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Uranium

Uranium continued to be in oversupply in world
markets in 1970, and events during the year did little
to offer encouragement to Canadian producers for the
short-term. Indeed, one producer ceased operations
altogether, a second was seriously considering suspend-
ing operations for a two-year period, and a third
completed the second year of a planned five-} ear
program of production at 50 per cent capacity; only
one producer was operating at near-full 'in-service*
capacity. Despite the trials being experienced by
existing producers, one new company announced
production plans, based on a guaranteed annual
market, beginning tentatively in 1974.

The year 1970 also marked the end of the federal
government's five year uranium stockpiling program.
However, in view of the continuing poor short-term
market situation, the government announced that it
was prepared to offer further assistance to individual
producers, if their circumstances warranted' it. Of
particular significance was the government's announce-
ment, early in 1970, that it intended to limit the
extent of foreign ownership of cranium producing
enterprises in Canada.

An upturn in orders for nuclear power plants,
however, was one promising sign that the lull in the
uianium market may be ncaring an end. The upturn
was particularly eviden* in the United States where,
due !o rapidly increasing costs and critical shortages of
fossil fueis, utilities were choosing nuclear ratn^r than
conventional thermal power plants to provide their
much needed additional electrical generating capacity.

In addition, there was some indication that the United
States Atomic Energy Commission (USAEC) was
re-examining its policy which restricts the enrichment
of foreign uranium for domestic use. With respect to
the longer-term future, the European Nuclear Energy
Agency (ENEA) predicted that the worldf will, by
1985, require annually some 130,000 short tons of
uranium oxidcfUjOg)**, more than five times present
production levels.

Consequently, while tittle change is expected in
Canadian uranium output during the next three or
four years, expansion should begin in the mid-1970's.
It is not unrealistic to expect that Canadian uranium
production capacity will increase threefold by the end
of the decade and sevcralfold again before the end of
the century.

PRODUCTION, PRESENT AND PLANNED

Production of uranium in Canada increased slightly in
1970 to about 4,580 tons of U 3 O 8 in concentrates.
Producer's, shipments were 4,010 tons of U 3 O 8 , valued
at 550,237,000. Almost 85 per cent of production
came from three producers: Denison Mines Limited,
Rio Algom Mines Limited and Stanrock Uranium
Mines Limited, which produced from quartz-pebble
conglomerates in the Elliot Lake area of Ontario.
Canada's fourth producer, Eldorado Nuclear Limited,
produced from pitchblende vein-type deposits in the
Uranium City area of northern Saskatchewan.

'Mineral Resources Bunch, Department of Energy, Mines and Resources, Ottawa.

tWorld, as used throughout, excludes USSR, Eastern Europe and China, except where noted.
**! short ton UjOg = 770 kilograms of uranium metal.





TABLE 1

Uranium Production in Canada, by Province, 1969-70

1969 1970P

Pounds Pounds

Production (UjOg shipments)
Ontario
Saskatchewan

40,307,489
12,843,168

40,687,000
9,550,000

7,707,735 53,150,657 8,021,000 50,237,000

Source: Dominion Bureau of Statistics.
Preliminary; . . Hot available for publication.
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Denison continued to operate its 6.00T ton-a-day
mill at some two-thirds capacity throughout the year;
1,178,000 tons of ore, averaging 3.15 pounds VjOg a
ton, were treated to produce a total of 3,628,163
pounds of U 3 O 8 . Mining was again concentrated in the
northeast section of the mine, and appreciable supple-
mentary production was obtained through a rather

extensive bacterial leaching and mine-water recovery
program carried out in mined-out areas. Further
changes in underground equipment and mining meth-
ods were made in line with the company's long-
range plans for maximizing efficiencies of its under-
ground operation; already an extremely high degree of
mechanization has been achieved. Improvements in

*Lime
uraniu
25, by
**See
D. Pea
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ventilation were also made anã others were planned to
make use of the Can-Met openings which are now
accessible through the Denison Mine via the eastward
Can-Met development drive.

Some modifications and modernization of ele-
ments of several mill circuits were completed resulting
in improved efficiencies and reduced costs. Further
reductions in cost are expected in 1971 through the
availability of industrial lime* from the new plant of
Reiss Lime Company of Canada, Limited (49 per cent
controlled by Denison) near Spragge, some 25 miles
south of Elliot Lake; deliveries to Denison began on a
regular basis in late 1970. Although Denison main-
tained its byproduct production of yttrium oxide
during the first half of the year, operations were later
suspended due w the lack of markets.**

Due to a production level in excess of commit-
ments during the last four years, Denison had built up
a sizable inventory of uranium concentrates. Conse-
quently, the company was in a position to cease
operations temporarily and still meet its commit-
ments. This possibility dissolved at year-end when ihe
federal government announced a plan of assistance
for Elliot Lake, which will permit Denison to continue
operations over the near-term critical period.

Rio Algom operated its Quirke mill at an average
of 4,231 tons of ore a day in 1970. A total of
1,443,000 tons were milled, with an average recovered
grade of 2.8 pounds of U3O5 per ton, to produce
3,995,000 pounds of U3OS; average mill recovery was
94.4 per cent. The mill was supplied with ore from
both the old and the New Quirke mines. The mining
rate at New Quirke was increased and is expected to
reach full capacity in 1971, at which time reserves at
old Qiuike will have been exhausted. As announced in
1969, the Quirke mill, with certain adjustments to the
grinding circuit, is capable of operating at a level of
4.50C tons a day, a rate which will be fully utilized as
production from New Quirke is increased. Tests
completed early in 1970 confirmed this capability.

During the second half of 1970 assessment of a
new mining method began at New Quirke. The
method will employ accurate long hole drilling,
several items of newly designed equipment, and back
filling with a mixture of mill tailings and cement
Success of the method will permit increased mechani-
zation and incrotsed recovery from pillars where
thickness of ore exceeds 10 feet. New equipment for
monitoring mine ventilation was also being tested, to
determine the extent of cost saving and mine environ-
ment improvement.

In the fall of 1970, Rio Algom's programs of miner
training and experimental mining were transferred

•Lime is one of the principal reagents used in the
uranium milling process. See 1970 Mineral Review No.
25, by D.H. Stonehouse,
••See 1970 Mineral Review No. 37, Rare Earths, by
D. Pearson.

from the Nordic to the old Quirke operation, and
Nordic was placed on a care-ar.d-main to nance basis.
Since reopening old Quirke in 1968, a small portion of
the company's production has been met through these
programs, as well as through the recovery 01 Nordic
mine water. The closure of Nordic reflects a possible
change in Rio Algom's forward planning for expansion
of its Elliot Lake production facilities, in that future
expansion will likely be restricted initially to ore-
bodies on the north limb of the Quirke Lake syncline
(see map).

Stanrock's underground leaching program was
suspended in early 1970, following completion of its
sales contract with a United States reactor manufac-
turer. Recoveries under the program, then in its
second phase, had fallen to about 2,000 to 3,000
pounds of UjOg a month. 3n the autumn, the
company took steps to place the operation on a
care-ai:d-maintenance basts and to further reduce
administrative and operating expenses. Sales of U3O8
for the year were valued at $143,641.

Considerable activity was evident in the Elliot Lake
area in 1970 in the field of environmental control.
Both Denison and Rio Algom constructed new tailings
dams to improve the retention of tailings from their
respective mills. The dams incorporated anti-pollution
design features recommended by the Ontario Water
Resources Commission. Stanrock also constructed a
new dam and made improvements to ils waste disposal
area in connection with its program to shutdown its
operation. Of particular interest were programs
undertaken by both Denison and Rio Algom to
develop effective methods of revegctating abandoned
tailings areas.

Eldorado completed the second year of its planned
five-year program of reduced production with a view
to keeping the unit cost of UaOg within forecast price
ranges in that period, and to minimizing 1 ish require-
ments. The 2,000-ton-a-day mill operated at about 50
per cent capacity throughout the year, processing ore
fwm the Fay mine and the nearby BoJgcr open pit
The latter, which was mined on a contract basis, was
mined-out at year-end. A total of 333,906 tons of ore
were treated to produce 1,531,893 pounds of U3Oj;
average recovery was 4.59 pounds of U3O8 a ton.
Although operating costs per ton milled increased by
some 11 per cent over 1969, the cost per pound of
tyaO$ produced decreased about 17 per cent due to
the higher grade of ore milled.

Preparations continued for the sinking of an
internal production shaft to develop downward exten-
sions of the Fay orebody. The shaft will be collared at
the 24th level (3,475 feet) and sunk, beginning in
1971, to the 34th level and a vertical depth of 5,451
feet Development work also proceeded at Eldorado's
Hab mine, located 7 miles northeast of the Fay
complex, with a production target of late 1971. Total
ore reserves, including the Hab mine, stood at
3,915,300 tons averaging 0.24 per cent U3O8 at



TABLE2

Uranium Pioduction by Major Producing Countries, 1960-1970
(short tons U3O8)

Year

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970P

Canada

12,748
S269.938.192

9,641
5195,691,624

8,430
$158,183,669

8,352
$136,909,119

7,285
$ 83,509,429

4,443
$ 62,361,377

3,932
S 54,334,787

3,738
$ 53,021,936

3,701
S 52,284,580

3,854»
S 53,150,657r

4.010
$ 50,237,000

United
States

17,760

17,399

17,010

14,218

11,847

10,442

9,587

9,125

12,338

11,873'

12,800

South
Africa

6,409

5,468

5,024

4,532

4,445

2,942

3,286

3,214*

3,883^

3,979'

4,000

Other1

l,450d

223

80

86C

144

179

152

273

295

295

320

Australia

1,300

1,400

1,300

1,200

370

370

330

330

330

330

330

France^

1,379

2,141

2,603

2.Ó92

2,113

2,210

2,223

2,272*

2,235*

2,300*

2,250

TotaP

41,046

36,272

34,447

31,080

26,204

20,586

19,520

18,952

22,782

22,631

23,710

Sources: U.S. Bureau of Mines (USBM) Minerals Yearbooks and 1969 Preprint; USBM Commodity Data
Summaries, January 1971; for Canada, Dominion Bureau of Statistics, producers' shipments; for South
Africa, Chamber of Mines Eightieth Annual Report, 1969.

'includes Argentina, Congo (1960 only), Finland (1960 and 1961 only), Portugal, Spain and Sweden;
2Includes Gabon, and Malagasy Republic (until 1967); 3Tofals are of listed figures only. Other countries are
known to have produced small quantities of unnium and estimates have been included in totals for years 1964
and earlier, in tables of this series in previous reviews.

^Preliminary;rRevised; dLsiimate for Portugal, 1,200 tons for Congo; «Estimate for Spain.

year-end for a net increase during the year of 5,5 per
cent; they stood at the highest in the mine's history.

Of particular importance to Eldorado's operation
was the conversion of the mill's pachuca circuit from
an air to a mechanical agitation system, with oxygen
injection. The new system.- together with leaching at
higher temperatures, has considerably improved
recoveries, which had fallen due to the increasing
proportion of ore encountered at depth in the Fay
oiebody, which had proved more difficult to leach.

In August 1970, Gulf Minerals Company announc-
ed that it would proceed with the development of its
Rabbit Lake uranium deposit, in northern Saskatche-
wan, in partnership with a West German company,
Uranerzbergbau GmbH & Co. KG (Uranerz-Bonn).
The latter company, which is connected to a large
electric utility group in West Germany, has guaranteed

a market for 4 million pounds of L^Og a year,
sufficient to provide a base-load for a 2,000-ton-a-day
mill; Uranerz-Bonn will acquire a 49 per cent interest
in lhe operation. In late 1970, a new company, Gulf
Minerals Canada limited, was formed, which will
operate the project Detailed engineering studies were
under way at year-end and work on the $50 million
project was scheduled to begin in 1971, with a
tentative production date set for 1974; the operation
wil employ some 450 men when completed. The
Saskatchewan government has indicated that it will
build a SI7 million all-weather road to the site, and
that it is also considering plans for a townsite at
nearby Wollaston Lake.

The deposit was discovered by Gulf in late 1968
and by mid-1970 some 130,000 feet of drilling had
been completed. Grades ranging up to 0.65 per cent
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U3O8 a ton have been reported, although the
announced yearly production rates suggest an average
grade in the order of 0.3 per cent U3O8; reserve
information has not been released by the company.
The deposit is of the pitchblende replacement-type
and occurs in highly altered metasediments; it is an
open-pit proposition requiring the drainage of Rabbit
Lake, which overlies the deposit.

Development work continued throughout 1970 at
Agnew Lake Mines Limited's property, 30 miles west
of Sudbury, Ontario. Crosscutting and drifting was
carried out on six levels, the deepest being the 3,100
foot leveL In addition, several underground instal-
lations and some 20,000 feet of underground diamond
drilling were completed. At year-end estimated undilut-
ed reserves to a depth of 3,500 feet were reported at
2.5 million tons grading 2.10 pounds UjOg a ton over
a 6.3 foot width in Zone 3* and 4.3 million tons
grading 1.53 pounds UjOg a ton over a 9.0 foot width
in Zone 5*; an additional 1.4 million tons grading 2.27
pounds U3O8 a ton over a 6.0 foot width were
reported in Zone 3 on adjoining Ken Addison Mines
Limited claims. Late in 1970, however, the company
announced that operations would be suspended
pending negotiation of 2 sales contract; some 60
people will be affected. Production was originally
scheduled for 1971 or 1972, however construction of
the planned SIS to S20 million, 3,000-ton-a-day mill
had not begun; to year-end a total of $15.4 million
had been spent on buildings, equipment, exploration
and development Kerr Addison, which controls 80
per cent of the project, will likely concentrate its
uranium efforts on the development of its uranium
orebodks in the Grant's area of New Mexico.

Consolidated Canadian Faraday Limited's proper-
ty, near Bancroft, Ontario, remained on a care-and-
maintenance basis throughout 1970. Of significance,
however, was the announcement that Federal
Resources Corporation Limited of Sait Lake City,
Utah, had exercised its option, prior to July 1, 1970,
to gain 51 per cent interest in the property by
financing its return to production. Production capaci-
ty and timing are contingent on negotiating a sales
contract.

GOVERNMENT AFFAIRS

On March 2, 1970 Prime Minister Trudeau announced
in the House of Commons that the government
proposed to limit, by regulation, the extent of
ownership of uranium producing enterprises in Canada
by non-residents of Canada. Details of this proposal
were outlined by the Minister of Energy, Mines and
Resources on March 19 and May 5, 1970. Briefly, it

•Four steeply dipping parallel zones of arkose are
known, only two of which contain economic
thicknesses and values of uraniferous conglomerate.

was proposed that the extent of foreign ownership of
established uranium producers be limited in the
aggregate to 33 per cent and, for any single investor,
to 10 per cent. Certain exceptions to the basic rule
ware also proposed, namely; that a single foreign in-
vestor which carried a property through the explora-
tion and development phase be allowed to hold the
full permissible 33 per cent of ownership; that, with
regard to existing producers, present fr'eign owners
will be allowed to Ktain their existing holdings; and
that, foreign investors, holding proprietory rights to
specific mineral lands prior to March 2,1970, could be
classed as existing producers provided that they
develop a commercially viable uranium deposit or
deposits on these lands within six years. Under all
these exceptions, any transfer of ownership
subsequent to March 2, 1970 would necessarily be to
Canadian residents, until the basic ownership limits of
33 and 10 per cent respectively are reached.

On September 13, 1970 the Minister announced
that implementation of the ownership policy would be
carried out through new legislation rather than
through regulations under the established Atomic
Energy Control Act In addition, he announced that it
had been determined that British Newfoundland
Exploration Limited, Consolidated Canadian Faraday
Limited, Gulf Minerals Company, and Kerr-McGee
Corporation had binding legal agreements relative to
transfers of interest which predated March 2, 1970,
and that consummation of these agreements would be
permitted prior to December 31,1970. Preparation of
the legislation to implement the new ownership policy
was still under way at year-end.

As a result of the government's announcement on
ownership in the industry, negotiations which were
under way early in 1970 between Roman Corporation
Limited and Hudson's Bay Oil and Gas Company
Limited, as to the possibility of HBOG acquiring a
substantial interest in Denison Mines Limited, were
suspended. HBOG is controlled 65.8 per cent by
Continental Oil Company of the United States.

The federal government's five-year uranium stock-
piling program came to an end on June 30,1970. This
was the second such program designed to assist the
industry, the first being for a one-year period in
1963-64. Under these two programs the government
accumulated some 9,600 tons of l^Og at a total cost
of some $101 million including care and maintenance.
Of this total Denison received about $80 million, Rio
Algom $14 million, Eldorado $3 million, Consolidated
Canadian Faraday $1.6 million and Stanrock
$500,000.

In view of the continuing poor short-term
marketing situation, the government announced, on
July 24, 1970, that it was prepared to consider a
further program of assistance for the uranium in-
dustry, if it could be demonstrated that such a
program was essential to the continuation cf mining
operations in established uranium communities. The



nature of the assistance was to be determined after an
investigation of the circumstances of any applicant
producer.

On December 23, 1970 it was announced that the
federal government and Denison Mines Limited would
enter into an agreement which will involve a govern-
ment expenditure of $29.5 million over the next four
years, and will assure Denison a production level of 4
million pounds of UjOg a year over the period. The
agreement will provide for the stockpiling of
6,467,000 pounds of VjOs from Denison's produc-
tion during 1971 to 1974 w:th related expenditures of
$6 a pound UjOg, to be provided 75 per cent by the
govern men l and 25 per cent by Denison. Denison will
be responsible for sales from the joint stockpile; after
recovery of costs, sales revenue will be shared equally.

On the international scene, the Non-proliferation
Treaty (NPT) entered into force on March 5, 1970,
following ratification by the required number of
countries. By year-end the NPT had been ratified by
some 60 countries, of which Canada war one of the
earliest. The NPT is intended to prevent the transfer of
nuclear weapons into the national control of any
non-nuclear-weapon state and to prevent any non-
nuclear-weapon state from itself acquiring ownership
or control of nuclear weapons through manufacture.
Canada's ratification of the NPT reaffirms its policy
that Canadian uranium be used only for peaceful
purposes.

RESERVES AND EXPLORATION

In September 1970, the European Nuclear Energy
Agency (ENEA) released a report, prepared jointly
with the International Atomic Energy Agency (IAEA),
which updated world uTanium resources, reflecting the
success of exploration programs over the past two to
three years. World uranium reserves (see chart) have
increased 20 per cent over the period to 840,000 tons
of U 3 O 8 . (The assessment did not include recent
Australian discoveries.) Canadian reserves were report-
ed at 232,000 tons of U 3 O 8 , an increase of 16 per
cent over previous figures. The new figure was
developed by the Department of Energy, Mines and
Resources, in co-operation with the industry, and is
the first official revision of Canadian uranium reserves
since 1964.* The increase is a reflection of several
factors, foremost among which are first, the efforts of
the principal producers to prepare for the expected
increases in production, and second, the first positive
results of the new exploration programs begun in
Canada in 1966 and 1967.

There was a significant decline in uranium explora-
tion activity in Canada during 1970. This trend began
late in 1969 and was due to a number of factors,

WORLD URANIUM RESERVES

840.000 SHOUT TONS U 3 O 8

[Data Avodobl». April 1970)

MINERAL IE50UHCES B&ANCH
OEPAKtMENT Of ENEDGY, MINES AND KESOU«CES

CENTRAL

AFRICAN REPUUIC

GABON

<OUKE I N C * ' IAEA. 31 r r tMM» «70 . WQMD IXCWM5 U S i * EASTEKN CUKOPf *
CHINA. MSMVfS tttlNta AS MASONAKT AS3UM0' «ESOUKES, AVAPUKE UP TO
tlOAPOUNO U J O J

•ENEA/IAEA, "Uranium-Resources, Production and
Demand", September 1970 - see pages 16 to 20.

foremost of which were the poor short-term market
outlook, the increasing cost of exploration, and the
intense competition for the exploration dollar relative
to the demand for other minerals. The trend acceler-
ated sharply, however, following the government's
announcement relative to foreign ownership in the
industry. During 1970, the Atomic Energy Control
Board (AECB) issued only 17 exploration permits, in
contrast to 82 permits in 1969; moreover, some 50
permits were cancelled during the year in contrast to
only 15 in 1969.

Perhaps one of the most significant reports from
the Elliot Lake area was the results of the drilling
program of Canuc Mines Limited on ground immediately
south of Denison's property. The company completed
two deep drill holes and reported that an estimated 7
million tons of material averaging 2 pounds of U 3 O 8 a
ton were indicated in two quartz-pebble conglomerate
reefs. Existing mine workings of Denison and Spanish
American lie within 4,000 feet of the discovery. Some
activity continued to be evident west of the Quirke
Lake syncline but little of significance was reported.

In eastern Canada, one of the more substantial
programs continued to be that of British Newfound-
land Exploration Limited (Brinex) in the Makkovik-
Kaipokok area of Labrador. The Brinex program is #
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being earned out jointly with Urangesellschaft M.B.H.
of West Germany. Two new areas of eastern Canada
were also of interest, namely, the Burin Peninsula of
southeastern Newfoundland and Quebec's Eastern
Townships, near PhiOipsburg, on the border of Ver-
mont. In the former area Radex Minerals Limited
reported the discovery of six very promising uranifer-
ous prospecting areas, one of which had an ore-grade
occurrence of pitchblende. The latter is an area where
considerable staking followed the discovery of a
sedimentary uranium occurrence by Quebec Mining
Exploration Company (SOQUEM), the provincial
government's exploration company.

In western Canada, while some activity was report-
ed in the Grand Forks area of southern British
Columbia, the focus of attention continued to be
northern Saskatchewan and the Wollaston Lake-
Athabasca sandstone basin area. Gulf Minerals carried
cut one of the larger exploration programs, investigat-
irg 17 mineral permits along a 150 mile length of the
northeasterly trending WoDaston Lake structural bell.
Numerous other companies were conducting simitar
programs in the area, searching for another 'Rabbit
Lake-type* deposit. Also of interest was activity in the
area of the CarsweD dome, some 70 miles south of
Uranium City, where pitchblende occurrences in
basement rocks were being examined by Mokta
(Canada) Ltée and others.

Several areai of the Northwest Territories were
being investigated with varying success. Fairly exten-
sive programs were being carried out by New Conti-
nental Oil Company of Canada Limited in the Christo-
pher Island arca. at the east end of Baker Lake, and in
the Kazan Falls area, some 40 miles south of Baker
Lake. These programs followed uranium discoveries
made in 1969. Both Denison and Falconbridge Nickel
Mines Limited carried out drilling programs, to investi-
gate uraniferous quartz-pebbfe conglomerates in the
Padlei area, northeast of the Hcnuc Lakes. In addition,
a rather extensive drilling program was carried out in
the Amer Lake area, some 90 miles north of Baker
Lake by Aquitaine Company of Canada Ltd., which
was investigating several uranium occurrences in the
Hurwitz Group.

Of particular interest is a uranium prospect on the
Simpson Islands in the east arm of Great Slave Lake,
Northwest Territories, which is being investigated by
Vestor Explorations Ltd. The uranium mineralization
occurs within the Hornby Channel Formation, a tliick
sequence of quartzites and conglomerates in the
lowest member of the Sosan Group; the conglomerates
are reported to be analogous to uraniferous conglomer-
ates in the Elliot Lake area. A drilling program was

'Beginning in 1970, Eldorado is also able to produce
zirconium metal and alloys at its Port Hope refinery;
see 1970 Mineral Review No. 54, Zirconium, by G.P.
Wigle.

launched in late 1970, following an extensive geologi-
cal investigation, which is to continue in 1971.

INTERNATIONAL DEVELOPMENTS

Perhaps the most significant uranium exploratory
activity anywhere in 1970 was that in Australia's
Northern Territory, where a sizable discovery was
announced at mid-year by Queensland Mines Ltd. The
strike, made at Nabarlek, some 170 miles cast of
Darwin, was reported to contain 55,000 tons of U3O8
in ore averaging 540 pounds of UsOg a ton. The
deposit consists of lenticular pitchblende lodes occur-
ring in Archaean mctamorphic rocks. Later in the
year, Peko-Wallsend Ltd. announced that it too had a
major discovery in the same general area, which
contained an estimated 70,000 tons of U 3 O 8 in ore
with average grades in the order of 6 to 10 pounds of
U3OS a ton. Numerous other companies were working
in the same area, which could prove to be one of the
world's major producing districts.

Several Canadian companies were actively explor-
ing for uranium in other countries, primarily the
United States. As noted last year, Rio AJgom has been
successful and is proceeding with production plans at
its property in the Lisbon Valley area of Utah. Kerr
Addison has also been successful in the Grant's area of
New Mexico, in outlining significant reserves of
uranium in sandstone deposits. The company has a 26
per cent interest in the 'Fernandez Joint Venture1 and
Noranda Mines Limited a 25 per cent interest. Ken
Addison was also active at year-end in the Northern
Territory of Australia.

REFINING

Eldorado Nuclear Limited continued to be Canada's
only producer of refined uranium products with its
refinery at Port Hope, Ontario. In past years, the
refinery's principal product has been nuclear pure
uranium trioxide (UOj). More recently, the produc-
tion of natural ceramic uranium dioxide (UO2)
powder has become important and in 1970, in
response to the growing demand for this material in
the manufacture of nuclear fuel for CANDU reactors,
the capacity of the circuit was further enlarged.
Significant quantities of other products have also been
produced for the nuclear industry* including uranium
metal, some high density oxide and alloy fuels such as
uranium carbide (UQ and uranium silicide (U3Si),
and 2 variety of depleted and enriched uranium
products.

Construction of Eldorado's uranium hexafluoride
(UF6) plant, which had begun in late 1968 at its Port
Hope facilities, was completed in April 1970, and the
first shipment of UF6 left the plant on October 22.
Production targets were revised upwards late in the
year as customers rushed to have conversion services



performed prior to the scheduled increase in price for
uranium enrichment at USAEC enrichment plants. All
targets were successfully met and plans were set for
doubling the capacity by mid-1972. The plant was
designed to convert 2,500 tons of U3O8 (2,150 tons
of U) tc UF6 a year, with provision for expansion as
markets permitted. To the end of 1970, some $10.2
million had been spent on construction of the plant
With the growing demand for UF* as feed for uranium
enrichment processes, it is expected that VF6 will
become the refinery's principal product in the 1970's.

URANIUM ENRICHMENT

The European Nuclear Energy Agency has estimated
(September 1970) that by 1980 over 90 per cent of
the nuclear power plants installed in the world will use
enriched uranium fueLf The ma,ority of these will be
fuelled with uranium enriched from its natural state
(0.711 per cent of the fissionable isotope 2 3 5 U) to
between 2 and 4 per cent U. (A few will use highly
enriched uranium.) Although there are at least five
known methods of uranium enrichment, only one, the
gaseous diffusion process, has been fully developed
and is currently serving the nuclear fuel market. The
cost of the uranium enrichment service represents
about one third of the total cost of the fuel core for
these reactors, and will amount to an estimated total
of $7,000 million over the decade.

Development of the gaseous diffusion process
began in Britain as early as 1940, and in the United
States in 1942 in connection with the Manhattan
Project of World War II. As a result of this work the
United States constructed three gaseous diffusion
plants at a cost of $2.3 billion at Oak Ridge,
Tennessee, Paducah, Kentucky, and Portsmouth,
Ohio; the first unit at each plant went into service in
1945, 1953 and 1955 respectively. Parallel engineering
development work began in Britain in the late 1940's
and a relatively small scale plant was later constructed
at Capenhurst for military purposes. In response to the
growing commercial market, a £15.5 million modifi-
cation of the Capenhurst plant was completed in 1970
and further modifications and expansion have been
planned but not yet implemented. France also has
constructed a small gaseous diffusion plant at Pierre-
latte, primarily for military purposes, which became
fully operational in 1%?.

The gaseous diffusion method of tsotopk separa-
tion is based on the fact that gas atoms or molecules
with different masses will diffuse through a porous
barrier or membrane at different rates. In the case of
the diffusion method uranium hexafiuoride (UFC ) gas
is used. The degree of separation which can be
accomplished in a single 'stage' is a function of the
square root of the ratio of the masses of the com-
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tReactors of the Canadian CANDU and the British
Magnox design use natural uranium fuel.

ponent molecules (U V6 and U ¥6 in this case).
Consequently, it follows that literally hundreds of
stages of equipment connected in series are required,
consisting primarily of diffusion chambers (convertors),
compressors to circulate the gas, and gas coolers to
remove the heat of compression.

To illustrate the magnitude of the operations, the
USAECs Oak Ridge facility consists of five intercon-
nected process buildings, covering 105 acres and
containing approximately 5,000 diffusion stages.
Operating at full capacity to produce predominately
low-assay material, such as that required for light
water reactors, the plant requires 1,700 MWe of
electrical power and 400 million gallons a day of
recirculating cooling water. The plant cost $815
million to build excluding the cost of the electrical
power supply. In the late 1950's alt three of the
USAEC's plants operated at full capacity and were
utilizing 52,000 million kilowatt hours a year of
electrical energy, equal to about 10 per cent of the
total electric energy being used in the United States at
that time.

A second method! of uranium enrichment, the gas
centrifuge process, has recently entered the limelight
British and United States studies date back to 1940
and 1942 respectively, although the process was later
abandoned when it became clear that the machines
being developed could not compete with the diffusion
process. Work resumed in the late 1950's however, and
a new centrifuge design was developed by the German
physicist. Dr. G. Zippe. Fresh programs were launched
in Britain, the Netherlands, and West Germany and
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continued throughout the 1960's with considerable
success.

In March 1970 the three countries signed a
trilateral agreement to proceed with the joint develop-
ment of industrial scale centrifuge separation. Under
the agreement, two separate industrial organizations
will be set up, each owned in equal parts by British,
German and Dutch companies respectively. The
'Enrichment Organization' (EO) wiS be headquartered
in London and will own and operate the enrichment
facilities and market the enrichment services. The
'Prime Contractor' will be headquartered in West
Germany and will, under contract from the EO,
develop and manufacture centrifuges and ancillary
equipment. Demonstration plants are currently under
construction at Capenhurst and Almelo, Netherlands.
The latter is scheduled for full capacity operation at

'the end of 1971.
The gas centrifuge process is attractive for a

number of reasons. Power requirements are less and,
therefore, the cost of separative work is less sensitive
to the cost of electricity. Moreover, it is expected that
centrifuge enrichment plants wiO not need to be as
large as diffusion plants have been, thus plant growth
can be more easily tailored to meet enrichment
demand. It is difficult, if not impossible, to assess the
the relative economics of the two processes, however,
the economies of scale associated with gaseous diffu-
sion plants may al«o prevail for the centrifuge process.
In short, a great deal of development work has yet to
be done on the process to achieve the current level of
technology provided by 25 years of operating experi-
ence in the United States gaseous diffusion plants.
Enrichment research is also being carried out in Italy,
Japan and Sou*h Africa but the level of technology
appears to be at a much lower level than the work of
the trilateral group. In addition to its activity in the
tripartite project, West Germany is also working OR a
project aimed at developing the jet-nozzle process for
enriching uranium.

The ENEA has estimated that annua! world require*
meikts for enriched uranium will rise atom 4 million
kilogram units of separative work (SWU)* in 1970 to
42 million SWU's in 1980, and that cumulative world
requirements will reach 226 million SWlfs by 1980.
Britain's existing Capsnhurst plant, with an annual
capacity of about 400,000 SWU's will be sufficient to
satisfy British needs into the early 1970*s. However,
requirements will exceed an estimated 1 million SWU's

*The capacity and production rate of uranium
enrichment plants is expressed in terms of separative
work units (SWU). An SWU is a measure of effort
expended in the plant to separate a quantity of
uranium of a given assay into two components, one
bavins a higher percentage of 3 TJ and one having a
lower percentage. Separative work is. generally
expressed in kilogram units and it is common practice
to refer to a kilogram unit of separative work simply
as a separative work unit (SWU.)

a year by 1975 and 3 million SWU's by 1980, and it is
expected that additional British capacity may be
provided either through expansion of the existing
plant or through building a new gas centrifuge plant
under the tripartite agreement. Total capacity of
demonstration plants being built by the tripartite
partners is 350,000 SWU's a year, one third of which
is expected to be in operation by 1972. France's
Pierrelatte plant, with an estimated capacity of
200,000 to 300,000 SWlfs a year, is largely devoted
to military requirements and is likely economically
unsuiicd for low enrichment fuel production. Pilot
installations were under construction in 1970 in
connection with French plans, for a possible 6 million
SWU a year, multinational, S600 million gaseous
diffusion plant based on French technology envisaged
for construction beginning in 1973.

Present capacity of the three United States plants
totals 17.1 million SWU's a year based on a total
power level of 6,000 MWe. A $500 million 'Cascade
Improvement Program* (C1P) has been proposed which
would increase capacity to an estimated 21.7 million
SWlFs a year. A further $130 million 'Cascade
Uprating Program* (CUP) has been proposed which
would permit the plants to operate at a total power
level of 7,400 MWe and thereby increase capacity to
25.9 million SWU's a year.

Enrichment of uranium on a toll basis in United
States enrichment plants began in January 1969. In
addition, in April 1969, a program of in situ toll
enriching was begun whereby parties which had leased
cmkhed uranium from the USAEC coutd convert it to
private ownership by delivering an equivalent amount
of normal UF<, to the USAEC and paying for the
equivalent amount of toll enrichment; all previously
leased enriched uranium must be converted to private
ownership through this program by June 30,1973 and
on December 31,1970 the practice of leasing enriched
uranium was suspended. The USAEC offers its toll
enrichment services to domestic and foreign customers
alike, except that services to foreign customers are
limited to that required to provide the customer with
a moving five-year inventory. The USAEC's charge for
toll enriching was initially $2ó a SWU, but was to be
increased to $28.70 a SWU on February 22, 1971.
Due primarily to the rising cost of electrical power, a
further increase in price, to $32 a SWU, was proposed
at year-end, to become effective in late 1971. By the
end of 1970 the USAEC had completed deliveries of
enriched uranium under 9 contracts, and had yet to
complete 20 domestic and 23 foreign contracts to
provide approximately 81 million SWU's.

SALES

Only three uranium sales of significance were made by
Canadian companies in 1970. First, was the
confirmation, in January, of Denison's extended
contract with The Tokyo Electric Power Co.*, Inc. for



TABLE 3

Exports of Uranium Concentrates from Canada, 1960-70
(thousands of dollars)

Year
United
States Britain

West
Germany Japan

Switzer-
land India Others Total

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
197GP

236,594
173,914
149,165
96,879
34,863
14,749
13,761
1.047

3
477

17,031c

25,905
18,256
16,598
40,509
39.627
38,948
22,605
22,772
26,064
14,997
8,990

294
513
206
—
159
—
—
—
—

5,469
—

147
40
40
130
4
—
—
SS
—

3,564
—

570 3 0 a

13»>

263,541
192,723
166,009
137,531

74,653
53,697
36,366
23,874
26,067
24,507
26,021

Source: Dominion Bureau of Statistics, exports of radioactive ores and concentrates that cleared customs.
'Includes Sweden ($27,720); DBrazil; ca!most entirely destined for a third country, following
enrichment — primarily West Germany, and Japan.
Preliminary; - Nil

an additional 16,750 tons of U3Og for delivery over a
10-year period, beginning in 1974. Later, in March,
Rio Afgom announced the sale of 477.5 tons of U3Oa
to be delivered in 1972 to Kernk.-aftwerk
Brunsbuttel GmbH, a West German utility. The sale
was made through RTZ Minerai Services Limited of
London. Finally, there was Gulfs agreement with
Uraneiz-fionn, mentioned earlier, for 2,000 tons of
U3OS a year, beginning tentatively in 1974, for an
unspecified period.

Consequently, as of March 1970, Canadian
producers had committed almost 55,000 tens of
U3Og under contracts negotiated since 1966. About
86 per cent of this total was for export markets,
primarily in Japan, Britain and West Germany; at the
end of 1970, some 4,300 tons of U3OS had been
delivered under these contracts. Gulfs announcement,
later in the year, increased this total commitment
significantly, although at the time of writing; a total
quantity had not been defined under the agreement

Several foreign sales of uranium were announced in
1970, the following of which were of particular
interest First, in July, it was announced that the
United Xingdom Atomic Energy Authority (UKAEA)
had signed two contracts with Rio Tinto Finance and

* Development work, which began in March 1969,
continued in 1970; mill construction befan in
S«ptesiber for scheduled production in early 1972.
Planned output is 600 tons of U^Og, a year, most of
which has been committed to 1980.

Exploration Limited (Riofinex) for the delivery of
7,500 tons of U3O8, valued at £40 million, beginning
in 1976; Riofinex will supply the uranium from its
Rowing deposit in South West Africa. Second, in
September, Australia's Mary Kathleen Uranium
Limited announced two contracts totalling 2,700 tons
of U3OS, valued at $35 million (Australian). RTZ
Mineral Services will purchase 575 tons destined for
West Germany's Kerkraftwerk Brunsbuttel and
Commonwealth Edison, a United Stai<tz utility, will
purchase 2,125 tons at the rate of 500 tons a year
beginning in 1974; this sale is contingent on the
USAEC lifting its uranium import restrictions. Mary
Kathleen has been inactive since 1963, and now plans
to reactivate its 1,200-ton-a-day mill on the basis of
these contracts. The company is controlled by
Conzinc Rio Tinto Australia Ltd. (51 per cent) and
Kathleen Investments Australia Ltd. (35 per cent). It
is interesting to note that the latter company owns 50
per cent of Queensland Mines Ltd. Third, at year-end,
it was reported that Kansai Electric Power Co. of
Japan had completed negotiations with Nuclear Fuels
Corporation of South Africa (Pty.) Ltd. (NUFCOR)
for the purchase of 2,800 tons of U3O8, valued at
20,000 million yen, over a ten-year period beginning
in 1974. Finally, Rio Algom announced that it would
supply 250 tons of U3O8 in 1973 for the first core of
Sweden's Sydsvenska Kraftakticbolaget plant at
Barsebeck, from its mine near Moab, Utah.*

Japan, and to a lesser degree, Britain, West
Germany, Sweden, Italy and Spain continue to be

#
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TABLE4

Major Canadian Uranium Sales, Announced Since 1966 (As of December 1970)

I

Producer

Denison

Eldorado

Gulf Minerals

Rio Algom

Stanrocfc

Customer

Tokyo Electric et a].
Urangesclfechaft M.B.H.
Tokyo Electric Power Co.

Tokyo Electric Power Co,
Kemkraftwerk Obrighcim
Ontario Hydro
Xerkraftwerk Lingen
Oskarshamnsverkets Kraftgrupp
Chugoku Electric

Uranerz-Bonn

UKAEA
UKAEA
Ontario Hydro
Tokyo Electric et aL
Canadian Westinghouse
Kyushu Electric Power Co.
Mitsubishi Atomic Power
Kernkraftwerk Brunsbuttel
Canadian Westinghouse

Unnamed reactor manufacturer

Country

Japan
West Germany
Japan

Japan
West Germ2ny
Canada
West Germany
Sweden
Japan

West Germany

Britain
Britain
Canada
Japan
Canada
Japan
Japan
West Germany
Canada

United States

Total Quantity
(short tons UjOg)

10,500
400

16,750
500

1,000
1,300

212
150
119

2,000/yr

1,100a

11,500b
6,300
5,000

93
200
28

478
14

total prod.

Delivery
Period

1969 to 1978
1968
1974 to 1983
1971 to 1975
1969 to 1980
1968 to 1977
1969 to 1973
1971 to 1973
1971

unspecified

1971
1973 to 1980
1970 to 1983
1969 to 1978
1969 to 1970
1972
1969
1972
1971
1967 to 1970

'Remaining under old master contract (1962 UKAEA option); ̂ Includes delivery options.

ft

good potential markets for Canadian uranium. The
United States market continues to be restricted to
United States producers, although United States
producers are free to compete in the world market
French and South African production is marketed
through semi-governmental marketing agencies and
United States producers have access to financial
export assistance through Export-Import Bank loans.
The unavailability of the United States market and the
various government, producer 2nd consumer stockpiles
which overhang the market, continue to be principal
obstacles to Canadian marketing efforts in the
short-term.

By year-end Eldorado had negotiated several
contracts for conversion of uranium concentrates to
UF(, which more than filled half the rated capacity of
its refinery operation for 1971; as noted earlier,
expulsion of the facility is scheduled for completion
by mid-1972. All five of Eldorado's own major export
sales of U3O8 will be converted to UF e and, in
addition, three significant contracts had been
negotiated for conversion on a custom basis. A total of
680 ions of U3Og will be converted for the Swedish
State Power Board (Vattenfali), as well as 430 tons of
U 3 O 8 for the first core of Sweden's Barsebeck plant,

and about the same amount for a reload. Finally,
General Public Utilities Corp. of New York, has
contracted for conversion of 1,205 tons of U 3O 8 over
the period 1970 to 1973; options under the contract
provide for the total to be increased to 2,000 tons and
possibly 2,250 tons. Saks of ceramic grade UO2, both
natural and enriched, from Eldorado's refinery
reached an all time high in 1970, Contracts were also
signed for supply of enriched uranium carbide for
Atomic Energy of Canada Limited's WR-1 research
reactor at Whiteshell, Manitoba, and for the supply, in
1971, of uranium metal for the Taiwan research
reactor.

Competition in the UF 6 conversion business is also
fairly strong with four plants, in addition to
Eldorado's, vying for markets. These include Allied
Chemical Corporation's plant at Metropolis, Illinois,
which was expanded in 1970 to a capacity of 10,000
tons of U (in the form of UF6) a year, and
Kerr-McGee Corporation's plant at Sequoyah,
Oklahoma, which came on stream in the second half
of 1970, with a conversion capacity of 5,000 tons of
U a year; capacity of the latter plant will be doubled
as markets permit. In addition, the UKAEA has a new
plant at Springfklds with a 3,300-ton-a-year capacity,
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and the Commissariat a FEnergie Atomique (CfcA) of
France has a plant at Pierrelatte, which was expanded
in 1969 to a reported capacity of 3,800 tons of U a
year. To date the British plant, with a capacity
estimated at some four times Britain*» requirements in
the near-term, is one of Eldorado's strongest
competitors.

NUCLEAR DEVELOPMENTS
At the end of 1970 there were seven nuclear power
stations (14 icaetcis) of Canadian design (natural
uranium-fuelled and heavy water-moderated) either in
operation, or under construction, representing a total
capacity of 6,043 MWe «Table 5). Ontario Hydro's
Douglas Point Station, Canada's first tuU-scak plant,
was operated successfully on a regular basis at high
power throughout the year; first on-power refuelling
was attempted in December 1969 and the fuelling
machines were in regular service by the end of March
1970. Perhaps the highlight of the year was the
start-up, on November 13, 1970, of Hydro Quebec's
Gcntilly Station on the south shore of the St.
Lawrence River, thus meeting the tight, four and a
half year, construction schedule. First power was
expected in early 1971. The year 1971 wii! be
particularly important for Canada's nuclear program
with the expected start-up of two units at Pickering*,
Ontario as well as RAPP I and KANLPP in India and
Pakistan.

Commercial production of reactor-gxadc heavy
water began at Canadian General Maine Company
Limited'* (CGi:> S75-milIion plant at Point Tupper,

Nova Scotia, in October 1970. The 400-ton-a-year
plant is scheduled to reach full capacity in 1971 ;CGE
has a contract with Atomic Energy of Canada Limited
(AECL) covering the first 12 years of production.
Meanwhile, construction continued on AECL's heavy
water production plant at the Bruce Nuclear power
complex, adjacent to Douglas Point. The
800-ton-a-ycar, $115 million heavy water plant is
scheduled for completion in 1972. Efforts were
continuing at year-end to arrange for the rehabilitation
of Deuterium of Canada Limitcd's 400-ton-a-year
piant at Glace Bay, Nova Scotia, now three years
behind schedule.

AECL continued its efforts during the year to sell
Canadian nuclear power plants abroad on behalf of
Canada's nuclear industry. Disappointment was felt in
mid-1970 when Rumania postponed indefinitely its
negotiations foi a 600 MWe CANDU-type nuclear
steam supply system. Heartening, however, was news
that AECL was on the 'short-tender' list for a 500
MWe unit for Australia; the bids were still being
considered at year-end. A bid was also pending at
year-end for a 600 MWe unit for Mexico, and interest
was being shown by a number of other countries in
the Canadian system as a choice for their nuclear
power programs.

In June 1970 the House of Commons passed a bill
which provides that nuclear power plants, fuel
processing plants and other installations of a
non-military nature handling nuclear material maintain
liability insurance to a maximum of $75 million.

TABLE5

Canadian Natural Uranium Heavy Water Power Reactors
in Operation or Under Construction

Name

NPD
Douglas Point
Pickering
GentiUy
Bruce
RAPP
KANUPP

Type

BHW
PHW
PHW
BLW
PHW
PHW
PHW
Total

Capacity

22 MWe
208 MWe

4x508 MWe
250 MWe

4x750 MWe
2x203 MWe

125 MWe

6.043 MWe

Location

Rolphton, Ontario
Kincardine, Ontario
Pickering, Ontario
Gentifly, Quebec
Kincardine, Ontario
Rajasthan, India
Karachi, Pakistan

Status

Operating since 1962
Operating since 1967
First unit critical, 1971
Critical November 1970
Under construction
First unit critical, 1971
Critical, 1971

'Pickering 1 went critical OR February 25, 1971.
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TABLE 6

Nuclear Power Reactors in the World as of January 1,1971
(electrical megawatts)

Country Operating Ordered Planned Total

Canada
United States
Britain
France
West Germany
Soviet Union
Japan
Switzerland
Italy
Spain
Sweden
India
Others

Total

475
3,404
4,145
2,176

984
2,088

817
350
607
153
504
380
118a

5,000
73,573
10,290

1,640
3,452

880
9,469
1,476

735
1,460
2,329

400
5,166b

—
10,872

3,700
-
2,650
—
3,050
1,050

866
3,600
5,280

400
9,302c

5,475
87,849
18,135
3,816
7,086
2,968

13,336
2,876
2,208
5,213
8,113
1,180

14,586

16,201 115,870 40,770 172,841

Source: Canadian Nuclear Association, January 1, 1971.
»East Germany, Netherlands; bCzechos1ovakia, Pakistan, Bulgaria, Argentina, Hungary, Belgium, Netherlands,
Finland; CUAR, Austria, Mexico, Argentina, Australia, Taiwan, Korea, Rumania, Greece, Brazil, Yugoslavia,
Czechoslovakia, Finland,
-Ni l .

OUTLOOK
Forecasts of uranium requirements have changed little
in the past year. In September 1970, the ENEA/IAEA
released a revised forecast which predicts that annual
world demand will increase to 37,000 tons of U3Og
by 1975, 73,000 tons in 1980 and possibly 130,000
tons in 1985 (Table 7). However, most uranium
requirements for nuclear plants cither in operation or
committed for operation during the next three years
have been met, and consequently opportunities for
sales during this period are few. Uranium demand
continues to be affected by a variety of construction,
equipment and licencing delays involving nuclear
reactors already committed. These problems are
particularly evident in the United States where
environmentalists, worried about the twin threats of
thermal pollution and radiation emissions, have been
causing delays through interventions in licencing
proceedings. Hopefully, co-operative efforts on the
part of both government and industry toward solving
their differences will be successful, and the
longer-term electrical requirements will be met.

An upturn in orders for nuclear power plants was
evident in 1970, particularly in the United States
where the USAEC reported that during the year 14
plants totalling 14,336 electrical megawatts (MWe)
were ordered, about twice that ordered in all of 1969.

This brought the total to 86,894 MWc (109 units)
representing an investment of almost $18,000 million.
It was estimated by the Federal Power Commission

TABLE 7

Estimated World Uranium Demand

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1985a

Annual
Demand

(short tons

12,000
15,000
21,000
26,000
30,000
37,000
44,000
50,000
57,000
65,000
73,000

130,000

Cumulative
Demand

U3O8)
12,000
27,000
48,000
74,000

104,000
141,000
185,000
235,000
292,000
357,000
430,000
960,000

Source: ENEA/ÍAEA, September 1970.
•Reliability significantly less than for earlier years
since no allowance made for plutonium recycling.
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that by 1990 almost 40 per cent of all electrical
generating capacity in the United States will be
nuclear. This turn around in nuclear orders is partly
attributed to shortages of oil, gas and low-sulphur coal
in 1970 which prompted utilities to choose the
nuclear rather than conventional thermal route for
their much needed additional electrical generating
capacity. While the coal shortage was less critical at
year-end in the United States, it continued to be
severe in Britain and continental Europe.

Another factor which may significantly affect the
demand picture is the possibility of an increased
market for natural uranium as a result of a
re-evaluation and reoptimization of USAEC gaseous
diffusion plant operations. As rising power costs tend
to drive the costs of separative work upward, the
optimum tails assay (23SV content) shifts upward,
thus increasing the amount of feed that is required to
produce the same quantity of enriched uranium. The
possibility of setting a higher tails assay was under
study by the USAEC in 1970, and was seen as one
method of easing the impact of the disposal of its
uranium stockpile and of beginning the process of
removal of restrictions on the enrichment of foreign
ores for domestic use. For example, a change in the
tails assay from the present 0.20 per cent 2 3 5 U to
0.25 per cent would increase requirements of natural
uranium feed by about 9 per cent

In the short-term, uranium continues to be in
ovcrsupply, due partly to the delays in nuclear
programs mentioned earlier and partly to increases in
production capability over the past two or three years.
The ENEA/IAEA reported in its recent report that
some 38,000 tons of annual U3C>8 production
capacity was planned for 1973, in contrast to a 1969
production level of 23,000 tons. Moreover, some
13,090 tons of additional annual capacity could be
nude available, based on known reserves. In view of
the ENEA's projections, some of this additional
capacity will be required after about 197S. Further,
after about 1977 new capacity will have to be based
on low-cost reserves yet to be developed, unless
higher-cost reserves are to be utilized.

Several events occurred in the last half of 1970
which tend to outdatc somewhat the ENEA's
projections of supply. In particular, some of the
planned capacity which was to be available by 1973
has been postponed, and new discoveries, particularly
in Australia, will soon contribute to an increase in

reserves. Of more significance to the short-term
situation, however, is the uranium surplus, available in
various eovernment stockpiles, and in consumer and
producer inventories, which overhangs the market In
this regard, some 68,600 tons of U3O8 are held by the
United States, Canadian and South African
governments alone. Although disposal of these
stockpiles will, hopefully, be in a way which will not
severely affect the normal growth of the market, their
existence has been a major factor contributing to the
oversupply situation. Consequently, some prices being
quoted in the world market were well below $7 a
pound U3O8 , even for deliveries in themid-1970's. It
is expected that prices will recover, however, and
increase over the latter part of the decade, as demand
comes more in line with available supply.

Despite the short-term situation, Canadian
producers are looking forward to obtaining additional
contracts, for deliveries beginning in the mid-1970's,
which will enable them to proceed with plans for
expansion of their production facilities. As noted
earlier, one future producer has been successful in
making sales and others are hopeful of doing so.
Should markets develop as projected, it is not
unrealistic to expect that Canadian uranium
production capacity, estimated at about 5,500 tons of
UjOg a year in 1970, will increase threefold by the
end of the decade. An increase much beyond a level of
13,000 tons a year, however, will require the timely
discovery of new low-cost reserves, the geological
potential for which is considered excellent

It is clear that vorld uranium enrichment capacity
will not be sufficient to meet requirements after the
end of the decade. Existing British and French
facilities arc relatively small and fully committed to
domestic needs. Should the USAECs two proposed
modification programs be carried out with appropriate
timing and provided the USAECs planned
prcproduction is earned out on schedule, cumulative
world requirements should be satisfied until 1979.
This date can be extended to 1980, however, should
the recycling of plutonium in light water reactors be
introduced. Other factors could advance or delay this
timing slightly. However, in view of an estimated
lead-time of 6 to 8 years required to build a new
enrichment plant, it is clear that a decision must be
reached by 1972 or 1973. Canada is one of several
countries that has been named as a possible site for
such a plant
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Thorium
There was no production of thorium in Canada again
in 1970. Until mid-1968, the Nuclear Products
Department of Rio Algom Mines Limited had
produced thorium concentrates as a byproduct of
uranium at its Nordic mill in Elliot Lake, Ontario; the
plant had a capacity to produce 150 to 200 tons of
thorium oxide (TÍ1O2)* a year. Production was
suspended in July 1968 with the closure of the Nordic
milL Due to poor market conditions for thoriurr it
was decided that a transfer of the thorium recovery
circuit from Nordic to Quirke was not justified at that
time. However, shipments of thorium concentrate
were made in 1969 from the company's inventory; the
concentrate was a thorium sulphate ('thorium cake')
and graded from 35 to 40 per cent ThO2-

Since thorium production began at Elliot Lake in
March 1959, Rio Algom's principal customer has been
Thorium Ltd., in Britain. Small quantities have also
been delivered from time to time, in the form of
metallurgical-grade thorium oxide (99.8+ per cent
ThO2), to Dominion Magnesium Limited, Haley,
Ontario, which produces sintered pellets of pure (98
per cent) thorium and thorium powder (98.8+ per
cent).

Canadian resources of thorium are associated with
both the conglomeratic ores of the Elliot Lake-Agnew
Lake areas and the pegmatitic ores of the Bancroft
area. Data compiled in connection with a recent
assessment of Canada's uranium reserves, made by the
Department of Energy, Mines and Resources, suggests
that reasonably assured resources of ThO2, associated
with uranium reserves in the S10 a pound U 3 O 8

category, conservatively exceed 100,000 tons of
ThO2. Further details concerning Canada's production

of thorium can be found in previous issues of this
series.

Present world production of thorium is primarily
as a byproduct of the chemical processing of monazite
beach sands for their rare earth content. The leading
producers of monazite are Australia, Brazil, India,
Malaysia and the United States. The principal
non-energy uses of thorium continue to be in the
manufacture of gas light mantles (50 per cent), of
thorium-magnesium alloys (30 per cent), and of
dispersion-hardened alloys of nickel, cobalt, tungsten
and molybdenum (10 per cent). ** Demand for
thorium for industrial uses has changed little in recent
years and, although some growth can be expected in
the 1970's through new uses, is expected to remain
relatively small, perhaps rising to no more than a few
hundred tons a year.

The greatest potential use tor thorium, however,
is as a nuclear fuel for advanced converter and
breeder-type reactors. Although thorium ( Th)
is not a fissile material like " s U, it is a fertile
material and can be converted into fissionable uranium-
233 ( 2 3 3 U) under irradiation. The use of this
* 2 3 2 T h - U fuel cycle' has many potential advan-
tages and research programs arc under way in a
number of countries, including Canada, to develop this
technology. Of particular interest as potential users of
this fuel cycle arc the Canadian CANDU reactor and
the high-temperature, gas-cooled reactor (HTGR)
being developed in the United States. A 40 MWe
demonstration HTGR has been in operation at Peach
Bottom, Pennsylvania since 1966 and a 330 MWe
commercial HTGR is under construction at Fort St.
Vrain, Colorado, for start-up in 1972. By way of
illustration, the latter reactor will have a fuel core

TABLE 8

Thorium Production in Canada, 1969-70

1969 1970

Pounds Pounds

Production (shipments of
ThO2 in concentrates) 29,014 55,087

Source: Dominion Bureau of Statistics.

- N i l .

* 1 short ton ThOj = 7 9 5 kilograms of thorium
metaL

• • Woodmansee, W.C., Thorium, Engineering and
Mining Journal, March 1971.
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made up of 25 tons of ThOa and 2,710 pounds of
fully enriched uranium.

232-, 233,Dtspite the advantages of the " H T i - " U fuel
cycle and the probable ultimate success of the fuel
technology, the growing availability of plutonium
from conventional reactors will dictate its use either

for recycling or, in the 1980's, as fuel (with uranium)
for fast breeder reactors. Consequently, while
successful penetration of reactors like the HTGR into
the nuclear power market can be expected to increase
the demand for thorium significantly, requirements
will probably rise to no more than a few thousand
tons of TI1O2 a year by the latter part of the century.

May I9TI

I

1
This is one of 54 minerai review preprints that will be republished late fn 1971 in the Canadian Minerals
Yearbook 1970. A complete set of these 1970 preprints or a copy of the currently available Canadian
Minerals Yearbook 1969 may be ordered from Information Canada, Ottawa; sets of preprints priced at $5:
Yearbook at $7.50. Preprints are distributed as they become available. Single copses may be purchased only
from the Distribution Office, Mineral Resources Branch, Dept. of Energy, Mines and Resources, Ottawa,
Canada, for 2Sf each.
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