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Introduction

2
Of all the major fuels that mankind has ever
used for heat, only one — uranium — be-
longs to this century. It has been known for
hundreds of years as a substance that im-
parts colour to glass and ceramics. Only
within present lifetimes (1939) was it dis-
covered that uranium also has the ability to
release an incredible amount of energy in
nuclear fission (the splitting of its atomic
nucleus). Complete fission of uranium-235
can produce 2.5 million times more heat
than the combustion of an equal weight of
carbon in wood, coal, oil or natural gas.

Today this controlled fission produces
heat which is used for the production of
steam to generate electricity. Nuclear power
is replacing the use of fossil fuels to pro-
duce electricity \n many countries. Since no
combustiun is involved, nuclear fuel offers
an environmentally clean and efficient
method of power production in contrast
with burning coal or oil to generate elec-
tricity. Furthermore, the world's dwindling
supplies of petroleum are needed for many
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Energy

Energy sources such as muscle, water and wood have been used since
man's very beginning. A wood shortage in 16th century Britain caused an
energy crisis which helped to usher in the coal age and the Industrial
Revolution. The chart at the top of the right-hand page shows how the
world's primary energy sources have come and gone over the past 130
years.

The continual growth in world population is the dominant factor in the
ever-increasing demand for energy and for many things which require it.
Producing and distributing food is surprisingly energy intensive. The en-
ergy required to produce a pound of flour is four times that for iron ore;
milk's energy input is twice that of steel. Much can be done to reduce
energy waste. However, as long as the world's population continues to grow
and people aspire to higher standards of living, particularly in the develop-
ing nations, world energy consumption will increase. Conservation can, at
best, slow the rate of this increase.

Since the late 1960s, oil and natural gas have supplied more than half
the world's energy needs (some 60% in Canada today). However, conven-
tional reserves of oil are being depleted, the growth in consumption is
outpacing the growth in new reserves, and the world's rate of oil production
is expected to peak by the 1990s. The graph, bottom right-hand page, is
based on the World Energy Conference's Conservation Commission data.
It shows the expected increase in total world energy demand. The rate of
growth of energy demand in this projection is similar to the growth in world
population. If any one of the sources illustrated cannot meet expectations,
one of the others wilt have to play a larger role.

Most of these energy sources can be used to generate electricity.
Canada's electricity is primarily hydro-generated; moving water is used to
spin turbines connected to generators. However, the world's most common
method is to use high pressure steam to spin the turbines. Any convenient
source of heat — oil, gas, coal or uranium — can be used to produce the
steam.

Electricity is an increasingly important form of energy in developed
countries. In the last decade, electricity use in the United States rose nearly
50%, almost 31/£ times the increase in total energy consumption over the
same period. In Canada, electricity generated from hydro, the burning of
fossil fuels and the fissioning of uranium accounts for 36% of energy supply
and is expected to reach about 50% by the year 2000.
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Uranium-fuelled electricity generating stations are attractive to many
nations as a way to reduce their dependence on imported oil and to sup-
plement other energy supplies. In 1980,28% of all electricity produced in
Switzerland was nuclear; 27% in Sweden; 21% in Belgium; 17% in Finland;
14% in Japan; 12% in Britain (30% in Scotland); 11% in the USA and West
Germany; and 9% in Canada. France, which is trying to reduce its current
dependence on imported oil for half its total energy supply, completed five
new nuclear power plants in 1980 alone. By mid-1981, Frances 29 nuclear
plants supplied 40% of the country's electricity, up from 23% in 1980.

In Canada, nuclear energy accounts for 31% of the nation's non-hydro
supply of electric power. Completion of New Brunswick's Point Lepreau
reactor in 1982 will increase this further and reduce that province's depen-
dence on foreign oi! for the generation of electricity. This one reactor is
forecast to supply one-third of New Brunswick's electricity. In Ontario, 10
reactors accounted for 34% of electrical energy in 1980, the second year in
which uranium exceeded the combined use of oil, gas and coal to gener-
ate electricity in that province.
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Uranium
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Uranium is one of the more common heavy elements in the Earth's crust,
500 times more abundant than gold, 25 times more abundant than mer-
cury and 1V?- times as common as tin. It is present in most rocks and soils,
as well as rivers and oceans. Traces can be found in food and human
tissue. Concentrations of uranium vary from substance to substance and
place to place. Granite, which makes up 60% of the Earth's crust, averages
four parts per million (ppm) uranium, although some granite rocks have
concentrations several times higher. Phosphate rock, which is used for fer-
tilizer, can range as high as 400 ppm uranium and some coal deposits
contain up to 1,000 ppm.

Uranium, like iron, exists in nature as an oxide occurring in various
mineral combinations with silicon, nickel, cobalt, vanadium and other ele-
ments. Concentrations of uranium greater than 750 ppm may be
considered "ore" — i.e. rock that is economic to mine. The distribution of
the world's total known resources of uranium are shown in the chart above
right.

While each orebody has unique characteristics, uranium in Canada's
major economic deposits is believed to have originated in the country's
oldest rocks, the Precambrian granites of the Canadian Shield. Some 2
billion years ago, these uranium-bearing granites were broken down by
erosion into smaller pieces of rock and soil. In some instances, uranium in
the granite was dissolved by surface and ground waters. As these waters
flowed into rivers, lagoons and continental basins, they came into contact
with materials, such as organic matter, which caused the uranium to pre-
cipitate out of the waters. Over millions of years, this process gradually
increased the concentration of uranium in specific rocks. Subsequent geo-
logical events further concentrated the uranium into cracks and crevices to
form uranium orebodies. Many of the rich deposits discovered in recent
years beneath layers of sandstone in northern Saskatchewan's Athabasca
basin are believed to have been formed in this way.

In the Elliot Lake deposits of northern Ontario, uranium accumulated
between quartz pebbles in gravel beds. Some of the uranium may have
been contained in sand and grit particles deposited between the pebbles
and some may have been precipitated from uranium-bearing waters by
organic material. Pressures caused by subsequent layers of sediments
solidified the gravel and uranium into rock known as "conglomerate."

Like all elements, uranium is made up of atoms consisting of both a
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nucleus (containing protons and neutrons) and electrons, which orbit
around the nucleus. All elements, including uranium, have a "family." The
name of the family, or element, is determined by the number of protons in
the nucleus: e.g. uranium has 92, lead 82, oxygen eight. Individual mem-
bers of a family, called "isotopes," have different numbers of neutrons in the
nucleus. There are hundreds of naturally occurring isotopes, most of which
are stable. However, some are unstable and disintegrate or decay until they
become stable (see "Radiation"). This natural decay process is called "ra-
dioactivity" and these decaying isotopes are known as "radioisotopes."

Although uranium has a family of 15 radioisotopes, only three occur
naturally. All three have a very low level of radioactivity due to two factors: (1)
the radiation they emit is not particularly penetrating and is emitted at a very
low rate; and (2) uranium's high density (1.7 times the density of lead and
2.5 that of steel) acts as a shield against its own radiation. Large quantities
of natural uranium can therefore be handled without such special
precautions as shielding or remote handling.



Fission
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Of the three naturally occurring uranium isotopes, only two are common.
About 99.3% of all natural uranium is U-238 (92 protons, 146 neutrons). The
balance (0.7%) is the U-235 radioisotope with three fewer neutrons. While
the abundant U-238 is difficult to fission or split, U-235 can be fissioned
easily and is used to produce electricity in a nuclear reactor.

The nucleus of an atom contains positive-charged protons and un-
charged neutrons. (The electrons which orbit the nucleus have a negative
charge.) Normally, protons would repel each other, causing the nucleus to
split. However, protons and neutrons, when combined in the nucleus, are
held together by the nuclear binding force, a "glue" which overcomes the
natural repulsion of the like-charged protons. Nonetheless, some atoms
can be split (fissioned), if the binding force can be overcome. The U-235
nucleus can be fissioned easily by hitting it with a neutron. The U-238
nucleus, with three more neutrons and a different nuclear structure, has a
greater nuclear binding force. It is difficult to fission and is often referred to
as "non-fissionable."

When hit by a neutron, the U-235 nucleus fissions or splits into the
nuclei of two new elements. This fissioning produces heat and radiation
and releases two or three neutrons. Under carefully designed and engi-
neered conditions, one of these neutrons will strike another U-235 atom,
causing it to split and the process to be repeated time after time. The heat
produced by this continuous fissioning is used to generate electricity.

Nuclear fission also occurs spontaneously in nature but cannot sus-
tain itself because too many neutrons are absorbed by non-fissionable
atoms. A nuclear reactor is designed to minimize this loss of neutrons in two
ways: 1) the fuel contains few impurities which could absorb vital neutrons;
2) neutrons are slowed down by passing them through a "moderator." (Slow
neutrons can still fission U-235 but are not absorbed by U-238 as easily as
fast neutrons.) Common moderator materials inciude ordinary water, graph-
ite and "heavy" water.

Ordinary (or "light") water absorbs more neutrons than graphite or
heavy water. With less neutrons available to cause fission, a higher concen-
tration of U-235 is required to produce continuous fissioning. While
graphite- and heavy water-moderated reactors can be operated with ura-
nium fuel containing the natural U-235 concentration of 0.7%, light water-
moderated reactors require enriched fuel, containing 3-4% U-235.

The fissioning of one U-235 atom releases 50 million times more en-
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ergy than the combustion of a single carbon atom. Since even the head of
a pin contains billions of atoms, the potential energy in a fuel bundle is
enormous. Thus, nuclear fission produces far more heat than burning a
comparable volume of hydrocarbon fuels. Still, it is physically impossible for
a nuclear reactor to explode like an atomic bomb. Atomic bombs contain
high concentrations of fissionable material, which must be compacted
rapidly and precisely and held together to produce a nuclear explosion.
The fissionable material (U-235) in the fuel of commercial power reactors is
far too dilute and cannot be compacted to produce an explosion.



Exploration

Exploration normally begins with the identification of regions where the
geology appears to favour the existence of uranium deposits. Aircraft, spe-
cially equipped to detect radioactive mineralization, then survey these
regions in low-altitude search patterns. Areas with higher than normal radia-
tion levels located by the aerial survey are investigated further on the
ground by field crews equipped with hand-held radiation detectors. Water
and soil samples may also be collected for chemical analysis of their ura-
nium content.

One hand-held radiation detector used in the early days of uranium
exploration, a Geiger-Muller counter, is a gas-filled tube to which a high
electrical voltage is applied. When radiation travels through the tube, it pro-
duces an electric current which is displayed on a meter or heard as
"clicks." The G-M counter has been replaced by the more sensitive scin-
tillometer, which makes use of the property of sodium iodide crystals to
produce flashes of light (scintillations) when radiation strikes them. The
more sophisticated spectrometer analyses the intensity of these light
flashes to differentiate between radiation emitted by uranium and by other
radioactive materials in the earths crust, such as potassium and thorium.

Many of the uranium deposits found in northern Saskatchewan's
Athabasca basin were not directly detectable by radiometric surveying and
prospecting. Thick layers of debris deposited by glaciers covered the
orebodies, masking the uranium's radioactivity. However, exploration crews
located uranium-bearing boulders at and near the surface, boulders which
had been torn away from these deposits as the glaciers advanced. By
studying the glacial geology of the area, geologists were able to trace these
mineralized boulders back to their source area.

In addition to boulder tracing, geologists and geophysicists often use
instruments to detect electrical or magnetic irregularities in the earths crust,
which could indicate the presence of a uranium concentration. For exam-
ple, uranium deposits are often found associated with graphite, an
electrical conductor. To locate the graphite, an electrical field is generated
at the surface. This causes a secondary current in the buried graphite,
which can be measured at the surface. Locating graphite in this manner
assisted in the discovery of some of the major uranium deposits in the
Athabasca basin.

Once the search has been narrowed down to a small target area,
drilling is undertaken to try to locate a uranium concentration beneath the
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surface. The drill's hollow core barrel brings small cylindrical samples of
rock to the surface for analysis. If a uranium deposit has been intersected
and the concentration is high enough, delineation drilling will be done to
determine the size and average concentration of the deposit. At that point,
the company decides whether the property can be economically
developed.

Canadian uranium exploration increased substantially in the 1970s.
Some $128 million was spent on over 370 exploration projects in 1980,60%
of it in northern Saskatchewan where more than 70% of all drilling took
place.



Mining
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Most of the uranium produced in Canada comes from underground mines
in northern Ontario. Open-pit mining is becoming more common with re-
cent discoveries of more economic, near-surface orebodies in Saskatche-
wan's Athabasca basin. Two open-pit mines were operating in the basin by
the end of 1980 and two more such operations are expected to begin
production in the mid to late 1980s.

The greatest hazard associated with uranium mining is common to all
mining operations — industrial accidents. Safety in uranium, as well as
some other underground mines, is complicated by the presence of radon
gas—a natural substance resulting from uranium decaying into radium,
which in turn decays into radon gas, both of which are radioactive (see
"Radiation"). Radon gas also decays into radon daughters, tiny radioactive
particles which irradiate sensitive lung tissue when they are inhaled.

In the deep enclosed spaces of an underground mine, the radon
daughters represent a potential hazard, which is minimized by using
powerful ventilation systems, special respirators in some cases, and con-
trols on underground work-time. At the Denison mine at Elliot Lake, Ontario,
from 13 to 16 tonnes of fresh air are forced down into the mine for each
tonne of ore produced underground. Radon, once vented to the at-
mosphere, rapidly disperses. The total amount of radon coming from all of
the uranium mines is minute compared with natural radon emissions from
the low concentrations of uranium and radium in Canada's land surface.

A uranium mine produces two types of waste—rock and water Waste
rock from mine development programs is deposited on the surface in regu-
lated areas. This rock contains small amounts of uranium which are
uneconomic to process. Thus, it has only minute levels of radioactivity.

Water from the natural watertable and from mining operations has
traces of uranium and radium. This water is pumped from the bottom of the
mine shafts to the surface. At most mines, the water is fed through the mill
to recover any dissolved uranium before discharge to the mill tailings treat-
ment system.

In 1980, the Canadian uranium mining industry's 6,000 employees pro-
duced 7,145 tonnes of uranium, about 80% of which was sold for use in
foreign nuclear power programs. Ontario's four uranium mines accounted
for more than 65% of this production. However, Saskatchewan may soon
become Canada's leading uranium producer as its recently discovered de-
posits are developed.
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Milling
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In most uranium mines, 1,000 kg of ore must be mined to obtain one to two
kg of uranium oxide. (The rich orebodies found in recent years in Saskat-
chewan contain from 30 to 400 kg of uranium oxide per 1,000 kg of ore.)
Uranium oxide is extracted in a mill at or near the mine, leaving more than
99% of the ore as waste. Separation of this oxide from most of its surround-
ing "impurities" begins with the crushing and grinding of the ore to a fine
sand. Chemicals are added to dissolve the uranium, forming a thick slurry
of solid wastes and dissolved uranium. The uranium-bearing solution is
separated from the solid wastes and further chemical treatment extracts the
uranium from solution. The uranium is then filtered and dried.

This uranium concentrate, called "yellowcake," contains 60 to 70%
uranium by weight. The yellowcake is packed in drums and shipped from
the mine/mill complex to the refinery where the uranium is extracted from
the remaining impurities.

A single half-tonne drum of yellowcake, when finally processed to fuel
a reactor provides enough energy to supply a year's worth of household
electricity for a Canadian town with a population of about 6,000.

Because only about one kilogram of uranium oxide is removed from
each tonne of ore, a uranium mill produces far more wastes than yellow-
cake. The waste from most mills is acidic due to chemicals used in the
milling process. Lime or limestone is added to the wastes to neutralize the
acid. The wastes in slurry form, called "tailings," are then pumped to settling
ponds, controlled by man-made dams. Here, the solids, containing most of
the radium, settle out and the waste water overflows to a series of treatment
ponds. Barium chloride is used to convert the small amount of soluble
radium still left in the water to an insoluble chemical compound. The com-
pound settles to the bottom of a controlled pond, where it remains. The
treated water then enters the natural watercourse.

In the past, tailings from uranium mining and milling operations, like
those from other kinds of mines, were not well managed. Engineering and
control of the systems were minimal. Sometimes the tailings and material
used to construct tailings dams generated acid which seeped into the
natural watercourse. During the 1960s, dilute acid from the tailings at Elliot
Lake, Ontario, seeped into the Serpent River causing environmental
damage to the river system. With the modern tailings management prac-
tices now in use, the Serpent River is gradually recovering.

The western worlds uranium mills produced yellowcake containing
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some 44,000 tonnes of uranium in 1980, with Canada supplying about
16%. Canada is currently the largest exporter and the second largest pro-
ducer, after the USA which accounts for 38% of western production.



Refining

Yellowcake, containing only 60-70% uranium, must be chemically refined
to separate the uranium from remaining impurities. The pure uranium can
then be converted into forms suitable for making nuclear reactor fuel (see
"Conversion"). In every step of the operation, chemicals are recycled to
reduce waste and ensure extraction of virtually all of the uranium in the
yellowcake.

Canada's only uranium refining and conversion facilities are operated
by Eldorado Nuclear at Port Hope, Ontario, east of Toronto. Yellowcake
arriving at the refinery from mines in Canada and other countries is first
sampled for uranium content and then dissolved in nitric acid. A solvent is
used to extract a very pure uranium compound, uranyl nitrate. Water is
evaporated from the solution and the uranyl nitrate is heated and decom-
posed into nitrogen oxides and uranium trioxide (UO-,). The nitrogen oxides
are converted to nitric acid, which is recycled to dissolve more yellowcake.
The refined UO3 is then chemically converted into two other uranium com-
pounds — uranium dioxide (UO?), for fuelling Canadian-designed CANDU
reactors, and uranium hexaf luoride (UF6), a feed material in the production
of fuel for most foreign-designed reactors.

Eldorado Nuclear has been refining radioactive materials at Pbrt Hope
for 50 years. Highly radioactive radium was extracted from the ore at Port
Hope, mostly for cancer treatment, until 1954. Since then, 99.95% of the
radium and most of the other wastes in the ore have been removed at the
mine/mill sites. Various materials related to former radium production had to
be removed from Port Hope in the 1960s and 1970s following Canada's
decision in 1960 to tighten the limits for public radiation exposure by 90%.

The waste from today's refining process, called "raffinate," contains
sulphuric acid, all the impurities originating in the yellowcake, as well as a
small amount of unrecovered uranium. The raffinate is shipped in stainless
steel tankers to uranium mills in northern Ontario, which recover the ura-
nium. Raffinate's radioactivity is low enough that it is classified as "Low
Specific Activity" material under Canadian Transport regulations. The acid
content would represent the principal hazard in any spill.

Although the concentration of uranium in raffinate averages only 0.5%,
it is five times higher than the grade of ore being mined and fed to the mills.
Since the raffinate also contains substantial quantities of sulphuric acid,
used by northern Ontario mills to process ore, the recycling program re-
duces their consumption of fresh acid, as well as their volume of wastes per
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pound of yellowcake produced. The amount of radium and thorium in the
raff inate, which is added to the mill circuit and ultimately to the tailings, is
immeasurably small compared with the amounts present in the ore being
milled.

In 1980, Eldorado's Port Hope facilities refined 5.5 million kilograms of
uranium for Canadian and foreign utilities. This was the energy equivalent of
Canada's total oil production.

19



Conversion
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Uranium dioxide (U02) is the uranium compound used to fuel most com-
mercial reactors. Canadian reactors (CANDU) are unique in their ability to
operate with U02 fuel containing the natural 0.7% concentration of fission-
able U-235. Most foreign reactors require U02 fuel with a U-235
concentration of 3 to 4%. This higher concentration or enrichment is
achieved through a gaseous diffusion process (see "Enrichment"). Uranium
hexaf luoride (UF6) is fed into an enrichment plant where it is heated to
become a gaseous form of uranium. About 80% of Eldorado Nuclear's U0 3

refinery production is converted into UF6 for foreign utility customers and
subsequent enrichment. The remaining 20% is converted directly into nat-
ural UO2 for CANDU reactors.

To produce natural UO2, UO3 from the refining process is dissolved in
nitric acid. Ammonia is added, precipitating the uranium as ammonium
diuranate, which is then heated with hydrogen, reducing it to 99.9% pure
UO2. The UO2 is packed in drums and shipped to Canadian manufac-
turers which make the fuel pellets and bundles used in CANDU reactors.
The only waste generated in the UO2 conversion process — liquid am-
monium nitrate — is concentrated and sold as fertilizer to Port Hope area
farmers. This commercial by-product contains less uranium and radium
than most other commercial fertilizers.

To produce UF6, UO3 from the refining process is converted to UO2

which is mixed with hydrofluoric acid (HF) to make uranium tetrafluoride
(UF4). The UF4 is "burned" with fluorine gas to produce gaseous UF6. The
gas condenses to a white, snow-like crystal as it cools. It is then heated to a
liquid for transfer to steel shipping containers where the UF6 again cools to
a solid at room temperature. These 9- and 13-tonne heavy-walled steel
cylinders are designed to withstand tremendous stress in case of acci-
dents. Like raffinate, the chemical properties of UFg are of more concern in
an accidental release than its low level of radioactivity. However, the trans-
portation of tens of thousands of cylinders during the past 35 years has
resulted in no releases of UF6.

Before release to the atmosphere, all gases leaving the UF6 circuit are
"scrubbed" to reduce fluoride emissions, which could harm vegetation.
The scrubbing solutions are treated to remove any uranium. Lime is then
added to produce calcium fluoride, the only waste from the UF6 circuit.
A new process developed by Eldorado reduces the volume of calcium
fluoride wastes by approximately 75%. A test program is currently
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under way to recycle the remaining residue to steel mills, where
calcium fluoride is used to separate impurities from steel. If success-
ful, the vast majority of process wastes from refining and converting
uranium—raffinate, ammonium nitrate and calcium fluoride—will be
recycled for their economic value.

The radiation levels of uranium materials handled during refining and
conversion are shown above. The chart indicates that someone would have
to stand one metre from a container of UO? for 1,670 hours; UF6,1,250
hours; yellowcake, 1,000 hours; or log 1,520 hours in a jet before exceeding
the acceptable level of annual radiation exposure for the public.



Enrichment
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Gaseous diffusion is the main large-scale enrichment technique used to-
day in the USA, France, Britain and the USSR. The UF6 is heated into a
gaseous state and pumped through special "filters" with holes about one-
millionth of a centimetre in diameter. The U-235 atom, marginally lighter
because it has three fewer neutrons than U-238, passes through the filter a
little faster than U-238, so that the gas on one side of the barrier becomes
slightly enriched. By passing the gas through thousands of stages, the
natural 0.7% concentration of U-235 is increased to the desired 3 to 4%
concentration. Following enrichment, the UF6 is converted back into en-
riched UO2 for processing into fuel pellets for light-water reactors.

The gaseous diffusion enrichment process consumes large amounts
of energy. For example, the new enrichment plant recently built in southern
France is powered by four nuclear reactors, which generate about 70%
more electricity than is now produced at Ontario Hydros four reactors at
Pickering. However, once enriched, the uranium produces almost 30 times
more electricity than is consumed at the French enrichment plant. Other,
more energy-efficient enrichment systems are being developed, including
the gas centrifuge which requires only 5% of the electricity consumed in
gaseous diffusion.
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Fuel Fabrication
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To prepare natural uranium dioxide powder for use as a fuel in a CANDU
nuclear reactor, it is first pressed into cylindrical shapes and sintered at a
very high temperature (1600-1700°C) to form high-density ceramic fuel pel-
lets. The pellets, six of which can provide the annual electricity
requirements of an average Canadian family, are typically about 2 cm long
by 1.4 cm in diameter, somewhat smaller than a one-inch stack of dimes.

The pellets are loaded into a zirconium alloy tube, which is sealed by
welding a cap onto each end. The uranium-loaded tubes, called "fuel ele-
ments," are assembled into fuel bundles. Each fuel bundle used in Ontario
Hydro's Pickering reactors contains 28 tubes. The bundle is about 10 cm in
diameter and 50 cm long, weighing about 25 kg (54 pounds).

The only structural material in the bundles is an alloy of zirconium. The
zirconium alloy is highly corrosion resistant and, unlike stainless steel, does
not absorb unacceptable numbers of neutrons, which are vital to the fission
process. In the reactor, the heavy water coolant flows freely around the fuel
elements and carries off the heat generated by the fissioning of uranium
(see "Reactors"). The electricity generated from one fuel bundle equals that
generated from 424 tonnes of coal (more than seven railcar loads) in a
coal-fired generating station.
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Heavy Water

26
Heavy water is a rare but natural form of water and is the most effective
moderator used in nuclear reactors to maintain continuous fissioning (see
"Fission"). Although expensive to produce, it is 1700 times more efficient
than ordinary "light" water used in most reactors. Ordinary water is a com-
bination of one oxygen and two hydrogen atoms (H20). Heavy water is
virtually identical, except each of the hydrogen atoms has an extra neutron.
This hydrogen isotope is called deuterium (D). One part of deuterium oc-
curs in every 6,700 parts of hydrogen in natural lake or ocean water. Since
heavy water (D2O) has almost all the extra neutrons it wants, it slows neu-
trons in the reactor without significantly absorbing them.

Heavy water is extracted from natural water in a series of tall towers by
a chemical exchange process. The process enriches the heavy water con-
centration in natural water from 0.015% to about 20%. A final distillation
step increases the heavy water concentration to 99.75% before shipment to
a CANDU reactor.
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Reactors

2 8
Although there are different kinds of commercial nuclear reactors in use
throughout the world, all use the same basic principles, illustrated by the
diagram of Canada's CANDU reactor on the right hand page. A single
600,000 kW CANDU reactor consumes about 90 tonnes of natural UO2

fuel each year, and can supply the household electricity needs of some
1,300,000 people.

Fuel bundles are held in pressure tubes which run through a large
steel vessel called a "calandria," filled with heavy water moderator. This is
often referred to as the "core" of the reactor. Interspersed among the pres-
sure tubes are control devices which can absorb neutrons, and thus control
the fission process. A coolant — also heavy water — is pumped through
the pressure tubes and around the fuel bundles to pick up heat generated
during the fission process. Because the heavy water coolant is pressurized,
it can be heated without boiling to a higher temperature (300°C) than under
normal atmospheric pressure. The heated heavy water travels to "boilers"
(heat exchangers) containing ordinary water, which is boiled to produce
steam. The cooled heavy water is recycled. The steam is piped to spin the
blades of conventional turbines. These are connected to generators, which
produce electricity.

The splitting of atoms in a nuclear reactor produces new, highly radio-
active elements. These "fission products" account for more than 99% of all
radioactivity in the reactor core. Release of this material is prevented by a
series of barriers. Most of the fission products are locked inside the UO2

fuel and cannot escape unless the pellets are severely overheated. (With a
melting point of 2800°C, fuel pellets can withstand very high temperatures.)
The pellets are sealed in air-tight fuel elements and the fuel bundles them-
selves are located inside pressure tubes within the closed, high-pressure
cooling system.

A nuclear reactor is designed on the assumption that equipment can
fail and operators can make mistakes. Many of the plant's process compo-
nents, such as valves, pumps and piping, are duplicated. If one
malfunctions, another is available to take over. All important sensing instru-
ments and the main control computer are duplicated. If both computers
develop faults, control devices are automatically dropped into the core to
absorb neutrons and halt the fission process.

Reactors are also equipped with independent safety systems whose
only function is to handle accidents. Any major malfunction of process
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CANDU Reactor

equipment automatically activates "shut-down" safety systems. In CANDU
reactors, these systems include (a) the introduction of rods into the reactor
core to immediately absorb the neutrons, (b) the injection of neutron ab-
sorbing chemicals into the moderator and (c) dumping of the moderator
into a storage tank under the reactor. (Once the moderator is dumped,
there is no medium to slow neutrons enough to sustain a chain reaction.)
Each reactor is equipped with two of the three systems.

After shutdown, the fuel continues to produce heat, which is removed
by the main cooling system. All CANDU reactors are equipped with an
emergency cooling system, which would continue to remove heat from the
reactor if a break were to occur in the main cooling system. Each reactor is
also surrounded by an air-tight, containment building, with reinforced con-
crete walls up to 1.8 metres thick. The building is designed to contain
radioactive material if it were released from the fuel in an accident.

There are several basic points regarding the safety of nuclear reactors:
(1) It is absolutely impossible for such a power plant to explode like an
atomic bomb (see "Fission"). (2) The many safety systems, indeed the ac-
tual design and construction of the reactor, take into account not only
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human error but also chance (e.g. airplane crashes and earthquakes).
(3) In more than 2,100 cumulative years of reactor operation worldwide, no
radiation-induced death and no serious radiation injury has ever taken
place in a commercial nuclear power plant. (4) The generation of electricity
from uranium is one of the most regulated and controlled industrial pro-
cesses. (5) Radiation monitoring is relatively easy and more widely
practised than other environmental monitoring systems.

In 1980, four CANDU reactors in Ontario outperformed all other me-
dium and large reactors worldwide and six Ontario CANDUs ranked in the
worlds top 10 for lifetime performance. Ontario's reactors produce electricity
at 60% of the cost of electricity produced from U.S. coal, the province's
major alternative fuel for generating electricity. Ontario's savings from nu-
clear generation amounted to over $275 million in 1980 and will reach
several billion dollars by the end of the decade.

The CANDU reactor system — one of only three commercially avail-
able systems in the world — was designed in Canada. Close to 90% of
each CANDU station and heavy water plant is built in Canada, involving
some 100 companies. Ten CANDU reactors were operating in Canada by
the end of 1980 with a total capacity of 5.5 million kW. Another 14 CANDU
reactors will be completed by 1991, almost tripling Canada's nuclear en-
ergy capacity (90% in Ontario, 10% in Quebec and New Brunswick). By
1981, CANDU reactors had also been built or were under construction in
five other nations.



I n H u . p i i o ! ' b < I ' I V J . ' ! < • ' h i ' i x i . . n -

• A • 1 1 < • ! t h - ( ' ! • • • ' i i - v . ( < , ; < . ' ' • •

W , : ( . , . - , • . ; H y i i : : . • - f j | . . - ' , • ^ . , l . .

S t . - . i i . ' . n f j i . I i .-.-t S h i j ; : i , • : . • •

J u t . C ' , i ' . , : ) i p i O K ! ! i l . - l l l y " 1 • • I I !

J O - M j J t l d W i l l f l O l r f 1 3 f ' . M I f l U i l ' H i ' .

31

Atomic Energy of Canada Limited



Used Fuel

32
A new fuel bundle for CANDU reactors contains pure natural uranium
(99.3% U-238 and 0.7% U-235) in the form of U02. The bundle remains in
the reactor for about one and a half years and is removed, unchanged in
appearance. About 70% of the U-235 is consumed. In addition to the re-
maining uranium, the fuel now contains a variety of "fission products" —
radioactive elements resulting from the splitting of atoms. Fission products
absorb vital neutrons, which would otherwise contribute to the splitting of
U-235 atoms. A fuel bundle is considered "used up" when much of the
U-235 has been consumed and accumulated fission products dampen
the reaction.

In addition to the U-235, about 0.7% of the U-238 atoms have cap-
tured neutrons and changed into a new element — plutonium. Pu-239 is
similar to U-235 in that it is easy to split. Indeed, about half the Pu-239
fissions and contributes more than one-third of all the heat produced in the
reactor by a fuel bundle. A used bundle contains approximately 98.6%
U-238, 0.2% U-235,0.3% plutonium, and 0.9% other isotopes.

A 600,000 kW CANDU station produces about 100 tonnes of used fuel
bundles per year. The radioactive "fission products" are sealed within the
bundles and natural decay eliminates 99.9% of their radioactivity in 10
years. Some of the other radioisotopes in used fuel remain radioactive for
long periods of time. For example, Pu-239 has a half-life of 24,000 years.
However, because these radioisotopes are so long-lived, they release radia-
tion at very low rates. In addition, they generally emit a type of radiation, an
alpha particle, which is not very penetrating (see "Radiation"). While Pu-239
could be harmful if swallowed or inhaled, its radiation can be effectively
stopped by a piece of paper.

Used fuel is removed from the reactor by remotely controlled machines
and transferred to storage bays within the power station. The bays are filled
with water which cools and shields the bundles. A!! the used fuel produced
during 20 years by one of the four Pickering CANDU reactors can be
stored safely and economically for several decades in a single water bay.

In contrast to nuclear power, a 600,000 kW coal-fired electricity gener-
ating station produces some 138,000 tonnes of waste per year. Of this, 380
tonnes are poisons like arsenic and mercury, which never decay and are
dispersed in the environment.
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Used Fuel Management
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The small amount of unf issioned Pu-239 remaining in used fuel can be
recycled to generate more electricity. The plutonium, recovered by re-
processing used reactor fuel, can be mixed with fresh uranium to produce
a fuel for conventional reactors, reducing the need for new uranium. Several
countries (France, UK, Japan, USA) are also planning to recover plutonium
and use it as initial fuel for a new type of reactor called a "breeder." The
breeder converts U-238 to plutonium more efficiently than conventional re-
actors, permitting much more energy to be extracted from a given amount
of uranium.

Whether radioactive material in used fuel is separated as a waste dur-
ing reprocessing or left locked inside the fuel bundles, it must be isolated
from man and the environment until its radioactivity decays to insignificant
levels. To ensure this isolation, international scientific and engineering opin-
ion favours placing the material deep in dry, geological formations, such as
granite or salt beds, which have remained stable for millions of years. The
wastes from reprocessing used fuel would be incorporated into blocks of
highly insoluble material such as glass, and sealed in corrosion-resistant
containers. If the used fuel is not reprocessed, the fuel bundles would be
sealed in similar containers. These containers would then be placed in
man-made caverns some 500 to 1000 metres below the earth's surface.
The caverns and passageways of the repository, which would resemble a
mine, would be back-filled and sealed.

The suitability of a variety of geological materials — including salt,
shale, clay and hard rocks such as granite—is being investigated around
the world. In consultation with other countries, Canada's joint Federal-
Ontario government research program is concentrating on assessing the
safety of disposal in large, homogeneous hard rock formations called "plu-
tons." Some 1,400 plutons have been identified in the Ontario portion of the
Canadian Shield. The structure and properties of these rock formations,
and the nature and movement of water within them, are currently under field
and laboratory investigation. Preliminary analysis indicates the highest an-
nual radiation exposure any individual is likely to receive from such a dispo-
sal vault would be less, and probably 10,000 times less, than the radiation
exposure we receive from natural sources (see "Your Radiation Exposure").

When the safety of this disposal method is confirmed (after review by
regulatory authorities, independent experts and the public), a demonstra-
tion vault will likely be built and operated for several years. Because nuclear
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power produces such small volumes of waste, there is sufficient time for a
thorough research program. Full-scale disposal is not expected to start until
after the year 2000. Since no decision has been made on the recycling of
used fuel in Canada, technologies are being developed for the permanent
disposal of both used fuel bundles and the wastes separated from used
fuel during reprocessing.

Mixing recovered plutonium with fresh uranium and recycling it in a
CANDU reactor could cut uranium consumption in half. In addition, the
CANDU reactor could be operated as a "near breeder" by recycling plu-
tonium with thorium, which is three times more abundant than uranium. In
the reactor core, thorium can capture a neutron and be transformed into
U-233, another fissionable isotope, which could be recovered to produce
new fuel.

However, current fuelling costs for CANDU reactors, using natural ura-
nium, are lower than for any other commercial reactor system in the world.
Also, Canada's supply of uranium is sufficient to fuel its nuclear program for
many years.
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Radiation

Electromagnetic Radiation Spectrum
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Industrial Medical
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Ionizing Radiation
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Radiation is as old as the universe and man has been using it for years to
improve his social and physical environment. Heinrich Hertz demonstrated
in 1887 that energy could be transmitted in the form of invisible radio waves.
Today, ail commercial radio, TV and military communication systems de-
pend on using these electromagnetic waves. Microwaves are used for
satellite communications, long distance telephone-calls and aircraft radar.
The spectrum above shows how we have used the entire range of elec-
tromagnetic radiation, all of which is invisible (except for the narrow,
coloured light band) and has the power to penetrate matter to varying
degrees.

The part of the spectrum at left, ionizing radiation, is the most penetrat-
ing. It can harm living organisms by disrupting cell chemistry, and may
cause cancer or leukemia. A prime concern is that ionizing radiation might
lead to genetic mutations, but despite decades of intensive research, there
is no evidence that this has occurred in humans.

Potentially harmful ionizing radiation emanates from many natural
sources (the sun, outer space, rocks, soil, water, our bodies) and from man-
made sources (x-ray machines, cancer therapy equipment, coloured TV,
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nuclear reactors). The largest natural sources of ionizing radiation to which
we are exposed are cosmic rays from outer space and unstable atoms in
the Earth's crust, such as potassium, thorium and uranium. Because of the
particular combination of neutrons and protons in an unstable atom's nu-
cleus, the binding force (see "Fission") cannot hold it together The nucleus
disintegrates or decays into a new radioactive atom, which in turn decays
until ultimately a stable non-radioactive atom is reached. The atom releases
ionizing radiation as it decays.

The decay of the nucleus can take several forms, but two are signifi-
cant: (1) the breaking away of a cluster of two protons and two neutrons (an
alpha particle); and (2) the transformation of a neutron to a proton, giving off
a speeding electron (a beta particle). These two forms of ionizing radiation
are usually accompanied by high-energy electromagnetic radiation called
"gamma rays," which are similar to medical x-rays.

The penetrating ability of ionizing radiation varies. Alpha particles (a)
will not penetrate skin. Beta particles ((3) can be stopped by aluminum foil,
or by a few millimetres of wood. But a few tenths to many centimetres of
lead are needed to stop gamma rays (7). Thus, substances which emit
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gamma rays could be hazardous in or outside the body, beta emitters
would be most hazardous inside the body, while alpha emitters could only
be hazardous if swallowed or inhaled.

In both alpha and beta decay, the number of protons in the nucleus of
the atom changes, forming a new element. These new elements are called
"daughter products." The primary daughters in the natural decay chain of
U-238 are shown above right.

The "half-life" tells us a lot about the degree of instability of radioactive
atoms. This is the amount of time it takes for half of the disintegrating atoms
to decay to the next daughter product. Radioactive materials with a long
half-life emit radiation at a low rate. (Half-lives vary from tiny fractions of
seconds to billions of years.) With a half-life of 4.5 billion years, U-238 re-
leases ionizing radiation at a very low rate.

Ionizing radiation is used to advantage in industry, research, agricul-
ture and medicine. Hospitals both diagnose and treat disease with it. X-rays
and gamma rays are used to penetrate and "view" the interior of human
bodies. More intense levels of ionizing radiation can be used to destroy
cancerous cells which are more sensitive to radiation than are healtl iy cells
(see "Nuclear Medicine").

Ionizing radiation is also used to sterilize medical products. Hospital
supplies such as sutures, surgical gloves and dressings, catheters, etc.,
are pre-packaged and passed through an irradiator containing a large ra-
dioactive Cobalt-60 source, which kills all bacteria, viruses and other living
organisms. Being a cold process, irradiation permits sterilization of heat-
sensitive materials such as plastic and is often the only method of sterilizing
some pharmaceutical powders, ointments and solutions. Some 75% of all
large sterilizers world-wide were designed and manufactured in Canada
by the Commercial Products Division of Atomic Energy of Canada Limited.

The preservation of food is a growing industrial application of ionizing
radiation. Some 25 to 30% of the world's food is lost to post-harvest spoil-
age by micro-organisms and insects, such as the Mediterranean fruit fly.
Irradiation of food controls insect infestation, reduces bacteria growth and
can eliminate salmonella micro-organisms in fresh poultry Intense levels of
ionizing radiation can be used to sterilize food, consuming 80 to 90% less
energy than that required for canning. Lower tevsfs can be used to control
ripening in fruits and vegetables and extend the shelf life of a variety of fresh
foods. Ionizing radiation is also used to inhibit sprouting in root crops, such
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Uranium Decay Chain

as potatoes and onions. Indeed, irradiation is the only non-chemical pro-
cess for significantly extending the storage period of these crops. By 1981,
10 industrial food irradiators were operating around the world and another
three were under construction.

There are a number of units for measuring ionizing radiation, however
the rem (radiation equivalent man) measures the estimated effect radiation
has on the human body. Different forms of radiation may have equal energy
values, but when measured on the rem scale, some forms may be 10 to 20
times more harmful than others. The millirem (mrem) — one one-thou-
sandth of a rem — is a more practical unit for measuring everyday radiation
exposures.



Your Radiation Exposure

40
Everyone is constantly exposed to ionizing radiation from many sources.
For example, the Earth is continuously bathed in radiation from outer
space. Life would not survive without the protection against cosmic radia-
tion afforded by such things as Earth's atmosphere and its magnetic field.
Nonetheless, a significant amount of cosmic radiation reaches the Earths
surface.

Substantial amounts of ionizing radiation from the sun also penetrate
our atmosphere. The aurora borealis and australis, the Earths original "light
shows," are dramatic examples. Fburing through the weak points in the
Earth's magnetic field (the North and South poles), solar ionizing radiation
causes the atmosphere's oxygen and nitrogen to give off light.

The amounts of cosmic and solar radiation reaching us vary primarily
according to altitude; a 100-metre increase in elevation increases exposure
by about 3%. (A trip to the top of the CN Tower in Toronto, Ontario, would
temporarily increase cosmic exposure by about 17%; the exposure during
a coast-to-coast return flight would be double the two mrem exposure from
living next to a nuclear reactor for a full year. The risk of contracting a fatal
cancer from two mrem annually is comparable to smoking one cigarette
every three years or so.)

Radiation from space, the sun and other natural sources make up "the
background radiation" to which we are all exposed. In addition, radi-
oisotopes (principally Potassium-40) in our bodies make us all radioactive.
Background radiation accounts for about 80 of each Canadian's 180 mrem
average annual radiation exposure. The radiation sources and their share
of the 180 mrem are shown above right. Medical radiation exposure varies
from person to person, depending on the type and frequency of medical
and dental x-rays, radioisotope diagnosis and radiation therapy (see "Nu-
clear Medicine").

The only sources of radiation which are regulated for public exposure
are "the nuclear fuel cycle" and some of the "other." (Miscellaneous
sources include TV, bricks, cat litter, fertilizer, smoke detectors, and many
foods such as milk, certain whiskies, etc.)

Typical variations in radiation exposure are shown in the chart, bottom
right-hand page.
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Cosmic, rocks, soil
All others

Reactor
contribution (2)

158 170 174 210 215 177
Churchill, Gentilly, Vancouver, Saskatoon, St. John's, Pickering,
Man. Que. B.C. Sask. Nfld. Ont.
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In Canada, the federal Atomic Energy Control Board is responsible for reg-
ulating the safety and security of all aspects of the nuclear fuel cycle. The
Boards primary health and safety objective is to protect workers and the
public from unacceptable exposure to ionizing radiation. It has established
limits on permissible exposures and regulates the industry according to the
AU\RA principle, that actual exposures should be kept "as low as reason-
ably achievable, economic and social considerations taken into account."
For example, radioactive releases from the Pickering and Bruce nuclear
power stations have consistently been kept more than 99% below the reg-
ulatory limit. The Board has, therefore, adopted 1% of the allowable limit as
the operating target for nuclear power plants.

As in most countries, Canada's regulations are based on the rec-
ommendations of the International Commission on Radiological Protection,
an independent body of medical and scientific experts which is funded by
such groups as the World Health Organization and the International Labour
Organization. The maximum radiation dose permitted atomic radiation
workers is 5000 mrem or five rem a year This exposure limit for workers is
based on making radiation risks comparable to the risks experienced by
workers in other safe industries. For example, exposure to one rem of radia-
tion involves about V? of the risk faced by an office worker on the job or
about V?b of the risk faced by a machine operator in a factory.

Because radiation doses received by other individuals are not usually
monitored and their medical supervision is irregular, an additional safety
factor of 10 is applied. The dose limit for an individual member of the public
is therefore set at 500 mrem, or 0.5 rem, a year. These limits on the radiation
exposure of workers and the public do not include their annual exposure
from natural and medical sources.

The AECB employs a comprehensive licensing and monitoring sys-
tem. Anyone who wishes to possess, use, import or export nuclear
materials (which include uranium, thorium, heavy water and radioisotopes)
or to operate a nuclear facility (which includes uranium mines and mills,
refining, conversion, fuel fabrication and heavy water plants, nuclear reac-
tors and waste management facilities) must first obtain a licence from the
Board. To obtain the licence, an applicant must demonstrate, in detailed
written submissions, that there will be no undue hazard to the health and
safety of individuals, no undue impact on the environment and that any
wastes will be managed in a manner acceptable to the Board.
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Licensees are required to keep detailed records of their operations,
including radiation exposures of their employees and radioisotope concen-
trations in their emissions, and must report to the Board on a regular basis.

To ensure that licence conditions and AECB safety requirements are
met, facilities are regularly inspected and various samples collected for
analysis. In addition to the Boards 17 resident inspectors at nuclear facili-
ties, more than 100 Board inspectors, including 75 from provincial
departments such as labour and environment, carry out regular inspec-
tions of licensees. Monitoring beyond the property of a facility is carried out
by provincial and federal departments of health and environment. If a li-
censee fails to meet AECB requirements, the Board can amend the licence
to restrict operations, suspend or cancel the licence or prosecute the
licensee.

Of the 4,669 AECB licences in effect in 1980-81,44 were operating
licences for facilities in the nuclear power industry and 4,537 covered the
use of radioisotopes (over 2500 in industry, 700 in medicine and almost 650
for use in educational institutions).
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The Government of Canada has a number of policies which govern the
export of uranium and nuclear technology. These are primarily designed to
increase the benefits to Canada of developing its uranium resources and to
ensure that those resources and nuclear technology are not used in the
manufacture of nuclear explosive devices. The major policies relate to ura-
nium supply, further processing of uranium and non-proliferation of nuclear
explosive devices.

Uranium supply: Guidelines ensure that (a) at least a 30-year reserve
of uranium is available for all operating reactors in Canada and for those
committed or planned to be built during the period 10 years into the future,
and (b) sufficient uranium production capacity is available for the Canadian
domestic nuclear program to reach its full potential.

Further processing: Uranium mined in Canada and surplus to domes-
tic needs should be processed to the most advanced form possible prior to
export, provided (a) processing capacity is available in Canada and (b) the
Canadian capacity is economically competitive with that available else-
where. Under this policy, exportable surpluses of uranium concentrates sold
to foreign utilities by Canadian mining companies are refined in Canada
and the uranium is converted into uranium hexafluoride (UF6) prior to export.

Non-proliferation: Nuclear weapon states have developed that ca-
pability from nuclear research programs, not from the much larger and
more expensive commercial nuclear energy programs. Nonetheless, since
1958 the overriding policy requirement of the Government of Canada con-
cerning all exports of nuclear materials and technology is that they should
be used for peaceful purposes only.

The policy has been strengthened in two stages. In 1974, India deto-
nated a nuclear explosive device that used plutonium produced in
research facilities supplied by Britain, Canada and the United States. In
December 1974, Canada insisted that foreign customer countries provide
binding assurances that Canadian-supplied nuclear material, equipment
and technology would not be used to produce nuclear explosive devices.
In December 1976, Canada further required those customer countries
which are non-nuclear weapon states to ratify the Non-Proliferation Treaty
(NPT) or otherwise accept international safeguards of their entire nuclear
program, both present and future. By signing the NPT, one hundred and
eleven nations without nuclear weapons have agreed not to manufacture or
acquire them.
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Nuclear Medicine
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Nuclear reactors have made possible the low-cost production of large
quantities of radioisotopes. Most major hospitals in the world have nuclear
medicine departments and, in North American hospitals, a radioisotope is
used to diagnose the illness of one of every three patients.

Ionizing radiation emitted by radioisotopes makes them easy to detect
in minute quantities. When radioisotopes, or materials in which a radio-
isotope has been incorporated, are given to a patient, the distribution, rate
of distribution and concentration of that radioactive material can be traced
by detectors which operate on the same principle as scintillometers (see
"Exploration"). Diagnostic tests employing radioisotopes are used to deter-
mine how well various organs are functioning, the body's ability to absorb
certain substances, and to locate and delineate tumours, often eliminating
the need for investigative surgery. The circulation and exchange of gases in
the lung are measured by using Xenon-133, a radioactive gas produced by
the fissioning of uranium. Technetium-99m, a decay product of another
uranium fission product (Molybdenum-99), is one of the most widely used
medical radioisotopes; its six-hour half-life minimizes a patient's radiation
dose and it can be used in a variety of diagnostic tests. Atomic Energy of
Canada Limited's Commercial Products Division is the worlds largest sup-
plier of Molybdenum-99.

The fastest growing medical use of radioisotopes is in the laboratory.
Blood and tissue samples can be analyzed using radioisotopes for such
things as hormones, enzymes and drug levels. In the past, underactivity of
the thyroid of newborn children was not detectable until too late for treat-
ment, resulting in mental retardation. Today, radioisotopic analysis of a drop
of the infant's blood can identify those with the disease, permitting early
treatment.

Diseases can be treated using radioisotopes. Cobalt-60, produced in
a nuclear reactor by the irradiation of non-radioactive Cobalt-59, has been
used to treat cancer for almost 30 years. In 1951, doctors used a beam
therapy unit designed and built by Eldorado to treat the first cancer patient
with cobalt. Today, there are 2,400 cobalt beam therapy units in use world-
wide, about 65% of them supplied by the Commercial Products Division of
AECL. Ontario Hydro's nuclear power station at Pickering is the world's
largest producer of Cobalt-60. An estimated 13,000,000 years of added
human life have been made possible through Cobalt-60 irradiation.
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Uranium Metal
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Pure uranium metal is 2.5 times heavier than steel and 1.7 times heavier
than lead. This high density and its very low level of radioactivity (see "Radia-
tion") make uranium metal attractive for special applications. Since it can
provide high density in limited space, it is used for counterweights in con-
fined areas of aircraft, presenting no hazard to passengers. (The major
radiation exposure in aircraft comes from cosmic rays and the sun.) It is
also used as shielding for highly radioactive materials.

One cm of uranium metal shields radiation as effectively as 12 cm of
concrete. Uranium metal provides the shielding for radioactive material in
radiographic cameras, which are used to examine welds in pipelines and
other metal objects. It provides shielding in shipping containers used to
transport radioisotopes and used reactor fuel, and is also used for spe-
cialized shielding in nuclear reactors. Components fabricated from
uranium metal are used in Cobalt-60 cancer therapy units to focus radiation
and shield patients and operators.

Eldorado Nuclear produces "depleted" uranium metal from the tail-
ings of foreign enrichment plants—i.e. uranium from which most of the
fissile U-235 isotope has been removed—and uses it to manufacture the
products mentioned above.
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Eldorado Nuclear

Eldorado Nuclear Limited has been mining and refining radioactive miner-
als for 50 years. The company was acquired by the Government of Canada
in 1944. Today, the federal Crown corporation conducts exploration pro-
grams throughout Canada, operates Canada's only uranium refining and
conversion plants and a metallurgical facility at Port Hope, Ontario, and a
major research and development centre in Ottawa, where the head office is
also located.

Eldorado's UF6 conversion plant is one of only five in the western
world. At Port Hope, yellowcake from all Canadian mines and from abroad
is refined to extract pure uranium, which is then converted into forms suita-
ble for ultimate use in Canadian and foreign nuclear reactors. Eldorado is
the sole supplier of natural uranium dioxide (UO2) powder used to make
fuel pellets for Canada's CANDU reactors. About 20% of the uranium re-
fined by the company is converted to UO2. Unlike the CANDU system,
foreign designed light-water reactors require slightly enriched uranium fuel.
Most of the uranium refined at Port Hope is converted to uranium hexa-
fluoride (UF6), which is exported for enrichment prior to being fabricated
into enriched UO2 fuel pellets for foreign reactors. Eldorado sells its refining
and conversion services to electrical utilities, which own the uranium
throughout all stages of processing at Port Hope. The company's primary
foreign markets are the United States, Europe and Japan.

A major expansion program currently under way will almost triple El-
dorado's refining and UF6 conversion capacity. By late 1983, all uranium
refining will be done at the company's new facility now under construction
at Blind River in northern Ontario. Uranium produced at the new refinery will
be shipped to Port Hope for conversion at Eldorado's existing UO2 and
expanded UF6 facilities.

Eldorado is also engaged, through its wholly-owned subsidiary Eldor
Resources Limited, in the development of two high-grade orebodies at Key
Lake, 640 kilometers north of Saskatoon, which are estimated to contain at
least 70,000 tonnes of uranium. Eldor has a one-sixth interest in the project.
When operating in 1983, Key Lake will be Canada's largest uranium mine,
accounting for approximately one-third of Canadian capacity.
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The Nuclear Fuel Cycle
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