energy is transferred to the matter from
the radiation by this process. The end result is a trai l of ionized and
disrupted molecules, which may then reccmbine in different ways. Energy
deposition can then result in structural changes. For this reason, the unit of
dose is related to the energy deposited. In the S.I. system the unit of dose is
the gray (Gy) and is defined as

1 Gy = 1 joule per kilogram

The older unit of dose s t i l l in widespread use is the rad. It is defined as

1 rad = O.Ql joules per kilogram

Thus 100 rads = 1 Gy. A dose 1 rad (or 0.01 Gy) in tissue corresponds to
about one atom in 5 bill ion being ionized.

In living systems, i t is found that the extent of biological damage
from ionizing radiation depends not only on the amount of energy deposited
in the system but also on the way the energy is distributed along the path of
the radiation. For the same total amount of energy deposited, those
radiations which produce a dense track of ionized molecules are more
effective at producing biological changes than those radiations which
produce a sparse ion track. To take this into account, the dose in rads
(grays) is multiplied by a scaling factor called the "quality factor" (QF).
This factor is 1 for most radiation such as beta particles and X-and Jf rays,
but can be as large as 20 for heavy charged particles. The product of these
two numbers is a measure of radiation dose in terms of i ts biological effect
and not just in energy deposited. This unit of dose is the sievert (Sv); the
older unit was the "rem."

Thus we have

Dose in rem = Dose in rads X QF

Dose in sieverts = Dose m grays X QF

These units are summarized in Table A-5.4 following.
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Table A-5.4 Units of radioactivity

Quantity Unit Meaning

Activity of ~i becquerel (Bq) 1 nuclear disintegration/sec
Radioactive sample] curie (Ci) 3.7X1010Bq
Radiation dose by "i gray (Gy) 1 joule/kg deposited energy
deposited energy J rad 0.01 Gy

Radiation dose by~] sievert (Sv) Dose in Gy )( QF
biological effect J rem Dose in rad X QF

A-5.6 Radiation in the natural world

Humans are subject to radiation exposure from natural sources quite
independently of man-made sources. These can be roughly put in two
categories: t. The radiation received from the natural environment and
2. that received from radioactive substances always present in the human
b,ody itself.

1) We receive particle and electromagnetic radiation from many
sources in nature. The most important of these is that from the cosmic
rays, but others include the soil, construction materials, and food. The
average annual dose from these sources is listed in Table A-5.5.'

Table A-5.5 Natural radiation exposure

Source Annual Dose (mrem)

Cosmic radiation at sea level. 135

Building occupancy 87
(radioactivity in rocks, bricks,
and soil gases)

Total 222

From Table A-5.5 we see that every person is subject to an annual
exposure from natural sources of about 220 mrem per year.
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The cosmic rays mostly originate as very high energy light nuclei
from outer space. They usually interact with nuclei of air high in the
atmosphere and produce a shower of secondary particles (mostly mesons) of
great penetrating power, so buildings and other common structures provide
no appreciable shielding. Thus we are all subject to this irradiation no
matter where we are.

The remaining items in Table A-5.5 originate with radioactive
species trapped in the earth's rocks. There are many of these nuclei, but
they are mostly associated with sequences of radioactive decay which start
with two nuclei: Th^32 g n d y233 u233 W ith a half-life of 4.5X10$ years
begins with a chain of radioactive elements, including the familiar Ra226

and ends with the stable isotope Pb206. i n 2 3 2 has a half-life of 14X109
years and initiates a series ending with Pb2^8 .

In addition to these series there is one radioactive isotope of
potassium, K4^ , with a half-life of 1.3X109 years.

2) Our bodies ore themselves naturally radioactive from the natural
radioactive substance we ingest, inhale or absorb. These substances, which
may become incorporated in our bodies" structures, have some average
residency time in the body which is determined by physiological processes.
Whereas the most important type of radiation from external sources is
radiation, which Is penetrating, the<<8nd & particles are the most important
for internal radiation.

Dy far the most important 13 emitter Is K40 with a biologically
determined half-life in the body of about 60 days. This isotope alone
contributes 95 per cent of the mrem of annual internal B radiation. The
otter major contributors are C' 4 and RD 87 .

The radiation dose from the * emitters varies widely among the
various body tissues. The bones receive 110 mrem per annum, of which over
50 percent comes from Po210 with radium isotopes making up most of the
rest.- Other tissues receive less; the soft tissues, including the gonads,
receive 80 mrem per annum mostly from uranium and polonium.

The radiation received from various sources is summarized in Table
A-5.6.
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Table A-5.6 Natural Sources of irradiation - average person *

Source of" I rradiation Effective Do3e Equivalent
(mrem/annum)

NATURAL
Cosmic Rays

ionizi ng component 28 30.1
neutron component 2.1

Cosmogenic radionuclides

'<C 1.2
7Be 0.3 1.5
22na 0.02

5H 0.001

Primordial radionuclide?
40K

internal r . 18 30.0
external 12

37Rb 0.6

2 3 8 U series
- external 9 *

internal
233u 234 u ,

230T h 07 122.4 190.6

226R 8 o.7

222Rn 214Po 98
210pb 210p0 1 3

series
external 14
Internal

o.3

224R4 1 3 3 7 6

220Rn 203Tl- 22

TOTAL NATURAL - 222.2

Rounded Total * 220 mrem/a

Sourc*: Public e*ckground Radiation DO*M in Ontario- 1983, SSD-S3-5, Ontario Hydro
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In addition to these natural sources, humans receive radiation from
several activities connected with a modern lifestyle. Two examples are
jet-aircraft travel and medical X-rays; the associated doses are listed in
the table below.

Table A-5.7 Radiation from Various Sources

Source

Jet-airplane trip of 10 000 km

Chest X-ray

Skull X-ray

Lumbar Spine K-Ray

Oental X.-ray

Dose i.mrem;

4

30

525

1040

410

On-boord airline workers with regularly scheduled flights can well
get a larger radiation dose from cosmic rays alone than the recommended
yearly average exposure of about 300 mrem.

A-5.7 Stat ist ical risk

In their book How Safe is Too Safe?. S.C. Black and F. Niehaus state:

Any human activity involves some risk to life or health. Although
it is possible to reduce the existing risk of a particular activity,
it is not possible to reach the "zero risk" or "absolute" safety that
is often demanded. Once this general fact is recognized, it then
becomes necessary to define an acceptable level or risk.

The analysts of risk can be considered under three general headings:
1. The identification of the risk,2. the measurement of the probability of i ts
occurence and 3. the determination of its acceptability.

I. Only very rarely ere the risks of a process or a technology
identified when the subject is new. The early mechanics in Germany and
America who developed the automobile could not possibly evaluate the
impact, their work would have on society 50 or TOO years later. Nor could
they envisage the hfgft risk and level of death and injury that would result
from the growth of motor traffic. Perhaps even more surprising to them
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would be the high level of tolerance for this risk that people have assumed
in the face of what they perceive as great benefit. Smoking, an increasingly
popular recreation since the seventeenth century, is only in the latter half
of this century recognized as having such a high risk that public sentiment
may well turn against it completely.

Nuclear technology is now sufficiently well established that the risks
associated with the development of products using radioactive isotopes can,
with fair confidence, be Identified. This risk is overwhelmingly associated
with the irradiation of living tissues and its somatic and genetic effects,
both to humans and to all other parts of the biosphere.

It might be necessary to categorize these risks further. The risk
might be quite different when either a long term exposure or a brief one-
time accident is considered. There may also be a significant difference in
the level of risk fora worker involved with producing the product and the
general public who only use or come in contact with the finished product.
There is also the fact that workers are paid and Insured for their risk and
the general public is not. It is only reasonable that the acceptable levels or
risk be set at lower values for the general public.

2. Effects of radiation on the person exposed are called somatic
effects, those on the next or subsequent generations are called genetic
effects. That radiation causes somatic effects is unquestioned; it is the
reason for radiation therapy in the treatment of tumors. The effect of small
doses, however must be regarded in the light of the fact that all humans
already exist in a background of at least 220 mrem per annum. That the
body has developed mechanisms which repair most of this radiation damage
is not surprising. That these repair mechanisms are not 100 per cent
effective is also not surprising and so a statistical level of somatic
damange and death due to natural radiation is to be expected.

Radiation exposure may cause cancers in all tissues of the body. Only
for a few very susceptible tissues such as lung, bone marrow, and breast are
data becoming available on the specific response to radiation. The incidence
of radiation-induced solid tumors is greater than that of leukemia.
Leukemia and breast cancer are, however, more likely to be fatal. For this
reason radiation risk is usually expressed in terms of radiation-induced
death rather than radiation-induced cancers.

The data upon which somatic effects are estimated comes from
several sources: the study of. the aftereffects of the bombing of Hiroshima
and Nagasaki, those exposed in the nuclear industry and weapons testing,
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studies of uranium miners and radium watch-dial painters, and people
exposed to radiation in medical treatment and diagnosis.

The data for estimating genetic effects comes entirely from animals.

The effects of radiation at high doses is reasonably well established
from these data. Where great uncertainty reigns is in the effects, if any, at
very low doses. The data for induced leukemia at high doses shows a linear
relationship given by the equation:

\ = 1.1D + 6O

where H i_ i s number of new leukemia cases per year per million of
population and D is the dose in rem. This straight line relationship which is
well established at high doses (D> 150 rem) extrapolates to a value of 60
new cases per year per million at D=0. This value of 60 is just about the
correct number of naturally occuring leukemias per million, so it is
tempting to assume that the relationship between dose and somatic effects
decreases linearly over the whole range. If this is so then it can be
calculated that any extra dose will induce an increased number of leukemia
cases, and the linear hypothesis will permit evaluation of the number. For
example, a dose of 250 mrem would give one extra leukemia case per year
in a population of 3.6 million, a number which is far below the level of
statistical verification.

Some argue that there are sound reasons to suppose that the incidence
vs. dose behavior is not, in fact, linear at low doses, but falls rapidly to the
natural level somewhere in the low-dose region where the repair
mechanisms are fully operative. If this is true, and so far there is no direct
evidence for or against i t , then fora range of dose from 0 to some unknown
value (certainly less than 150 rem) there is no statistical increase in
somatic effects over the natural level. In other words this view would
argue that there is a "threshold" dose below which no somatic effects

-appear.

' In addition to the uncertainties in the dose-response model, there are
some uncertainties as to the best way to calculate the effect of radiation
on a population. There are two methods proposed: 1. the absolute risk
method and 2. the relative risk method.

1. In the absolute risk method a population which is exposed to a
particular dose will have a risk of excess cancer which begins sometime
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after exposure and continues throughout the total subsequent life of each
member. This method yields an absolute risk number expressed as the
number of excess cancers per unit of population per unit time per unit of
dose.

2. The relative risk method takes account of the different
susceptibility to cancer of different age groups, both at the time of their
exposure and at any subsequent time of observation. In this model the age
distribution of the exposed population must be taken into account.

In Table A-5.8 the risk for total fatal cancers for a single dose of 10
rad, or a continued dose of 1 rod, in a normal population of one million
persons is presented, as given in the B.E.I.P.. (Biological Effects of Ionising
Radiation) report.

Table A-5.8 Additional deaths per million persons

Normal Rate
Single exposure to 10 rad
Continuous exposure to
1 rad peryr. for life

Absolute Risk
Calculation

164 000
770

4750

Relative Risk
Calculation

164 000
2250

12 000

Determining the acceptability of a level of risk is obviously much
more than a scientific matter. This is a matter upon which society must
reach a consensus aided by statistical evidence. It is clear that society
does not apply a universal standard of risk to all activities. Some things
are tolerated at a high level of risk (e.g. high-speed highway driving) and
others are subject to continuing debate even though the risk is dernonstrably
low (e.g. the nuclear-power industry).

A-5.8 Tritium

As noted in Table A-5.2, tritium is the heaviest isotope of the
element hydrogen. It is also the only, radioactive isotope of hydrogen and,
since its nucleus has on excess of neutrons, it is a G~ emitter according to
the equation:

l H3
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The result of the decay is the production of a rare isotope of the
inert gas Helium. The energy of the 13" is relatively low having a maximum
energy of 2.97X10"'5 J (13.54 KeV) and a mean energy of 0.91X10" 15 j
(5.69 keV); this amounts to a heat output of 0.977 watt/atom-mole.

The low energy of the tritium 3 particle means that almost any
reasonable container for the substance completely absorbs the radiation and
shields it from the outside world; even a few milimetres of glass are
sufficient for this purpose. The only radiation which wil l emerge from such
a container will be a very small amount of X-rays caused by the stopping of
the C particles in the container walls (Bremmsstrahlung radiation).
Because of the low energy of the D particle, the energy of these X-rays is
also very low. A small amount of extra shielding, such as a thin layer of
plastic, completely shields out these X-rays. Thus properlu containerized
tritium is not an environmental or health hazard.

The half-life of tritium is 12.346 years and its activity is 29 000
Ci/mole. .

Tritium is Doth a man-made and a naturally-occuring suBstance
produced by the action of cosmic rays on the upper atmosphere. The natural
background is about 4H10"'2 Ci/mS.tt)

Except for radioactivity, the other physical and chemical properties
of tritium are almost identical to those of hydrogen, except, for those that
specifically depend on the atomic mass, such as density. A few of the
important properties in the gas, liquid, and solid phases are discussed in the
sections which follow, and are contrasted, where appropriate, with those of
hydrogen.

The gas Phase

The stable elemental form of all the hydrogens is as a diatomic
molecule. Since the chemical properties are indifferent to the isotopic
species, then the three isotopes H,D and T can produce six different,
molecules H2, HD, O2, DT, HT and T2 ; of these DT and HT have not yet been
prepared in the pure state. In what follows "tritium" will mean the
molecule T2.

The density of H2 gas at one standard atmosphere pressure and a
temperature of 273 K (0 0 I.e. at N.T.P.. is 0.0899 kg/ m 3. The density of
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T2 gas will be very nearly 3 times this or 0.27 kg/m3. This might De
compared with air whose density is 1.29 kg/'m 3 under the same conditions.

The hydrogens are flammable in oxygen with an energy content of
130X106 J/kg; this could be compared with gasoline at 48xlO5 J/kg:

When hydrogen gas is released into the air it is slowly oxidized to
water. This means that if T2 is released it will ultimately be incorporated
into tritiated water HTO. This fact v/ill be important in the later discussion
of tritium in the environment.

A 1 litre sample of tritium qas at NT.P. would have an activity of
2600 Ci.

The liquid phase

The hydrogens liquefy at very low temperatures: H2 at 20.4K and To at

25.0 K. The density of liquid H2 at its Dolling point fs 70 kg/m3 and forT2

the value is 256

The radioactivity of 1 cubic centimetre of T2 is 2400 Ci and it
generates 0.08 watts of thermal power.

The solid phase

Liquid H2 solidifies at 13.3 K andT2 at 20.6 K. The density of H2
increases by 12.5 per cent and that of T2 by 13.5 per cent on freezing. The
radioactive and heating values will be increased over the liquid values by
those amounts.

A-5.9 Metabolic effects of tritium

In this section the data are given and calculated for the "Reference
flan" defined by the International Commission on Radiological Protection
(ICRP). This model is summarized in Table A-5.9 *
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TaDle A-5.9 Data from reference man

Hydrogen content of body 7 kg

Hydrogen content of soft tissue 6.3 kg

Daily intake of hydrogen 0.35 kg

Water content of body 42 kg

Daily intake of water 3 kg

There is considerable uncertainty concerning the quality factor, QF, to
be used in calculating tritium doses. Currently, the ICRP is using the value
1.0, and we shall use that value. Human exposure to tritium must be
considered from two separate sources: 1. Exposure to elemental tritium
(probably at T2 gas) and 2. exposure to tritiated water.

1." Exposure of a person to gaseous tritium, unless trapped in close
and prolonged confinement would probably be brief. Because of the short
range of the very low energy J3 particles in tissue they do not penetrate .
beyond the outer dead layer of skin. If the skin is exposed to T2 gas

directly, the dose to the skin from Bremmsstrahlung X-rays is 4X1O~5 that
of the 13 radiation. As E.A. Evans remarks in his book Tritium and Its
Compounds 4

No special shielding from radiation is therefore
necessary when handling tritium or its compounds,
at any level of specific or total activity.

Thus it is not possible to get an external radiation dose from elemental
tritium.5 Inhaled tritium gas can irradiate the inner surface of the lungs.
Also, a small amount of tritium gas dissolved in body fluid and tissue is
connected in vivo to tritiated water.

' Tritium, when released in the air, like hydrogen 1s so fugitive that the
act of breathing quickly purges the lungs of elemental tritium when exposed
to a one-time short-term transient increase in T2 concentration. The
whole-body dose from exposure to T2 gas has two sources: 1) the direct
solution of the gas in body fluids and 2) the biological oxidation of the T2
followed by absorption of the tritiated water. These two effects are about
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equal in magnitude. The related hazard is far from serious. As an extreme
example, total immersion in pureT2 for 10 seconds would give a total dose

of about 6 rem. Alternatively if about 50X10^ Ci of T2 were released in a

small room of about 200 m3 volume, the concentration would be about 10
per cent. A 10 minute exposure to such a room would result in a radiation
dose of about 40 rem. Radiation workers subject to continuing backgrounds
of tritium are another matter, but the effects due to tritiated water
considered below will probably stil l be predominant.

2. Exposure to tritiated water is a more serious matter than
exposure to elemental tritium. Water is completely and rapidly absorbed in
the gastro-intestinal tract and is so rapidly distributed in the body water
that three to four hours after exposure to tntiated water its concentrations
in urine, perspiration, and other body fluids are approximately equal. Thus
its fractional excretion will be equal to the fractional excretion of water in
urine, perspiration, exhaled water, etc.

When tritiated water vapor is in the atmosphere it is absorbed in the
lungs and t̂hrough the exposed skin at ab.out the same rate for a person at
rest or in mild activity. Strenuous activity will increase the Jung
absorption.

If the concentration of tritiated water in air is C Ci/m^-the rate of
absorption through the intact skin is 10~2C Ci/min. Breathing at a rate of
2X10"2 m3/min introduces a further 2X10"2C Ci/min. The total rate of
absorption is thus 3X10"2C Ci/min.

Since water is so quickly distributed throughout the body,
contamination by tritiated water is eliminated by the body's throughput of
water. The half life of water in the human body varies among people from 4
to 16 days; a typical value is 10 days.

The current ICRP recommendation for the limit of annual intake of
HTO fs 81 mCl.6 For a worker on a 40 hour, week in a constant concentration,
C, of HTO in the air, then C must not exceed 0.79X10"6 Ci/m3 or 3X1013

molecules of HTO per m3 . If the air is at a temperature of 20 C and a
relative humidity of 50 per cent this is about 0.1 parts per billion of the
water content.
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The environment described above would produce an equilibrium
whole-body load of tritium of 0.10 mCi and a yearly radiation dose of 250
mrem.

A one time ingestion of 0.9 mCi will result in a dose of 250 mrem.
The ICRP recommendations are summarized in Table A-5.107

Table A-5.10

Annual Limits on Intake, A.L.I. (CD and Derived Air
Concentrations, D.A.C. (Ci/m3) for Tritium and Tritiated Air.

Tritiated

Tritioted

Elemental

water, A.L.I.

woter, O.A.C.

tritium, D.A.C.

Oral

0.081

inhalation

0.081

2.1x10-5

0.54
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APPENDIX 6

PRODUCTION AND FABRICATION: URANIUM, DEUTERIUM,

LITHIUM, AND NON-NUCLEAR MATERIALS

Six kinds of nuclear materials are used in thermonuclear weapons.
They are the fissionable materials, uranium-235, uranium-238\ and
plutonium-239, and the fusion materials t r i t ium, deuterium, and lithium-6.
Plutonium and tr i t ium matters are discussed in Chapter 1 of this report.*

Uranium

Uranium is a slightly radioactive element discovered in 1789. In
nature, i t is a mixture of three isotopes: U-234 (0.01%), U-235 (0.71£) and
U-238 (99.2868).. In the past forty years, uranium has developed into a
commodity of vital application for nuclear power reactors and for nuclear
weapons. Although CANDU reactor technology allows uti l ization of natural
uranium (after preliminary processing) for fabrication into reactor fuel
bundles, most other reactor systems require expensive and complex
processing to enrich the proportion of fissionable U-235 before use in one
of a variety of applications.TaDle A-6.1, column 2 shows the wide range of
enrichment proportions needed in a variety of applications.1

* Thorium 232 and uranium 233 are weapons-usable fissionable materials, but without
significant application in weapons programs. Plutoniunrand uranium enriched in the isotopes U-
233 or U-235 are referred to as special nuclear materials.
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Table A-6.1

Enrichment requirements for one kilogram of product

Product Use

Naval Fuel

N8V81 Fuel

Weapons

Weapons

Savannah River
Plant

Driver Fuel

Power Reactors

Mark 1S Fuel

Product
Assay

< * U-235)

97.3

97.3

94.0

94.0

60.0

3.0

1.1

Uranium
Feed

(kg)

190.0

55.5

134.0

33.5

•116.0

5.43

1.76

Separative
Feed
Assay

(35 U-235)

0.7) 1 a

1.95

0.711*

3.0"

0.711*

0.711

0.711*

Work
Required

(kg SWU)C

261.0

132.0

238.0

94.0

147.0

4.3

0.53

•Natural uranium feed.

highly-enriched uranium production
from existing low-enriched uranium stockpile.

cAn SWU is a measure of the effort expended to
enrich uranium in the isotope U-235.

The United States aquired the uranium ore and ore concentrate (U3O3)

feedstock to meet i ts commercial and military requirements from domestic,
Canadian, and overseas mining operations.

By the end of fiscal year 1964, the United States had produced some
750 tonnes of highly enriched uranium (HEU), and had substantial unused
stocks when further production of HEU metal was halted. Since 1967, the
number of nuclear weapons has decreased, the yields have decreased, and
the Atomic Energy Commission (now the Department of Energy, DOE), has
been able to meet i ts requirements for HEU metal from existing supplies.



P.J. Spratt& Associates Inc.
51

During this period, all HEU for new weapons came from material recovered
from retired weapons, and it was unnecessary to draw down the DOE oralloy
stocks.

The DOE has allocated a fixed quantity of HEU metal for weapons . The
best estimate of this inventory (in weapons and resen'ed for weapons) is
500-530 tonnes.2

Some of the oralloy inventory has been used to supply a portion of the
fuel for the Savannah River Plant (SRP) tritium and plutonium production
reactors as well as fuel for some DOE and foreign research and test
reactors. There is dwindling stock of HEU metal, perhaps as much as 30
tonnes, stored at the V-12 plant at the Oak Ridge facility.3

The U.S. weapons stockpile however, is once again increasing, and the
decrease in average weapon yield has been reversed. Production reactors
continue to draw on the oralloy inventory for part of their fuel
requirements, and as a consequence of these factor, DOE plans to call for the
resumption of oralloy production in fiscal years 1988-1990, with a
potential for a substantial increased requirement for highly enriched
uranium. A few years prior to that time, DOE plans to purct-.se raw uranium
and begin separating highly enriched uranium in the diffusion facility at the"
Oak Ridge V-12 Plant in order to supply the weapons program with oralloy.
This facility will require extensive refurbishment and restoration (it has
not been used for this purpose since 1964) over a four year period (FY1985-
88) at an estimated cost of $20.6 million.4

Comments

An examination of the uranium purchase graph G-6.1 indicates that
about 25 per cent of the U.S. uranium inventory during the period 1942-1967
was supplied by Canada. Between 1943 and 1964, the U.S. had accumulated
some 1458 tonnes of U-235 and approximately one-third of this is found in
the nuclear weapons stockpile.5

There is no doubt that at least some uranium mined in Canada wound
up in American nuclear weapons.

Continuance of this possibility was ended by Prime Minister Lester B.
Pearson in June 1965 (see Appendix 3).
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The material which follows (pages 53 to 61), is based on information
found in The Nuclear Almanac (compiled and edited by faculty members at
MIT), Addison Wesley, 1984. Members of this Working Group have not
verified this information, and i t is known that some of the specific
operating procedures have changed since the material was published.
Nonetheless, i t gives the reader some understanding of the scope of the
operations within the "military-industrial" complex in the United States.

FURTHER URANIUM PROCESSING

Conversion of gellowcake to uranium hexafluoride

1. Sequoyah, Oklahoma (owned and operated by Kerr-McGee)

2. Metropolis, Illinois (owned and operated by Allied Chemical)

Uranium-enrichment plants

These are government owned (DOE) but operated under privatecontract.

Electro-Magnetic Plant
Oak Ridge (Electro-Magnetic Separation). Disbanded in 1545.

Thermal Diffusion Plant
Oak Ridge S-50 plant. Shut down in 1945.

Gaseous Diffusion Plants
1. Oak Ridge, Tennessee (Union Carbide)

Further enrichment 12.5-7.5 per cent] for power reactors
K-25 and K-27 plants both retired by 1972. They are
replaced by the K-29, K-31, and K-33 facil i t ies.

2. Paducah, Kentucky (Union Carbide) (1952)
(Enrichment to about 2 per cent)

3. Portsmouth, Ohio (Goodyear Atomic Company) (1952)
Further enrichment (2.5 per cent to 97 per cent) for
research reactors, naval propulsion, and weapons. New
plant under construction using the gas centrifuge
technique. It is planned to be operational in 1986.
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Feed to the gaseous diffusion plants is in the form of uranium
hexafluoride (UF5) gas. Uranium oxide from the mills (yellowcake) or oxides
of uranium recovered from fuel processing and metal from storage must be
converted into UF6 before introduction Into the enrichment cascade. This
conversion is done at Sequoyah, Oklahoma Plant owned and operated by
Kerr-McGee, or at Metropolis, Illinois, (plant owned and operated by Allied
Chemical)-* There the feed, under pressure, encounters a series of
micropore barriers that selectively pass molecules containing U-235 more
frequently than molecules containing U-233.

From the time of their plant completion dates until production of
highly-enriched uranium for weapons was terminated in 1964, the gaseous
diffusion enrichment facilities operated at high rates of output. Currently,
only about 40 percent of total capacity is utilized, mainly to produce low-
enriched uranium for the commercial nuclear industry.

It seems possible that newer methods for enrichment of uranium,
such as "laser excitation, may prove to be both cheaper to build and more
energy efficient and. if so, could contribute to the proliferation of nuclear
weapons by making highly enriched uranium more readily available' to any
nation with a supply of natural uranium.

One application of separation by laser excitation is to separate
Plutonium isotopes to obtain plutonium-239 that is less contaminated with
other Plutonium isotopes such as Pu-240 and Pu-241. A successful process
would permtt a reduction in the neutron radioactivity of stocks of nuclear
weapons.

Reconversion and fabrication

After enrichment, uranium destined to serve as fuel for light-water
nuclear power reactors must be reconverted from the hexafluoride form to a
solid oxide and then fabricated into pellets for fuel rods. These operations
are performed at one of seven commercially owned and operated plants in
different parts of the united States. Plants are owned by Westinghouse.
General Electric, Combustion Engineering, Babcock and Wilcox, Exxon
Nuclear, and General Atomic.



P.J. Spratt& Associates Inc.
55

Highly-enriched uranium: Erwin, Tennessee

As stated above, a portion of the uranium enriched at the Portsmouth,
Ohio plant is raised to a high concentration of U-235. This material is not
currently used directly in nuclear bombs, since a large stockpile of highly-
enriched uranium is already on hand; in addition, U-235 is recycl-ed from
weapons that are retired from active duty. Instead, the highly enriched
uranium hexafluoride is sent to Erwin, Tennessee, where it is reduced to a
solid uranium oxide in a plant owned by Nuclear Fuel Services, a Getty 011
subsidiary. From Tennessee the uranium goes either to a Babcock and Wilcox
plant, in Virginia or to a United Nuclear plant in Connecticut. At this stage,
i t is formed into fuel rods for a naval propulsion reactor or for one of the
many research and experimental reactors which need highly-enriched fuel.
The rods then are used at sea or serve their research function until enough
fission products have accumulated to make them unfit for further use.

Used fuel: Idaho Falls, Fernald, Ashtabula

The used fuel, which stil l contains a large amount of U-235, is then
sent to a major DOE facility - the Idaho National Engineering Laboratory
(INEL) in Idaho Falls. This laboratory, formerly the National Reactor. Test
Station, has been the home of 62 experimental reactors, 17 of which are
stil l operating. The laboratory is operated for the DOE by two major
contractors - EG &. 6 Idaho and the Allied Chemical Corporation. The used
fuel rods are taken to the Idaho Chemical Processing Plant within INEL,
where the unburned uranium is chemically separated from the fission
products. The recovered uranium, sti l l highly enriched, is sent to Oak Ridge
where it is reduced once more to metallic form in the Y-12 plant. The
uranium then goes to the Savannah River Plant where it is again fabricated
into fuel rods and used this time to drive the production reactors for making
Plutonium and tritium for thermonuclear warheads. The cycle - INEL, Oak
Ridge, Savannah River - can be repeated many times.

Two more DOE facilities are part of the system of nuclear materials
production. At Fernald, Ohio, the Feed Materials Production Center (FMPC)
has been operated by National Lead of Ohio since its start in 1953. FMPC's
tasks include the chemical conversion of several uranium compounds into
one another and into uranium metal, the forming of uranium from ingots into
rods, and machining uranium components for use in piutonium production.
FMPC is operated in conjunction with an extrusion plant in Ashtabula, Ohio,
which is owned by the private firm Reactive Metals. The extrusion, plant
contains one large and one small extrusion press (owned by the DOE) with
which uranium metal ingots can be formed into tubes.
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Both slightly enriched uranium and depleted uranium (the "tails" that
remain when natural uranium has had most of its U-235 content removed)
are shipped from the enrichment plants at. Fernald. At FMPC both materials
are transformed from the uranium hexafluoride form into metal and passed
on to Ashtabuie, where they are extruded into tubes. The tubes are then
returned to Fernald for "finishing." The tubes of slightly enriched uranium
go to Hanford, where they are made into combined fuel and target elements
for the N-Reactor. The depleted uranium tubes are sent to Savannah River,
where they are transformed into target elements for the production
reactors again for the production of plutonium-239 by neutron irradiation in
the reactors.

In addition, depleted uranium is itself a nuclear bomb material, and
supplies of this metal are sent from Fernald to V-I2 at Oak Ridge for the
manufacture of bomb components. It is this uranium, fissioned by fast
neutrons in the third stage of an H-bomb explosion, which supplies much of
the power and most of the fission products the bomb produces.
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NUCLEAR WEAPONS MANUFACTURE

Responsibility for the design, testing, and manufacture of nuclear
weapons in the United States is vested in the Department of Energy (DOE).
This department is also responsible for providing "...a clear direction and
focus to America's future by providing the framework for carrying out a
comprehensive, balanced national energy policy."

In recent years the DOE has spent roughly one-third of its budget on
military acquisitions.

The DOE lists seven plants as its "weapons production complex." The
seven are all government owned, but are operated by private firms under
contracts (see Table A-6.2). The DOE's supervision of these plants is
delegated to its Albuquerque Operations Office, which in turn maintains
area offices at the individual plant sites.

Table A-6.2 Principal plants or the U.S. nuclear weapons industry

Uranium Enrichment Plants

Plant Location Operated By

Oak Ridge, Tennesse Union Carbide

Paducah, Kentucky Union Carbide

Portsmouth, Ohio Goodyear Aerospace
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b) Materials Processing Plants

Plant

Ashtabula
Feed
Materials

Idaho
Chemical

Location

Ashtabula
Ohio

Idaho
Falls,
Idaho

Operated By

Reactive
Metals

Allied
Chemical

Main Activity

Fabricate metal parts from
depleted and low enriched
uranium for production
reactors and bomb parts

Unburned enriched
uranium (mostly from sub
marines) is removed from

Hanford
Production
Operations

Richland,
Washington

Rockwell
Hanford and
United Nuclear

used fuel rods and sent to
Oak Ridge and then to
Savannah River

Stores nearly 3 M of the
waste products from U.S.
military nuclear acitivites.
Originally produced
piutonium for Manhattan

, Project, produces piutonium
for weapons currently.

Savannah
River
Plant

Ai ken,
South
Carolina

E.I.DuPont Extracts deuterium from
heavy water, produces
tritium and piutonium.
Major raoVaste site.
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c) - Weapons Research and Development

Institution

Los Alamos National
Laboratory

Lawrence Ljvermore
National Laboratory

Sandia Laboratories

Nevada Test Site

Location

Los Alamos,
New Mexico

Livermore,
California

Albuquerque,
New Mexico

Las Vegas,
Nevada

Operated by

University of
California

University of
California

Western
Electric

Reynolds
Electrical^
Engineering

d) Naval Nuclear Propulsion

Facility Location Operated by

Betti* Atomic
Power Laboratory

Knolls Atomic
Power Laboratory

WestMifflin
Pennsylvania

Schenectady,
New York "

Westingftouse

General
Electric
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e) Weapons Fabrication Plants

Plant Location Operated by Main Activity

1. Kansas City
Plant

2. Mound
Facility

3. Savannah
River
Weapons
Facility

4. Y - 1 2
Plant

5. Pineilas
Plant

6. Rocky Flats
Plant

7. Pantex
Plant

Kansas City,
Missouri

Miamisburg,
Ohio

Aiken,
South
Carolina

Oak Ridge,
Tennessee

St.
Petersburg,
Florida

Golden,
Colorado

Amarillo,
Texas

Bendix

Monsanto
Research

E.I. DuPont

Martin-
Marietta
Energy
Systems Inc.

General
Electric

Rockwell
International

Mason and
Hangar-Silas
Mason

Makes electronic and
mechanical weapons
components

Special small high-
explosive components
and radioisotope
batteries for bombs.
Uses plutonium-238
from Savannah River

AH deuterium and tritium
being produced for U.S.
weapons comes from
this plant

Uranium and lithium
deuteride parts

Neutron trigger tubes
using tritium from
Savannah River

Plutonium metal parts

Larger high-explosive
parts, assembles
weapons from compo-
nents, and recycles
many older
warheads
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Weapons-fabrication plants

The Pantex Ordnance plant, located 23 miles northeast, of Amarillo,
Texas, was built in 1942 to produce conventional bombs and shells for World
War II. Temporarily deactivated after the war, Pantex was soon taken over
by the AEC for nuclear weapons production. The plant has been operated for
the AEC and its successors (now for the DOE) since 1956 by Mason and
Hangar - Silas Mason Company. The plant site occupies over 10 000 acres.

In keeping with its historical role, Pantex makes chemical high-
explosives - the explosive "lenses" whose implosion compresses a
subcritical mass of fissile material to initiate an atomic explosion. The
chemical explosive components for some U.S. nuclear warheads are made
here and are added to the weapons during their final assembly, which is also
done at Pantex using components shipped from the other plants in the DOE
weapons-production network. Testing of chemical explosives, and
nonexplosive testing of the newly-completed weapons and others from the
stockpile, is performed in Pantex's labs and on its ranges.

In addition to the flow of nuclear weapons out of the Pantex plant,
surplus or outdated nuclear warheads and bombs are sent to Pantex for
refurbishing or for disassembly in order to recycle the nuclear materials in
the weapons. Such recycling is a large feature of the U.S. weapons program,
for the total number of weapons in "service" has grown only modestly in the
last two decades, despite production of many thousands of new ones. In
both production and retirement, Pantex is the link between the weapons-
manufacturing complex and the actual deployment by the military forces.

Nuclear components: Rocky Flats and Y-12.

Nuclear materials for the fission and fusion stages of nuclear
warheads are fabricated into weapons components at two sites - the Rocky
Flats plant near Denver, Colorado, and the Y-12 plant in Oak Ridge,
Tennessee. Rocky Flats, occupying over 6500 acres, is the second largest
site (after Pantex) in the weapons-production complex. Rocky Flats and V-
12 are also by far the most expensive of these facilities, representing an
investment of nearly $2 billion.

Today, V-t2 fabricates uranium and lithium deuteride parts for all the
hydrogen bombs in the U.S. arsenal. Lithium deuteride is the principal
material for nuclear fusion in the bomb. Uranium may be either highly
enriched fissile material or "depleted uranium", almost entirely U-238. The
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latter Is used for components such as "tampers' which compress other fuel
during the explosion. However, the U-238 itself fissions during the third
stage of a thermonuclear explosion to provide half or more of the energy, as
well as most of the radioactive fission produced. Facilities at the V-12
plant include large metalworking equipment to deal with uranium, plus
precision-machining facilities and the "dry rooms" necessary for work with
highly water-sensitive lithium deuteride. Since 1947 the V-12 plant has
been operated for the U.S. government by the nuclear division of Union
Carbide Company.

Rocky Flats was established in 1952 and operated by the Dow
Chemical Company until 1975, at which time the contract was transferred
to Atomics International, a division of Rockwell International. The primary
mission of Rocky Flats is to fabricate plutonium into components for
nuclear weapons. Nearly all U.S. weapons, whether thermonuclear or pure
fission, use plutonium in their manufacture and involve parts made at Rocky
Flats. These parts include some or all of the fissile material for the
primary .stage and may also include the fission "spark plug" which assists
the secondary, fusion stage of the explosion. A sophisticated technology is
necessary for dealing with plutonium, its compounds, and alloys, and Rocky
Flats is the home of most of these techniques. In addition, the plant has the
capability for working with beryllium and uranium and for recovering
plutonium from residues and wastes. Both Rocky Flats and V-12 work
closely with the nuclear-weapons laboratories in producing one-of-a-kind
models for design and testing of new warheads.

Research, design, and testing: Los Alamos,
Sandia, Livermore, and the Nevada test s i te

The world's f irst nuclear weapons were designed and built at the Los
Alamos Laboratory during World War II. The laboratory was founded at the
then-obscure site 55 miles north of Albuquerque late in 1942 under the
direction of J. Robert Oppenheimer. Using U-235 from Oak Ridge and
plutonium from Hanford, i t succeeded in building the bomb thot was tested
at "Trinity", as well as those used to destroy the Japanese cities of
Hiroshima and Nagasaki.

After th8 end of the war, with the laboratory's mission apparently
accomplished, consideration was briefly given to its closing. Instead, i t
was reorganized and renamed the Los Alamos Scientific Laboratory, and i t
took on primary responsibility for developing and testing the ever-expanding
stockpile of weapons.
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At about the same time, some of the production functions first
performed at Los Alamos were moved to Albuquerque, and in 1948 this
branch was named Sandia Laboratory and given a more independent role in
both development and manufacture of nuclear weapons. The building of
other AEC production facilities gradually removed the manufacturing part of
Sandia's mission, leaving as its primary job the development and testing of
non-nuclear portions of nuclear weapons. According to the DOE, "Sandia"s
primary accomplishment is the existence of the national weapon stockpile."

The reaction of the United States to the Soviet atomic-Domb test in
1949, included, among many other things, the decision to establish a second
general weapons-design laboratory, separate from Los Alamos. This
laboratory was founded in 1952 at Livermore, California, some 40 miles
east of San Francisco; i t was named after the inventor of the cyclotron,
Ernest 0. Lawrence, who was influential in starting the new lab. Since its
first years, Lawrence Livermore Laboratory has been involved in all phases
of nuclear-weapons design and development, from high-yield H-bombs to
compact tactical weapons and "neutron bombs" for delivery by short-range
missiles or artillery. At present, nuclear weapons work accounts for about
half of the laboratory's efforts, which also include research on the use of
lasers forisotope separation and the possibility of obtaining usable energy
from nuclear fusion.

Complementing the three weapons laboratories is the Nevada Test
Site (NTS), established in December 1950, which is located about 65 miles
northwest of Las Vegas. Covering some 800 000 acres, NTS was originally
chosen as a site for atmospheric tests of nuclear weapons. Since the
Partial Test Bon Treaty of 1963, however, more than 330 underground
nuclear explosions have been conducted there; NTS also supervises off-site
tests. Boring large holes, up to 12 feet in diameter and thousands of feet
deep, and employing sophisticated instrumentation for measuring the
effects of underground explosions are among NTS' special capabilities.

Since their founding, the Los Alamos and Livermore labs have been
operated by the University of California. Sandia was also operated by the
University of California during its first year, but since 1949 Sandia has
been a project of the Western Electric Company. NTS is administered by the
OOE's Nevada Operations Office, Livermore by the San Francisco office, and
both Sandia and Los Alamos by the Albuquerque office.
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Deuterium and heavy water production

Deuterium, the stable isotope of hydrogen with one proton and one
neutron in the atomic nucleus, occurs with a natural abundance of
approximately 1 part in 6500 (0.015 per cent) of the element hydrogen.
Deuterium in high concentrations is produced in the form of heavy water
(D2O) through processes that increase the proportion of deuterium atoms to
hydrogen atoms in ordinary water (H2O) beyond what occurs naturally.
Heavy water with a (D2O) purity of 99.75 per cent or higher is produced
routinely.

Heavy water produced in Canada is used as a moderator and coolant in
CANDU commercial power reactors, and in a variety of research reactors.

It is estimated that approximately 7300 tonnes of heavy water has
been produced in the United States. Much of this was used in DOE test
reactors, privately owned research reactors in the U.S., and in foreign
reactors.. About 1625 tonnes of this is in use or in storage at the Savannah
River plant (as a moderator and coolant in the production reactors) and
about 2100 tonnes is estimated to have .been used or to be in reserve for
weapons applications.7 Heavy water is indirectly of use in nuclear weapons
involving fusion/either as a source of deuterium gas for the D-T reaction, or
in combination with lithium as lithium deuteride (see Appendix 7).

Heavy water has been produced in the United States since 1942, first
at three plants involved in the Manhattan Project, and later at the Dana
plant in Newport, Indiana and at the Savannah River plant. In 1982 the DOE
reported that it had a heavy-water Inventory that would last into the 1990s,
and put its Savannah River heavy-water facility on standby. An opinion has
been expressed that it probably will never be restarted.8

NOTE: It may be pertinent to the matter of small quantities of tritium
being made available for export from Canada to note that small
quantities of heavy water have been exported from Canada for
several years. From January 1978 to May 1995, some 20 tonnes
has been sold to the United States and some European countries.
These sales have been made under appropriate regulations for non-
military applications, for pharmaceutical applications (such as
compound "labelling"), Nuclear Magnetic Resource solvent material,
and a variety of research laboratory applications. This trade has
been accepted by Canadian governments and regulatory agencies.
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Heavy water Is involved in the production of thermonuclear
weapons by weapons states. It is used Doth in the production or
deuterium, the other material (besides tritium) in the D-T fusion
reaction (used as a fission boosters and as a neutron source for
the second stage fusion reaction), and of lithium-6 deuteride, the
material from which tritium is generated in the second (and
major) stage of a large fusion weapon.

In light of concerns expressed with respect to the prospect that some
Canadian produced tritium could end up in the U.S. weapons program (in spite
of policies and procedures designed to prevent this from happening), we are
puzzled that rather parallel concerns were not raised about our heavy water
sales.

Enriched lithium production?

The metal lithium (symbol Li, atomic number 3, atomic weight 6.939)
is found in nature as a mixture of two stable isotopes, lithium-6 (7.428)
and lithium-7 (92.588). Lithium-6 has two principal nuclear weapons
applications: (a) as a reactor target and control-rod material for the
production of the tritium, and (b) as a thermonuclear-weapons material in
the chemical form lithium-6 deuteride. In both cases tritium is produced by
a neutron absorption process:

Lithium constitutes approximately 0.006 per cent of the earth's crust,
making it a more abundant element than lead or tin. There are many
processes that can be used to enrich lithium in the isotope Li-6. In the U.S.
nuclear program enriched lithium had been concentrated by a chemical
exchange process in facilities at the V-12 Plant at Oak Ridge. The
production venture was begun in 1953. The material was needed for the
1954 thermonuclear weapons test, and it was necessary to build the
enrichment plants before the feasibility of using lithtum-6 had been
verified. After a decade of activity, the enrichment plants were placed on
standby in the early 1960s and later most were dismantled.

Currently at Y-12, metallic lithium-6 is chemically bonded with
deuterium from Savannah River to produce the deuteride, which is
compacted into a chalk-like solid. The pressed powder is then baked and
machined to final dimensions. The result is a ceramic material so unstable
chemically in the presence of moisture that is must be assembled in "dry
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rooms." Dry-room workers tn the Y-12 Plant wear air-conditioned
waterproof body suits witn sealed helmets to keep their body moisture from
causing the lithium to decompose.

The Li-6-deuteride components are shipped from V-12 to the Pantex
plant for the final assembly of weapons. Enriched lithium recovered from
retired weapons is recycled to the weapons program and is used in
production reactor targets to produce tritium.

In the early 1950s, the Atomic Energy Commission (AEC) began the
purchase of lithium hydroxide, for classified uses, in quantities amounting
to seyeral million pounds annually. Purchases continued into 1959 when
they were stopped as abruptly as they started. The lithium hydroxide that
was acquired by the AEC, presumably for the weapons program, came from
three sources: the Lithium Corporation of America (Lithco) in Gastonia,
North Carolina (now a subsidiary of Gulf Resources and Chemical
Corporation of Houston, Texas), the Foote Chemical Company in Exton,
Pennsylvania, and American Potash, which is now adsorbed into the Kerr-
rlcGee Corporation. Except for some lithium processing carried out on a very
small scale under government contract on a classified basis by Lithco, these
companies have not, since 1959, supplied or procured lithium for the
weapons program.

Thus the enriched lithium for weapons and production reactor targets
appears to be derived almost solely from government purchases of lithium
hydroxide between 1950 and 1959. Existing stocks of enriched lithium are
apparently sufficient for the needs of the weapons program. A lithium
enrichment plant at the Y-12 Plant in Oak Ridge is officially maintained on
"standby condition" but it is most probably either dismantled or requires
upgrading before i t is capable of restart.

Non-nuclear material production

Beryllium metal (symbol Be, atomic number 4, atomic weight 9.0122)
is used in non-nuclear components of nuclear weapons. It is a moderator of
neutrons, and i t serves as a neutron reflector in small-diameter,
lightweight warheads. At an earlier stage in the design of nuclear weapons,
Beryllium was important as a source of neutrons (produced by interaction
with alpha particles) to initiate the fission reaction. It is also suitable as
a reflector and moderator material in nuclear reactors. Components are
manufactured primarily, if not exclusively, at the Rocky Flats plant.



P. J. Spratt & Associates Inc.

Gold

Gold, a metal used in nuclear weapons, is purchased by the
government on the open market. As much as a pound (2.2 kilograms) of gold
is used in every thermonuclear warhead.

The nuts and bolts details of nuclear weapons design and production
are among the Government's most closely held secrets. But one source
familiar with their design suggests that gold is prized Decause it has what
physicists call a "high-Z," meaning it produces a lot of electrons when
vaporized.

Because of this characteristic, gold is used to enhance the efficiency
of the plutonium fission "primary" reaction that generates the heat and
force needed to fuse the heavy isotopes of hydrogen - deuterium and tritium
- which are the heart of a thermonuclear or hydrogen bomb. Gold is also
used in the "reflector" that helps to focus X-rays from the Plutonium fission
explosion on the hydrogen isotopes, further boosting the explosive.force of
the device's fusion "secondary" reaction.10

Other materials in weapons

In addition to beryllium end gold other non-nuclear materials that
might be incorporated in nuclear warhead components - aluminium,
chromium, nickel, tin, titanium and tungsten - are acquired by the
government as part of the National Defense Stockpile inventory of strategic
and critical materials."
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APPENDIX 7

THERMONUCLEAR WEAPONS:

PHYSICAL PRINCIPLES AND WEAPONS DESIGN

Introduction

There have been linkages suggested between the proposed sale of
tritium to the commercial market place from the Ontario Hydro Tritium
Removal Facility (TRF), end the nuclear military program of the United
States. In addition, some controversy exists with respect to the role of
tritium in modern thermonuclear weapons. In order to consider the question
of such linkages, some knowledge of the operating principles used in
thermonuclear explosions may be helpful.

More complete discussions of these matters (bearing in mind that
some of this type of information is held as military classified information),
can be found elsewhere. Two helpful sources are referenced.1

*
A-7.1 The D-T reaction

To obtain a thermonuclear (or fusion-based) explosion,.it is first
necessary to obtain, process, fabricate and assemble quantities of
appropriate isotopes of fissile uranium or Plutonium, and to create an
uncontrolled chain reaction to result in a fission explosion. Further
explosive yield beyond the fission explosion is then obtained in many modern
weapons by utilizing the energy released when light nuclei are made to
undergo nuclear fusion - that is, they are combined or fused to produce a
heavier nucleus. This fusion process, it should be pointed out, can onlif be
made to occur after an appropriate fission explosion has occurred.

Thermonuclear weapons generally utilize (directly or indirectly)* the
isotopes deuterium and tritium to achieve a fusion reaction. These atoms,
isotopes of hydrogen, contain respectively, 1 and 2 neutrons in their nuclei,
in addition to the single proton found in ordinary hydrogen.

*$*• discuction Uwr in tbi* «h*pttr
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Ordinary Hydrogen (H
Deuterium (D) ^h
Tritium (T) V

The following equations represent two fusion-reaction possibilities:

D-0 Reaction

2Q • 2Q —> 3H e • 1 n + 3.27 rlev

D-T Reaction

2[> • 3 y — » 4ne • 1 n * 17.6 Mev

The D-T reaction proceeds more rapidly, and with greater likelihood
of occurrence at realizable temperatures than the D-D or other possible
reactions.

In a typical fission reaction, involving uranium or plutonium
fissionable isotopes, about 238 Mev of energy is released per fission event.

235u + n—» fission products • 233 Mev

it would appear at first glance that the energy release fn a fission
reaction fs larger than that in a fusion reaction (238 nev as compared to
3.27 or 17.6 Mev).

But, consider that a uranium atom contains a total of 235 neutrons
and protons (collectively called nucleons) fn a single nucleus, while an atom
of deuterium or tritium contains, respectively, 2 and 3 nucleons. Since each
nucleon has a certain mass, let us compare the energy released per nucleon
in fusion reactions with that released in fission reactions.

O-D Fusion, Energy per nucleon = 3.27 = 0.81 Mev
4

D-T Fusion, Energy per nucleon * 17.6 « 3.52 Mev
5

U or Pu Fission, Energy per nucleon = 222 - I M*v
235

There are several major obstacles to achieving a fusion explosive
reaction. Before nuclei can fuse, they must come very close to each other.
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Since nuclei contain protons that repel each other, the fusion reaction can
occur only if enough-energy Is provided to the nuclei to overcome this
repulsion. Hydrogen (or its isotopes) contains only one proton, and is the
easiest element with which to cause the fusion reaction.

An obstacle to achieving the D-T reaction in a practical manner arises
from the fact that all hydrogen isotopes are gases at normal temperatures.
To have enough material in a small enough space to produce a large
explosion, one might liquify the hydrogen, but this requires bulky cryogenic
equipment to maintain sufficiently low temperatures (hydrogen freezes at
20 K).

A-7.2 Solid l ithium deuteride

There is another way, however, to achieve a mixture of deuterium and
tritium for fusion purposes. This method, which is widely used in the U.S.
weapons program, does not require supplies of elemental tritium. Lithium
deuteride CLiD) is a compound of the metal lithium and the hydrogen isotope

deuterium, and it is a solid at room temperatures.* If the lithium in this
compound is comprised of the stable lithium isotope &Li, then, upon
bombardment with slow neutrons of appropriate energy, the following
reaction, which results in the formation of tritium (T), can take place:

6y2D + n —»^He + 3 j + 2o + 4.8 Mev
The tritium and deuterium so produced are free to undergo a fusion reaction
in the manner already described.

Since tritium decays radioactively (5.5 per cent is lost each year),
lithium-6 deuteride, a radiooctively stable compound, has the added
advantage of a longer storage l ife over trit ium (while sti l l being able to
create trit ium "on demand*). The initiating neutron in the above reaction is
often provided by a D • T reaction from a small, microencapsulated amount
of trit ium and deuterium included in the warhead design.

* Utmum deuteride is a grey, crystalline material which is thermally stable up to Its melting
point of 680*C, but is highly unstable in the presence of air, when ft reacts to moisture and
decomposes. It is produced by passing molten lithium through a vessel filled with deuterium gas.
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A typical high yield thermonuclear weapon is thought to operate
roughly as outlined in the following pages. These diagrams are based
essentially on an article published in The Progressive magazine, by Howard
Norland, in November of 1979. Attempts to verify this material with the
Department of Energy have brought no comment. We believe they convey
fairly well the general processes involved, but the reader is reminded that
such material has not been released to the public domain by official
authorities, and there may well be details that are incorrect.
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Figure 1
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thermonuclear weapon.
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Figure 3
At almost the

same time, a neutron
generator fires neutrons
(produced by accelerating
small amounts of tritium
or deuterium to high
speeds) at the Plutonium
core, which is squeezed
to supercriticality Dy the
process described in
Figures 1 & 2. A chain
reaction occurs first in
the Pu-239, then in the
U-235.

Flg.3
FfssiM In primary
Neutren saarca starts
Cham reaction in
Plutonium & uranium

Figure 4

Fusion fuel,
probably a D-T mixture,
ignites, providing

neutrons to boost*
fission efficiency and for
the second fission event.
This completes the first
stage of detonation.

* Becsuee tritium i^yeredioectivelu, the effectiveness of the boosting process csn dogrtdo with
tinw. Consequently, In stockpiled vtrneete which use tritium ge», the tritium Is pedodicany

Flf.4
Fuatan in artmarg acta
a« a nautran sauna far

rtpltced to «nturt thit • sufficient •mount will be ev«H«b1e for optimum performance,
without the D-T "pit" these ere veru dirty weapons.

Even
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Figure 5
X and gamma rays

from the fission
transform a foam packing
surrounding the
secondary system Into a
highly-energized plasma
which compresses the
pencil-shaped Plutonium
(or uranium) in the
secondary " to
supercriticality and a
second fission explosion.

Flf.5
Secondary fission
material
gaas supercritical

Figure 6
This second

fission event provides
sufficient neutron Hux to
generate tritium and
deuterium from lithium-
6 deuteride, and provides
sufficient heat to ignite
this second (and major)
fusion reaction.

F1fl.6
Tritium fc ( N t m m
pr»4uc»* frwn
mti<um-6«Mun*«.
tnoici tht I K M K ( I M
majar) fusta* avant
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Figure 7
Neutrons from this

fusion reaction have
appropriate energy to
cause fission in the U-
238 (third fission event),
sometimes used as the
casing of the secondary
system.

It is estimated
that a 1 megaton
thermonuclear weapon
may contain from 60-
1002,3 kilograms U-238,
5 kilograms of
Plutonium, 8.4 kilograms

of lithium-6 deuteride4

and about 1 gram of
tritiums.' The entire
weapon would weigh at
most a few hundred
kilograms.

.-.«-• -v.

F1g.7
In soma weapons.
MMthar fission avant
occurs aft»r tha rusion
•vant In tha sacondarn
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To obtain tailored weapons effects or to meet certain weight or space
constraints, different ratios of fission/fusion yield may be employed,
ranging from nearly pure fission-yield weapons to a weapon where a very
high proportion of the yield is from fusion.

A-7.3 Boosted weapons

A boosted fission weapon is a warhead containing a small amount of
tritium and deuterium in the primary system. Fusion is triggered in this
part of the primary after an initial fission reaction occurs. Neutrons
released in this fusion event increase the efficiency (or boost) of the
fission reaction. It is reported6 that this allows a substantial increase in
the yield-to-weight ratio. This is significant because it allows a very wide
range of delivery systems, and takes advantage of smaller masses of fissile
material to produce the same explosive yield. Tactical weapons (artillery
shells, torpedoes) often 3re boosted D-T weapons.

A-7.4 Selectable yields

In a boos. 1 fission warhead, or a thermonuclear warhead with a
boosted primary, the yield can be varied readily by selecting the amount of
tritium gas bled into the weapon from an external reservoir. Both tritium
and deuterium gas in a selected volume ratio could be bled into the weapons
pit* during the arming sequence.

In thermonuclear warheads with one (or more) fusion stages, the yield
is varied by tritium control or by interchanging the pits. The yield of some
older bombs in the U.S. stockpile, e.g., the 623, appears to be varied by
interchanging the pits. This procedure which is performed on the ground, is
less flexible than selecting the yield by tritium control, the approach used
in more modern warheads.

A-7.S Tactical weapons

These are warheads with comparatively small yields that are
incorporated into a variety of weapons - artillery shells, landmines, naval
depth charges and torpedos. Some designs of these weapons utilize a micro-

The "pit" is the name used to refer to that volume (within fission weapons using an implosion
technique to achieve a supercritical mass) which includes a chemical high explosive fissile core
and a tamper/reflector. •
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balloon neutron source at the centre.7 Several of these warheads (W31,
W33, W50, W70, W79, W82, B43, B6D* are reported to use elemental
tritium (and deuterium), usually as a fission booster.

A-7.6 Neutron bombs (enhanced radiation (ER) weapons)

Explosion of these weapons is probably initiated by a fission trigger
as discussed previously, but without the uranium-236 fission blanket
around the secondary system which absorbs neutrons from the fusion
process, producing yet another fission explosion. The fast neutrons from
the fusion process are allowed to escape into the atmosphere with lethal
effects on living organisms, but without the destructive effects of a fission
blast and without the radioactivity associated with the "third-stage"
fission explosion. The neutron bomb uses deuterium with tritium, rather
than lithium-6 deuteride, as the fusion material to maximize the release of
fost neutrons. Such neutrons from fusion are up to six times more numerous
per kiloton of energy release than are neutrons escaping from the fission
chain reaction in a fission bomb. Consequently, for a given explosive energy
release, it is possible for a lethal dose of nuclear radiation to be delivered
on the battlefield for a somewhat greater distance in the case of a neutron
bomb than of a fission weapon. The lethal radius of a neutron bomb's
radiation dose for a low altitude Durst is about 700 metres. This is about
twice the lethal radius of a fission weapon with an equal yield and about the
same lethal radius as a fission weapon with ten times the yield. A 1 kiloton
neutron weapon is more costly to manufacture than a 10 kiloton fission
weapon. A neutron weapon also has more constraints on its delivery, in part
because of the need to maintain the tritium supply.8

Thmare all American warheads. We would presume that weapons of other thermonuclear
weapons states are similar in basic design types.
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APPENDIX 8

HEARINGS ON H R . 2496
DEPARTMENT OF ENERGY NATIONAL SECURITY

AND MILITARY APPLICATIONS OF NUCLEAR
ENERGY AUTHORIZATION ACT OE 1984

BEPORE THE
PROCUREMENT AND MILITARY NUCLEAR SYSTEMS SUBCOMMITTEE •

OZ THE
COMMITTEE OH ARMED SERVICES

HOUSE OF REPRESENTATIVES
NINETY-EIGHTH CONGRESS

FIRST SESSION

Hear ings Held March 1 and 2 .198?

OPEMIHG STATEMENT OF HOtf. SAMUEL S. ST&ATTOH, A
2EFBESEKTATI7E FHOH BEV TOBX, CHAIBHAH, PKOCTJBEHEHT
ABO HHITAHT S0CIXAS STSTEHS SUBCOMMITTEE:

I expect that our witnesses vill make very convincing arguments as
to Trtiy -we should not only be prepared to Trork on about 20 systems
simultaneously, but also prepare for a surge capacity by pre-
stocking material.

I would also like our -witnesses to consider this: The DOE has stated
that there Trould be sufficient nuclear material available well- past
the middle of this decade if the folloTrtng items vere accomplished:

Four reactors vorking at Savannah River and N-Reactor in
operation at Hanford; the mark 15 high productivity cores in use; and
operating special isotope separations systems; and a facility to
prepare DOE-ovned norrroapons grade fuel elements for
reprocessing.

Yet the DOE 1984 budget reflects a 3>percent cut for special isotope
separations research and development and zero dollars for a facility
to prepare the nomreapons grade DOE fuel elements for processing.

It vould seem that the alternative to obtaining material cheaply
T?ould seem to be to start on a net? Plutonium production reactor
complex vhich could cost anyrhere from $12 to $18 billion, irtiich is
not very much in Washington terms, but is still a lot of taxpayer
dollars.

I hope ve hear testimony in vhich it is explained vhy vt are
drilling to spend $12 billion to $13 billion to reproduce plutonium in
the future to save a fev hundred million in the near term, (page 3)
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ISTATEUEHT OF HO1I. HEBHAM E. ROSES. ASSISTANT SECSETA2X
FOE DEFEH5Z raOGBAH, BEFABIHHIT OF EHZ2GT

It should be noted, however, that over a several year period, the
mua'oei of —££?cii; if! the stockpile is not increasing. The
retirements are substantially equal to the nev production, we arc
engaged in a modernization effort, not a "buildup."

To produce these nev -weapons, -se must have tiers •wsapons-grade
Plutonium to augment that vhich is recycled through retirements
from the stockpile. The nsv -weapons also need their initial charge
of tritium and the older -roapons in the stockpile require ncnr tritium
as •sell to replace the 55 percent lost each year through decay. This
demand for reactor products Trill continue to increase in the future.
As a result, since fiscal year 1981 ve have been engaged in
increasing our nuclear materials production capacity.*

As Secretary Hodel pointed out. in are in a very demanding
situation. In addition to the substantial fiscal year 1984 retrofit and
stockpile improvement programs, [deleted** I and -we must push
fcnrard simultaneously to increase our production of Plutonium and
tritium. At the same time, n mutt manage our nuclear -Taste.
prepare for its permanent disposal, rebuild much of our existing
plant capability to rectify the effects of aging and insufficient
maintenance, and upgrade some of our physical security systems,
(page 16)

STATEKSJR OF 1 0 * . 1ICSAU L. VAGSSB, ASSISTANT TO TIE
SZClXTAir OF 1EFEJBE (ATOMIC HEBGT) JEFAHHE1T OF

Because of technological obsolescence and because of the concern
for long-time chemical aging, one should think of replacing these
•weapons every [deleted] years. So, if I think of turning over a
stockpile of [deleted 1 Treapons every [deleted I years, I see that I am
going to nttd to produce typically some [deleted ] ireapons a year, if I

*As in the 1950s, the availability of nuclear fissile materials is claimed to be
a constraining factor in the current plans for large growth in the stockpile.
Actually, warhead production through at least the mid-1950s is possible
with the present supply of materials from retired weapons and new
materials production. It is only in the early 1990s that potential material
shortages have even been projected, this is mainly due to four factors: one,
many new warhead designs require a different mix in the materials utilized
(more plutonium and tritium).
This refers to material deleted from the record of the Congressional
Hearings.
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the long term there is likely to be 4 Kind of requirement for nev
production for the Nation's stockpile, (page 20)

Ve believe th&t the Soviet Union has a plutonium equivalent
production capability, both plutonium and tritium dedicated to
miHtery needs. ?hs? '•,-. josis [4eic:cii Fciiiaps ihe factor is not quite
[deleted] today. And as Te increase our capacity, that factor Till,
decline, but it is a substantially larger capability than our ovn.

They also have a commercial reactor program that is easily
adaptable to plutonium surge capability; as a result the Soviet Union
vould not be constrained by special nuclear material supply, should
they decide to expand rapidly their nuclear Teapon stockpile, the
lack of similar US. surge capability [deleted] is one of the more
fundamental asymmetries in our strategic relationships, (page 23)

[Deleted] besides ner production, the other factor that determines
the stockpile is Teapon retirement. As older Teapons are retired,
their nuclear material is used to build nev Tarheads entering the
stockpile. From the point of viev of special nuclear material
availability, it might be proposed that Te could retire even more of
the current Teapons earlier than currently planned. Hovever,
other considerations enter Thich dictate retaining some older
Teapons. (page 30)

MB. KAT. Te can produce tritium on a crash basis Thenever Te
need it, and adequately enough?

M L B o s m Hot really on a crash basis, no, sir. It takes time to
produce tritium and the types of reactor loadings are different.
During the course of Dr. Gilbert's testimony tomorror. he Till
address that issue. But Te do have to plan the use of the reactors, so
Te plan for a period in advance of Then Te Till be producing.
Thether Te Till be producing tritium or plutonium.
As a matter of fact, Te are producing both simultaneously in

different reactors. If, horevtr, an adequate tritium supply had not
been maintained, then a period in excess of 2 years could be
required, (page 96)

HOS. BiTULT B. BnOI, MEFUSUTATXYZ FIOH BAXTLAV1.
m a n or HOCTBPJPT AMI IOLIIAII VDCLEAI STSTEBS
SDSCOKSITTZZ,

Vithout tritium production Te could not even maintain the nuclear
Teapons nor in existence, (page 131)
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VBITTEV STATEBEHT OF DS. F. CHAKLES 6ILBEST;

Our six major sixes comprise an estimated 1,850 square miles of land
and employ about 14.000 personnel. These facilities are unique to the
jrc-JuciC'ii of nvKissr Eiitsrisl; fcr izfzr^s purpczcs. There a r»o
cost effective alternative method available for producing nuclear
materials required by the national defense program.

PRODUCTION PROCESS AND MATERIALS FLQV

Tor the nuclear -weapons program, DOE produces nro basic materials
in our production reactors, plutonium and tritium. N-Reactor at
Richland, Vashington is used to produce plutonium. The Savannah
River reactors are used to produce both plutonium and tritium. Both
of these materials are essential for producing nuclear veapons.
(page 134)

Host of the nuclear materials required for building n e v varheads is
obtained by reclaiming and recycling existing materials from retired
weapons vhich are returned by the Department of Defense to DOE:
However, weapon requirements vnich cannot be met from
Department of Defense returns or existing DOE inventories must be
satisfied by new production.

[Deleted.]
This chart shovs the demand for plutonium and tritium, based on

the n e v Stockpile Memorandum, and h o v this demand trill be met.
Demand has grovn as a result of additional a e v veapans systems
[deleted] and the continuing need to replace tritium in deployed
vsapons as it decays. Vith currently operating production
capibilitiet (Savannah River reactors, K-Reactor, and blending) and
if it are able to rarrtmrin our planned production initiatives (eg.,
Mark 15 and Special Isotope Separation) on schedule, TO mould
essentially meet all requirements. Our first materials priority is the
production of tritium. Tritium is an indispensable material [deleted 1
and, due to its natural radioactivity, is constantly decaying at a rate
of about 5.5 percent per year. As this chart shovx {deleted! it is
vitally important to our nuclear deterrent capability [deleted I Even
if there v»re no requirement to produce plutonium, we vould still
need to produce tritium to maintain our weapon stockpile, (page 147)
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NUCLEAR MATERIALS PRODUCTION ACTIVITIES

To produce the'material required to meet the TccLpiie requirements
ve are f o l l o w ^ rey-rci ccu»»c* 01 action. Ve irtll continue to
produce the majority of the material to meet requirements in our
three operating reactors at Savannah River, H-ELe&ctor at Richlaad,
and L-Reactor at Savannah River, Thich is scheduled to t>e restarted
in October 1983. Also, Te Till continue to blend high-purity
Plutonium vith supplies of existing fuel-grade plutonium and are
preparing to convert the Savannah River reactors to high
productivity (Marie 15) cores. Both of these are important production
initiatives needed to meet requirements. In addition, in the longer
term, T B irill need plutonium isotope separation technology and
eventually a Hev Production Reactor for tritium production, (page
148)

HEV PRODUCTION REACTOR

A Ney Production Reactor Trill be required to assure the production
of tritium that is so vital to maintaining our nuclear Teapon
stockpile. It Till primarily be needed to ensure the availability of
tritium during the late 1990"$ and into the next century. Ve
presently produce tritium in our Savannah River reactors, Thich
are now about 10 years old. Ve believe it is essential to design and
build a n e y reactor as there is an increasing probability over time
that ine Till not be able to continue to confidently rely on the
Savannah River reactors to produce the tritium Thich is essential to
maintain the effectiveness of veapons in our stockpile. In the
decade it Till take to design and construct a ne v production reactor,
the Savsnnah Rivtr reactors on vhich T B n o r depend for tritium
Till be more than forty years old. The n e r reactor Tould provide
reliable tritium production u Tell as the capability to produce other
reactor materials Tell into the next century. Ve are presently in the
process of selecting both the concept end site for the n e v reactor.
Our fiscal year 1964 budget request provides $5,000,000 for activities
to support en initial safety reviev, site characterization, end
technology verification activities, (page 151)

Z1SCAL TEAR 1962 ACCOMPLISHMENTS

Mr. Chairman, fiscal year 1962 vas a year of considerable
accomplishment in the Nuclear Material* Production Program. Ve
hare made substantial improvements in our capability for producing
plutonium end tritium for the Teepons program. As an example,
during fiscal year 1982 T B produced the plutonium and tritium
required for national defense at levels substantially exceeding our
fiscal year 1962 plan, (page 151)
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FISCAL YEAR 198? PLANNED ACTIVITIES

Our planned activities for fiscal year 198? include the following. Ve
vill produce the planned quantities of tritium, plutontum, and other
nuclear material for national security, other agency R&D programs,
and commercial applications, (page 151)

STATBiEn or n . CXABLES ratioi-Continued

Dr. Gilbert: The materials production program itself provides
materials for the national defense, for research and development,
primarily vithin the Department of Energy, and also for other
government agencies and industry. For example, ve produce a lot of
materials that are used in medical research and medical treatment.

Materials production also processes naval reactor spent fuels from
our nuclear submarines and aircraft carriers and cruisers. The
production of nuclear materiel ve feel is essential for the continued
development of the nuclear forces and for maintaining our nuclear
deterrent.

Our budget request today provides for the continued operation of
the necessary production, processing and support facilities. In
addition, it provides for n e v initiatives to increase the production of
special nuclear materials that vere initiated by this committee and
by the Administration in 1961.

Our production complex is the sole source of plutonium and tritium
for all defense activities. There is no source vithin private industry
for this type of production, (p. 169)

NEED FOR TRITIUM

If ve go on to the next chart [deleted I this shovs~and you have
st«n this nov I think several times—vhat mould happen to our
stock-pile if v e were unable to produce tritium.
d d ]
a decays rafloactively at the rate of 3-5 percent per year (Deleted. ]

This is the primary motivation behind our n«td for a nev production
reactor in the midninetier It is related to the fact that the current
production reactors vere all built in the early fifties, vith the
exception of X Reactor. They m i be 40 years old by the time ve can
build a. nev reactor. Ve can't specify exactly vhat might happen to
them, but ve are quite concerned that they may not be able to
continue to operate beyond the 1990's.

X Seactor at Sichland is the navert reactor. Hovever, surprisingly
enough, it is probably going to be the first one to fail since ve have a
fcnovn failure mechanism vhich vill bring that reactor to the end
of its life by the midriWO's.



P.J. Spratt& Associates Inc.

PLUTONIUM PER YEAPON

Ve go on to the next chart [deleted 1 vhich is simply a chart to
illustrate v h y ve have been apparently requiring more and more
Plutonium over the years. MOST of the plutonium ve use in the n e v
veapon builds come from retired weapons. (Deleted.) You -would
think that v e could simply take the plutonium from those veapons
and put it into the nev systems, and that is exactly vhat ve do.
However, ve do have to replace the tritium that decays and produce
n e v plutonium for other n e v veapons. so v e still need reactors.
(page 171)

PLUTONIUM PRODUCTION

Mr*. Byron: Let me follov that line along a little tit . You said
that in 1964 v e had up to 14 reactors and ve are n c v dovn to 4?
Dr. Gilbert . That is correct.
l ire . Byron . Do you feel that vith the start of the fifth one that

that vill be enough to accommodate our needs, or do you think ve are
going to have to look for another prospect to start up?
Dr. Gilbert . Veil, ve are doing other things ;o increase our

plutonium production. [Deleted. I The restart of that reactor is part of
the things that ve are doing to increase production.. Ve have
increased the productivity of the Savannah River reactors.

[Deleted.] That is simply due to the increased funding that ve have
been able to get, courtesy partly of your committee, and also the hard
vork that the people at Savannah River have been doing to increase
the prductivity of those existing operating reactors.

In addition, in 198? ve vouid have a step increase in production
vhere ve add L Reactor to the chart.
Then, v e have resorted at Savannah River to producing extra pure

plutonium and blending it vith impure plutonium to get extra
material, veapon-grade material. That is vhat that blending line
means on the chart.
Then ve have converted N Reactor to producing veapon-grade

plutonium. It vas producing just fuel-grade plutonium. That has
already increased our production.

Ve hope to go to more efficient reactor core loadings at Savannah
River, to a different kind of core that vouid go into the reactor
[ d U J l
Mrs. Byron. Do you feel you can increase vith the existing

reactors you have by modifications on those as opposed to looking for
another startup?
Dr. Gilbert. That is right. Ve vouid not intend to start a sixth

reactor at the present time. The NPR, the n e v production reactor, is
not aimed at satisfying these near-term requirements. It is aimed at
providing a replacement reactor for tritium for the next century,
essentially.( ptq» 175-176)

FOREIGN PLUTONIUM PRODUCTION

Mrs. Byron. Let me touch on one of our neighbors, the Soviet
Union. Hov much plutonium for thtir vtapo&s program do you
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believe That they get from their dedicated reactors and from their
pover reactors?
Dr. Gilbert. [Deleted]
Mrs. Byron. From the dedicated ones?
Dr. Gilbert. Yes, from the dedicated reactors, defeated to veapon

material production. [Deleted.] Compared to our estimate of vhat
they might be doing vith their commercial reactors. They are in the
process of building about 20 commercial reactors, vhich are
designed—and they have made their designs public for these
reactors—to produce nuclear materials. Our evaluation of them is
that they vould be very good plutonium production reactors. They
have on-line refueling capability, they are carbon-moderated,
lightvater reactors. They also generate pover. and they seem to be a
very good-design.
Ye suspect that they might veil utilize these for veapon material

production. But I am not personally avare of any good evidence that
vould say that they are doing that.
Mr*. Byron. Do youknovof any other nation vhich has nuclear

veapons other than the United States that has made a commitment
not to use plutonium from other than dedicated reactors for defense
purposes?
Dr. Gilbert. Only in these sense that in the United Kingdom,

.particularly at the present time, there is considerable controversy
going on, mainly in the public press, vith respect to the potential
utilization of plutonium for nuclear veapons. I think it is a policy—
not a lav, but a policy—of the British Government not to use
commercial plutonium for veapons purposes.
On the other hand, I think it is quite apparent that our potential

adversaries, the Soviet Union in particular, are not at all constrained
from using Plutonium from commercial reactors.
Mrs. Byron. HOT about India?
Dr. Gilbert. India—veil, you probably knov as much about India

as I do. They did build a nuclear explosive and they did probably use
material from a civilian reactor for that purpose.
China I think has pretty much the same situation as holds in Russia.

TRITIUM PRODUCTION

[Deleted. 1
Tritium production is our first priority. Ve first produce the tritium

tod any residual capability that remains ve devote to plutonium.
(page 176-177)

Mr. Stratum. (Presiding). This in turn goes bock to the question
of vhether ve are going to hen enough available plutonium to meet
our varhead needs in future rears. TheSIS2? program, if it proves
to be successful, as I understand it, vould then provide us vith all of

232p«tial laotop* Separation
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the plutonium, the tritium, et cetera that w vouM need Trithout
having to try to reprocess the commercial spent fuel roads.

IMPACT OE SIS ON PRODUCTION REQUIREMENTS

HA. ROSES. It vould provide the plutonium—it has nothing to 4o
vith tritium. Mr. Chairman, let me say that.
Mr. Stra t ton. Just the plutcnium.
Mr. Roser. It is strictly plutonium. It toes not in its present

configuration look at the production of tritium.
Mr. S t r a tum. That vould free Savannah River to make all of the

tritium that they need?
H r . Roser. All of the tritium. I think I might clear up one other

thing, Mr. Chairman; that is, this process -will not produce any n e v
Plutonium. It •«ll permit us to use plutonium that the Department of
Energy already has vhich is not in satisfactory form for use in
•weapons, to clean it up to the point There m can use it in TTespons.
(page 182-184)

Mr. Boser. ..it is important to recognise that ve have one source
of tritium; that is, the Savannah River reactors. If ve ever find a
generic fault in those reactors that irould cause us to shut them
doim—and after they are 40 years old that could very ireil h&ppen—
unless vt have a n e v production reactor coming on lice, ire viil still

. have a single source of tritium for this country.
I do not believe that is prudent planning. I think that a n e v

production reactor as a primary source of tritium in the decade of the
1990's and the year 2000 is prudent planning. That is the reason vt
are planning for it. (page 188)

STATXKEXT OF H C I A O P. BEXISS,

S A V J U H A I UVO. OPEXATIOK OFFICI

Our primary function in the nuclear weapons program is the
production of plutonium and tritium, the loading and recycling of
weapons components, and the management of radioactive vaste.

Our goal« Savannah River plant is to insure that all the material
required for the weapons program is availa&le m e n it is required.
Ve -vtn able to txcMd all our plutonium and tritium production
goals and milestones in fiscal year 1962.
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