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EXECUTIVE SUMMARY 1984 Assessment Results

Overview

In 1974 the Minister of Energy,
Mines and Resources (EMR) established
a Uranium Resource Appraisal Group
(URAG) within EMR to audit annually
Canada's uranium resources for the
purpose of implement ing the federal
government's uranium export policy.
A major objective of this policy was
to ensure that Canadian uranium
supplies would be sufficient to meet
the needs of Canada's nuclear power
program.

The concern about domestic
security of supply is less relevant
now than it was 10 years ago. Pro-
jections of installed nuclear power
growth in Canada over the long term
have been successively revised
downwards, as they have in other
industrialized countries. Canadian
uranium supply capabilities, on the
other hand, have expanded signifi-
cantly. In the past decade, estimates
of uranium resources in comparable
resource categories have increased by
over 145 000 tonnes U, despite
production of almost 70 000 tonnes U.

Canada has maintained its status
as the western world's leading
exporter of uranium and has become
the world's leading producer. It
possesses a significant portion of
the world's uranium resources that
are of current economic interest and
has becoire the focus of a substantial
share of international uranium
exploration activity. The Athabasca
Basin in northern Saskatchewan has
emerged as the principal target for
the discovery of very high grade
uranium deposits. Canada is assured
of being able to supply its own needs
and those of its trading partners for
many years to come.

Since URAG completed its last
formal assessment (1982), the success
of uranium exploration efforts in
Canada has continued, resulting in an
overall increase in domestic uranium
resource estimates, as shown in the
table below. New discoveries have
more than offset the decrease in
resources caused by annual production
during 1983 and 1984 and by the
reassignment of resources to higher
price categories. The latter is a
result of the continued decline in
the price of uranium and the
sustained upward pressure on
production costs.

Principal
Resource
Categories

Measured
Indicated
Inferred

Tonnes
From

1984

54 000
233 000
264 000

U* Recoverable
Mineable Ore

1982

59 000
195 000
287 000

Total 551 000 541 000

URAG divides its resource esti-
mates into three principal resource
categories reflecting different levels
of confidence in the quantities
reported. These estimates are
further separated into different
uranium price categories. For the
1984 assessment the three price
ranges used were: (A) $100/kg U or
less, (B) from $100 to $150/kg U and
(C) from $150 to $300/kg U (Canadian
dollars). Each number in the table
above represents the sum of resources
in all three price categories.

One metric ton (tonne) of
elemental uranium (U), written as
tu, is equivalent in terms of
uranium content to 1.2999 short
tons of uranium oxide (U3O8).



Only the resources recoverable at
prices of $150/kg U or less, that is
within the lower two price ranges, are
used for the purpose of ensuring that
sufficient uranium is reserved to
meet domestic requirements. Estimated
resources recoverable at uranium
prices between $150 and £300/kg U are
not expected to be of economic
interest before the late 1990s.

Beyond these 'known' resources,
there are additional quantities of
uranium in the two categories of
'undiscovered' resources. Prognosti-
cated resources exploitable at
uranium prices of $300/kg U or less
are estimated at 292 000 tU.
Speculative resources of interest at
prices of $300/kg U or less, in areas
assessed during 1984, are thought to
total approximately one million tU.

In 1984, Canada's five primary
uranium producers employed some 5800
people at their mining and milling
operations, and produced concentrates
containing some 11 170 tU. Based on
existing production centres alone,
Canada's projected annual primary
uranium production capability will
stabilize at some 12 000 tU through
the remainder of the 1980s. Should
market conditions warrant, additional
production centres could be developed
to raise production capability to
15 000 tU by the latter half of the
1990s; in comparison, world require-
ments will approach 60 000 tU/year.

By the year 2000, Canada's annual
uranium requirements will be about
2 000 tU. It is evident from URAG's
1984 assessment that Canada's known
uranium resources, recoverable at
uranium prices of $150/kg U or less,
are more than sufficient to meet the
30-year fuelling requirements of those
reactors that are either in operation
now or committed or expected to be
in-service by 1995. A substantial
portion of Canada's identified uranium
resources, recoverable within the same

price range, is thus surplus to
Canadian needs and available for
export. Sales worth close to
$1 billion annually are assured, as
forward domestic and export commit-
ments as of early 1985 totalled
77 000 tU and 63 000 tU, respectively.

Uranium exploration expenditures
in Canada in 1983 and 1984 were an
estimated $41 million and $35 million,
respectively, down markedly from the
$128 million reported for 1980.
Exploration drilling and surface
development drilling in 1983 and 1984
were reported to be 153 000 m and
197 000 m, respectively, some 85 per
cent of which was in Saskatchewan.

Over the longer term, there is
significant potential for discovering
additional uranium resources in
Canada. Given the incentive of an
increasing demand foe uranium, much
of this potential will no doubt be
realized and developed.

This report by URAG is the ninth
in a series published since 1975 to
present the results of regular
assessments of Canadian uranium
supply capabilities. The reports were
published annually until the 1982
assessment after which formal
reporting was changed to a biennial
schedule.

The content and format of this
report are much the same as in
previous editions. However, to
facilitate comparison of Canada's
resource estimates with those of
other countries, estimates of 'known'
uranium resources are presented in
terms of quantities of 'uranium
recoverable from mineable ore'
instead of 'uranium contained in
mineable ore', as was done in earlier
reports, This distinction is dis-
cussed more fully in the section on
resource and production terminology
and definitions (Appendix 1).

- 2 -



PART 1. SHORT-TERM PERSPECTIVE

1. SUPPLY

a) Supply Sources

Measured, Indicated and Inferred
Tonnages

Canadian uranium supply over the
next 10 to 15 years will be drawn
from known resources, estimates of
which are divided into three
categories, measured, indicated and
inferred, reflecting different levels
of confidence in the reported
quantities. {See definitions in
Appendix 1.)

Only these three categories of
resources are considered by EMR for
ensuring that sufficient uranium is
reserved to meet domestic require-
ments, an aspect of uranium policy
that is outlined in Appendix 2.
Estimates of 1984 resources in these
three categories, prepared by EMR's
Uranium Resource Appraisal Group
(URAG), are presented in Table 1.
(URAG's mandate is described in
Appendix 3.) For comparison, the
results of the 1982 assessment are
also indicated. (1) The bulk of these
resources is associated with deposits
in areas identified in Figure 1.

The 1984 assessment of Canada's
uranium resources commenced in
December 1984 and was done using
three price ranges. The lower price
range (A) was assigned a uranium
price limit of £l00/kg U; the second
range (B) spanned the $100 to $150Ag
U interval. The third price range,
(C), introduced for the first time in
the 1982 URAG assessment, was from
Al50 to $300/kg U. Prices are given
in Canadian dollars/kg U*.

* $l/lb U3O8 = $2.6/kg U.

The price of $100/kg U was chosen
by URAG for its assessment to
illustrate those resources that
appeared to be of economic interest
to Canada in 1984, and served to
define the upper limit of the A price
category. Thi average price of
Canadian deliveries on the export
market, which has served to define
the limit of the A price category in
previous URAG reports, was judged
inappropriate for this purpose because
it has become unduly influenced by
deliveries made on the spot market
(see Uranium Sales Commitments).
Only resources in the lower two price
categories (A and B) are used by EMR
for the purpose of determining whether
resource levels are sufficient to meet
domestic requirements. Resources in
the third (C) price category are not
expected to be of economic interest
before the late 1990s.

In a comparison of the 1984
revisions of Canada's uranium resource
estimates with those of the 1982
resource assessment (see Table 1),
the most significant change is the
apparent shift in resources from the
inferred to the indicated category,
reflecting the continued delineation
of recently discovered uranium
deposits in Saskatchewan. At the same
time, there has been a significant
increase in resources assigned to the
higher price categories, and a
corresponding decline in resources of
current economic interest (i.e., A
price category). This shift in the
economic distribution of Canada's
known uranium resources is attributed
to a number of factors including
production of some 18 300 tonnes U
over the two-year assessment period,
and the continuing upward pressure on
production costs, which necessitated
the use of higher cut-off grades for
assessing selected deposits. In
addition, resources associated with
certain of the more recently
discovered Saskatchewan deposits have

- 3 -



TABLE 1. Estimates of Canada's Uranium Resources
Recoverable from Mineable Orea

Price ranges within
which mineable

ore is assessed'3

A
B

Thousands of

Measured

1984C 1982d

31 [32]
[ 1]

: tonnes

Indicated

1984C

124
59

1982d

[144]
[ 8]

of uranium

Inferred

1984C

105
92

198 2d

[ 181 ]
[ 48]

A

C

A

+ B

+ B + C

31

23

54

[33]

[26]

[59]

183

50

233

[152]

[ 43]

[195]

197

67

264

[229]

[ 58]

[287]

a Losses in mining recovery as well as in ore processing have been
accounted for.

k The price figures reflect the price of a quantity of uranium
concentrate containing 1 kg of elemental uranium. The prices were
used in determining the cut-off grade at each deposit assessed, taking
into account the mining method used and the processing losses expected.

c For the 1984 assessment the price ranges were (A) $10Q/kg U or less,
(B) between $100 and $150/kg U and (C) between $150 and $300/kg 0.

^ The bracketed figures are from the 1982 assessment in which price
ranges were (A) $115/kg U or less, (B) between $115 and 170/kg U and
(C) between $170 and $340/kg U.

- 4 -



PRINCIPAL AREAS IN CANADA
S Area North of Athabasca

Basin
1 Elliot Lake

2 Agnew Lake

3 Bancroft

WITH IDENTIFIED
URANIUM DEPOSITS

13 Hornby Bay-Dismal Lakes

14 Bathurst Inlet

15 Baker Lake Basin

16 Yathkyed Angikuni

17 Schultr Lake

18 Ketowna Beaverdell

19 Birch Island (Rexspar)

20 Otish Mountain*

7 Western Rim of Athabasca
Basin

Such areas contain resources associated with existing
uranium production centres



been assigned to the higher price
categories as a reflection of current
uncertainties associated with their
costs of exploitation.

It should tie noted that some low-
grade deposits were assigned to a
price category higher than C, as they
would be considered as mineabJe only
at uranium prices exceeding $300/kg U.
Tonnages remaining in certain past
producing deposits that are unlikely
to be exploited in the foreseeable
future were also excluded from the
resources listed in Table 1. The
tonnages involved in these latter
cases are not significant.

As part of an effort to achieve
comparability of uranium resource
estimates at the international
level(2), estimates of Canada's
uranium resources are presented in
Table 1 in terms of uranium
recoverable from mineable ore as
distinct from urani um contained in
mineable ore, as was the case in
previous URAG reports, that is, both
mining and ore processing recovery
factors have been applied to the
estimates.

In underground operations,
mineable ore is generally 75 to
85 per cent of the ore-in-place. As
a rule, higher mining recoveries are
achievable in open-pit operations.
Ore-processing recoveries in Canada
are normally high, ranging from 90 to
97 per cent. The 1984 weighted
average mill recovery of Canada's
exisr. Ing conventional uranium
operations was 93 per cent.

In developing the recoverable
resource figures shown in Table 1,
actual or expected mining and ore-
processing recovery factors were
individually applied to resources
that are tributary to existing and
prospective production centres.

Of the total resources in all
three categories (measured, indicated
and inferred), about 45 per cent is
in Ontario and 49 per cent in
Saskatchewan. Distributions quoted
in the 1980 assessment were 63 and
31 per cent, respectively. The
change is largely the result of the
continued discovery and delineation
of resources in northern Saskatchewan.

More than half of Canada's uranium
resources in the measured, indicated
and inferred categories occurs in
Proterozoic unconformity-related type
deposits, primarily in northern
Saskatchewan. These deposits contain
either monometallic (e.g., Rabbit
Lake) or polymetallic (Key Lake,
Collins Bay B zone, Cigar Lake)
mineralization associated with the
sub-Athabasca unconformity (Middle
Proterozoic). Pitchblende minerali-
zation prevails in the monometallic
deposits, whereas uranium-nickel-
cobalt assemblages prevail in the
polymetallic deposits. The average
grade of the deposits varies from
those grading less than 1 per cent U
to those where average grades range
between 2 and 5 per cent and in some
parts of the deposits (e.g., at Cigar
Lake) exceed 10 per cent U.

Most of the remaining resources
in the measured, indicated and
inferred categories occur in quartz-
pebble conglomerates, primarily in
the Elliot Lake area of Ontario.
Mineralization occurs at the base of
the Huronian Supergroup in several
beds (reefs) containing ores grading
on average between 0.05 and 0.1 per
cent U.

b) Uranium Availability

Existing Operations

In January 1985, Canada had five
primary uranium producers: Denison
Mines Limited, Rio Algom Limited,
Eldorado Resources Limited, Key Lake

- 6 -



Mining Corporation (KLMC) and Cluff
Mining. The key operational and
capacity data for the five uranium
production centres in Canada are
summarized in Table 2.

The first two, located in the
Elliot Lake area of Ontario, operate
conventional undergound mines, and
also use in-place leaching techniques
for additional recovery of uranium.
The other three are located in the
Athabasca region of northern Saskat-
chewan. Two produce from open pits
and the third operation is partly
open-pit and partly underground.

Production from the primary
uranium producers was 11 170 tU in
1984, as compared with 7143 tU in
1983, and 8075 tU in 1982. The
difference is largely due to the
start-up of the Key Lake mine, now
the largest in the world in terms of
annual output at 4600 tU per year.
Preliminary estimates of 1984
shipments of uranium made by these
producers was 9693 tU, valued at
$916 million, compared with final
shipments of 6823 tU valued at
&668 million, and 7643 tU valued at
$837 million, in 1983 and 1982,
respectively. Differences between
annual production and shipment figures
reflect inventory quantities.

In 1984, some 55 per cent of
Canada's total uranium production and
shipments came from the three
producers in Saskatchewan with the
balance coming from the two Ontario
producers.

At Denison, a milling rate of
less than 10 000 tpd of ore is
adequate to meet delivery schedules
required under the company's long-
term sales contracts, which approach
60 000 tU and extend to 2012. For
the next several years Denison will
likely maintain its current produc-
tion rate of approximately 2300 tU
per year.

Underground, in-place leaching
tests conducted by the company over
the past two years continue to show
favourable results. Together with
better training, improved machinery
and recoveries of high-grade pillars,
the leaching program will become an
increasingly important part of
Denison's efforts to reduce costs and
enhance productivity. It was expected
to contribute up to 10 per cent of
the company's 1984 production and may
account for up to 20 per cent of
future production as more working
areas become available. All major
work for the expansion of the Denison
main property was completed by year-
end 1983. At that time the adjoining
Stanrock/Can-Met mine was placed on a
care-and-maintenance basis, since
production from this rehabilitated
area will not be required to meet
commitments to Ontario Hydro until a
future date.

Rio Algom's overall production
during 1984 reached 2900 tU. As part
of a plan implemented in late 1982 to
match production more closely with
deliveries made under existing
contracts, combined ore output from
the company's three Elliot Lake
production centres (Quirke, Panel and
Stanleigh) has been established at
about 12 000 tpd. This rate is
adequate to meet deliveries under
long-term sales contracts, which total
some 44 000 tU through the year 2020.

Rio Algom's intensive ongoing
efforts to increase productivity have
proven effective. Costs are being
trimmed through mechanization and
improved training, and by driving
development headings in ore. The
company's underground in-place
leaching program is also of major
importance. Production from leaching
could reach 20 per cent of total
output in the future.

Completed below budget, the
rehabilitation of the Stanleigh
property marked the end of Rio Algom's

- 7 -



TABLE 2. Existing Production Centres

Company
and

plant location

Cluff Mining - Phase II
(Amok Ltd./SMDC)
Cluff Lake, Sask.

Denison Mines Ltd.
Elliot Lake, Ont.

Eldorado Resources Ltd.
Rabbit Lake, Sask.

Key Lake Mining Corp.
Key Lake, Sask.

Rio Algom Ltd.
Elliot Lake, Ont..
° Quirke mill
° Panel mill
° Stanleigh mill

Start
-up

date

1984f

1957

1975

1983

19689
1979"
1983"

Deposit typea

and
mining
method*3

Ucon/OP/UG

Cong/UG/IPL

Ucon/OP

Ucon/OP

Cong/UG/IPL
Cong/UG/IPL
Cong/UG/IPL

Ore-processing

Method0

and
recovery^
(per cent)

AL/SX/95

AL/IX/93

AL/SX/94

AL2/SX/97

AL/IX/94
AL/IX/95
AL/IX/90

Nominal
daily ore
capacity
(tonnes)

800

13 610

1 500

500-
700

6 350
2 990
4 540

plant

Annual
production

ratee

(tonnes U)

642

2 246

1 361

4 003

1 372
841
704

a Deposit types: conglomeratic (Cong), unconformity related (Ucon).

b Mining methods: underground (UG), open-pit (C?), in-place leaching (IPL).

c Ore-processing methods: acid leaching (AL), two-stage acid leaching (AL~), ion
exchange (IX), solvent extraction (SX). For details of these processes, see Uranium
Extraction Technology, NEA/IAEA, Paris, 1983.

d Processing recoveries: 1984 production data.

e Actual 1984 production.

f Phase I operated from 1980 to 1984.

9 Rehabilitated for production from New Quirke mine; operated from 1956 to 1961 (old
Quirke mine), then closed.

h Rehabilitated; produced from 1958 to 1961, then closed.



PRINCIPAL URANIUM DEPOSITS IN SASKATCHEWAN
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multimillion-dollar expansion program
started in 1975. The Stanleigh mill
conmenced production on schedule in
July 1985 and achieved targeted
throughput by year-end 1984. During
the 40-year life of the operation,
-some 28 000 tU will be delivered to
Ontario Hydro, which has financed the
project and will purchase its entire
output.

At Bancroft, Ontario, Madawaska
Mines Limited submitted its decommis-
sioning and close-out proposal to
Canada's Atomic Energy Control Board
(AECB) in June 1983, and received the
necessary approvals the following
November. Similar approvals were
granted for the salvage-leaching
operation of Agnew Lake Mines Limited,
90 km east of Elliot Lake, at which
production was terminated as planned
in early March 1983. During 1934,
work agreed upon under the AECB's
approved decommissioning licences was
substantially completed. If com-
pliance with environmental standards
is satisfactory after the prescribed
monitoring periods, both companies
will be released from any responsi-
bility for the properties under the
Atomic Energy Control Act.

Production in 1984 from Eldorado's
Rabbit Lake, Saskatchewan, operation
exceeded that of the previous year.
With the completion of the Collins
Bay B expansion, Eldorado's annual
production capability will return to
2000 tU. Although the Rabbit Lake
orebody was mined out in mid-1984,
ore stockpiled from the open pit will
provide feed until 1986 when first
production from the B deposit is
expected. The company has prepared
the depleted Rabbit Lake pit as a
disposal facility for the tailings
from the Collins Bay B deposit.

Eldorado conmenced work on the
development of its Collins Bay B
orebody, some 9 km northeast of the
Rabbit Lake mill, after signing a
surface lease agreement with the

Government of Saskatchewan in March
1983. Retaining dikes are in place
at the site, damming off the small
bay that overlies the deposit. The
bay has been drained and stripping of
the overburden is essentially
completed. The project includes
modifications to the 1500 tpd capacity
Rabbit Lake mill to facilitate the
processing cf a wider range of complex
uranium-bearing ores. Hydrogen
peroxide will be used instead of
ammonia in the precipitation of mill
concentrates in order to meet
stringent environmental criteria.

In northwestern Saskatchewan,
Cluff Mining - owned 80 per cent by
Amok Ltd. and 20 per cent by Saskat-
chewan Mining Development Corporation
(SMDC) - completed construction of
its Phase II facilities in August
1984, two months ahead of schedule.
Cluff Mining's environmental impact
assessment and surface lease arrange-
ment were accepted in early 1983 by
the Government of Saskatchewan.

Stripping of the Claude deposit
commenced in early 1983. Work on a
decline from surface at the new O-P
mine was completed in November 1983
in preparation for the underground
development of the deposit, and to
provide access to the much larger
Dominique-Peter orebody nearby.
Phase II production began in April
1984 from the exploitation of the O-P
underground and Claude open-pit mines.
Phase II facilities, designed to
process ore of a more conventional
grade than the very high-grade D
orebody exploited during Phase I of
the operation, will have the
capability of mining and milling some
230 000 tpy of ore to produce between
850 and 1270 tU annually.

The KLMC operation at Key Lake in
northern Saskatchewan achieved its
annual design capacity of some
4600 tU in 1984, becoming the world's
largest uranium production centre.

- 10 -
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The combination of high-grade ore and
low production costs also makes it
one of the world's most competitive
operations.

Start-up progressed smoothly as
KLMC commenced ore processing in
October 1983, continued commissioning
through November, and attained mill
recovery rates of 95 per cent by
December 1983. To overcome problems
caused by the high clay content of
the ore, installation of a semi-
autogenous grinding (SAG) mill was
undertaken by KLMC in May 1984.
Completed late in the year, the
independent SAG circuit should ensure
continuity of production at design
throughput levels.

KLMC is jointly owned by Saskat-
chewan Mining Development Corporation
(one half), uranerz Exploration and
Mining Limited (one third), and Eldor
Resources Limited, wholly-owned by
Eldorado Nuclear Limited (one sixth).

At Calgary, Alberta, a small
50 tu per year byproduct uranium
recovery plant was operated during
1983 and 1984 by Earth Sciences
Extraction Company. The company
recovers uranium from phosphoric acid
obtained from the adjacent plant of
Western Co-operative Fertilizers
Limited. Output from the operation
is not included in Canadian produc-
tion totals because the uranium is
recovered from phosphate rock
imported from the United states.
This uranium is contracted to Ameri-
can utilities.

As shown in Table 3, some 5800
employees worked at Canada's
producing uranium operations as of
January 1985. Of this total, 2500
worked in the mines, both open-pit
and underground, over 700 in the
mills, and the balance were general

employees. Head-office and construc-
tion-related employment is not
included. The 1984 figure of 5800,
showing close similarity with the
1981 total of some 6000 employees,
reveals that many of the 1200 jobs
lost during 1982-83, primarily as a
result of the cessation of production
at Madawaska, the closure of Beaver-
lodge in northern Saskatchewan and
the phasing out of operations at
Agnew Lake, have been regained as a
result of the start-up of new and
expanded uranium production facili-
ties, mainly in Saskatchewan.

TABLE 3. Work Force - Canadian
Uranium Mining Operationsa

Company
(operation)

Cluff Mining

Denison Mines Limited

Eldorado Resources
Limited (Rabbit Lake)

Employees
(mine, mill,

general)

309

2200

319

Key Lake Mining Corporation 427

Rio Algom Limited (Quirke) 1069

(Panel) 669

(Stanleigh) 818

Total 5811

a as of December 31, 1984.
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Additional Production Possibilities

In addition to the existing
operations summarized in Table 2 and
described above. several projects
could become souues of uranium
production before the end of the
1990s, should market conditions
warrant.(3) These projects are
summarized in Table 4.

Development woik at some of these
projects has been deferred pending an
improvement in the uranium market
(e.g., Miiliken-Lacnor-Nordic, Midwest
Lake, and Kitts-Michelin). Activity
at the two British Columbia projects
(Birch Island and Blizzard), was
suspended in early 1980 because of
the imposition of a seven-year
moratorium on uranium exploration and
mining by the provincial government.

TABLE 4. Possible Future Uranium Production Centres

Project and
property location

Operating
company

Deposit
type

ONTARIO

Milliken-Lacnor-Nordic
Project, Elliot Lake,
Ont.

Rio Algom Limited Conglomeratic

SASKATCHEWAN

Cigar Lake Project,
Cigar Lake, Sask.

Dawn Lake Project,
Dawn Lake, Sask.

McClean Lake Project,
HcClean Lake, Sask.

Midwest Lake Project,
Midwest Lake, Sask.

Cigar Lake Mining
Corporation

Saskatchewan Mining
Development Corporation

Canadian Occidental
Petroleum Limited

Esso Minerals Canada

Unconformity
related

Unconformity
related

Unconformity
related

Unconformity
related

OTHERS

Birch Island Project,
Birch Island, B.C.

Blizzard Project,
B-saverdell, B.C.

Kitts-Michelin Project,
Makkovik, Nfld.

Lone Gull Project,
near Baker Lake, N.W.T.

Consolidated Rexspar Minerals
& Chemicals Limited

Norcen Energy
Resources Limited

Brinco Limited

UrangeselIschaft Canada
Limited

Volcanogenic

Surficial

Vein and
Volcanogenic

Unconformity
related
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Exploration drilling or pre-
feasibility studies were continued on
the Dawn Lake, McClean Lake, Cigar
Lake and Lone Gull projects, but no
firm plans for production have been
made. A number of these projects
will eventually reach the production
stage.

Of particular significance was
the announcement by SERU Nuclear
(Canada) Limited* in early 1983 of
its Cigar Lake discovery in the
Waterbury Lake project. Drilling to
delineate the deposit continued
through 1983 and 1984 (see section on
Uranium Exploration Activities) and
on May 16, 1985, the Cigar Lake Mining
Corporation (CLMC) was established as
the consortium that will develop the
deposit.

CLMC must first identify a
suitable underground mining method
and milling process, and complete an
environmental impact study. Report-
edly some $4 million will be spent on
this development work during 1985-86.
The weakness of the ground rock
surrounding the ore zone and the
radiation levels associated with such
high-grade ore must be dealt with
effectively so as to provide a safe
working environment. The project
partners are SMDC (50.75%), COGEMA
(32.625%), Idemitsu Uranium Explora-
tion Canada Ltd. (12.875%), and Corona
Grande Exploration Corporation
(3.75%), a wholly owned COGEMA
company.

Projected Production Capabilities

To provide an illustration of
uranium availability in the short
term, a projection of Canadian
production capability to 1995 was
made as shown in Table 5 and Figure 4.

It can be characterized as an
illustration of firm production
capability. It is based on existing
production centres only, as listed in
Table 2. The projection assumes
levels of production that can be
practically and realistically achieved
under current circumstances. Actual
levels of production from these
centres will depend on operational
variables, and could be different
from the capabilities projected.

Only resources in the measured,
indicated and inferred categories, in
the A plus B price range (recoverable
at uranium prices of $150/kg U or
less), were incorporated into the
projection. The lives of these
production centres could be extended,
in certain cases, by the exploitation
of associated higher priced resources,
or through additions of resources in
the A plus B price range resulting
from continued exploration and
development work. No commitments
have been made for the start-up of
any production centres beyond those
currently in operation.

TABLE 5. Canadian Uranium
Production Capability From
Existing Production Centres

* Name changed in 1984 to COGEMA
Canada Limited.

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Tonnes U
contained in
concentrates

11 500
12 000
12 000
12 000
12 000
12 000
12 000
11 700
11 500
11 000
11 000
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Figure 5 illustrates the total
quantity of Canada's mineable uranium
resources subdivided into four
resource categories. Each category
is further subdivided on the basis of
a consideration of production centre
class, uranium price and the proximity
of the resources to the production
centres. Those quantities highlighted
by a star represent Canada's known,
lower cost resources tributary to
existing production centres; thesn
quantities were used to determine the
production capability scenario shown
in Figure 4. It is readily apparent
that significant tonnages of uranium,
either in the higher cost category or
associated with prospective production
centres, remain available for future
exploitation. Moreover, the possi-
bility of augmenting these resources
through further discoveries is
excellent, as reflected by estimates
of resources in the prognosticated
category (see Part Two, Supply
Sources).
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FIGURE 5

URANIUM RESOURCES IN CANADA
AS OF DECEMBER 31,1984
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2. REQUIREMENTS

a) Domestic Nuclear Power Program

Canadian uranium policy requires
that sufficient uranium be reserved
for domestic use to enable each
nuclear power reactor currently on
stream, or planned to come on stream
within the next 10 years, to operate
at an average annual capacity factor
of 80 per cent for 30 years from
1985, or from the in-service date of
the nuclear unit, whichever is later.

The determination of these uranium
requirements is based on the estimates
of installed nuclear generating
capacity shown in Table 6. As of
mid-year 1985, a total of 15 227 MWe
of nuclear power capacity was either
operating or committed for operation
by 1995. In addition to the
15 227 MWe of capacity committed Eor
operation, a second unit at Lepreau
is envisaged, which would bring total
installed capacity to 15 862 MWe by
the year 1995.

TABLE 6. Nuclear Power Plants in Canadaa

Reactors

Pickering I to 4

Bruce 1 to 4

Point Lepreau

Gent illy 2

Pickering 5 and 6

Pickering 7

Pickering 8

Bruce 6

Bruce 5

Bruce 7 and 8

Darlington 1 to 4

Total net capacity

Owner

Ontario Hydro

Ontario Hydro

New Brunswick
Electric Power
Comnission

Hydro-Quebec

Ontario Hydro

Ontario Hydro

Ontario Hydro

Ontario Hydro

Ontario Hydro

Ontario Hydro

Ontario Hydro

expected by 1993

Net
capacity
{MWe)

2060

3016r

635

638

1032

516

516

815r

815C

1660c

3524

15 227 MWe

In-service
dates

1971-73

1977-79

1983

1983

1983-84

1985

1985e

1984

1985

1986-87e

1988-92e

a as of July 1985.

r revised; e expected.
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Uranium requirements for the
reactors represented by this
15 862 MWe of capacity, assessed on
the basic of the fuel utilization
design values for existing stations,
are estimated to be some 67 000 tU
for the prescribed 30 years. The
introduction of improved burn-up
characteristics could reduce these
requirements by about 15 per cent.
Annual requirements, including first
cores for future reactors, are
expected to grew from some
1300 tU/year in 1984 to approximately
2140 tU/year in 2000, as shown in
Table 7.

TABLE 7. Estimated Annual Canadian
Uranium Requirements6

Year

1983a

1984a

1985

1986

1987

Tonnes U

1390

1300

960

1710

1740

Year

1988

1989

1990

1995

2000

Tonnes U

1780

1910

2080

2140

2140

A measure of domestic uranium
resource adequacy is derived by
comparing the 67 000-tonne domes;ic
requirement calculated as described
above with resource estimates for ail
Canadian uranium producers that are
marketing uranium. For this purpose,
only resources in the measured,
indicated and inferred categories,
recoverable at prices of $150/kg U or
less, that is, A plus B price catego-
ries, are considered. Moreover, the
measured, indicated and inferred
tonnages are adjusted with weighting
factors of 1.0, 0.8 and 0.7, respec-
tively, in recognition of the lower
level of confidence that is placed
(by definition) in the latter two
categories. As of December 1984,
Canada's aggregate Total Adjusted
Recoverable Reserves (TARR), derived
in this manner, were some 210 000 tU.

Estimated fuelling requirements
for the nuclear power programs
of Ontario Hydro, Hydro-Quebec,
and the New Brunswick Electric
Power Commission. Requirements
for 1985 reflect oversupply in
1983 and 1984.

actual.
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A comparison of the calculated
30-year domestic fuel requirement
with Canada's estimated TARR indicates
that some 143 000 tU are theoretically
available for export, as illustrated
in the first column of Figure 6.
However, taking existing contract
commitments into account, the surplus
actually available for export under
new contracts is reduced to about
63 000 tU, as shown in the second
column of Figure 6.

b) Uranium Sales Commitments

Most of Canada's domestic needs
for the short term are those required
for the Ontario Hydro nuclear power
program. Ontario Hydro's two
principal uranium supply contracts
were approved by the Government of
Ontario in February 1978. These
contracts, which are with Denison
Mines Limited and Rio Algom Limited,
will satisfy the bulk of Ontario
Hydro's needs to the early part of
the next century, with deliveries
scheduled to continue until 2012 and
2020, respectively. Contracts are
either in place or are under negotia-
tion relating to most of the
remaining domestic requirements to
the end of the century. Total
outstanding domestic commitments, as
of early 1985, were more than
77 000 tU.

Canadian producers shipped an
estimated 9693 tU in 1984 valued at
$916 million. Over 85 per cent of
these shipments were destined for the
export market. The average price of
export deliveries in 1984 was
$Cdn 90/kg U. The spot market had a
significant impact on the average
price, as more than 25 per cent of
export deliveries in 1984 were under
spot sales, compared with 10 per cent
in 1983 and only 1.5 per cent in 1982.

The relative importance of
Canada's uranium export customers is
illustrated in Table 8: during the
period September 5, 1974 to
December 31, 1984 contracts totalling
almost 104 000 tU had been reviewed
and accepted by the federal govern-
ment. The year-end 1984 total
reflects scheduled deliveries under
more than 110 contracts, over one
third of which remain active.

TABLE 8. Uranium Under Export
Contracts Revieweda

Since September 5, 1974

Country of buyer

Belgium
Finland
France
Italy
Japan
South Korea
Spain
Sweden
Switzerland
United Kingdom
United States
West Germany

Total

Tonnes U

3 030
3 510
9 390
1 120

22 740
5 140
3 940
5 310
150

7 700
30 360
11 580

103 970

a Reviewed and accepted under
Canadian uranium export txjlicy.
Totals adjusted to reflect new
and amended contracts, as of
December 1984.
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CANADIAN URANIUM
REQUIREMENTS, SUPPLY COMMITMENTS,

AND AVAILABLE SURPLUS
AS OF DECEMBER 31,1984

FIGURE 6
I
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TABLE 9. Exports of Uranium of
Canadian Origin

Country of
final

destination

Belgium

Finland

France

Italy

Japan

South Korea

Spain

Sweden

United Kingdom

United States

West Germany

Total

1982

85

96r

-

143

718

74

110

889

379

4852b

471

7817r

Tonnes of
contained
uranium3

1983

-

179

435

-

663

94

-

613^

675r

860r

490

4009r

1984

121

137

525

50

2436

30

-

254

692

2397

295

6937

Total forward export commitments are
approximately 63 000 tU, to be
delivered over the period 1985 to
2003. Actual exports in 1984
totalled some 6937 tU, primarily to
the United states, Western Europe and
Japan (see Table 9).

As shown in Figure 7, Japan has
been Canada's most important single
customer, accounting for about 37 per
cent of Canada's scheduled deliveries
since the beginning of the commercial
contract era. Most of the remaining
exports have gone to the European
Economic Community (31 per cent), the
United States (18 per cent), and
other countries in Western Europe
(13 per cent). The future importance
of these Canadian markets can be
illustrated in terms of scheduled
forward commitments.

a Some of this uranium was first
exported to intermediate
countries, namely France, USA
and USSR, for enrichment and
then forwarded to the country of
final destination.

D The bulk of this material
represents uranium exchanged by
Eldorado Resources Limited in
the purchase of the Rabbit Lake
operation.

r revised.

Source: Atomic Energy Control Board
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February 1986

Dear Reader:

The Uranium in Canada assessments are

prepared on a regular basis by the Uranium

Resource Appraisal Group of Energy, Mines and

Resources Canada. To assist us in updating our

mailing list and in considering improvements in

future reports, we would appreciate it if you

would complete the questionnaire overleaf and

forward it to the address shown below.

Director General
Uranium and Nuclear Energy Branch
Energy Commodities Sector
Energy, Mines and Resources Canada
580 Booth Street
Ottawa, Ontario
KlA OE4



PART A

Name:

Title:

Affiliation:

Mailing Address:

Postal Code:

NO

PART B - Check ( ) appropriate space HIGH MODERATE LOW INTEREST

How do you rate this report for informing you on the following subjects?

- Exploration [ ] [ ] [ ] [ ]

- Resources [ ] [ ] [ ] [ ]

- Supply Capability [ ] [ ] [ ] [ ]

- Marketing and Exports [ ] [ ] [ ] [ ]
- World Supply and Demand [ ] [ ] [ ] [ ]
- Government Policy [ ] [ ] [ ] [ ]

How do you rate your interest in the short-term (10-year} perspective of
this report?

[ ] [ ] [ ] E ]

How do you rate your interest in the long-term (10-year plus) perspective
of this report?

[ ] f ] t ] [ ]

How do you rate the importance of the tabular and statistical data
contained in the report?

[ ] [ ] t ]

How do you rate the importance of the narrative information contained in
the report?

How do you rate the overall usefulness of this report as a reference
document ?

Please suggest any changes that would be of value to you in future report-s.



February 198G

Dear Reader:

The Uranium in Canada assessments are

prepared on a regular basis by the Uranium

Resource Appraisal Group of Energy, Mines and

Resources Canada. To assist us in updating our

nailing list and in consider inn improvements in

future reports, we would appreciate it if you

would complete the questionnaire overleaf and

forward it to the address shown below.

Director General
Uranium and :iuclear Energy Branch
Energy Conmodi^ien Sector
energy, Mines and Resources Canada
530 Booth Street
Ottawa, Ontario
K1A OH4



PART A

Name :

Title:

Affiliat ion:

Ma i1i ng Add ress:

Postal Code:

NO

PART B - Check ( ) appropriate space HIGH .OPERATE LOW INTEREST

How do you rate this report for informing you on the following subjects?

- Exploration [ ) [ ] [ ] [ ]

- Resources [ ] [ ] [ ] [ ]

- Supply Capability [ ] [ ] [ ] [ ]

- Marketing and Exports [ ] [ ] [ ] [ ]

- World Supply and Demand [ ] [ ] [ | [ ]

- Government Policy [ ] [ ] [ ] [ ]

How do you rate your interest in the short-term (10-year) perspective of
this report?

[ ] i ] [ ] I 1

How do you rate your interest in the long-term (10-year plus) perspective
of this report?

[ ] [ ) [ ] [ 1

How do you rate the importance of the tabular and statistical data
contained in the report?

1 ] [ ] [ ]

How do you rate the importance of the narrative information contained in
the report?

[ ] [ 1 [ ]

How do you rate the overall usefulness of this report as a reference
document?

Please suggest any changes that would be of value to you in future reports.



SCHEDULED DELIVERIES
OF CANADIAN URANIUM

FOR THE EXPORT MARKET

FIGURE 7
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TABLE 10. Estimates of Canada's Prognosticated Resources
of Uranium Contained in Mineable Orea

Price ranges within
which mineable ore
is assessed'3 Thousands of tonnes of uranium

1984b 1982C

A 82 [179]

B 121 [102]

C 89 [187]

A + B + C 292 [468]

a Uranium recoverable from such ore will be less because of
ore-processing losses (Appendix 1).

b For the 1984 assessment, the price ranges were
(A) $100/kg U or less, (B) $100 to $150/kg V and (C) $150 to
$300/kg U.

c The bracketed figures are from the 1982 assessment, ir
which price ranges were (A) $115/kg U or less, (B) between
$ and $170/kg U and (C) between $170 and $340/kg U.
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PART 2. LONGER TERM PERSPECTIVE Prognosticated Resources

1. SUPPLY

a) Supply Sources

The measured, indicated and
inferred resources described in
Part I of this report will continue
to provide a base for Canadian
production beyond the turn of the
century. Although deposits at some
existing production centres will have
been depleted by that time, resources
at others are sufficient to permit
production into the next century.
Several of the recently discovered
deposits in northern Saskatchewan may
also be developed for production
before the end of the century. The
higher priced (C price category)
portion of Canada's known resources,
which is not considered in the
production capability scenario
described in Part I, could also
supplement production, should market
conditions warrant.

Beyond these resources there is
significant potential for additional
discoveries. During 1984 this poten-
tial was evaluated for more than 60
i .irani urn-bear ing areas in Canada, and
both prognosticated and speculative
resources were estimated for these
regions.

It is important to emphasize the
distinction between these two types
of 'undiscovered' resources. The
prognosticated category refers to
uranium that is expected to exist in
well defined geological trends con-
taining known doposits. The specula-
t ive category refers to uranium that
is thought to exist in unexplored
riro-io or in areas where only occur-
rences are known. A relatively higher
d'.xjreo of confidence can be placed in
estimates of the first type of undis-
covered resources, because of their
proximity to, or close association
with, identified and well delineated
deposits.

Estimates of Canada's prognosti-
cated resources of uranium are pre-
sented in Table 10, together with the
1982 estimate?.

The 1984 URAG assessment of
prognosticated resources resulted in
a significant restructuring of the
estimates, in terms of geological
type, economic exploitability and
location. Two principal factors
influenced this restructuring. One
was the continued successful
delineation of recent discoveries in
Saskatchewan, which confirmed earlier
estimates of potential, through
transfers of resources from prognos-
ticated to inferred, and indicated
categories. The other was the
continued decline in uranium prices
and upward pressure on production
costs. This resulted in a shifting
of some prognosticated resources into
higher price categories and the
elimination of certain low-grade
material from the overall total
estimates.

Almost 60 per cent of Canada's
prognosticated resources are now in
Saskatchewan, compared with 50 per
cent in 1982 and 30 per cent in 1980;
Ontario now accounts for only 6 per
cent of the total, compared with
19 per cent in 1982 and 38 per cent
in 1980. The importance of the
Northwest Territories remains about
the same, with 18 per cent of the
t ot a 1.

It is clear from the foregoing
that Proterozoic deposits of the
unconformity-related type have become
primary exploration objectives. Some
60 per cent of Canada's total prog-
nosticated resources are attributable
to this type of deposit, primarily in
northern Saskatchewan and the North-
west Territories. Significant
additions have been made ''O estimates
in the prognosticated category for
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areas in the Athabasca Basin, as a
result of the successful exploration
effort over the last several years.

Conglomeratic-type deposits are
of declining inportance, representing
less than 10 per cent of the total in
the prognosticated category, and are
largely located in the Elliot Lake
area of Ontario.

Of particular interest is the
potential for the discovery of
additional vein-type deposits in the
Appalachian Orogen.

Less than 30 per cent of the
prognosticated resources has been
assigned to the A price category,
that is, resources of current economic
interest. Virtually all of this
potantial is in Saskatchewan and is
associated with high-grade Proterozoic
unconformity-related deposits.
Additional potential of this deposit
type has been assigned to a higher
price category (note increase in B
price category), because of uncer-
tainties associated with the cost of
exploiting such resources when they
are not amenable to mining by open-pit
methods. All of the prognosticated
resources of conglomeratic type and
essentially all of the potential in
the Northwest Territories have been
assigned to the C price category
because of a combination of low grades
and remote location.

Speculative Resources

Many other areas of Canada are
favourable for the occurrence of
uranium resources in addition to
those that are associated with known
uranium deposits. Estimates of
speculative resources were made
during the 1984 assessment for 12
major regions of Canada. Judgments

were based on Canada's past produc-
tion, on distribution of known uranium
deposits, and on interpretation of
geological features according to
conceptual models simulating
formation of main types of uranium
deposits.(4) Areas favourable for
uranium mineralization, including
those that were evaluated by iJRAG,
are shown in Figure 8.

It was concluded that speculative
resources, additional to resources in
the measured, indicated, inferred and
prognosticated categories, may amount
to approximately 1 million tonnes of
uranium. These resources would be
geologically comparable to resources
in known deposits that are judged to
be mineable at a price of $300/kg U
or less. Further resources might
exist in areas that have not yet been
assessed. It is essential to recog-
nize that a tonnage estimate applied
to speculative resources is very
qualitative, as it is the result of a
probabilistic exercise involving many
subjective assumptions, a wide range
of uncertainties and an incomplete
data base.

The bulk of these speculative
resources, about 60 per cent, is
believed to occur in unconformity-
related deposits. Areas of particu-
lar promise are those along the
pre-Athabasca unconformity in the
Athabasca Basin and adjacent areas of
northern Saskatchewan, and in the
Thelon Basin area of the Northwest
Territories. The sub-Sibley uncon-
formity in the Nipigon area of
Ontario and some areas in eastern
Canada are also of interest.

Vein deposits account for over
10 per cent of Canada's speculative
resources. The bulk of the vein-type
deposits is expected to occur in the
Appalachian Orogen of Atlantic Canada.
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AREAS IN CANADA
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OCCURRENCE OF
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Sandstone uranium deposits account
for less than 10 per cent of Canada's
speculative resources. Indications
of this type of mineralization exist
in the Phanerozoic basins of Atlantic
Canada and in those containing
continental sandstones, for example,
in the Kelowna-Beaverdell area of the
Cordillera.

A very small proportion of
Canada's speculative resources is
associated with environments favour-
able for deposits with disseminated
uranium mineralization in granitic-
syenitic terranes of the Canadian
Shield and in the Cordillera. Areas
of particular interest are in the
Grenville Structural Province of
Ontario and Quebec.

Although conglomeratic uranium
deposits account for a large part of
Canada's currently identified uranium
resources, the potential for addi-
tional resources of this type is not
believed to be large.

Interesting new geological
environments have been identified
that are analogous to important
uranium-bearing regions elsewhere in
the world. Of particular signifi-
cance are: the Precambrian terranes
of the Wernecke-Ogilvy Mountain area
in the central Yukon, which are
similar to the Adelaide geosyncline
and adjacent areas of South Australia
where the Mt. Painter, Radium Hills
and Roxby Downs uranium deposits
occur; areas in the central Cordillera
of British Columbia that are
favourable for the occurrence of
volcanogenic-type uranium deposits,
similar to those found in the north-
western United States, Mexico, Italy,
China, Argentina, Australia, Turkey.
Bolivia and the U.S.S.R.; and the
Millet Brook area of Nova Scotia,
which can be compared directly with

the famous La Crouzille district in
the Hercynian granites of central
France. There is potential for the
discovery of uranium mineralization
in eastern Canada in geological
environments similar to that of the
Swanson deposit, in Virginia, in the
United States, and of so-called
'young uranium' deposits in western
and eastern Canada.

The assessment of Canada's
speculative resources has been
facilitated to a great extent by the
availability of regional geochemical
and radiometric data assembled by the
Geological Survey of Canada (GSC)
under the federal-provincial Uranium
Reconnaissance Program (URP), which
was conducted from 1975 to 1979. All
data gathered during the program were
publicly released by late 1979. Since
then, geochemical programs have been
conducted on a regional basis by
certain provincial governments, and
from time to time by the GSC. The
GSC has continued to acquire a limited
amount of airborne gamma-ray spectro-
metric data in support of geological
mapping.

During 1984, the federal
government initiated new mineral
development agreements with the
provinces of Newfoundland, Nova
Scotia, New Brunswick, Manitoba and
Saskatchewan. These include multi-
element regional geochemical surveys
of the type initiated under URP and
also some additional radiometric
flying. Total expenditures an<]
coverage of government-sponsored
radiometric and geochemical surveys
are shown in Table 11.
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TABLE 11. Total Expenditures and Coverage of Government-Sponsored
Radianetric and Geochemical Surveys

Year

Pre-77

1977

1978

1979

1980

1981

1982

1983

1984

1985e

Total

Area

Radiometric

1 060 000c

487 000c

3 00 0d

433 000c

2 500d

13 000c

17 000d

63 000C

8 50 0d

vSooa
60 000c

17 500d

19 500c

22 500'3

75 500c

22 000d

37 000d

2 348 500

covered

Geochemical'-'

(km2)

514 000

265 000

254 000

75 000

47 000

74 000

94 000

99 GOO

96 000

144 000

1 662 000

Radiometric

3.897

2.523

2.634

0.270

0.206

0.112

0.442

0.397

0.616

0.641

11.738

Expenditures3

Geochemical

($ million)

3.593

2.277

2.182

0.785

0.470

0.540

0.750

0.784

0.647

1.140

13.168

Total

7.490

4.800

4.816

1.055

0.676

0.652

1.192

1.181

1.263

1.781

24.906

a In Canadian $ for the survey year, includes federal and provincial
funding.

•'•' Includes provincial surveys to National Geochemical Reconnaissance
(NGR) standards.

c 5-km line spacing.
^ 1-km line spacing.
e estimate.

Note: It should be noted that these surveys have been designed since their
inception for the purpose of assisting mineral exploration and
geological mapping in general, in addition to their specific
relevance to uranium.
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Uranium Exploration Activities

In terms of tne level of total
expenditures, overall uranium explor-
ation activity in Canada declined in
1984 for the fourth consecutive year.
However, exploration drilling
increased by 20 per cent from the
previous year as activities were
concentrated on established proper-
ties. Responses to the 1984 URAG
questionnaire revealed the exploration
activities of 45 companies or joint
ventures, which represent essentially
all the najor participants active in
uranium exploration in Canada. The
survey indicates that total expendi-
tures reached $35 million in 1984,
distributed among some 84 active
projects.

Uranium exploration activity
during 1984 was again almost
exclusively limited to Saskatchewan,
the Northwest Territories and Quebec.

Of particular significance as a
boost to the uranium exploration
industry was the announcement in
March 1983 by SERU Nuclear (Canada)
Limited (COGEMA), operator of the
Waterbury Lake joint venture in the
eastern Athabasca Basin of Saskat-
chewan, that significant uranium
mineralization had been discovered at
Cigar Lake, some 115 km northeast of
Key Lake. Drilling to delineate the
discovery further continued throughout
1983 and 1984.

In January 1985, COGEMA reported
that the Cigar Lake orebody contained
an estimated 110 000 tU in ore grading
12 per cent U. Additional inferred
resources in the western extension of
the deposit were estimated at
40 000 tU in ore grading 4 per cent U.
Drilling has extended the strike
length of the zone of mineralization
to nore the 1850 m, over widths from
25 m to 115 m and thicknesses from
1 rn to 20 m. The orebody is located

at a depth of 410 m to 440 m. High-
grade material averaging up to 32 per
cent U across 19 m has been inter-
sected. It is important to emphasize
that the company's resource estimates
are expressed in terms of in-fitu
geological resources, with no deduc-
tions made for expected losses during
mining and ore processing.

Northeast of Cigar Lake, equal
partners Canadian Occidental Petroleum
Ltd. and Inco Limited proposed a
follow-up to the conceptual study
that Inco completed in December 1982
for the underground mining of their
McClean deposits. These occur at
depths varying from 150 m to 175 m
and are estimated by the company to
contain in excess of 5000 tU.
Although approval for an Underground
Exploration Permit from the Atomic
Energy Control Board was granted by
the end of 1983, the testing of the
proposed mining method did not get
underway during 1984. In February
1985, Canadian Occidental and Inco
announced the signing of an agreement
with Minatco Limited, a wholly-owned
subsidiary of Total Compagnie Miniere
of France, granting Minatco an option
to earn a one-third interest in their
McClean and JEB deposits. As
operator, Minatco is to commit $23
million to extensive exploration and
a feasibility study for commercial
production. The first phase of the
exploration program requires Minatco
to spend $1 million during 1985 and
another $4 million before 1989.
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The continued exploration effort
in the eastern part of the Athabasca
Basin of Saskatchewan has resulted in
the discovery of significant new
uranium mineralization associated with
the known structural trends. These
discoveries have not only confirmed
URAG's previous appraisals, which
forecast a high potential for uranium
deposits in this area, but have also
led to a more complete assessment of
the Inner Segment of the Athabasca
Basin.

In the Carswell Structure, a
conceptual model of the genesis of
mineralization not associated directly
with the sub-Athabasca unconformity
resulted in both the definition of
new exploration targets and the
delineation of additional uranium
resources. The discovery of the
Dominique-Janine deposit, which is
mineable by open-pit methods, has
enhanced the resource base in that
area.

The extrapolation of geological
knowledge from studies of the Lone
Gull deposits permitted the delinea-
tion of areas favourable for uranium
mineralization in the Thelon Basin,
Northwest Territories. Urangesell-
schaft Canada Limited discovered two
new zones in the vicinity of their
Lone Gull property in the Baker Lake
area.

The discovery of uranium resources
in Virginia in the United States
prompted renewed exploration interest
in eastern Canada. Drilling efforts
were also increased in Quebec as
studies of uranium metallogeny point
to the correlation of occurrences in
various parts of the Circum-Ungava
Geosyncline.

In general, the efficiency of the
Canadian uranium exploration effort
has been increased through the appli-
cation of advanced geological, geo-
chemical and geophysical survey
methods. The introduction of
computerized data bases, improved
exploration strategies using concep-
tual modelling for selecting explora-
tion targets, and the combination of
airborne and ground exploration
methods have contributed to recent
exploration successes.
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Table 12 summarizes uranium
exploration drilling and surface
development drilling activity* from
1976 to 1984. As through most of the
early 1980s, virtually all the surface
development drilling in 1984 was
associated with recent discoveries in
Saskatchewan, and essentially no
exploration drilling was done outside
Saskatchewan, the Northwest Territo-
ries and Quebec. In total, some
197 000 m of drilling was completed
in 1984; preliminary estimates for
1985 indicate that drilling activity
will be in the order of 160 000 m.

* 'Exploration drilling' refers to
drilling done in search for new
uranium deposits or extensions to
known uranium deposits and to
drilling at the location of a
discovery up to the time that the
company decides that sufficient
ore has been delineated to justify
commercial exploitation. 'Surface
development drilling' refers here
to drilling subsequently done to
determine more precisely a
deposit's size, grade and configu-
ration, and excludes development
drilling on producing properties.

TABLE 12. Uranium Exploration Drilling and Surface Development
Drilling Activity in Canada, 1976 to 1984

Province or
territory

Saskatchewan

Northwest Territories

Quebec

Nova Scotia

Ontario

New Brunswick

Newfoundland

Manitoba

Alberta

Yukon Territory

British Columbia

Unspecified

Totals (rounded)

1976

80.8

9.0

14.1

1.6

21.6

1.8

15.3

1.4

1.1

0.7

4.2

3.4

155

1977

192.4

14.3

35.9

1.9

24.7

4.1

6.1

0.0

3.9

0.6

18.1

2.1

304

1978

233.4

18.9

21.2

9.7

11.0

2.8

6.8

0.0

3.9

0.4

25.4

0.4

334

1979 1980

(thousands of

326.6

45.6

19.5

13.9

24.2

3.6

20.6

2.3

1.7

5.5

18.4

1.4

483

368.6

55.1

24.1

16.4

11.1

9.1

8.1

2.9

1.7

1.0

0.0

5.3

503

1981

metres)

300.7

22.6

18.5

9.3

3.0

1.0

2.7

0.4

0.6

0.0

0.0

0.0

359

1982

213.5

21.5

12.A

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

247

1983

120.5

17.6

13.4

0.0

1.4

0.0

0.0

0.0
0.0

0.0

0.0

0.0

153

1984

165.8

17.1

14,1

0.0

o.c
0.0

0.0

0.0

0.0

0.0

0.0

0.0

197
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A more all-inclusive measure of
uranium exploration activity, however,
is the level of total exploration
expenditures.** Table 13 summarizes
uranium exploration expenditures from
1976 to 1984.

In 1984, 45 companies or joint
ventures were actively involved in
uranium exploration in Canada; of
this total 19 acted as project
operators.

** Expenditures on exploration and
surface development drilling and
all other costs directly associ-
ated with uranium exploration
activities, excluding land acqui-
sition. Overhead charges not
directly associated with such
activities are not included.

TABLE 13. Uranium Exploration Expenditures in Canada, 1976 to 1984

Province or
territory

Saskatchewan

Northwest Territories

Quebec

Nova Scotia

Newfoundland

Ontario

Mew Brunswick

Yukon Territory

Manitoba

Altaerta

British Columbia

Unspecified

Totals (rounded)

1976

13.3

10.7

7.3

0.4

2.1

3.0

0.6

0.8

0.3

1.1

1.1

2.8

44

1977 1978

(millions

35.3

13.8

8.4

1.5

2.3

2.6

1.0

0.8

0.4

1.0

2.2

2.4

72

A3.6

17.0

7.4

2.4

2.8

2.3

1.2

1.0

0.2

1.1

7.0

4.0

90

1979 1980 1981

of current Canadian

70.5

26.4

7.0

3.8

6.8

2.1

2.3

2.7

0.6

1.6

3.9

1.8

130

77.2

29.1

6.4

4.5

3.7

1.7

1.4

1.3

1.1

1.0

0.6

0.3

128

60.8

23.6

8.8

3.0

1.6

0.9

0.8

0.7

0.2

1.1

0.1

0.5

102

1982

dollars)

47.9

13.2

8.4

0.0

0.3

0.4

0.2

0.3

0.0

0.0

0.0

0.0

71

1983

27.3

7.3

5.6

0.0

0.4

0.2

0.2

0.0

0.0

0.0

0.0

0.0

41

1984

24.8

6.4

3.3

0.0

0.4

0.0

0.0

0.06

0.0

0.06

0.0

0.06

35
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The 10 most active organizations,*
accounting for some 95 per cent of
the $35 million total, were, in
alphabetical order, AGIP Canada Ltd.,
Amok Ltd., OOGEMA Canada Ltd., Eldor
Resources Limited, Minatco Limited,
PNC Exploration (Canada) Co. Ltd.,
Saskatchewan Mining Development Cor-
poration (SMDC), Uranerz Exploration
and Mining Limited, Urangesellschaft
Canada Limited and Westmin Resources
Limited. Five of those companies
have been amongst the top 10 from 1979
to 1984, inclusive; another three have
been represented since 1982.

Seven of the 10 operators listed
above are companies that have their
majority interests held outside of
Canada and which are supported,
directly or indirectly, by their
national governments in their uranium
exploration efforts.

Not all companies that responded
to the URAG questionnaire had planned
their exploration expenditures for
1985 at the time of the survey.
However, it appears that expenditures
for 1985 may approach $28 million.

Figure 9 illustrates the recent
trends in corporate participation in
Canadian uranium exploration. As
measured by the actual level of
expenditures committed in Canada, the
most interesting revelation is the
rather more gradual decrease in
spending by non-U.S. foreign partici-
pants as compared with the quite
severe decrease by U.S. and Canadian
firms. The percentage share of the
total exploration expenditures is
shown on Figure 9 in brackets for
each of the three corporate groups.

b) Uranium Availability

Uranium availability in the
longer term will be dependent on a
number of factors, the most important
of which will be a continuing and
developing demand for uranium. As
noted above, known deposits associated
with some existing production centres
are capable of supporting significant
output levels beyond 1995. In
addition, prospective production
centres could increase Canada's output
level, should markets warrant their
development.

* In certain cases, the identified
operator company has reported the
total expenditures of a joint-
venture effort. Thus, contributions
by other parties not responding to
the URAG survey are accounted for
in the $35 million total.
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FIGURE 9

TRENDS IN URANIUM EXPLORATION
EXPENDITURES IN CANADA
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For the purpose of illustrating
potential Canadian production possi-
bilities over the longer term, two
projections of production capability
to the year 2025 have been prepared,
as summarized in Table 14.* The low
scenario is simply an extension of
the short-term projection, based on
existing production centres. It is
pertinent to reiterate that only
resources in the measured, indicated
and inferred categories, in the A
plus B price range (recoverable at
uranium prices of $150/kg U or less),
were incorporated into the projection.
Production capability projected in
the scenario would decline from some
12 000 tU/year beginning in the early
1990s, unless additional resources
are identified to extend the lives of
the production centres, or unless
associated resources in the C price
category are exploited. Resources
that currently support these produc-
tion centres would be depleted in the
early part of the next century.

* The methodology is described in an
EMR publication, Monitoring
Canada's Uranium Supply.(5)

TABLE 14. Illustrative Long-Term
Production Capability
From Known Canadian
Deposits

Year

1985
1990
1995
2000
2005
2010
2015
2020
2025

Tonnes U
contained in

Low
scenario8

11 500
12 000
11 000
3 600
2 800
2 100

0
0
0

concentrates

High
scenario1-'

11 500
12 000
15 000
12 100
8 300
6 600
4 500

0
0

a Projection is based on existing
production centres only; output
is derived from resources
currently recoverable at a
uranium price of $150/kg U or
less.

b Projection is based on existing
and prospective production
centres; output is derived from
resources currently recoverable
at a uranium price of $150/kg U
or less.
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The higher scenario summarized in
Table 14 takes into account additional
production possibilities that might
be envisaged, given favourable devel-
opments in the uranium market. This
additional production would come from
amongst the several prospective pro-
duction centres that could be
supported by known deposits, which
were described in Part I of this
report (see Table 4 and Figure 5).
Given appropriate incentives, Canada's
aggregate production capability could
attain and perhaps exceed a level of
15 000 tU/year before the end of the
century. At the projected rates of
production, all of the known deposits
being exploited in this higher
scenario would be depleted before the
year 2025.

Clearly any long-term projection
is uncertain and so the 2025 scenario
should be viewed only as a very
qualitative illustration of possible
production levels that could be
supported by currently known deposits.
If production is to be in excess of
projected levels, it must come from
production centres in addition to
those described in Part I. Moreover,
these production centres would need
to be supported largely by new
discoveries, the realization of which
would involve considerable explora-
tion and development effort on a
timely basis. The potential for
additional discoveries in Canada is
excellent, as reflected in the esti-
iiates of prognosticated and specula-
tive resources described above.

It is important to appreciate the
long lead-times and inherent risks
that are associated with uranium
exploration activities. It is not
uncommon for 15 years to elapse
between the start of an exploration
program and first production from a
successful discovery. With this in
mind, current exploration, programs
should be focussed on meeting the
longer-term needs of Canada and its
trading partners. A loss of explora-
tion momentum now could jeopardize
future supply opportunities.
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2. REQUIREMENTS

a) Outlook for Nuclear Power Growth

The requirements for Canadian
uranium in the longer term will
depend on the growth in nuclear power
capacity in the electricity gener-
ating systems of Canada and its
trading partners. Nuclear energy is
already making a significant contri-
bution to electricity requirements in
many countries. By the end of 1984,
almost 182 000 MWe of nuclear capacity
was installed in OECD (Organization
for Economic Co-operation and
Development) countries, contributing
some 18 per cent of their total
generated electricity. Indeed, nine
OECD countries will obtain more than
20 per cent of their electricity from
nuclear energy in 1985 (see
Figure 10). The province of Ontario
has a share comparable to many of
these countries, with more than one
third of its current electrical
generation being nuclear fuelled.(6)

Projections of installed nuclear
power capacity have been revised
downward in recent years as a result
of lower expected rates of economic
growth and efforts to introduce
energy conservation measures in many
countries. Despite these downward
revisions, there continues to be
steady growth in nuclear power's
contribution to world electricity
supply, with related increases in the
requirement for nuclear fuel.
Canada's total installed nuclear
capacity in the year 2000 is expected
to grow to some 16 000 MWe, requiring
approximately 2100 tQ per year. By
that time nuclear energy will be pro-
viding about 17 per cent of Canada's
electricity supply and about 60 per
cent in Ontario. In OECD countries,
installed nuclear power capacity is
expected to grow to 368 000 MWe by
the year 2000, increasing nuclear's
overall share of electricity
generation to almost 20 per cent.

Related uranium requirements would
grow from the current level of some
32 000 tU/year to more than
40 000 t'J/year in the early 1990s and
to almost 60 000 tU/year by the year
2000.(6) It is pertinent to note
that OECD countries account for over
90 per cent of the world's* uranium
requirements.

Considerable uncertainty and
controversy remains about the role
that nuclear power will play in world
energy supply beyond the year 2000.
There is a wide range of projections
for nuclear power growth, depending
on the rate of economic growth and
related requirements for electricity,
and the extent to which nuclear power
will penetrate the electricity market.
It is possible that total nuclear
capacity installed in OECD countries
could double or even triple between
the years 2000 and 2025. There are
numerous possibilities for varying
the mix of reactor types that will be
installed over this time period,
which yield a broad range of projected
uranium requirements. It is likely,
however, that reactor types currently
in commercial service will continue
to predominate, and that uranium
requirements will continue to increase
at a modest but steady pace. Annual
uranium requirements exceeding
100 000 tU, and perhaps even 200 000
tu by the year 2025, represent quite
plausible projections.

* World, as used here, excludes the
U.S.S.R., Eastern Europe and the
People's Republic of China.
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FIGURE 10

NUCLEAR SHARE
OF ELECTRICITY GENERATED

IN SELECTED COUNTRIES, 1984 AND 2000
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b) Demands on the Uranium Producing
Industry

Canada i s among the leading
countries in terms of estimated
uranium resources in al l categories,
accounting for a significant propor-
tion of the world's low-cost
Reasonably Assured Resources. It is
expected that the NEA/IAEA's* current
assessment of world uranium supply,
when published in late 1985(7), will
i l lust ra te that Canada has become the
most promising country in the world
for the discovery of additional
uranium resources. Moreover, Canada
has been a reliable uranium supplier
to the world market for more than
40 years.

NEA - Nuclear Energy Agency of the
Organization for Economic
Co-operation and Development.

IAEA - International Atomic Energy
Agency.

Since 1959, Canada has ranked
second behind the United States in
terms of world production of uranium.
In 1984 it accounted for 30 per cent
of the world total , which was
estimated at 38 000 tU, and replaced
the United States as the world's
leading producer. I ts position as
the world's principal exporter of
uranium is expected to be maintained
into the next decade. In view of the
production capabilities and the
potenrial for additional discoveries
described in this report, there is
every reason to be confident that
Canada can maintain i t s leading role
in the world uranium market, while
continuing to supply i t s domestic
needs.

The Canadian government is
committed to maintaining Canada's
role as the major supplier of uranium
to world markets. The Canadian
uranium industry's export capabili-
t ies are expected to be enhanced by
such measures as the Investment
Canada Act, passed on June 30, 1985,
which is designed to encourage
investment in Canada that contributes
to economic growth and employment
opportunities.
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Appendix 1

DEFINITIONS OF RESOURCE AND
PRODUCTION TERMINOLOGY

In its annual assessment of
uranium resources, the Uranium
Resource Appraisal Group (URAG)
divides its estimates into five sepa-
rate categories reflecting different
levels of confidence in the quantities
reported. These categories are
further separated into three levels
of exploitability related to the
current price of uranium.

The following terms and defini-
tions used by URAG are in harmony
with those used by Energy, Mines and
Resources Canada (EMR) for mineral
and coal resource assessment:

Ore is a natural mineral-bearing
substance that can be recovered
by mining and from which one or
more commodities can be extracted
economically under conditions
specified at the time of the
appraisal.

Measured ore refers to ore for
which tonnage is computed from
dimensions revealed in outcrops,
trenches, workings, or drill-
holes, and for which grade is
computed from adequate sampling.
The sites for inspection, sampling
and measurement are so closely
spaced and the geological
character is so well defined that
the size, shape and mineral
content are well established.
The tonnage and grade should
refer to ore recoverable by mining
with due regard for dilution.

Indicated ore refers to ore for
whichtonnage and grade are
computed partly from specific
measurements, samples, or
production data and partly from
projection for a reasonable
distance on geological evidence.
The openings or exposures avail-
able for inspection, measurement

and sampling are too widely or
inappropriately spaced to outline
the ore completely or to estab-
lish its grade throughout.

Inferred ore refers to ore for
which quantitative estimates are
based largely on broad knowledge
of the geological character of
the deposit and for which there
are few, if any, samples or
measurements. Estimates are
based on assumed continuity or
repetition for which there is
geological evidence; this
evidence may include comparison
with deposits of similar types.
Bodies that are completely
concealed, but for which there is
some geological evidence, may be
included. Estimates of inferred
ore should include a statement of
the specific limits within which
the inferred material may lie.
These limits vary depending upon
the characteristics and knowledge
of the orebodies.

Prognosticated resources refer to
estimated tonnages beyond specific
limits established for inferred
ore. They may include tonnages
of portions of identified ore-
bodies or of concealed satellite
orebodies, the existence of which
car. be assumed along well estab-
lished geological trends associ-
ated with known deposits. The
attributes of prognosticated
resources are, as a rule, derived
by extrapolation from identified
deposits or by quantification of
geological information.

Speculative resources refer to
estimated tonnages in deposits
thought to exist on the basis of
indirect indications and geologi-
cal extrapolations in unexplored
areas or in areas where only
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occurrences are known. These
resources would be geologically
comparable to resources in known
deposits that are judged to be
mineable at prices below a given
level.

Reserves refer only to those
measured and indicated resources
that could be mined at the
uranium market price as deter-
mined at the time of the assess-
ment (equivalent to block 1A of
Figure A-l) unless another price
is specified.

For categorization by price level
(i.e., level of economic exploit-
ability), cut-off grades are
chosen that cover all costs of
production after due considera-
tion of processing losses, plus
any required forward capital
costs. The difference between
the cut-off grade and the average
grade of the resources for each
individual deposit. is then
examined to determine if the
difference is sufficient to carry
such items as taxes and royalties,
head office overhead, forward
exploration and development
costs, and an acceptable rate of
return on invested capital (i.e.,
costs associated with the use of
capital). If the difference
between the chosen cut-off grade
and the average grade is judged
sufficient, the tonnage is taken
to be mineable at a price below
the stated limit.

Except where otherwise stated,
resource estimates in the
measured, indicated and inferred
categories refer to quantities of
uranium recoverable from mineable
ore, as opposed to quantities of
uranium contained in mineable
ore, or uranium contained in-situ
(i.e., deductions have been made
for both mining and ore process-
ing losses). In the case of the

prognosticated category, resource
estimates are expressed in terms
of quantities of uranium contained
in mineable ore. Speculative
resource estimates are expressed
as in-situ quantities.

For national and international
purposes, Canadian resource
estimates are often quoted in
terms of the international
uranium resource definitions
employed by the NEA and the IAEA,
in their assessments of world
uranium resources, which are
prepared as a joint exercise on a
biennisl basis. The terms
Reasonably Assured Resources
(RAR) and Estimated Additional
Resources (EAR) and their defini-
tions were first developed in
1964 and were retained until
recently, with only minor modifi-
cation, in periodic joint
NEA/IAEA world uranium supply
assessments. It is pertinent to
note that, in 1975, the NEA/IAEA
changed its resource definitions
to refer to 'cost' instead of
'price', while Canada has retained
the price classification.*

For purposes of international
comparison Canada's three defined
'price' categories may be
considered equivalent to the
NEA/IAEA's three defined 'cost'
categories, from the lowest to
the highest, respectively. The
three defined cost/price
categories ara illustrated by
blocks labelled A, B and C,
respectively in Figure A-l.
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FIGURE A 1

CLASSIFICATION SCHEME FOR RESOURCES
OF RECOVERABLE URANIUM

( Energy, Mines and Resources Canada )
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The term Speculative Resources
was introduced by the NEA/IAEA in
1978, in recognition that assess-
ments covering only RAR and EAR
represented an incomplete
appraisal of the world's uranium
resources. In late 1982, the
NEA/IAEA redefined its EAR
category to distinguish between
the discovered and the undis-
covered components of those
additional resources that are
expected to occur in association
with known deposits. (2) These
two components have been termed
Estimated Additional Resources -
Category I (EAR-I) and Estimated
Additional Resources - Category
_II (EAk-II), respectively.

The NEA/IAEA resource definitions
are as shown below. Their rela-
tionship to definitions used in
EMR's annual assessment of uranium
resources is illustrated in
Figure A-l.

Estimated Additional

Reasonably Assured
Resources(RAR)refersto
uranium that occurs in
known mineral deposits of
such size, grade and
configuration that it
could be recovered within
the given production cost
ranges, with currently
proven mining and process-
ing technology. Estimates
of tonnage and grade are
based on specific sample
data and measurements of
the deposits and on
knowledge of deposit char-
acteristics. Reasonably
assured Resources have a
high assurance of
existence.

Resources - Category I
(EAR-I) refers to uranium
in addition to RAR that is
expected to occur, mostly
on the basis of direct
geological evidence, in
extensions of well-
explored deposits, and in
deposits in which geologi-
cal continuity has been
established but where
specific data and measure-
ments of the deposits and
knowledge of the deposits'
characteristics are con-
sidered to be inadequate
to classify the resource
as RAR. Such deposits can
be delineated and the
uranium subsequently
recovered, all within the
given cost ranges. Esti-
mates of tonnage and grade
would be based on such
sampling as is available
and on knowledge of the
deposit characteristics as
determined in the best
known parts of the deposit
or in similar deposit;.
Less reliance can be placed
on the estimates in this
category than on those for
RAR.
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Estimated Additional
Resources - Category II
(EAR-II) refers to uranium
in addition to EAR-1 that
is expected to occur in
deposits believed to exist
in well-defined geological
trends or areas of miner-
alization with known
depos i ts. Such depos its
can be discoveredf deline-
ated and the uranium
subsequently recovered,
all within the given cost
ranges. Estimates of
tonnage and grade would be
based primarily on know-
ledge of deposit charac-
teristics in known deposits
within the respective
trends or areas and on
such sampling, geological,
geophysical or geochemical
evidence as may be avail-
able. Less reliance can
be placed on the estimates
in this category than on
those for EAR-I.

Speculative Resources (SR)
refers to uranium, in
addition to EAR II, that
is thought to exist mostly
on the basis of indirect
evidence and geological
extrapolations, in deposits
discoverable with existing
exploration techniques.
The location of deposits
envisaged in this category
could generally be
specified only as being
somewhere within a given
region or geological
trend. As the term
iirplies, the existence and
size of such resources are
highly speculative.

In presenting its definitions,
the NEA/IAEA emphasizes that the
distinctions drawn between the foui-
categories of resources (RAR, EAR I,
EAR II and SR) based on differing
degrees of geological evidence, make
it essential that each category be
regarded as a discrete entity.
Therefore, great care should be taken
in the use of resources estimates
(e.g., not summing estimates of all
four categories to obtain 'total
resources').

With the increased emphasis that
has been placed on projections of
production capability as illustra-
tions of uranium supply possibili-
ties, it was necessary to formalize a
number of terms used in the descrip-
tion of such projections. The
NEA/IAEA introduced the following
terms in its December 1983 assessment
of world uranium supply. These terms
are used throughout this report.
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A PRODUCTION CENTRE, as referred
to in this report, is a produc-
tion unit consisting of one or
more ore processing plants, one
or more associated mines and the
resources that are tributary to
them. For the purpose of
describing production centres,
they have been divided into four
classes, as follows:

(i) EXISTING Production
Centres are those that
currently exist in
operational condition and
include those plants which
are closed down but which
could be readily brought
back into operation.

(ii) COMMITTED Production
Centres
are those that are either

under construction or are
firmly committed for
construction.

(iii) PLANNED Production Centres
are those that are planned,
based on feasibility
studies that are either
conpleted or under way,
but for which construction
commitments have not yet
been made. This class
also includes those plants
that are closed which
would require substantial
expenditures to bring them
back into operation.

(iv) PROSPECTIVE Production
Centres are those that
could be supported by
tributary RAR and EAR I,
i.e., 'known resources',
but for which construction
plans have not yet been
made.

PRODUCTION CAPACITY denotes the
nominal level of output, based on
the design of the plant and
facilities over an extended
period under normal commercial
operating practice.

PRODUCTION CAPABILITY refers to
an estimate of the maximum level
of production that could be
practically and realistically
achieved under favourable
circumstances from the plant and
facilities at any of the types of
production centres described
above, given the nature of the
resources tributary to them.
(Normally, projections of
production capability are
supported only by RAR and/or
EAR I).
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Appendix 2

CANADIAN URANIUM EXPORT POLICY

Canada's uranium export policy
has been developed with a view to
maintaining Canada's role as a
reliable uranium supplier to its
industrial partners over the long
term, while seeking to ensure
adequate supplies for domestic needs,
to increase the return to Canadians
from exportable surpluses, and to
realize opportunities for further
processing. There is also the
special overriding requirement that
Canada's uranium be used for peaceful,
nonexplosive purposes only. A broad
range of countries, many of which
import Canadian uranium, have entered
into bilateral nuclear cooperation
agreements with Canada, and have
ratified the Non-Proliteration Treaty
or made an equivalent nonproliferation
commitment and accepted international
safeguards on all of their nuclear
activities.

Mechanisms are in place to monitor
Canada's uranium supply capabilities
and export commitment levels, to
ensure that sufficient uranium is
available to meet the 30-year fuelling
requirements of all Canadian nuclear
power reactors for a rolling 10-year
period. Export contracts can be
approved normally for periods of up
to 15 years. However, in cases where
the exports are associated with the
sale of a CANDU reactor, contracts
can be approved that provide that
reactor with a 30-year supply of fuel.

All uranium export contracts are
required to contain floor prices or
similar mechanisms, which protect
investment and employment in the
uranium production facilities, and
pricing terms that provide for an
equitable balance of benefits and
risks and that are in general
agreement with those being obtained
by Canadian and international
producers for uranium under contracts
of similar duration. Except under
exceptional circumstances, uranium
must be upgraded to the maximum
extent possible in Canada before
export, as long as Canada's conver-
sion facilities have the capacity and
are generally competitive. In prac-
tice, this means refining and conver-
sion to uranium hexafluoride

Canadian producers are free to
negotiate their own contracts, within
the context of current Canadian export
policy, but all export contracts are
subsequently reviewed by federal
government authorities to ensure that
they meet the intent of the policy
objectives. For contracts that are
found to be consistent with these
objectives, export licences and
export permits are obtained annually
from the Atomic Energy Control Board
and the Department of External
Affairs, respectively, pursuant to
the provisions of the Atomic Energy
Control Act and the Export and Import
Permits Act.
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Appendix 3

URANIUM RESOURCE APPRAISAL GROUP
(URAG)

URAG is an internal comnittee of
Energy, Mines and Resources Canada
and is conposed of senior officials
and technical experts in the fields
of uranium geology, mining and
milling. Activities of URAG are
carried out by three subconmittees:

The Subcommittee on Reasonably
Assured Resources is responsible
for (a) auditing the measured and
indicated resources in Canadian
uranium deposits mineable under
current technological conditions
in given price ranges; and (b)
assessing the levels of Canadian
uranium production that could be
supported by these deposits.

The Subcommittee on Estimated
Additional Resources is
responsible for (a) estimating
the inferred and prognosticated
resources associated with known
uranium deposits in Canada; and
(b) estimating speculative
resources of uranium in regions
of Canada that have geological
environments favourable for the
occurrence of uranium.

The Subcommittee on Economic
Coordination is responsible for
Taj relating Known resources to
domestic requirements and export
conmitments, the latter in
cooperation with Canadian
regulatory agencies; and
(b) determining the tonnage of
uranium that is to be reserved
for Canadian reactors that are
either in operation or committed
by utilities.

Primary responsibility for the
work of the subcommittee on Reasonably
Assured Resources resides with the
Ore Reserve Assessment Group and the
Mining Methods and Evaluation Group
located in the Mining Research
Laboratories of EMR's Canada Centre
for Mineral and Energy Technology
(CANMET). Uranium ore-processing
expertise is drawn from CANMET's
Extractive Metallurgy Laboratory.
Work associated with the subcommittee
on Estimated Additional Resources is
carried out in the Regional Mineral
Resource Assessment Section of the
Geological Survey of Canada (GSC),
also a Branch of EMR. Finally, the
activities of the subcommittee on
Economic Coordination are centred in
the Uranium and Nuclear Energy Branch
of EMR's Conservation and Non-
Petroleum Sector. The branch plays
an iinportant role for the overall
URAG assessment by coordinating the
annual exercise. The subcommittee
liaises with EMR's Mineral Policy
Sector on mineral supply analysis and
in the critical review of resource
definitions, terminology and concepts.
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Five Repor ts Prepared Under t h e
Auspices of the IAEA Working
Group on Uranium Geology:

Ferguson, John, e d i t o r : PROTERO-
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URANIUM DEPOSITS, IAEA-TECDOC-315,
IAEA, Vienna, 1984.

Toens, Dennis, e d i t o r : SURFICIAL
URANIUM DEPOSITS, IAEA-TECDOC-322,
IAEA, Vienna, 1984.

Finch, Warren, e d i t o r : GEOLOGICAL
ENVIRONMENTS OF SANDSTONE-TYPE
URANIUM DEPOSITS, IAEA-TECDOC-328,
IAEA, Vienna, 1985.

Fuchs, Helmut, e d i t o r : VEIN TYPE
URANIUM DEPOSITS, IAEA TECDOC
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Note: Both OECD and IAEA
documents are available in Canada
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2182 St . Catherine Street West
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