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Fatal Attraction

Yellowcake is the bright yellow uranium powder 
produced when raw uranium ore is crushed and purified. 
It is actually a mixture of uranium oxides, mostly U3O8 
(urania), and ranges in colour from yellow to orange to 
dark green.  It is this yellowcake that is packaged in steel 
drums, traded and sent across the world to be further proc-
essed, converted to different forms, enriched and used in 
the manufacture of nuclear fuel or bombs.  

The yellowcake trail is lined with environmental 
devastation, sickness and death. The nuclear industry has 
always been a law unto itself, sheltered by governments 
promoting the industry as a safe and clean means of sat-
isfying the insatiable demand for energy. Yet no insur-
ance company in the world will sell liability insurance to 
a nuclear power plant. Nuclear scientists and engineers 
strongly endorse nuclear power, caught up in their fascina-
tion with the unique properties of uranium and the power 
it unleashes.  

Nuclear (radioactive) waste is deadly to human be-
ings in amounts as small as a millionth of a gram, and we 
have produced it in hundreds of thousands of tonnes. It is 
already leaking out of totally inadequate containment, not 
only from mine sites, refineries and nuclear power plants, 
but also from nuclear weapons programs. There is no way 
to get rid of it and it remains lethal for millions of years. 

For decades, Canada has been the world’s largest 
producer of uranium, home to the richest ore bodies, the 
largest uranium mine in the world, and the largest publicly 
traded uranium mining company – CAMECO (Canadian 
Mining and Energy Corporation).  As Canadians, we need 

to understand the detrimental impacts of uranium 
mining, processing and use to our country and to 

the health and environment of communities affected 
by these operations.  At every stage there is polluted air, 
land, and water, wreaking permanent destruction on the 
health and environment of communities – especially, na-
tive communities, their food sources, and their natural 
habitat. 

Once exploration and mining starts, there is no end 
– the mines can be closed and abandoned as often is the 
case, but the radioactive tailings remain. 

Early History of Uranium in Canada 

Canada’s foray into uranium mining began in 1930, 
when a prospector for Eldorado Gold Mines discovered 
pitchblende, a uranium-bearing mineral, on the shores of 
Great Bear Lake in the Northwest Territories, about 450 
kilometres north of Yellowknife.  The ore body was one of 
the richest known uranium deposits in the world.

At that time, radium, a radioactive decay product of 
uranium, thought to be a miracle cure for cancer, com-
manded prices as high as $75,000 per ounce in the 1930s. 
Uranium itself was only incidental and of no economic in-
terest. So in 1932, Eldorado built a radium refinery in Port 
Hope, Ontario, 5000 km away from Port Radium, the mine 
on Great Bear Lake.  

It took about 74 tonnes of ore to yield little more than 
3 grams of radium. Dene men from the local community 
of Déline, the only inhabited community on Great Bear 
Lake, were hired to carry cloth sacks of radioactive ore to 
the shipping sites. The community later became known as 
a “village of widows.”

By 1940, World War II was underway. The horrors 
of radium poisoning were revealed.  The overheated and 
glutted radium market collapsed. All radium mines were 
closed, including Port Radium. German scientists had 
already discovered that uranium atoms can be split (fis-
sioned), releasing vast amounts of energy. So uranium took 
centre stage in the world and acquired strategic importance. 

On the Yellowcake Trail

by Anna Tilman

This series of articles, “The Yellowcake Trail,” tracks all 
aspects of uranium in Canada from the mining and milling, 

to processing and use, throughout its eighty-year history. The 
series begins with the history of uranium in Canada, from its initial 
discovery to the rapid development of mines that placed Canada 

as the prominent world leader in uranium production. Each 
mine has a story and each story has a common thread 

and legacy.
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In 1942, the federal government bought out all shares 
of Eldorado and established Eldorado Mining and Refining 
Limited as a Crown corporation with a national monopoly 
on prospecting, mining, and processing uranium.  Port Ra-
dium was re-opened in 1942 in secrecy and was contracted 
to supply uranium to the US army for the “Manhattan” 
project to build the first atomic bomb and, after the war, to 
the US Atomic Energy Commission. 

The Port Hope refinery played a critical role in all war 
activity. It was the only facility in North America for refin-
ing radioactive materials such as uranium. The huge piles 
of refinery residues dumped in the harbour and around the 
town provided an easy source of uranium. Along with the 
uranium sent from Port Radium, rich uranium concentrates 
from the Belgian Congo that had been secretly stockpiled in 
New York were refined at Port Hope. 

The Port Radium mine was decommissioned in 1984, 
but a further clean-up of an estimated 1.7 million tonnes of 
radioactive mine tailings has only recently been ordered, 
after more than 60 years.

The Port Hope refinery continues to operate today as 
the oldest uranium refinery in the world.

The Postwar Cloak of Secrecy

When an industry develops as a result of war and mili-
tary security, as the nuclear industry has, then it comes as 
no surprise that the industry is enveloped with secrecy, that 
the public are not  being informed, that governments cod-
dle, protect and cover up for the industry. 

It was the US-led development of the atomic bomb and 
the subsequent nuclear arms race in the 1940s that really 
resulted in the nuclear industry and uranium mining taking 
off. The US government sought a reliable supply of urani-
um for its nuclear weapons program; the Canadian federal 
government willingly assisted. Canada became the leading 
uranium exporter in the world. 

The ban on private prospecting was lifted in 1947. By 
the early fifties, Canada was the scene of the most dramatic 
and widespread prospecting boom in its history. Thousands 
of radioactive strikes were reported. By 1959, 23 mines 
with 19 treatment plants were in operation in Canada, 
spread across Saskatchewan, the Northwest Territories and 
Ontario. Some of these operations were small, others were 
huge.  But they all share a common fate: a legacy of waste 
and contamination of waterways that continues to today. 

Beaverlodge: During its lifetime from 1953 to 1982, the 
Eldorado mines at Beaverlodge, north of Lake Athabasca 
in the northwest corner of Saskatchewan, produced over 
20,000 tonnes of yellowcake. The abandoned mines have 
yet to be reclaimed although there are currently proposals 

Uranium Tailings - Hidden Dangers

Uranium mining pumps radioactivity 
into the environment for millennia to come. 

Canada has well over 200 million tonnes of 
radioactive waste, called uranium tailings, from mining 
operations. 85 percent of the radioactivity in the ore re-
mains behind in that crushed rock. The effective half-
life of this radioactivity is 80,000 years. That means in 
80,000 years there will be half as much radioactivity in 
these tailings as there is today. 

As these tailings are left on the surface of the earth, 
they are blown by the wind, washed by the rain into the 
water systems, and inevitably spread. In addition, the 
tailings are continually generating radon gas. This dead-
ly gas can easily travel 1,500 kilometres in just a few 
days in a light breeze. As it drifts along, it deposits radon 
daughters, radioactive by-products, including polonium, 
on the vegetation below, Radon daughters are found in 
animals, fish and plants thousands of miles away from 
where the uranium mining is done. 

Once the mining companies close down, who is go-
ing to look after this material forever? How does any-
one, in fact, guard 200 million tonnes of radioactive sand 
safely forever, and keep it out of the environment? 

—Gordon Edwards,
 http://www.ccnr.org/salzburg.html

to carry out studies to this effect. Dam failures have been 
releasing tailings into Lake Athabasca.  

Rayrock: This underground uranium mine, located 145 
kilometres northwest of Yellowknife in the Northwest Ter-
ritories, was operational for only two years, from 1957 to 
1959, at which point it was abandoned by its owners. Dur-
ing its operations, the mine yielded only 207 tonnes of ura-
nium concentrate (yellowcake). Over 70,000 tonnes of ra-
dioactive tailings were “contained” in two basins, with the 
potential to leak metals, both radioactive and stable. The 
site also emits radon gas. In the 1990s, the Department of 
Indian and Northern Affairs remediated the site, and it will 
be monitored once every 10 years for a further 100 years. 

Bancroft: This area in Ontario southeast of Algonquin 
Park was the site of radium mining in the 1920s and 1930s, 
and went through two uranium booms from 1956 to 1964 
and from 1976 to 1982. Its three underground mines, all 
of which were abandoned, produced about 6,700 tonnes of 
uranium oxide. 

Elliot Lake: The "Uranium Capital" of the world, the 
Blind River-Elliot Lake area of Ontario had 12 uranium 
mines by 1960. All mining was underground at a depth of 
170 to 950 metres. The low grade ore was plentiful. These 
mines accounted for about 80% of all uranium produced in 
Canada. 

Within about twenty years of operation, more than 
30 dams, built to contain uranium tailings, failed, dump-
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ing nuclear waste and chemical toxins into the Serpent 
River watershed which flows into Lake Huron. By 1976, 
the entire Serpent River system including more than a 
dozen lakes, was badly contaminated for 80 kilometres or 
so downstream. The Serpent River system was identified 
by the International Joint Commission as the largest single 
contributor of radium contamination to the Great Lakes. 

By 1996 when the mine finally closed, over 120,000 
tonnes of yellowcake had been produced from the Elliot 
Lake mines, but over 170,000,000 tonnes of radioactive 
tailings are left behind.

Boom & Bust

The post-war phase of Canadian uranium production 
peaked in 1959 when more than 12,000 tonnes of uranium 
was produced. But as fast as it began, the boom came to 
an end when, in November 1959, the US Atomic Energy 
Commission decided to purchase all its supplies from US 
sources and not to renew any Canadian contracts. 

Over the next few years the number of mines declined 
to four. Uranium production in the Bancroft area and at 
Beaverlodge ceased in 1982 and the last of the Elliot Lake 
mines closed in 1996.

The “nuclear” appetite had declined.  Grassroots peace 
movements sprouted up around the globe, demanding some 
form of control and disarmament of nuclear weapons. The 
Nuclear Non-Proliferation Treaty (NPT), designed to limit 
the spread of nuclear weapons, came into force in 1970. 
Canada’s position, as expressed by then Prime Minister 
Trudeau, was that no uranium from Canada would be used 
for weapons.

The Dawn of Nuclear Power 

A new era for uranium developed in the latter part of 
1960s, spurred on by the demand for electricity-generating 
nuclear power.  

The first nuclear power plant in Canada, the Nuclear 
Power Demonstration Plant at Rolphton, Ontario, was op-
erating by 1963, using the CANDU (Canadian Deuterium-
Uranium) design principles. The first large-scale commer-
cial nuclear power station, Ontario Hydro’s Pickering reac-
tor, was operational in 1971. 

But this time Saskatchewan became the new uranium 
capital of the world. In 1988, the richest uranium find in 
the world occurred at McArthur River. The mine started 
production in 1999.

Saskatchewan became the sole province in Canada 
producing uranium and remains so today. Ontario’s ura-
nium mining period seemed to have ended. 

The two key players in uranium mining in Canada are 
AREVA, a French owned company, and Cameco, a private 
Canadian company. AREVA is the largest nuclear power 
generating company in the world, and ranks third in total 
uranium production. Cameco was formed in 1988 from two 
crown corporations, Eldorado Nuclear and Saskatchewan 
Mining Development Corporation. 

 
The Athabasca Basin – Unique 

The Athabasca Basin, an area of about 100,000 square 
kilometres, is located primarily in Northern Saskatchewan, 
spanning the Alberta-Saskatchewan border. The Basin ad-
joins the Peace-Athabasca Delta, one of the largest fresh-
water deltas in the world, providing habitat for water birds, 
including the endangered whooping crane, and wood bison. 
Canada’s largest national park, Wood Buffalo National 
Park, designated a UNESCO World Heritage site, includes 
part of the Delta.

When it comes to ore bodies, the Athabasca Basin is 
unique. The largest and richest uranium deposits in the world 
are found here. Most ore deposits of uranium worth mining 
are in the order of 0.1% to 2%. But ore bodies in the Basin far 
exceed those grades (ranging from about 0.5% to over 20%). 
For example, the McArthur River mine is the highest-grade 
uranium mine in the world, averaging about 22% uranium, 
more than 100 times richer than most mines.

Mining in the 1980s and 1990s was primarily by the 

open-pit method as the deposits were near the surface. Sur-
face mining is more economical than underground mining 
and, combined with the very high ore grade found in the 
Athabasca Basin, made this uranium very competitive in 
world markets. In the words of the nuclear industry, “The 
high ore grade also requires that great care be taken to en-
sure radiation protection for workers.” At the McArthur 
River mine, which produced 8,500 tonnes of yellowcake 
in 2007, remote-control raise-boring methods are used for 
mining.

 

Canada reigns supreme in production 
• It has the world’s largest reserves of high-grade low-
cost uranium.
• It has consistently been the world’s largest producer of 
natural uranium, producing about one-third to one-quar-
ter of global production). Australia places a close second 
followed by Kazakhstan.  
• 85% of Canada’s uranium yield is exported, primarily 
to United States, the European Union, and Japan. The 
remainder fuels the CANDU reactors in Canada.
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Mining Kingdom, 
Uranium Rush 

One fifth of all mineral explora-
tion programs in the world will be 
done in Canada, well over half by 
foreign companies. With uranium re-
emerging as a star mineral commod-
ity, the uranium rush is on. Uranium 
prices have gone from a low of $7 per 
pound of yellowcake (U3O8) in 1968 
and 1990 to the current price of about 
$78. 

Active exploration for uranium is 
underway in Saskatchewan, Alberta, 
the Northwest Territories, Yukon, 
Nunavut, Manitoba, Ontario, Quebec, 
New Brunswick, Newfoundland and 
Labrador, and of course, the eastern, 
central, and western Athabasca Basin, 
where over forty companies are ac-
tive.  

The exploration for uranium, 
mostly on or near First Nations land, 
is encountering fierce opposition 
from many communities and organi-
zations. In some cases, this has led to 
the imprisonment of protestors, such 
as the highly-publicized arrest and 
imprisonment of a former Ardoch 
Algonquin chief in Ontario, after he 
refused to obey a court order to stay 
away from a proposed mine site on 
traditional territory.  

In Canada, mining is usually 
governed by provincial regulations. 
Uranium production is under federal 
jurisdiction via the Canadian Nuclear 
Safety Commission which regulates 
uranium mines and mills. There are 
significant variations in provincial re-
strictions on exploration and mining 
uranium. For example:

• British Columbia has a long-
standing moratorium on uranium 
mining and exploration. It was first 
introduced in 1980, and has been re-
cently renewed.

• Nova Scotia established a 
moratorium in 1982, but there are 
some indications that the province 
may lift it. 

Source: Titan Uranium 

Map by  Arthur Caldicott with sources from World Nuclear Assocation. 

Exploration and mining sites in Northern Saskatchewan

• In July 2008, New Bruns-
wick enacted new regulations to limit 
uranium exploration and the stak-
ing of claims on municipal land, and 
in watersheds and fields with private 
wells or within 300 metres of private 
homes. 

• On April 8, 2008, the Nu-
natsiavut Government placed a three-
year moratorium on mining and de-
velopment of uranium on Labrador 

Inuit Lands. The moratorium does not 
apply to exploration. The issue is to be 
revisited after March 31, 2011. 

• In 1990, residents of Baker 
Lake in the Thelon Region of the Nu-
navut voted to ban uranium mining 
and exploration in their region. How-
ever, in September 2007, the ban was 
overturned. 
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• 20 Ontario municipalities, including Ottawa, have 
called for restrictions, including moratoria, on the explora-
tion and mining of uranium. 

Leaving No Stone Unturned

The nuclear industry, including prospectors and min-
ing companies, leaves no stone unturned in their search 
for uranium. Since uranium is ubiquitous, any place is fair 
game for exploration, provided the price of uranium war-
rants it. Resistance to their operations can be easily over-
come, particularly when governments are favourable to 
their operations. 

In the words of Donna Dillman, a well-known activist 
in the struggles against uranium exploration in the Shar-
bot Lake area in Ontario, “Currently, there are numerous 
groups in Canada and around the world resisting uranium 
exploration and mining. So it is essential that we come to-
gether as one voice. When we do this, and only then, will 
the media and government give the issue the importance it 
deserves.”

t

An extensive referenced version of this manuscript can 
be found at www.watershedsentinel.ca

Yellowcake continued

For More Information
Gordon Edwards, Canadian Coalition for Nuclear 

Responsibility (CCNR) www.ccnr.org
MiningWatch Canada, www.miningwatch.ca
Lorraine Rekmans et al., “This is my Homeland,” 

Serpent River First Nation, 2003
National Film Board, “Uranium,” 1990
Canadian Nuclear Association, www.cna.ca
Rosalie Bertell, “No Immediate Danger - Progno-

sis for a Radioactive Earth,” 1985, International In-
stitute of Concern for Public Health, www.IICPH.org

The Story of Baker Lake

Baker Lake, Nunavut’s only inland community, 
with a population of 1800, is situated at the mouth of 
the Thelon River in the Kivalliq region of Nunavut. In 
the late 1980s, a large low-grade deposit of uranium was 
discovered in the Thelon Basin, 80 km west of Baker 
Lake, by Urgangesellschaft Canada Ltd., a German min-
ing company.

In 1990, shortly after the discovery, the community 
of Baker Lake held a plebiscite and voted 90% to ban the 
mining and exploration of uranium outright.  

When Nunavut became autonomous on April 1, 
1999, land rights changed. Twenty percent of the land 
is owned outright by the Inuit people, who also gained 
about 2% of the subsurface rights. Most of the region’s 
uranium is owned by the Inuit. 

The Nunavut Tunngavic Inc (NTI) was created fol-
lowing the land settlement to manage Inuit-owned lands 
and subsurface rights. In September 2007, the NTI over-
turned the ban on mining and exploration. By 2008, 28 
uranium prospectors were drilling the tundra of Nuna-
vut. Huge mining companies opened shop in the terri-
tory, promising employment, partnerships and royalties 
to Inuit.

AREVA, along with two partners, took over the site 
deserted by its previous owner, Urgangesellschaft. The 
ore-grade is only about 0.24% but the estimated resourc-
es, about 67,000 tonnes of yellowcake, are considerable. 
A mine and mill complex is planned to start up in 2015.

Meanwhile, the NTI have also negotiated a partner-
ship for another uranium mine at Angilik, just west of 
Baker Lake. The NTI have assured the Inuit people that 
“nothing will be done without their approval, and [it] 
would support a mine only if the uranium were used for 
peaceful purposes and only if it will benefit the Inuit.”

The unemployment rate in many communities in 
Nunavut is in the neighbourhood of 70% but some fierce 
opposition remains in the community, particularly over 
concern for the well-being of the Caribou herds. 

Upcoming Issues
Upcoming Issues 
will cover Next Steps 
on the Yellowcake 
Trail:  Nuclear power, 
weapons and waste

Anna Tilman is a researcher who has worked on sever-
al toxic issues, especially mercury. She is a Board member 
of the International Institute of Concern for Public Health.
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The nuclear industry paints a rosy picture of its op-
erations, portraying itself as a well-planned, controlled and 
safe industry, and the answer to climate change. But the 
track record of flooding and spills at mine sites, cost over-
runs, delays, leaks and shutdowns at nuclear plants, and the 
catastrophic nuclear “accidents” at Chernobyl and Three-
Mile Island, are in stark contrast with that positive image. 

At every stage in the nuclear chain, from extraction 
to processing and use, vast amounts of radioactive waste 
and other highly hazardous wastes are produced. Spills and 
leaks commonly occur, marking treacherous places in the 
yellowcake trail that remain deadly for hundreds of thou-
sands of years. 

Nuclear waste is the Achilles’ heel of the industry.  
The radioactive wastes resulting from mining and milling 
uranium are endemic, as is the nuclear waste (spent fuel) 
produced by reactors, which contains so many extremely 
dangerous radioisotopes, such as plutonium. There is no 
safe way to permanently store radioactive nuclear waste. 

The current recession has put a damper on the nuclear 
renaissance, at least in Ontario. Plans to build a nuclear re-
actor at Darlington have been postponed indefinitely and 
proposals by Bruce Power, a private company, to build 
two new nuclear power stations have been abandoned. Of 
course the future of the somewhat tarred Atomic Energy of 
Canada Limited is also in doubt, as the federal government 
is hell-bent on privatizing it.

But mining and exploration for uranium are going on 
full steam ahead, and Bruce Power is marching westward, 
seeking opportunities in areas with better economies than 
a “have-not” Ontario. 

Canada’s Uranium – A Travelogue

Canada’s uranium, as yellowcake and in other more 
purified forms, travels the globe. How it gets to these vari-
ous destinations is another matter. 

From the mines and mills in Saskatchewan, casks of 
yellowcake are shipped about 3000 kilometres to Ontario. 
Some of the yellowcake may be shipped directly to the US 
and possibly to France.

Approximately 85% of Canada’s uranium yield is ex-
ported.  Since nearly all the uranium produced in Canada is 
sold under confidential long-term contracts, information on 
amounts shipped and to what countries is not forthcoming 
– at least not to the public.

The ore from the uranium mines is shipped by truck 
to the mills. Trucks bring the yellowcake from the mills 
to Saskatoon. The yellowcake travels most likely by truck 
from Saskatoon to the refinery in Blind River, Ontario. The 
Blind River refinery also gets shipments of yellowcake for 
processing from around the world. Most of the purified ura-
nium is trucked from Blind River to Port Hope, 600 kilome-
tres away. The rest is sent to the UK for enrichment.  This 
is as much as we know. 

Any road or rail travel must go through a number of 
towns en route. What emergency measures are in place in 
case of accidents or major spills? How is such transporta-
tion insured? To what degree are any incidents or accidents 
reported publicly?

In one case, two transportation trucks carrying ura-
nium hexafluoride from Cameco’s Port Hope facility were 
photographed in the public parking lot of a gambling casino 
near Milton, Ontario. Likely the trucks were on the way to 
the US enrichment plant in Kentucky.

On Aug. 4, 2009, the Canadian Press reported an in-
cident where two truckers were exposed to radiation in 

On the Yellowcake Trail
Part Two

by Anna Tilman

This series of articles, “On The Yellowcake Trail,” tracks the 
history of all aspects of uranium in Canada from the mining and 

milling, to processing and use, throughout its eighty-year history. 
The series began with the history of uranium mining in Canada. 

This article examines the various stages involved in process-
ing uranium and the issues that emerge with each of 

these stages.
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2008 while hauling a radioactive device for six days across 
the country. Apparently, the device had not been securely 
locked in place before transit, causing it to shift from a 
shielded to an unshielded position en route.  A preliminary 
investigation by the Canadian Nuclear Safety Commission 
(CNSC) found that the drivers received about 35% more ra-
diation in their six-day trip than the regulated public dose 
limit for one full year. 

How many more such incidents go unreported? 

Churning Out the Yellowcake and the Waste

Mining and milling are at the forefront of the nuclear 
chain. As in any mining operation, they go hand-in-hand. 
Mining extracts the raw uranium ore from rock and milling 
processes the ore to produce yellowcake.

At the mill, usually located at or near mine sites, the 
ore is crushed, then treated with strong acids and other 
chemicals to selectively leach out the uranium from the ore 
and dry it to a fine sand-like powder, uranium oxide con-
centrate U3O8   –  yellowcake (about 70% pure uranium). 

Finally, the yellowcake is packed into 55 US gallon 
steel drums, similar in size to oil barrels, each containing 
about 400 kilograms of yellowcake, ready to begin its long 
journey to be further refined. 

Yellowcake is one product of the mills, the other 
is waste. Throughout all stages of processing, copious 
amounts of water are used, and numerous toxic chemicals 
used in processing are unleashed. Usually the liquid waste 
is about double the quantity of the solid waste.

The leaching agent, typically sulphuric acid, extracts 
uranium from the ore and along with it, several other sub-
stances, including heavy metals, such as molybdenum, 
lead, arsenic, mercury, manganese and cadmium. 

Since a relatively small fraction of uranium is actu-
ally contained in the ore, the rest of the ore is radioactive 
waste. The vast amounts of wastes, known as tailings, are 
discharged from the mills into ponds or piles nearby. The 
tailings contain all the original constituents of the ore, in-
cluding long-living radionucleides, thorium-230 (half-life 
of 80,000 years) and radium-226 (half-life of 1600 years), 
which represent about 85% of the initial radioactivity of the 
ore. The tailings also contain about 5-10% of the uranium 
not extracted by the milling process. 

The radium in waste rock and tailings continuously 
decays to the radioactive gas radon-222, which can readily 
escape from the interior of the tailings. Radon releases are a 
major hazard that continues after uranium mines and mills 
are shut down. Just to prevent seepage of radon gas from 
the interior of the tailings, the waste must be stabilized by 
at least two metres of cover soil.

The mix of constituents in the tailings can undergo 
various reactions which contribute to additional hazards. 
The poisoning of fish and plants downstream from the 
mines and mills is due not only to radioactive substances 
that accumulate in the sediment but also to heavy metals 
and process chemicals, whose effects are noticed long be-
fore the effects of radioactivity.  

From the Mills to Ontario....and Beyond

Because yellowcake is about 70% uranium, further 
processing is required to remove impurities before it can 
be used. From the mills in Saskatchewan, casks of yellow-
cake travel to Ontario, the only province in Canada where 
yellowcake is refined for further use. Each load hauled by 
truck contains about 17 tonnes of yellowcake.

Some of the yellowcake may also be shipped directly to 
the US and other locations overseas, but neither the destina-
tions nor the means of transport are publicly known.  

Ontario hosts the largest uranium refinery in the world, 

Natural versus Enriched Uranium 
Any element (i.e., a pure substance, such as iron, copper, 

gold, carbon) usually contains different kinds of atoms, called 
isotopes. The difference lies only in the number of neutrons in 
the nucleus. The chemical properties are identical.

Some isotopes are unstable and radioactive, which means 
they decay into other elements, emitting alpha and beta parti-
cles and gamma rays from the nucleus. These three kinds of 
radiation, known as ionizing radiation, are highly energetic and 
able to break chemical bonds. This gives them the ability to 
damage or destroy living cells. 

In its natural state, uranium consists of three isotopes, 
known as U-238, U-235 and U-234, all of which are radioactive. 
Over 99% is U-238, and only about 0.7% is U-235, and about 
0.005% is U-234.  

U-235 is key to starting a nuclear reaction and keeping it 
going. It is the only naturally occurring isotope that is fissile, 
that is, able to sustain a “chain reaction,” a reaction in which 
the splitting (or fission) of an atom of U-235 by a neutron results 
in the release of a tremendous amount of energy and neutrons, 
which in turn split other U-235 nuclei, releasing more and more 
energy and neutrons and so on. 

Most nuclear reactors and weapons require “enriched” 
uranium as fuel, that is, uranium with a higher concentration 
of U-235 than what exists in natural ore. In order to enrich ura-
nium, repetitive energy-intensive measures are used to weed 
out U-238 bit by bit from uranium hexafluoride (UF6), thereby in-
creasing the portion of U-235. The bulk of waste, or by-product, 
is depleted uranium (DU), which is almost entirely U-238. DU is 
not used as a fuel for fission reactors, but to make weapons, 
including atomic warheads, bullets, missiles and armour.
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the Blind River refinery on the north shores of Lake Huron, 
and the oldest existing one, in Port Hope, on Lake Ontario. 
Both are owned by the Cameco Corporation, a dominant 
and influential force in the two communities. 

The Blind River facility, first opened in 1983, process-
es yellowcake not only from Saskatchewan, and formerly 
Ontario’s mines, but from all over the world.  

At the Blind River refinery, the yellowcake is purified 
and processed to produce uranium trioxide (UO3), a high-
purity form of uranium suitable for further processing.  

Incineration – the Path of Destruction 

In 2007, the Canadian Nuclear Safety Commission 
(CNSC) gave Cameco approval to upgrade its existing in-
cinerator at the Blind River refinery so that it could burn 
radioactively-contaminated by-products generated at Blind 
River and Port Hope. 

Uranium, a metal, cannot be destroyed by incineration. 
It is pyrophoric, that is, it can catch fire even at normal 

temperatures when it is in fine particles. Incinerated, it will 
burn at 3,000 to 6,000 degrees centigrade and the uranium 
particles turn into ceramic uranium.

“Ceramic uranium is not soluble in body flu-
ids after being breathed into the lungs. This metal 
vapour will solidify in the cooling air and form 
respirable particles. Some particles will be nano-

metre in size (a nanometre is 1 billionth of a me-
tre), so small that they can pass through the lung-
blood barrier, escape from the blood vessels and 
enter into the cells. They can also pass through the 
blood-brain barrier and enter into the brain itself. 
These particles have been found in seminal fluid 
and in the female where they can cross the pla-
centa and cause havoc to the developing embryo or 
foetus. These metal fumes also pose an immediate 
danger for the residents of downwind communi-
ties.”

—Burning Radioactive Waste: Blind River and the CNSC De-
cision, International Institute of Concern for Public Health, March 
17, 2007 

Recovery of Left-over Uranium 

Cameco is currently seeking approval from CNSC 
to re-mill “recyclable” products from its Blind River and 
Port Hope facilities, trucked back to its Key Lake mill in 
Saskatchewan. These products contain approximately 4% 
uranium, mostly, but not all, derived from yellowcake from 
Saskatchewan. 

Once again, yellowcake hits the road – back to where 
most of it came from.

Blind River to Port Hope

From Blind River, UO3 is trucked 600 km to Port 
Hope where it is converted into two forms. About 20% is 

The two communities are unique in many ways, Port 
Hope being located in southern Ontario’s urbanized sur-
roundings, Blind River, much more isolated and by a native 
community. Much is heard of and known about issues in Port 
Hope, with its contaminated fill and schools seeping radon. 
Less is heard about Blind River, with the increasing levels of 
uranium in soil and 80 kilometres of contaminated Serpent 
River watershed. 

At the same time, the two communities have much in 
common, from their major employer, and the struggles and 
conflicts they face because of the refineries, to concerns over 
health and the environment, and economic viability. These 
issues are divisive at times, and play into the hands of the 
nuclear industry. 

The largest uranium refinery in the world is located just 
west of the town of Blind River, nestled at the mouth of the 
Mississagi River on the North Channel of Lake Huron. The 

refinery exists there as a result of government intervention. 
Situated on the shores of Lake Ontario, with the charm 

of a picturesque nineteenth century town, Port Hope is the 
“heart” of the nuclear processing industry in Canada and 
has been so for almost eighty years, since it was first a ra-
dium refinery and then converted to prepare uranium for the 
“Manhattan Project.”

Controversy over the health effects from Cameco’s Port 
Hope operations abounds. Two reports prepared by Health 
Canada for the CNSC concluded that overall cancer and 
death rates in Port Hope were comparable with similar-sized 
jurisdictions in Ontario.  

Very different conclusions were drawn by Dr. Eric 
Mintz, an epidemiologist retained by the Port Hope Com-
munity Health Concerns Committee (PHCHCC) to do an 
independent analysis of the data in the two Health Canada/
CNSC studies. 

Blind River and Port Hope – the tale of two communities
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powdered uranium dioxide (UO2), used to fuel Canadian 
Deuterium Uranium (CANDU) heavy water reactors in 
Canada and abroad. The other 80% is turned into uranium 
hexafluoride (UF6), known as “hex,” which is used to en-
rich uranium for fuel in light water reactors. Since there 
are no enrichment plants in Canada, all of the “hex” pro-
duced is transported in steel shipping containers to enrich-
ment plants in the US, Europe and Japan. Since 2006, about 
one-quarter of the Blind River UO3 (5,000 tonnes) is being 
shipped to Springfields, UK, where it is converted to UF6 
which is then sent to enrichment facilities in Europe. 

Cameco, through its Port Hope and UK operations, is 
the world’s largest conversion supplier, accounting for 35% 
of the western world capacity. Its Port Hope Conversion Fa-
cility is the world’s only commercial supplier of fuel-grade 
(unenriched) UO2. 

Fuel Fabrication 

The last stage in processing the original yellowcake is 
the transformation of powdered UO2 to reactor fuel. UO2 is 
first pressed into small cylindrical shapes and then baked 
at a high temperature (1600 °C) to produce hard ceramic 
pellets. The pellets are ground down and placed in zirco-
nium alloy tubes which are especially resistant to corrosion. 
Finally the tubes (also called fuel rods) are grouped into 
bundles. 

Cameco’s facility Cameco Fuel Manufacturing Inc., 
(formerly Zircatec Precision Industries Inc.) in Port Hope 
produces fuel pellets and bundles. General Electric–Hi-
tachi operates a plant in Toronto which produces fuel pel-
lets which are then sent to its Peterborough plant where  
fuel bundles  are produced. 

Upcoming Issues
Upcoming issues 
will follow the 
Yellowcake Trail to 
nuclear power and 
nuclear weapons

Tritium and the River
At the end of July, draining of Ontario’s Chalk 

River reactor was completed, ending the leakage of ra-
dioactive tritium into the Ottawa River and the air. The 
most recent leak began in May, and stopped production 
of radioactive isotopes used for medical testing. In No-
vember 2007, the UK Health Protection Agency (HPA) 
said the danger from tritium could be twice as high 
as thought and recommended re-evaluating safety lim-
its for exposure. Tritium, radioactive hydrogen with a 
half life of 12.5 years,  is an essential component of the 
H-bomb, used in medicine, and widely released from 
nuclear power plants. 

—Ottawa Citizen, July 29, 2009, 
NewScientist.com, November 29, 2007  

Now, the yellowcake trail takes a very different path, 
in the form of fuel bundles which are shipped to Canadian 
nuclear power generating plants and CANDU-type reactors 
around the world.

t
Anna Tilman has researched several toxic issues, 

especially mercury. She is a Board member of the Interna-
tional Institute of Concern for Public Health.
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by Anna Tilman

Reality Check

The nuclear energy industry has a dream of a new ren-
aissance – but their dream could be our nightmare. Already 
there are large quantities of long-lasting highly radioactive 
waste at reactor sites sitting in cooling pools of water with 
nowhere to go. A nuclear renaissance would only make this 
desperate problem even worse. 

Despite all the reports about leaks, shutdowns (tempo-
rary and long-term), construction woes, and financial costs, 
nuclear power proponents continue to portray it as safe, re-
liable and cheap. Worst of all, they portray it as the solution 
for climate change.

A reality check on the status of the world nuclear indus-
try, according to the International Atomic Energy Agency 
(IAEA), shows that as of August, 2009, 435 nuclear reac-
tors were operating, generating about 14% of the world’s 
electricity. Fifty-two units are categorized as “under con-
struction,” and many of these units have been in this stage 
for more than 20 years. About 90% of these nuclear power 
plant projects are concentrated in Eastern Europe and Asia, 
16 in China alone. 

While new plants have come on the grid every year 
since commercial use of nuclear energy began in 1954, no 
new nuclear plant was connected to the grid in the year 
2008. The most recent nuclear plant to come on line was 
Cernavoda-2 in Romania in 2007, a CANDU reactor that 
took twenty-four years to build. 

This is a far cry from the nuclear industry’s peak year 
in 1979, when 233 reactors were being built. Even after the 
explosion at the Chernobyl plant in the Ukraine in 1986, 
120 new reactors came on line. 

What this boils down to is an aging fleet of nuclear 

power plants in the world, whose average age 
is 25 years, with 9 facilities 40 years or older. 

Considering that the average age of the 123 units 
that have already closed down is a mere 22 years, just 

to maintain the same number of plants currently operating 
in the world would require one plant to be built every 19 
days for the next 10 years. Clearly the industry is entering a 
steep decline, not a renaissance.

Life Beyond Sixty?

The nuclear industry estimates the lifespan of a nuclear 
power plant to be forty years. However, the nuclear plants 
that have shutdown so far have an average age of only twen-
ty-two years. Despite this clear evidence, the nuclear in-
dustry, especially in the US, is claiming that the lifetime of 
reactors can be extended to 60 years and beyond. Since too 
few plants are being built to replace the existing ones, the 
only way to prevent a decline is to keep the old ones creak-
ing along, regardless of safety and reliability. So far, only 
two operating reactors in the world have exceeded a 40-
year lifespan, and these two reactors (in the UK) are sched-
uled to close in two years. Even in those plants, generation 
was temporarily suspended due to a fire.  

Nuclear plants are not like any other plants. If some-
thing goes wrong, it can cause a major disaster. So what 
magic potion does the nuclear industry have in mind to 
boost the ages of these plants without compromising safety 
and reliability? Will they be able to prove that that they can 
do this to the regulatory agencies that must authorize such 
extensions? This is unknown territory.

 
Where are the Nuclear Workers?

A major issue facing the industry is a declining expe-
rienced workforce. In many countries where nuclear plants 
have been in operation for several years, the most experi-
enced staff is approaching retirement and too few recruits 
are entering into the field to replace them.  Even France, 
where 80% of the electricity is nuclear-generated, is facing 
a shortage of skilled workers.  The President of the Cana-

On the Yellowcake Trail
Part Three

This series of articles, “On The Yellowcake Trail,” tracks the 
history of all aspects of uranium in Canada from the mining and 

milling, to processing and use, throughout its eighty-year history. 
This article examines the status of nuclear power plants around 

the world today. It asks if the industry can be a climate 
saviour, or if it is just an expensive white elephant?

From the Watershed Sentinel, June July 2009 
Subscribe at www.watershedsentinel.ca 
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dian Nuclear Safety Commission (CNSC) has stated that 
CNSC is “facing many of same issues as the rest of the nu-
clear industry,” including a 10% annual turnover and 23% 
of the workforce eligible to retire in the next five years. 

Since most of the proposed expansion is likely to oc-
cur in countries that do not have experience with nuclear 
power plants, the lack of a skilled workforce, combined 
with regulatory regimes that will likely be more lax, is very 
disconcerting. 

The Big Fish...and the up-and-coming ones

Out of the thirty-one countries presently using nuclear 
energy, six countries dominate the field, the US, France, 
Japan, Germany, Russia, and South Korea. These “big fish” 
generate two-thirds of the world’s nuclear energy. Canada 
is positioned seventh, along with the Ukraine, which has 
plans for two new nuclear plants. 

The US, with 104 nuclear plants in operation, is the 
world’s biggest nuclear power.  Almost all the reactors were 
built in the 1960s and 1970s. Since 1977, there have been 
no new construction starts in the US, partly because natu-
ral gas generation was considered more economical, and 
construction schedules for nuclear plants were frequently 
extended. The partial melt-down of Three-Mile Island in 
1979 has effectively nailed the coffin on newly built plants 
for the last thirty years.  

In 2001 George W. Bush launched the Nuclear Power 
2010 program with the  objective  to “complete construc-
tion and deploy multiple commercially viable new nuclear 
plants by 2010.”  It is now obvious that no new plant will be 
up and running in the US by 2010. Only one unit (in Texas) 
is currently planned to operate before 2015. In the nuclear 
industry, things just don’t work out as expected.

The New “State-of-the-Art” Reactor –
Trouble in Finland 

The “big six” countries, as they are known, have had 
their share of nuclear woes. But if serious consideration is 
ever given to a nuclear renaissance, the experience in Fin-
land alone should provide the strongest possible deterrent. 

The largest nuclear construction site in Europe is in 
Olkiluoto, Finland, an island in the Baltic Sea. Olkiluoto is 
also the site for a final repository for Finland’s spent fuel. 
The project is managed by the French-owned AREVA, the 
largest nuclear builder in the world.  This project was meant 
to showcase Areva’s newly designed Evolutionary Power 
Reactor (EPR). But it is turning out to be a major fiasco in 
every way. 

The reactor is more than three years behind schedule, 

 Status of Nuclear Power in the World (August 2009)
Nuclear Reactors Power

Countriy Oper-
ating

Aver-
age 
Age

Under 
Con-
struc-
tion

Plan-
ned

Share 
Elec-
tricity 
(%)

Argentina 2 31 1 1 6
Armenia 1 30 0 0 39
Belgium 7 29 0 0 54
Brazil 2 18 0 1 3
Bulgaria 2 20 2 0 33
Canada 18 26 0 3 15
China 11 8 16 29 2
Czech 
Republic

6 18 0 0 32

Finland 4 30 1 0 30
France 58 24 1 1 76
Germany 17 28 0 0 28
Hungary 4 24 0 0 37
India 17 18 6 10 2
Iran 0 0 1 2 0
Japan 53 24 2 13 25
Lithuania 1 22 0 0 73
Mexico 2 18 0 0 4
N e t h e r -
lands

1 36 0 0 4

Pakistan 2 24 1 2 2
Romania 2 8 0 2 18
Russia 31 27 9 7 17
Slovakia 4 19 2 0 56
Slovenia 1 28 0 0 42
South Af-
rica

2 25 0 3 5

South Ko-
rea

20 17 5 7 36

Spain 8 26 0 0 18
Sweden 10 31 0 0 42
S w i t ze r-
land

5 34 0 0 39

Taiwan 6 28 2 0 19
Ukraine 15 21 2 0 47
UK 19 28 0 0 13
USA 104 30 1 11 20
Total 435  52 92 14

Compiled from www.world-nuclear.org/info/reactors.html
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Nuclear Power continued

The key differences between the CANDU reactors 
and the more widely adopted light water reactors are that 
they are fuelled by natural uranium (as opposed to enriched 
uranium), can refuel without shutting down, and are cooled 
and moderated by heavy water. While the CANDU saves 
costs in enrichment, these savings are partially offset by the 
cost of producing heavy water.

The first commercial CANDU reactors began operation 
in Pickering, Ontario, in 1971. Sixteen reactors are located 
in Ontario, and one each in Quebec and New Brunswick. 
Nuclear power provides 14.8% of Canada’s electricity, and 
53% of Ontario’s electricity.  

Throughout their history, the Canadian reactors have 
been plagued by technical problems, leading  to  cost over-
runs, and reduced power  generation. The initial estimate 
for Darlington Station in Ontario, Canada’s last-built nu-
clear plant, was $5 billion, and it nearly tripled to $14 billion 
or more, a cost passed on to Ontario’s taxpayers.

In August 1997, Ontario “temporarily” shut down 
its oldest seven reactors to allow a significant overhaul to 
be undertaken. Four reactors were shut down at the end 
of 1997, and three others were closed in March 1998. An 
eighth reactor had already been shut down in October 1995. 

At the time, it was the largest single shutdown in the 
international history of nuclear power – over 5,000 MW of 
nuclear capacity, one third of Canada’s nuclear plants. As 
of May 2009, only four of the eight reactors had returned 
to operation. Two more are scheduled to come back on line 
later in 2009 or early in 2010. Two other reactors have been 
retired from service.

and the start-up date gets pushed further into the future. 
There are major construction problems ranging from inap-
propriate materials to an inexperienced workforce. There 
are legal disputes between Areva and the Finnish utility 
(TVO). There are cost overruns, putting the project more 
than 50% over budget from the original estimate of about 
$4.5 billion. If this is a state-of-the-art project, then what 
can be expected from ones that aren’t?

Other than this reactor in Finland, the only nuclear 
reactor currently being built in Western Europe is in Fla-
manville, France. It is a clone of the Finnish reactor, and 
not surprisingly, it is encountering similar problems – con-
struction issues, delays, and budget overruns. 

The escalating costs that plague the industry should 
prevent the construction of any new reactors. Only very 
generous government subsidies, and government protection 
against legal liability, have kept the nuclear industry alive. 
No other industry is so heavily subsidized.

Canada’s Reactors

Canada has a supreme place in the nuclear industry. 
It is the world’s largest uranium producer, supplying about 
23% of the global market, and exports more than 85% of 
its uranium.  It was one of the early investors in nuclear 
power, and began developing a new design of heavy water 
reactor in 1944. This set the development of the Canadian 
reactor program down a unique path, with the adoption of 
the CANDU – CANadian Deuterium Uranium – reactor 
design. 
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Proposals for constructing new plants, whether by gov-
ernment or private interests, are encountering substantial 
local opposition.

Ontario has shelved its plans to build two new units at 
Darlington, partly because of the cost (over $26 billion), but 
also because the economic recession has lowered electric-
ity  demand. Bruce Power, a private company, has cancelled 
plans to build nuclear plants at Nanticoke, Ontario (the site 
of the largest coal plant in North America, on the shores of 
Lake Erie) in the face of strong local opposition. But it has 
moved westward to Alberta in search of a willing host. 

New Brunswick is investigating the option of adding a 
second nuclear reactor at its Point Lepreau site. Meanwhile, 
a $1.4 billion refurbishment project on the existing reactor, 
which  has been off-line since April 2008, is running be-
hind schedule by eighteen months and over budget by  $1.6 
billion.  

Any new CANDU reactor would have to undergo a 
thorough regulatory review, and its costs are still impos-
sible to estimate.

Presently 34 CANDU reactors are operating in seven 
countries, as well as 17 ‘CANDU derivative’ reactors in In-
dia, with more being built. 12 CANDU units have been ex-
ported to South Korea (4), Romania (2), India (2), Pakistan 
(1), Argentina (1) and China (2). 

Nuclear - the Answer to Climate Change...not

Despite all the operational problems encountered by 
the nuclear industry in the last two years alone, especially 
in France, Germany, and Japan, nuclear energy was seri-
ously considered as a means to address climate change and 
energy security at the G8 meeting in July 2008. The World 
Nuclear Association, along with other international bodies 
such as the OECD, remains completely confident nuclear 
power will be back on the agenda, but many factors miti-
gate against that: 

• A new nuclear reactor is a very expensive proposi-
tion, requiring government subsidies and insurance guar-
antees, and a skilled workforce. Cost overruns and long 
lead times, coupled with uncertainties as to completion 
dates, are inherent in the building of any nuclear reactor. 
Many billions are needed for decommissioning and legacy 
wastes. 

• The price of nuclear energy in the U.S. is approxi-
mately twice that of natural gas and unlikely to decrease. 
The costs of wind and solar, on the other hand, are now 
comparable with nuclear energy and rapidly falling as en-
ergy efficiency improves and economies of scale kick in.

• Once running, power plants are huge water con-
sumers, and particularly vulnerable to the effects of climate 

change and flooding. Excessive heat in rivers and lakes can 
close a facility for safety reasons. 

• Carbon dioxide (CO2) is produced by burning fos-
sil fuels in every stage of the nuclear chain – from the min-
ing, milling, refining and enriching of uranium, to mak-
ing fuel bundles for the reactors. On top of all that, the 
construction of nuclear power plants requires a lot of steel 
and cement, both derived from energy-intensive processes. 
When one also factors in the energy required to cool the 
spent fuel rods, and the emissions from all the transporta-
tion required throughout the nuclear chain, nuclear energy 
is anything but carbon neutral. 

For high quality uranium ores, the CO2 produced by 
the full nuclear chain has been calculated to be about one 
half to one third of an equivalent-sized gas-fired power sta-
tion. For low quality ores, the CO2 produced is equal to that 
produced by an equivalent gas-fired power station. 

A White Elephant

In 1954 Lewis Strauss, Head of the US Atomic Energy 
Commission, proclaimed that nuclear power would be “too 
cheap to meter.” The reality has in fact been the reverse. No 
plant has been built without incurring long lead times and 
cost overruns. The true financial cost has been hidden by 
extensive government subsidies, limits on liability for ac-
cidents, and not adding the costs for waste storage and plant 
decommissioning to pricing structures. 

When one also weighs in the harm from radiation ex-
posure to long-term health and the environment, and the 
lack of any safe way to dispose of nuclear waste, the indus-
try is truly a white elephant. 

t

Anna Tilman is a toxics researcher and a member of 
the Board of the International Institute of Concern for Pub-
lic Health

Sources: 
Mycle Schneider et al, “The World Nuclear Industry 

Status Report 2009,” www.bmu.de/english/nuclear_safety/
downloads/doc/44832.php

World Nuclear Association, www.world-nuclear.org/
info/reactors.html

Arjun Makhijani, Ph.D. Institute for  Energy and Envi-
ronmental Research , “Carbon-Free and Nuclear-Free:  A 
Roadmap for U.S. Energy Policy,” August 2007

J.W. Storm and P. Smith, “Nuclear Power: The Energy 
Balance,” 2005, http://www.stormsmith.nl/
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and no way to keep it completely 
contained for a million years.  

Radioactive Waste  in Canada

Radioactive waste has been produced in Canada since 
the early 1930s, with the first radium mine at Port Radium 
in the Northwest Territories and refining the radium and 
uranium ores at Port Hope, Ontario. 

Today, radioactive waste is generated from the full 
gamut of nuclear operations; uranium mining and milling, 
refining and conversion; nuclear fuel fabrication; nuclear 
power plants; nuclear research; the manufacture and use of 
radioisotopes, and decommissioning. 

Radioactive waste is legally restricted to the nuclear 
industry. It is divided into three categories: 

•	 High-Level	 Radioactive	 Waste	 (HLRW) in-
cludes nuclear fuel waste, referred to as spent fuel, from 
CANDU power reactors, research reactors, and isotope 
production.

•	 Low	Level	Radioactive	Waste	(LLRW)	includes 
every form of radioactive waste except for spent fuel, and 
uranium mining and milling wastes.  It is a category of “ex-
clusion.” LLRW is divided into “on-going waste” and “his-
toric waste” from Canada’s early period of nuclear activity. 

•	 Uranium	 mining	 and	 milling	 wastes includes 
both mill tailings and waste rock. 

All three categories are subject to federal control un-
der the Canadian Nuclear Safety Commission (CNSC). The 
producers and owners of the waste are responsible for its 
management, except for “historic waste,” for which the fed-
eral government is responsible. 

Naturally	 Occurring	 Radioactive	 Materials	
(NORM)	comes from the processing of raw materials, par-
ticularly upstream oil and gas. These activities can cause 
naturally occurring radioactive materials such as thorium, 
uranium, potassium, to accumulate to elevated concentra-
tions in waste streams. Because NORM is not part of nu-
clear energy production, it is exempt from federal control, 
except when transported, leaving the responsibility to the 
provinces and territories.  

March-april 2010

This series of articles tracks all aspects of uranium in Canada 
from mining and milling, to processing and use, throughout its 

eighty-year history. Part 4 examines radioactive waste produced 
by the nuclear industry (excluding mining and milling, which is 

in Part 1, June-July 2009). This waste has placed a heavy 
burden on several communities in Canada. 

On the Yellowcake Trail
Part Four

by Anna Tilman

Waste Not, Want Not

Nuclear waste is the Achilles’ heel of the nuclear in-
dustry. The wastes created along the yellowcake trail, be it 
from mining, processing, refining, or use, are a legacy for 
hundreds of thousands of years. Every single nuclear facil-
ity in the world is a waste site, whether it is operating or not.  

By the mid 1970s, the neglect of radioactive waste was 
no longer acceptable to the public. Two main issues were 
front and centre. 

• Spent fuel:  At the end of its useful life in a fission 
reactor, the “spent fuel” contains hundreds of different fis-
sion products, many of them not found in nature. It is so ra-
dioactive as to be lethal in seconds to anyone near to them. 

• Port Hope, Ontario: Radioactive contamination 
dates back to the 1930s, from refining radium and uranium 
ores and discarding the waste anywhere and everywhere 
around town.  

So governments established task forces and panels to 
study these issues and find a solution. But after more than 
thirty years, the solutions offered are no solutions. 

Radioactive waste is an inescapable by-product of nu-
clear fission in the nuclear power industry. To recycle or 
re-process this waste leads to even more liquid radioactive 
waste, and gives access to plutonium, that could be used for 
nuclear weapons.  

Radioactive waste has been dumped in sinks or flushed 
down toilets, left in dirt ditches or landfills, incorporated 
into construction materials, and trucked through almost 
every town or hamlet in the nuclearised world. It is deadly 
in minuscule quantities. There is no way to eliminate it, 
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Nuclear Power - Historical Background 

In the 1960s, nuclear power mushroomed in Canada. 
Other countries, particularly the UK, the US, and France, 
were also on the bandwagon. At home, Atomic Energy 
Commission Ltd. (AECL) and its partners (Ontario Hydro 
and the private sector) built test reactors and Canada’s first 
commercial CANDU reactor.  From 1971 to 1993, 22 CAN-
DU reactors started up, the first in Pickering, Ontario and 
the latest at Darlington, near Pickering. 

Today, the nuclear picture has dimmed somewhat. The 
test reactors were shut down long ago, and the nuclear fleet 
is aging. Seventeen nuclear power plants are still running in 
Canada, three are being “refurbished,” and two are in lim-
bo. Nuclear power projects have been delayed and AECL 
has lost its glitter. It is on the block to be sold, to anyone 
interested.

Spent fuel (High-Level Radioactive Waste) 

Of all types of nuclear waste, the most dangerous is 
the spent fuel from nuclear reactors.  This “High Level Ra-
dioactive Waste” consists of over 200 deadly radioactive 
elements, such as plutonium, cesium, krypton, and iodine, 
as well as other highly toxic substances, including lead and 
arsenic. 

Many of these radioactive substances have extremely 
long half-lives, guaranteeing their presence and that of their 
dangerous by-products for millions of years. This waste 
must be kept completely isolated from the environment es-
sentially forever.  

Apart from fission products in the reactor fuel, radio-
active activation elements are formed wherever neutrons 
impact on any other material nearby. With time, a nuclear 
plant becomes unstable and is radioactive waste. 

The fuel bundles last  from one to two years, after 
which they are removed from the reactor by remote control 
to water-filled pools for about 10 years, and then to dry stor-
age containers. All spent fuel is stored at the reactor site. 
These storage methods are not necessarily reliable beyond 
several hundred years, even ignoring societal break-down. 

The Final Solution - The “AECL Concept”

In the wake of rising public concern over radioac-
tive waste, a solution was needed for storing this danger-
ous waste. The “solution” needed to be packaged and sold 
as safe and long-term to assuage public concerns. In 1977 
AECL, along with its industry and government partners de-
veloped a concept for the ultimate disposal of the spent fuel.  

The concept was naively simplistic – bury all of the 

spent fuel in an 
underground repository 
deep in the Canadian Shield, 
making it safe “forever,” i.e., for 
500 years. The site would be closed 
and essentially abandoned. 

 For more than two decades research and dis-
cussion have focussed on the AECL concept.

In 2002, the federal government established the Nu-
clear Waste Management Office (NWMO), putting the 
industry in charge, contrary to the Seaborn Panel’s recom-
mendation for an agency at “arms length” from the indus-
try.  

The NWMO is now approaching communities that 
might be interested in being a host site, to alleviate eco-
nomic and social problems. 

So far one community, Ignace, Ontario, (between 
Thunder Bay and Kenora), has expressed some interest, 
although that interest is not fully shared by all residents. 

Containment

Problems with containment are known. For example, 
• Radioactive iodines are highly reactive gaseous 

fission products. Over time, they can cause corrosion in 
the metal cladding of the bundles.  

• “Corrosion-resistant” copper, as proposed for 
containers to enclose the fuel bundles, may not be corro-
sion resistant. Decay has been found in copper artefacts 
from an old warship raised from the Stockholm Harbour. 

A material is yet to be discovered that is impervious to 
all chemical and radiological assaults for a million years. 

By the end of 2007, Canadian nuclear power reactors 
had produced close to 2 million bundles of spent fuel. If no 
new reactors are built, and the existing facilities close as 
scheduled, the number of used fuel bundles is projected to 
be around 5.2 million by 2050. 

Low-Level Waste - the catch-all category

Low Level Radioactive Waste can range from vir-
tually innocuous to highly hazardous for a long time. It 
includes contaminated materials from cleaning and main-
tenance and contaminated soils, to more hazardous waste 
such as used reactor core material. 

“We are saying to our 
descendents that the wastes 

we leave them are their burden, 
their lookout, their danger – because we 

couldn’t be bothered to find a safer way to 
generate electricity.”  
—Carl Sagan, 1993
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Nuclear Waste continued

The more radioactive portion of LLRW is called In-
termediate-Level Radioactive Waste (ILRW). It requires 
special shielding, while the lower levels are considered safe 
to handle.  

Currently, there is no facility in Canada for the long-
term management of L&ILRW, although efforts are under-
way to establish such a site. 

Nuclear Power Plants and Low Level Waste 

Hydro Quebec and New Brunswick Power store all of 
their L&ILRW on site.  

Ontario’s nuclear plants store all their LLRW at the 
Western Waste Management Facility (WWMF), operated 
by Ontario Power Generation (OPG). This facility is locat-
ed at the Bruce Nuclear Complex on Lake Huron in Kin-
cardine, about 250 kilometres northwest of Toronto.  The 
Complex is one of the largest combined nuclear power sites 
in the world. 

The WWMF consists of an incineration plant (the only 
facility of its kind in Canada), storage sites for low and me-
dium level waste, and a dry storage facility for spent fuel 
from the Bruce power plants. 

Most of the lower level radioactive waste is inciner-
ated. The resulting ash and the rest of the waste are stored 
in an above-ground concrete warehouse. The more hazard-
ous waste is buried. 

The WWMF may be destined to become the site of a 

proposed Deep Geologic Repository (DGR) for the long-
term storage of L&ILRW for Ontario’s power plants. 

The proposed DGR would be 680 metres underneath 
the Bruce site and store 160,000 cubic metres (m3) of 
L&ILRW.  All of the current waste, about 70,000 m3, would 
be retrieved and placed in this new facility.  

The burning question is how the new facility will deal 
with waste accumulating from the operation of the reac-
tors and from decommissioning. The answer may well lie 
in incineration, dispersing radioactive material into the en-
vironment. 

The plan awaits final approval.

Chalk River Laboratories 

Much of the early work at the Chalk River Laborato-
ries (CRL) was tied to WWII and the Cold War-era fuel 
processing experiments. Every possible type of waste is 
stored at Chalk River, from used spent fuel to liquid HLRW 
and LLRW. About 380,000 m3 of contaminated soils are a 
result of AECL’s research, as well as from historic waste 
cleanups at several sites, 200,000 m3 from Port Hope alone. 
The total waste L&ILRW inventory to the end of 2007 for 
“research and development” is in the order of 500,000 m3.

The 52-year old medical isotope-producing reactor at 
Chalk River has been leaking tritium-laced water into the Ot-
tawa River. It is now shut down. So far, repairs to this inconti-
nent reactor have failed. 

LLRW from radioisotope production at other facilities is 
disposed of down the drain if the radioisotopes decay in min-
utes. If longer lasting, the waste is sent to Chalk River. 

Historic Waste 

The trail of historic 
waste goes back to the early 
1930s, with the discovery 
of radium and uranium ore 
at Great Bear Lake in the 
Northwest Territories and re-
fining at Port Hope, Ontario.  
It also resulted from indus-
trial practices using radium 
(e.g., in watch dials) and the 
“inadvertent” use of radio-
active waste in construction 
and fill.

Current estimates for 
historic waste are in the order 
of 1,750,000 m3, the largest 
component of LLRW. 

 “Managing” historic 
waste comes down to remov-
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ing it from its original site and storing it elsewhere, either 
nearby or in Chalk River. The original site is considered “re-
mediated,” but the waste remains.  

About 95% of the known historic waste is in the Port 
Hope area. Other known sites are: 

•  along the Northern Transport Route where spills oc-
curred as uranium and radium ore were shipped 2200 kilome-
tres from Great Bear to Fort McMurray, 

• Surrey, BC where a smelting operation used niobium 
ore containing radioactive thorium, and

•  Toronto, Ontario where incineration and processing 
radium-contaminated scrap metal occurred in the 1940s.

Port Hope – A Legend and a Lesson

An estimated 1.75 million m3 of soil contaminated with 
radioactive material, heavy metals and chemical toxins are 
found in and around Port Hope, specifically the municipali-
ties of Port Hope and Clarington nearby. This contamina-
tion is a result of decades of activities dating back to 1932, 
with the first radium and later uranium 
refining facilities. 

Used building materials contaminat-
ed with highly radioactive materials were 
given away by the government to anyone 
who wanted them and used in homes and 
other buildings throughout Port Hope. 

By the mid 1970s, the degree of con-
tamination throughout the community 
became public knowledge.  Contamina-
tion was discovered in roadbeds, ravines 
and parks, the public beach, the harbour, 
school grounds and in the yards of many 
of Port Hope’s 16,000 residents.

Controversy over health impacts 
abounds. Health Canada has not found 
cause for concern, but other studies have found otherwise. 
Twenty-five years of deliberations were held on what to do 
with the waste. Attempts to locate a willing community to 
“host” the Port Hope Area waste failed. Finally, on October 
16, 2009, a “solution” was found – the waste is to be stored 
locally. 

Digging up over 1.2 million cubic metres of radioactive 
contaminated soil in Port Hope is a major and potentially 
very hazardous operation. Most of the waste lies beneath 
homes and the harbour. Any excavation could lead radioac-
tive material, such as radon and other carcinogenic matter, 
to become airborne and spread hundreds of kilometres. 

A similar but less complex cleanup in Ohio cost $4.4 
billion. Of the initial $260 million committed by the federal 
government, $110 million has been spoken for. It won’t be 
known until 2011 whether the remaining $150 million will 
cover the full cost. 

The Nuclearised World at a Glance

More than 50 years after the first commercial nuclear 
power plants went operational in the United Kingdom and 
the United States, the world’s 270,000 tonnes of spent fuel 
remain in limbo. Despite decades of effort, no country in 
the world has yet found, approved, or implemented a public-
ly acceptable solution, including deep geological disposal, 
for “safely” storing its spent nuclear fuel. 

For over twenty years, a repository deep beneath Yucca 
Mountain in Nevada was to be the one site in the United 
States to store all of its spent nuclear fuel. But that proposal 
has just recently been withdrawn.  Only two active reposi-
tory projects are left, one is in Finland in the Baltic Sea, 
still awaiting government approval, and the other in Swe-
den, but less advanced. Meanwhile, in February President 
Obama announced $8.3 billion in loan guarantees to build 
the first US nuclear power plant in nearly three decades.

The Chernobyl catastrophe in 
1986 is the worst nuclear power plant 
disaster in history, causing thousands 
of deaths and leaving a highly radio-
active uninhabitable wasteland. Over 
500,000 men were brought in for the 
“clean-up” immediately after the ex-
plosions at the reactor. The radiation 
was so intense that even the robots 
malfunctioned. 

The sarcophagus built to “cover” 
the reactor was hastily put together. 
Now, almost twenty-five years after 
the disaster, it is crumbling and li-
able to collapse. Portions of the core 
of the reactor are still exposed to the 
elements. In 1997, the G7 countries 

pledged funds toward a new sarcophagus, but after thirteen 
years mired in political turmoil and corruption, the estimat-
ed costs have doubled and the project has not even begun. 

Nuclear waste is deadly in minuscule quantities. A 
single radioactive atom lodged in the lung can cause lung 
cancer. There is no way to eliminate it, and no way to keep 
it completely contained for a million years so that no atoms 
can escape. The only real solution is to not produce it in the 
first place. The only way to win the nuclear game is to not 
play it. 

t

 Anna Tilman is a toxics researcher and a member of 
the Borad of the International Instittue of Concern for Pub-
lic Health

Fuel bundles consisting of pel-
lets of uranium are loaded into 
a nuclear reactor to enable the 
splitting of the uranium atom that 
generates energy.
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