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FOREWORD

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
implementing the federal goverrment's uranium export
policy. The objectives of this policy, the
composition and mandate of URAG, and background on
EMR's uranium resource assessment activities are
described in Appendices 1, 2 and 3, respectively.

This report is the eighth in a series that has
been published regularly to present the results of
the URAG assessments. The first seven reports (1974
through 1980), were released on an annual basis.
This eighth report, the 1982 assessment, marks the
beginning of the biennial publishing schedule.
Selected results of the interim (1981) assessment
have been included in this report to maintain
continuity.

The report is divided into two parts. Part One
reviews Canada's uranium supply capabilities and
requirements for the next 10- to 12-year period
(i.e./ the short term). Part Two provides a
longer-term perspective, beyond 1995, reviewing
possible rates of depletion from identified
deposits, the potential for additional discoveries,
and the level of exploration effort that is being
expended toward realizing this potential. A
familiarity with the resource and production
terminology, as defined in Appendix 4, is essential
to a proper understanding of the data presented in
the report.

VI



SUMMARY

Since the Uranium Resource
Appraisal Group's (URAG) assessments
of the late 1970s, the economic
conditions facing the uranium
industry have changed greatly.
Production costs have continued to
increase without corresponding
increases in uranium prices. An
examination of the impact of these
economic changes on Canada's uranium
resource base has revealed that a
significant portion of Canada's
previously assessed uranium resources
is now of less immediate economic
interest.

URAG subdivides its resource
estimates into different levels of
economic exploitability using uranium
price categories. In its 1982
assessment, a third (higher) price
category was introduced as part of
the economic reassessment; the three
price ranges used were: (A) $115/kg U
or less, (B) from $115 to $170/kg U
and (C) from $170 to $340/kg U
(Canadian dollars). Results are
shown below for the three principal
resource categories.

Principal
Resource
Categories

Measured
Indicated
Inferred

Tonnes U* contained
in mineable ore

(A plus B)

36 000
159 000
241 000

(C)

28 000
46 000
63 000

Only the resources mineable at
prices of $170/kg U or lessp that is,
within the lower two price ranges
(A plus B), are used for the purpose
of ensuring that sufficient uranium
is reserved to meet domestic require-
ments. Estimated resources mineable
at uranium prices between $170 and
$340/kg U (price range C) are not
expected to be of economic interest
before the 1990s.

Resource estimates in the
indicated and inferred categories
are, by definition, less reliable
than those for the measured category;
thus for the purpose of comparing
resource levels with expected
domestic requirements, weighting
factors of 1.0, 0.8 and 0.7 are
applied to each producer's tonnage in
the measured, indicated and inferred
categories (A plus B), respectively.
Individual mill recovery factors are
also applied to arrive at each
producer's "adjusted recoverable
reserve".

Of the "total adjusted recover-
able reserves" summed for all Cana-
dian uranium producers marketing
uranium, about 26 per cent will be
needed to provide the 30-year fuel-
ling requirements of 62 000 tU for
the 15 087 megawatts (MWe) of nuclear
power capacity now operating in
Canada or committed for operation by
1993. No additional capacity is
planned for this period.

* 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



In 1982, Canada's seven primary
uranium producers employed 4 800
people at their mining and milling
operations, and produced concentrates
containing some 8 075 tu. Based on
existing and committed production
centres, Canada's projected annual
primary uranium production capability
will grow from 7 500 tU in 1983 to
some 12 000 tU by the late 1980s.
Should market conditions warrant,
additional production centres could
be developed that could raise
production capability to a level of
15 000 tU by the early 1990s.

This report also contains esti-
mates of prognosticated resources
associated with known uranium depos-
its, and of speculative resources
thought to exist in virgin areas or
in areas where only uranium occur-
rences are known. Prognosticated
resources mineable at uranium prices
of $340/kg U or less are estimated to
contain 468 000 tU, about the same
total as that reported in 1980.
Speculative resources mineable at
prices of $340/kg U or less, in areas
assessed during 1982, are thought to
contain between 1.2 to 1.4 million tU.

Uranium exploration expenditures
in Canada in 1981 and 1982 were an
estimated $102 and $71 million,
respectively, down markedly from the
$128 million reported for 1980.

Exploration drilling and surface
development drilling in 1981 and 1982
were reported to be 359 000 and
247 000 m, respectively, some 85 per
cent of which wa in Saskatchewan.

It is evident from URAG's 1982
assessment, that Canada's identified
uranium resources, mineable at
uranium prices of $170/k-r U or less,
are more than sufficient to meet the
30-year fuelling requirements of
those reactors that are either
existing, committed or expected to be
in-service by 1993. It follows that
a substantial portion of Canada's
identified uranium resources,
mineable within the same price range,
are surplus to Canadian needs and
thus available for export.

Over the longer term, it is clear
that there is significant potential
for discovering additional uranium
resources in Canada. Given the
incentive of an increasing dem?.nd for
uranium, a substantial portion of
these resources will no doubt be
developed. In view of its current
production capabilities and its
potential for additional uranium
discoveries, there is every reason to
be confident that Canada can continue
to supply its domestic needs, while
maintaining its leading role in the
world uranium market.



PART ONE. SHORT-TERM PERSPECTIVE

1. SUPPLY

a) Supply Sources

Measured, Indicated and Inferred
Tonnages

With the deterioration of the
uranium market that has occurred
since late 1979, it became apparent
that a prolonged period of low prices
could materially alter the economic
attractiveness of Canada's uranium
resource base. During the interim
assessment year of 1981, considerable
effort was made by the Uranium Re-
source Appraisal Group (URAG) to
examine the impact of rising produc-
tion costs and low prices on uranium
deposits in the established producing
areas. This effort included the
development o£ new resource assess-
ment methodologies e.g., computerized
multiple cut-off grade evaluations,
as well as the formal establishment
of a third (higher) price category to
provide an inventory of uranium
resources that may not be of economic
interest before uranium prices
recover. The overall result of these
efforts has contributed to an
economic recategorization of much of
Canada's existing uranium resource
base.

The terminology and definitions
employed by Energy, Mines and
Resources Canada (EMR), and their
relationship to the internationally
used terms and definitions estab-
lished by the Nuclear Energy Agency
(NEA) of the Organization for
Co-operation and Development (OECD)
and the International Atomic Energy
Agency (IAEA), are outlined in
Appendix 4.

For policy purposes, i.e., for
ensuring that sufficient uranium is
reserved to meet domestic require-
ments, only uranium resources in the
measured, indicated and inferred
categories are considered by EMR;

estimates of 1982 resources in these
three categories are presented in
Table 1. For comparison, the results
of the 1980 assessment are also
indicated.'1' The bulk of these
resources are associated with
deposits in areas identified in
Figure 1. The 1982 assessment of
Canada's uranium resources, conducted
by URAG commencing in December 1982,
was done using three price ranges.
The lower price range (A) was limited
by the uranium market price estimated
in Canadian dollars at $115/kg U in
December 1982, when most of the data
for the assessment were gathered; the
second range (B) spanned the $115 to
$170/kg U interval. The third price
range (C), representing estimates of
resources mineable at uranium prices
between $170 and $340/kg U, was not.
included for the purpose of deter-
mining whether resource levels are
sufficient to meet domestic require-
ments. All quantities are reported
in tonnes of elemental uranium,
consistent with international prac-
tice. Prices are given in Canadian
dollarsAg O*.

The price of $115/kg U, which
defines the limit of the A price
category, was the weighted average
price for 1982 under all export
contracts made by Canadian producers
for deliveries in 1982. Spot sales,
accounting for about one per cent of
total export sales, were included
although litigation settlements were
not. Tonnages assigned to the A
price category, therefore, provide a
measure of those Canadian uranium
resources that were of economic
significance as of the date of the
assessment.

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



In comparing the 1982 revisions
of Canada's mineable uranium re-
sources with the 1980 resource
assessment (see Table 1), the most
significant change to note is the
shift of resources from the lower
price categories into the new higher
price category. The major factor
contributing to this change was the
continued increase in production
costs without corresponding increases
in uranium price levels, which
necessitated the adoption by UFAG of
higher cut-off grades for resource
assessment at some properties. The
overall result was a reduction in the
level of resources that are of
economic interest in the immediate
and near term. Also of importance in
the case of certain properties was
the assumption of greater mining
thicknesses, in recognition of the
continued shift to more mechanized
mining methods, and the application
of modified assessment techniques.

The significance of these factors
can be appreciated by either includ-
ing or excluding the C price category
in comparing the 1982 and 1980
assessment results. If the C price
category is considered, one sees a
decrease in measured resources of
some 12 per cent, an increase in
indicated resources of 11 per cent,
and a decline in inferred resources
of 4 per cent; if ignored, one then
sees decreases in measured, indicated
and inferred resources of 51, 14 and
23 per cent, respectively.

As of the end of 1982, the sum of
measured, indicated and inferred
resources considered mineable at
prices of $340/kg U or less is
573 OOP tU; this is the same as the
comparable 1980 sum of resources
considered mineable at prices of
$200/kg O or less, despite production
of some 15 800 tU in 1981 and 1982.
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8 Area North of Athabasca
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Figure l . Principal areas in Canada with identified uranium deposits.



TABLE 1

Estimates of Canada's Uranium Resources Contained in Mineable Ore

Price ranges
within which mineable

ore is assessed'3'
Measured Indicated Inferred

A

B

l_982c) 1980d)

35 [67]

1 [ 6]

(000 tonnes U)

1982c) 1980d)

150

9

[163]

[ 22]

1982C

191

50

1980°

[214]

[101]

A

A +

+ B

C

B + C

36

28

64

[73]

NA

-

159

46

205

[185]

NA

-

241

63

304

[315]

NA

-

a) Milling losses have .not been deducted; uranium recoverable from such ore
will be less (see text).

b) 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 milling losses expected.

c) For the 1982 assessment, the price ranges were (A) $115/kg U or less,
(B) between $115 and $170/kg 0, and (C) between $170 and $340Ag U.

d) The [bracketed] figures are from the 1980 assessment, in which price
ranges were (A) $135/kg 0 or less, and (B) between $135 and $200/kg U.
Resources were not assessed in a higher (C) price category in 1980 and are
indicated by NA.



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 consideration 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 differ-
ence is sufficient to carry such
items as taxes and royalties, head-
office overhead, forward exploration
and development costs, and an accept-
able rate of return on invested
capital (i.e., costs associated with
the use of capital). If the differ-
ence 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.

It should be noted that some low
grade resources were assigned to a
price category higher than C, as they
would only be considered as mineable
at uranium prices exceeding $340/kg
U. However, the tonnages involved
are not significant.

The resource estimates shown in
Table 1 are expressed in terms of
quantities of uranium contained in
mineable ore. In underground opera-
tions, 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.

It is important to note the dis-
tinction between uranium contained in
mineable ore and uranium recoverable
from such ore. While ore processing
losses were taken into account in the
determination of the cut-off grades,
the resource tonnages reported in
Table 1 represent quantities of uran-
ium contained in mineable ore, in
conformance with the traditional
method of reporting metal resources.
Processing recoveries are normally

high, ranging from 85 to 96 per cent
in Canada. The 1982 weighted average
mill recovery of Canada's existing
conventional uranium operations was
93 per cent.

As part of an effort to achieve
comparability of uranium resource
estimates at the international level,
estimates of Canada's uranium re-
sources in terms of uranium recover-
able from mineable ore were prepared
for inclusion in the current NEA/IAEA
assessment of world uranium supply,
scheduled to be published in December
1983.(2) Table 2, reflecting the
application of the appropriate mill
recovery factors, expresses Canada's
uranium resources in terms of
tonnages of recoverable uranium.

In developing the recoverable
resource figures shown in Table 2,
actual or expected ore processing
recovery factors were individually
applied to resources that are
tributary to existing and committed
production centres. For the
remaining resources, estimated ore
processing recovery factors were
applied which varied depending on
grade and actual experience with
similar deposits.

Of the total resources in all
three categories (measured, indicated
and inferred), about 52 per cent is
in Ontario and 42 per cent in
Saskatchewan. Distributions quoted
in the 1980 assessment were 63 and
31 per cent, respectively. The
provincial redistribution is largely
the result of the re-evaluation of
the principal deposits in Elliot
Lake, Ontario, and in northern
Saskatchewan, and illustrates the
continuing increase in the relative
importance of Saskatchewan resources
that has developed since the early
1970s.



TABLE 2

1982 Estimates of Canada's Uranium Resources
Recoverable from Mineable Ore a)

Price ranges within
which mineable

ore is assessed'3'
Measured Indicated Inferred

A
B

32
1

(000 tonnes U)

144

8

181

48

A + B

C

A + B + C

33

26

59

152

43

195

229

58

287

a) Expected ore processing losses have been deducted from the
uranium content of the mineable ore.

b) For the 1982 assessment the price ranges were (A) $115/kg U or
less, (B) between $115 and $170Ag U, and (C) between $170 and
$340/kg U.

About half of Canada's uranium
resources in the measured/ indicated
and inferred categories occurs in
quartz-pebble conglomerates,
primarily in the Elliot Lake area of
Ontario, representing a decline in
relative importance since the 1980
assessment. Average grades of these
deposits generally range from 0.05 to
0.10 per cent uranium. Because of
these low grades it is not surprising
that a major portion of Canada's
total measured, indicated and
inferred resources in the C price
category is attributable to
conglomeratic-type deposits.

Most of the remaining resources
in the measured, indicated and
inferred categories occur in
unconformity-related type deposits,
primarily in northern Saskatchewan.
The majority of unconformity-related
type deposits are of relatively
simple mineralogy, with grades
typically in the range of 0.2 to
0.6 per cent uranium. A number of
Saskatchewan's unconformity-related
type deposits exhibit more complex
mineralogy and can grade as high as
40 or 50 per cent uranium in individ-
ual samples; however, they generally
average between 2 and 5 per cent
uranium.
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b) Uranium Availability

Existing and Commilted Operations

In January 1982, Canada had seven
primary uranium producers: Denison
Mines Limited, Rio Algom Limited,
Madawaska Mines Limited, Eldorado
Nuclear Limited, Cluff Mining (Amok
Ltd./Saskatchewan Mining Development
Corporation - partnership), Gulf
Minerals Canada Limited/Uranerz
Canada Limited (Rabbit Lake joint
operation) and Agnew Lake Mines
Limited. The first four operated
underground mines, the fifth and
sixth produced from open-pits and the
seventh used underground and surface
heap-leaching techniques. At mid-
year, however, Eldorado and Madawaska
ceased production. ESI Resources
Limited, which began uranium recovery
as a by-product of phosphoric acid
production late in 1980, remained
idle throughout 1982.(3)

Production front the primary
uranium producers amounted to
8 075 tU in 1982, as compared to
7 722 tU in 1981, and 7 152 tU in
1980. Preliminary estimates of 1982
shipments of uranium made by these
producers amounted to 8 189 tU,
valued at $815 million, as compared
with final shipments of 7 507 tU in
1981 valued at *794 million, and
6 739 to in 1980 valued at
$702 million.

In 1982, some 63 per cent of
Canada's total uranium production
came from the four producers in
Ontario, and the balance from the
three producers in Saskatchewan. The
current status of these existing
operations, as well as the status of
new developments that will contribute
to increases in Canada's uranium
production, are described as follows.

Planned production levels were
met during 1982 at the Elliot Lake,
Ontario, operation of Denison Mines
Limited. Throughput at the ore
processing plant, which has a
capacity of 13 600 t of ore a day
(t/d), averaged 10 645 t/d during the
year. A production record was
achieved as uranium output increased
by 29 per cent over the 1981 level.
Underground development at Denison's
adjoining Stanrock/Can-Met proper-
ties, which will supplement feed to
the ore processing plant, progressed
on schedule with completion expected
by 1985. In June, the first deliver-
ies of ore were received from these
rehabilitated areas.

During the year, Denison con-
ducted tests on in-place leaching of
lower grade ore at the mining face.
In October, some 70 000 t of under-
ground stockpiled ore were brought
under spray and trickle leach. More
extensive testing was planned for
1983, with the hope of demonstrating
the feasibility of a large-scale,
underground, in-place leaching
operation. If test results continue
to be positive, it is expected that
in-place leaching could eventually
account for a significant percentage
of the company's overall output.

At Rio Algom Limited1s Elliot
Lake facilities, uranium production
at the 2 990 t/d Panel operation
exceeded that of 1981, although out-
put at the 6 350 t/d Quirke operation
decreased slightly. Deliveries to
customers from the Panel and Quirke
operations totalled some 2 412 tU.
Among the factors that affected pro-
duction levels in 1982 were the
decision to extend the normal vaca-
tion shutdowns in the third quarter,
the reported decline in the grade of
ore mined, and the planned reduction
in output at Quirke to more closely
match production with deliveries to
be made under existing contracts.



The rehabilitation of Rio Algom's
Stanleigh property progressed on
schedule and within budget. To the
end of the first quarter of 1982,
some $243 million had been spent or
committed at Stanleigh; total
reported capital cost of the reha-
bilitation is $385 million. Concen-
trate production at the 4 540 t/d
capacity mill commenced in July 1983;
by March 1984 ore throughput should
reach 3 855 t/d, the rate planned to
satisfy contracted quantities over
the near term. Ontario Hydro is
financing the project and purchasing
its total output.

Madawaska Mines Limited was
advised in March 1982 that its long-
term sales contract with the Italian
state-owned agency AGIP S.p.A. would
be terminated. AGIP agreed to accept
concentrates until the June 30th
contract termination date, and to
provide funds to assist in defraying
the mining suspension costs should
operations be phased out. Production
continued to early July 1982, at
which time all mining and milling
operations ceased. The Bancroft,
Ontario, facility will be maintained
in standby condition pending an
improvement in the uranium market.

At the salvage-leaching operation
of Agnew Lake Mines Limited, 90 km
east of Elliot Lake, environmental
programs preparatory to final shut-
down progressed satisfactorily
through 1982, the major effort being
the disposal of the surface stockpile
to the tailings area. In November,
it was decided that the operation was
no longer economic and that the leach
solution from the underground stopes
would be drained in preparation for
the closure of the mine. Operations
ceased in March 1983 pending final
approval from government regulatory
agencies for the ultimace close-out
of the operation.

Eldorado Nuclear Limited closed
its Beaverlodge mine near Uranium
City, Saskatchewan, on June 30, 1982,
after more than 30 years of produc-
tion. The mill remained in operation
until October to complete the proces-
sing of uranium-bearing material
still in the circuit inventory; mill
throughput averaged 945 t/d during
the year. A workforce of 110
remained on site to complete the
salvage and reclamation (decommis-
sioning) programs, as approved by
federal and Saskatchewan regulatory
agencies.

On October 1, 1982, Eldorado
announced the conclusion of the
purchase of all shares of Gulf
Minerals Canada Limited and Uranerz
Canada Limited in exchange for
approximately 4 000 tu from
Eldorado's inventory. With the
acquisition of both companies'
interests, Eldorado became the sole
owner of the Rabbit Lake complex -
held previously by Gulf companies
(51 per cent) and Uranerz (49 per
cent) - and of significant uranium
resources tributary to it. In
December, Eldorado Nuclear Limited
underwent a corporate restructuring;
operations at Rabbit Lake will con-
tinue under the name Eldor Mines, a
division of the newly formed Eldorado
Resources Limited.

Mining was temporarily suspended
between June and October 1982 at the
Rabbit Lake open pit. Ore stockpiles
are sufficient to provide feed to the
mill until 1985. Uranium output from
the mill exceeded that of 1981. In
late March 1983, a surface lease
agreement was signed with the
Saskatchewan government, permitting
Eldor to proceed with the development
of the nearby Collins Bay "B" orebody
in order to maintain throughput at
the 1 500 t/d capacity Rabbit Lake
mill. Development of the "B" zone,
and subsequently the Collins Bay "A"
and "D" zone resources, would extend
the life of the Rabbit Lake mill well
into the 1990s.

12



At the northern Saskatchewan
operation of Cluff Mining, owned
80 per cent by Amok Ltd. and 20 per
cent by Saskatchewan Mining Develop-
ment Corporation (SMDC), production
from stockpiled ore during the year
was close to the nominal Phase I
capacity of 1 500 tU/year. In
Phase I, the mining and Ftockpiling
of the 5 000 tu "D" orebody occurred
between June 1980 and October 1981.
The processing of "D" material is
expected to continue until mid-1984.

During 1982 Cluff Mining obtained
approval to complete a small experi-
mental surface mining operation on
the Claude orebody to verify ore
grade and to optimize the mining
method planned for Phase II. Envi-
ronmental approval was received for
Phase II in July 1983, and will
permit Cluff Mining to proceed with
the development of the other, nearby,
lower-grade deposits. Available for
exploitation are the Claude, 0-P and
NRP deposits. Some $100 million will
be spent on Phase II from 1983 to
1985 and will provide for a major
mill expansion (to some 800 t/d) to
handle the increased tonnages of
lower-grade ores.

Stripping of the Gaertner deposit
by Key Lake Mining Corporation
(KLMC)* proceeded ahead of schedule
at Key Lake in north-central Saskat-
chewan. Removal of the sandy over-
burden was completed during 1982,
allowing the stripping of the cobble
ore above the orebody proper to
begin. By mid-1982, over 85 per cent
of the engineering work at the con-
struction site had been completed and
all equipment had been purchased.
Despite a three-month strike by five
trade unions during the summer, site
construction remained on schedule;

* The KLMC venture is jointly owned
by SMDC (one-half), Uranerz Explor-
ation and Mining Limited (one-
third), and Eldor Resources Limited
(wholly-owned by Eldorado Nuclear
Limited, one-sixth).

the mill complex was more than 50 per
cent complete by December. First
production from the 700 t/d capacity
mill was expected in October 1983,
with full production possible by
mid-1984. Stripping operations at
the Deilmann deposit are planned for
the mid-1980s in anticipation of
resource depletion at the Gaertner
deposit around 1990.

In late October 1981, ESI
Resources Limited, a wholly-owned
subsidiary of Earth Sciences Inc. of
Golden, Colorado, ceased full-scale
operations at its Calgary, Alberta,
byproduct uranium facility; uranium
had been recovered from phosphoric
acid produced at an adjacent plant
operated by Western Co-operative
Fertilizers Limited. To the end of
1981, some 12 tU had reportedly been
produced. Since this uranium was
extracted from phosphate rock
imported from the United States for
delivery to United States customers,
it is not included in Canadian
production totals. Production was
expected to recommence in late 1983
at a rats of some 45 tU annually,
following plant modifications.

As shown in Table 3, the work
force at Canada's producing uranium
operations as of December 1982
totalled some 4 800 employees. Of
this total, about 1 840 worked in the
mines, both open-pit and underground,
and some 647 in the mills, with the
balance described as general employ-
ees; head-office and construction-
related employment is not included.
Compared with the 1980 total of some
6 000 employees, the 1982 figures
reveal that roughly 1 200 jobs were
lost, primarily as a result of the
cessation of production at Madawaska
and Beaverlodge, and the phasing out
of operations at Agnew Lake.

As of early 1983, there were
eight uranium production centres,
either existing or committed in
Canada. The key operational and
capacity data for these centres are
summarized in Table 4a.
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TABLE 3

Work Force Summary — Canadian Uranium
Producing Operations

(December 31, 1982)

Company name Total number of employees
(mine name) (mine/ mill, general)

Agnew Lake Mines Limited 53

Cluff Mining (Amok Ltd./SMDC) 304

Denison Mines Limited 2 027

Eldorado Nuclear Limited (Beaverlodge) 120

Gulf Minerals Canada Limited/

Uranerz Canada Limited (Rabbit Lake)* 330

Madawaska Mines Limited (Faraday) 9

Rio Algom Limited (Panel) 713

(Quirks) 1 271

Total - All producers 4 827

* Acquired by Eldorado Nuclear Limited (see text).
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TABLE 4a

Existing and Committedl Production Centres, June 1983

Ore Processing Plant
Deposit typea* Method0 * Nominal Annual

Start and and Daily ore production
-up mining recovery"^ capacity ratee'

date methodb> Per Cent

Company name
and

plant location

(tonnes) (tonnes U)

A. EXISTING

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

Denison Mines Ltd.
Elliot Lake, Ont.

Eldorado Resources Ltd.
Rabbit Lake, Sask.

Madawaska Mines Ltd.
Bancroft, Ont.

Rio Algom Ltd.
Elliot Lake, Ont.
a) Quirke mill
b) Panel mill

1980 Ucon/OP/t/G AL/DP/93

1957 Cong/UG

1975 Ucon/OP

stand- Peg/UG

AL/IX/91

AL/SX/94

AL/IX/95

<100

13 610

1 500

1 360

1 469

2 359

1 210

153

19689"'

1979h)
Cong/UG
Cong/UG

AL/IX/94
AL/IX/94

6
2

350
990

1 672
865

B. COMMITTED

Key Lake Mining Corp.
Key Lake, Sask.

Rio Algom Ltd.
Elliot Lake, Ont.
Stanleigh mill

1983 Ucon/OP

1983d-} Cong/UG

ALVSX/97

AL/IX/..

500-
700

4 540

3 100
4 600

n.a. not applicable; data not available.

a) Deposit Types: Conglomeratic (Cong), unconformity-related (Ucon), pegmatitic (Peg).
b) Mining Methods: Underground (UG), open-pit (OP).
c) Ore Processing Methods: Acid-leaching (AL), two-stage acid-leaching (AL^),

ion exchange (IX), direct precipitation (DP), solvent extraction (SX); for
details, see "Uranium Extraction Technology", NEA/IAEA, Paris, 1983.

d) Processing Recoveries: 1982 production data or planned for Key Lake.
e) Actual 1962 production or planned for Key Lake.
f) Produced from 1957 to 1964, then rehabilitated for start-up in 1976.
g) Operated from 1956 to 1961 (old Quirke mine), then rehabilitated for production

from New Quirke mine.
h) Produced from 1958 to 1961, then rehabilitated,
i) Produced from 1958 to 1961, being rehabilitated.
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TABLE 4b

Possible Future Uranium Production Centres, June 1983

Project and

property location

Operating
company

Deposit
type

A. ONTARIO

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

Rio Algom Limited Conglomeratic

B. SASKATCHEWAN

Dawn Lake Project,
Dawn Lake, Sask.

Saskatchewan Mining
Development Corporation

Unconformity
-related

McClean Lake Project,
McClean Lake, Sask.

Canadian Occidental
Petroleum Limited

Unconformity
-related

Midwest Lake Project,

Midwest Lake, Sask.

Waterbury Lake Project,
Waterbury Lake, Sask.

Canada Wide Mines Ltd.

SERU Nuclear (Canada)
Limited

Unconformity
-related

Unconformity
-related

C. OTHERS

Birch Island Project,
Birch Island, B.C.

Blizzard Project,
Beaverdell, B.C.

Kitts-Michelin Project,
Makkovik, Nfld.

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

Consolidated Rexspar Minerals
and Chemicals Limited

Norcen Energy
Resources Limited

Brinco Limited

Urangesellschaft Canada
Limited

Volcanogenic

Sandstone

Vein and
Volcanogenic

Unconformity
-related
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Additional Production Possibilities

In addition to the existing and
committed operations summarized in
Tible 4a and described above, there
are several projects in various
stages of development that could
become sources of uranium production
before 1995, should market conditions
warrant.'3' These projects are
summarized in Table 4b.

Development work at & number of
these projects has been deferred
pending an improvement in t.-.e uranium
market (e.g., Milliken/Lacnor/Nordic,
Midwest Lake, and Kitts-Michelin),
and work at the two Rritish Columbia
projects (i,e.. Birch Island and
Blizzard) was suspended in early 1980
due to the imposition of a 7-year
moratorium on uranium exploration and
mining by the provincial government.

However, exploration drilling
and/or feasibility studies continued
during 1981 end 1982, on several
other projects (e.g.. Dawn Lake,
McClean Lake, Waterbury Lake and Lone
Gull), but no firm plans for produc-
tion have been made. A significant
increase in reserves was announced by
the operator (Asamera Inc. until mid-
1982) of the Dawn Lake project, and a
new discovery was announced by Cana-
dian Occidental Petroleum Limited
near its McClean Lake deposit. Of
particular significance was the
announcement by SERU Nuclear (Canada)
Limited in early 1983 of its dis-
covery at Waterbury Lake (see section
on Uranium Exploration Activities).
It can be anticipated that a number
of these projects will eventually
reach the production stage.

Projected Production Capabilities

To provide an illustration of
uranium availability in the short
term, two projections of Canadian

production capability to 1995 were
made, as shown in Table 5 and illus-
trated in Figure 4. The Low Scenario

can be characterized as an illustra-
tion of firm production capability.
It is based on existing and committed
production centres only (i.e., those
listed in Table 4a), but excludes one
operation that is on standby. The
projection assumes levels of produc-
tion that can be practically and
realistically achieved, under favour-
able circumstances. Only resources
in the measured, indicated and
inferred categories, in the A plus B
price range (i.e., mineable at
uranium prices of $170/kg U or less),
were incorporated into the projec-
tion. The lives of these production
centres could be extended, in certain
cases, by the exploitation of asso-
ciated higher-priced resources, or
through additions of resources in the
A plus B price range resulting from
continued exploration and development
work.

The High Scenario provides an
illustration of an additional level
of production capability that could
be developed, assuming the avail-
ability of markets. In addition to
those production centres in the Low
Scenario, this higher scenario incor-
porates new production centres,
selected from projects listed in
Table 4b, where resources associated
with the projects are judged to be of
sufficient size and quality to
support a viable producing ope~-a-
tion. As in the Low Scenario, only
resources in the measured, indicated
and inferred categories, in the
A plus B price range (i.e., mineable
at uranium prices of $170/kg U or
less), were considered. It was
assumed that these production centres
could be developed with lead-times
that are consistent with recent
experience.

Neither scenario is intended to
represent a projection of actual
production. Rather, they are
intended to illustrate a range of
production levels that could be
supported by known deposits, given
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favourable developments in the
uranium market. Clearly the Low
Scenario is the more conservative,
being based on existing and committed
operations. Actual levels of pro-
duction from these centres will
depend on a number of operational

variables, and could be different
from the capabilities projected.
Should market conditions improve, the
higher, more optimistic scenario
illustrates a level of production
that could bt practically and
realistically achieved.

TABLE 5

Estimated Annm.1 Uranium Production Capability
From Known Canadian Deposits

(as of June 1983)

Year
Tonnes U

contained in concentrates

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Low Scenario*

8 075 (actual)
7 500

10 500
11 500
12 000
12 200
12 200
12 100
12 100
12 000
11 700
11 500
11 000
9 900

High Scenario*

8 075
7

11

12
12
13
13
13
33
14
14
15
15

14

500
000
000
500
000
000
000
500
700
900
400
000
200

Projection based on existing and committed production centres only;
certain expansions at existing production centres are deferred and
standby operations are excluded; output derived from resources
currently mineable at a uranium price of $170/kg V or less.

** Projection
production

based on existing, committed and selected uncommitted
centres including those on standby; output derived from

resources currently mineable at a uranium price of $170/kg U or less.
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Figure 4.

Canadian Uranium Production Capability
Compared with Estimated Domestic

Requirements

Figure 5 illustrates diagrammati-
cal ly the total quantity of Canada's
mineable uranium resources that are
tributary to the production centres
incorporated in the two projections
of production capability. In the
case of the Low Scenario, 75 per cent
of Canada's total measured, indicated
and inferred resources in the A plus
B price category is considered. By
including additional production
centres in the High Scenario, the
proportion increases to 98 per cent.
As noted above, there are some
higher-priced (C category) resources
associated with these production
centres that could extend their
lives. Most of these known resources
are tributary to existing production
centres. Perhaps of more signifi-
cance are the large tonnages of
prognosticated resources (300 000 tu)
that are tributary to the production
centres considered in the High
Scenario and that could be realized
through further exploration work,
thus extending the lives of these
production centres still further.
Finally, the diagram illustrates that
some 200 000 tU of "nontributary"
resources remains available for
development in support of potential
new production centres in addition to
those in the above projections.

Figure 5

Uranium Resources in Canada Contained
in Mineable Ore

(December 31, 1982)

•
PRICE CAlEGOflV RESOURCES TRfSLTTARV j

1 0 PLANNED AND PROSPECTIVE PRODUCTION
:ENTHES

B PRICE CATEGORY
IESOUBCES TRIBUTARY TO

EXISTING AUD COMMITTED
PRODUCTION CENTRES

'ROGNOSTICATED

Raaoorcw ncorpMatad in prodjcilon

II REQUIREMENTS

a) Domestic Requirements and Protection

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
1933, 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 gener-
ating capacity shown in Table 6. As
of June 1983, a total of 15 087 MWe
of nuclear power capacity was either
operating or committed for operation
by 1993. While the 22 MWe Nuclear
Power Demonstration reactor at
Rolphton, Ontario is operating, it is
basically an experimental and
training facility and is therefore
not included in the determination of
long-term uranium requirements; the
250 MWe Gentilly 1 experimental
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reactor is now shut down permanently,
and is therefore also not included.
No further nuclear plants are planned
at this time to come into service
during the 10-year period to 1993.

Uranium requirements for the
reactors represented by this
15 087 MWe of capacity were assessed
on the basis of the fuel utilization
design values for existing or com-
mitted stations.

The situation anticipated in 1983
is illustrated in Figure 6; the
uranium that is required for domestic
use is represented by the total
hatched area under the curve. For
the 15 087 MWe projected to be in
operation by 1993, this protected
supply amounts to some 62 000 tU.
Annual requirements, including first
cores for future reactors, are
expected to grow from some 1 400
tU/ year in 1983 to approximately
2 200 tU/year ir. 1993, as shown in
Table 7. This estimated growth in
annual requirements is significantly
less than that estimated two years
ago, as illustrated by the require-
ment curve (dashed line) in Figure 6.

TABLE 6

Nuclear Power Plants in Canada, as of June 1983

Reactors Owner
Net
output
(MWe)

In-service
dates

(expected)

Douglas Point

Pickering 1 to 4

Bruce 1 to 4

Point Lepreau

Gentilly 2

Pickering 5 to 8

Bruce 5 to 8

Darlington 1 to 4

Atomic Energy of
Canada Limited

206 1968

Ontario Hydro

Ontario Hydro

New Brunswick
Electric Power
Commission

Hydro-Quebec

Ontario Hydro

Ontario Hydro

Ontario Hydro

2 060

2 960

635

638

2 064

3 000r

3 524

1971-73

1977-79

1983

(1983)

(1983-85)

(1984-87)

(1988-92)r

Total net output expected by 1993 15 087 MWe

r - Revised.
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Figure 6.

Uranium supply for domestic applications,
1983 situation.

TABLE 7

Estimated Annual Canadian Uranium
Requirements*

Year Tonnes U

1983

1985

1990

1995

2000

1 400

1 600

2 150

2 300

2 450

"Protection" of the 62 000 tonne
domestic responsibility is provided
by examining Canadian uranium export
commitments in relation to the level

of total adjusted recoverable
reserves (TARR) for all producers
that are marketing uranium. The
bases for determining Canada's TARR
are the estimates of measured,
indicated and inferred resources,
mineable at uranium prices of
$170/kg U or less (A plus B price
category only). Weighting factors of
1.0, 0.8 and 0.7 are applied to the
tonnages in the respective resource
categories, in recognition of the
lower degree of confidence that is
placed (by definition) in the indi-
cated and inferred categories. Indi-
vidual mill recovery factors are also
applied to the tonnages of uranium in
mineable ore, reducing them to
account for expected uranium losses
in ore processing.

Figure 7

Requirements, Supply, Commitments and
Available Surplus

(Based on Resources as of December 31,1982)

* Estimated fuelling requirements for
the nuclear power programs of
Ontario Hydro, Hydro Quebec, and
the New Brunswick Electric Power
Commission.

(BRACKETED NUMBERS REFER TO THOUSAND5 OF TONNES)

TOTAL AOJUSTED
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RESERVES ITARR1
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EXPORTABLE
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(621
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COMMITMENTS
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SURPLUS

1911

DOMESTIC
:OMMITMENTS

ISO)

EXPORTABLE
SURPLUS

(EFFECTIVE]
(151)
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DOMESTIC
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DOMESTIC
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The total adjusted recoverable
reserves (TARR), derived as described
above, for all Canadian producers
that are marketing uranium, repre-
sents the currently assessed quantity
of uranium that is available both for
domestic and export purposes. The
30-year protected supply of 62 000 tU
amounts to 26 per cent of Canada's
TARR. The relationship between the
protected supply and the TARR is
shown diagrammatically in Figure 7.
The column on the left illustrates
that some 174 000 tU is theoretically
surplus to Canada's needs and there-
fore exportable. Canada's available
surplus, however, is in the order of
91 000 tCT, because of sales commit-
ments that have already been made
both on the domestic and export
market, as illustrated by the column
on the right. This column also
illustrates that a very small portion
(less than 5 000 tU) of Canada's
needs of 62 000 tU over the protected
30-year period remains uncommitted,
despite the large, very long-term
purchases that have already been mad©
by Ontario Hydro.

An added element of domestic
protection is provided by limiting
approval of exports to periods of a
maximum of 15 years.

b) Domestic and Export Commitments

From the foregoing section it is
clear that 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 negotiation relating to most of
the remaining domestic requirements
to the end of the century. Total
outstanding domestic commitments, as
of early 1983, stood at some
80 000 tU.

Canadian producers shipped
8 189 tO in 1982 valued at $815
million. Some 85 per cent of these
shipments were destined for the
export market. As of December 31,
1982, Canadian producers had forward
export commitments totalling approxi-
mately 60 000 tU under active con-
tracts that had been reviewed and
accepted by the federal government.
These quantities are to be delivered
over the period 1983 to 2003.

The relative importance of
Canada's uranium export customers is
illustrated in Table 8, which
indicates that, during the period
September 5, 1974, to December 31,
1982, contracts totalling some
87 000 tU had been reviewed and
accepted by the federal government.
The 87 000-tonne total reflects
scheduled deliveries under 70 con-
tracts, 33 of which remain active.
Actual exports in 1982 totalled some
7 820 tU, primarily to the United
States, Western Europe and Japan (see
Table 9). Japan has been Canada's
most important single customer,
receiving about 34 per cent of
Canada's total exports since 1972.
Most of the remaining exports have
gone to the European Economic Com-
munity (33 per cent) and other
countries in Western Europe (18 per
cent).

22



TABLE 8

Uranium Under Export Contracts Reviewed1

Since September 5, 1974

Country of buyer Tonnes U

Belgium 3 030

Finland 2 000

France 3 850

Italy 1 120

Japan 22 630

South Korea 5 140

Spain 4 230

Sweden 3 880

Switzerland 150

United Kingdom 7 700

United States 25 570

West Germany 7 660

Total 86 960

Reviewed and accepted under Canadian uranium export policy.
Totals adjusted to reflect new and amended contracts, as of
December 1982.
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TABLE 9

Exports of Uranium of Canadian Origin in 1982

Country of final Tonnes of contained
destination uranium*

Belgium 85

Finland 97

Italy 143

Japan 718

South Korea 74

Spain 110

Sweden 889

United Kingdom 379

United States 4 852**

West Germany 471

Total 7 818

* 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.

** The bulk of this material represents concentrates exchanged by
Eldorado in the purchase of the Rabbit Lake operation.

Source: The Atomic Energy Control Board of Canada.



PART TWO. LONGER-TERM PERSPECTIVE

I. SUPPLY

a) Supply Sources

The measured, indicated and
inferred resources described in Part
One of this report will continue to
provide a base for production, in the
case of certain production centres,
beyond the turn of the century. 'ihe
higher-priced (C price category) por-
tion of these resources could also
supplement production levels, should
market conditions warrant.

Beyond these resources there is
significant potential for additional
discoveries. During 1982 an evalua-
tion of this potential was made for
over 100 uranium-bearing areas and
subareas in Canada and estimates were
made for both prognosticated and
speculative resources.

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 with
known deposits. The speculative
category refers to uranium that is
thought to exist in virgin areas or
in areas where only occurrences are
known. A relatively higher degree of
confidence can be placed in estimates
of the first type of undiscovered
resources, because of their proximity
to, and/or close association with,
identified well delineated deposits.

Several steps have been taken by
the NEA/IAEA since 1976 to clarify
the distinction between these two
types of undiscovered resources.
(4, 5 and 6) fl d e c i s i o n taken in

late 1982 to subdivide the inter-
national term Estimated Additional
Resources (EAR) into two categories
(See Appendix 4) has been a further
step in reinforcing this important
distinction.(2)

Prognosticated Resources

Estimates of Canada's prognosti-
cated resources of uranium are pre-
sented in Table 10, together with the
1980 estimates for comparative pur-
poses. While the estimates are the
result of an evaluation of all of the
currently known important uranium-
bearing areas of Canada, estimates of
resources existing in additional
areas will be made in future assess-
ments, along with up-dating of exist-
ing estimates according to new
results of geological and exploration
efforts.

Although there has been only a
small increase in the total estimates
of prognosticated resources since the
1980 assessment, there has been a
significant shift in the economic
distribution of resources, as well as
an increase in the potential for
discovery in Saskatchewan. More than
half of Canada's prognosticated
resources are now in Saskatchewan,
compared with one-third in 1980,
while Ontario now accounts for only
19 per cent of the total, compared
with 38 per cent in 1980. The
importance of the Northwest Terri-
tories remains about the same, with
17 per cent of the total.

It is clear from the foregoing
that unconformity-related type
deposits have become primary explora-
tion objectives. Some 60 per cent of
Canada's total prognosticated re-
sources are attributable to this type
of deposit, primarily in northern
Saskatchewan and the Northwest
Territories. Significant additions
were made to estimates in the prog-
nosticated category for areas in and
adjacent to the Eastern Rim of the
Athabasca Basin, as a result of the
successful exploration effort over
the last two years.
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TABLE 10

1982 Estimates of Canada's Prognosticated Resources
of Uranium Contained in Mineable Orea>

Price ranges within
which mineable ore
is assessed*"*

1982 1980

A

B

C

(000 tonnes U)

179 [144]c)

102 [301]

187 NA

A + B + C 468 [445]

a) Uranium recoverable from such ore will be less due to
ore processing losses (see text).

b) For the 1982 assessment, the price ranges were
(A) $115Ag U or less; (B) $115 to $170/kg U; and
(C) $170 to $340/kg U.

c) The [bracketed] figures are from the 1980 assessment,
in which price ranges were (A) $135Ag U or less, and
(B) between $135 and $200/kg V; resources were not
assessed in a higher (C) price category (NA).

Conglomeratic-type deposits
continue to be of significant but
declining importance, representing
more than 15 per cent of the total in
the prognosticated category; most of
this potential is located in the
Elliot Lake area of Ontario. Of
particular interest has been the
growing potential for the discovery
of additional vein-type deposits in
the South Mountain Batholitb of Nova
Scotia. Deposits of this type
account for almost 10 per cent of the
total.

It is significant to note that
some 40 per cent of the total
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prognosticated resources has been
assigned to the C price category,
i.e., resources that are mineable at
prices between $170 and $340Ag V. A
major portion of the conglomeratic
resources are in this category
because of their very low grade.
Virtually all the prognosticated
resources located in the Northwest
Territories are also in this category
because of their low grades and
remote location. For the same
reasons, a small tonnage of prog-
nosticated resources was relegated
beyond C price category, i.e.,
mineable at prices in excess of
$340/kg U, and is therefore not
recorded in Table 10.



Figure 8. Areas in Canada Favourable for the Occurrence of Uranium Deposits.



Speculative Resources

In addition to areas that are
associated with known uranium
deposits, there are many other areas
of Canada that are favourable for the
occurrence of uranium resources.
However, assessment of this addi-
tional potential can only be tenta-
tive because:

a) Evaluations of the likelihood of
occurrences have not been made of
all areas that are favourable for
uranium mineralization. More-
over, large areas of Canada are
covered with glacial overburden
and the nature of the underlying
bedrock geology can only be
assumed.

b) There is still much to learn
about the formation of various
types of uranium deposits.

c) The data base, although exten-
sive, is still inadequate for
assessing this additional
potential.

Estimates of speculative
resources were made, during the 1982
assessment, for 12 major regions of
Canada. Judgments were based on
Canada's past production, distribu-
tion of known uranium deposits, and
on interpretation of selected
geological features according to
conceptual models simulating forma-
tion of selected main types of
uranium deposits. Areas favourable
for uranium mineralization, including
those which were evaluated by URAG
are shown in Figure 8. The specula-
tive resources were estimated using
geological criteria derived from
known uranium deposits.

Four different approaches were
used in the estimation of speculative

resources .(7)

(a) extrapolation of economic-
geological data from relatively
well explored (control) areas to
less explored areas containing
similar geological environments,
using a volumetric evaluation
method;

(b) analogy with a geostatistical
analysis of the tonnage-grade
distribution patterns of Canada's
past production and known uranium
deposits;

(c) a probabilistic study employing a
modified Mining Industry Model
for Inventorization and Cost
Evaluation (MIMIC); and

(d) a combined geological and statis-
tical approach using quadrangle
cells for estimating speculative
resources (applied to part of the
Canadian Cordillera).

It was concluded that speculative
resources, additional to resources in
the measured, indicated, inferred and
prognosticated categories, may amount
to approximately 1.2 to 1.4 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
$340/kg U or less. Further resources
might exist in areas that have not
yet been assessed.

The bulk of these speculative
resources, about 50 per cent, is
believed to occur in deposits of
unconformity-related type. Areas of
particular promise are those along
the pre-Athabasca unconformity in the
Athabasca Basin and adjacent areas of
northern Saskatchewan, and beneath
the Thelon Basin in the Keewatin
District of the Northwest Terri-
tories; the pre-Sibley unconformity
in the Nipigon area of Ontario is
also of interest.
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Vein-type deposits account for
about 15 per cent of Canada's specu-
lative resources; the bulk of these
vein-type resources is expected to
occur in the Appalachian Orogenic
Belt of Atlantic Canada.

Sandstone—type uranium deposits
also account for about IS per cent of
Canada's speculative resources.
Indications of this type of minerali-
zation exist in some of the Phanero-
zoic basins containing continental
sandstones:, for example, in the
Kelowna-Beaverdell area of the
Cordillera, in the Alberta Basin of
the Interior Platform, and the
Phaneroeoic basins of the Maritime
provinces.

Some 10 per cent of Canada's
speculative resources is of the
pegmatitic-type. Environments
favourable for this type of uranium
deposit can be found in numerous
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-type
uranium deposits account for a large
part of Canada's currently identified
uranium resources, the potential for
additional resources of this type is
not believed to be large.

A number of interesting new
geological environments have been
identified that are analogous to
important uranium-bearing regions

elsewhere in the world. Of particu-
lar significance are: the Precam-
brian terranes of the Wernecke-OgiIvy
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 Colum-
bia that are favourable for the
occurrence of volcanogenic-type
uranium deposits, similar to those
found in the northwestern United
States, Mexico, Italy, China, Argen-
tina, Australia, Turkey, Bolivia and
the USSR; 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.

The assessment of Canada's specu-
lative resources has been facilitated
to a great extent by the availability
of regional geochemical and radio-
metric data assembled by the Geo-
logical Survey of Canada under the
federal-provincial Uranium Reconnais-
sance Program (URP), which was termi-
nated in 1979. Since 1979, regional
surveys following the same national
standards as established for URP have
continued at reduced levels, under
various provincial, federal, or co-
operative programs in British Colum-
bia, Yukon, Ontario, Quebec, Labra-
dor, Nova Scotia and Newfoundland.
Total expenditures and coverage of
government-sponsored radiometric a, d
geochemical surveys are shown in
Table 11; Figure 9 illustrates the
current coverage of Canada.
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TABLE 11

Total Expenditures and Coverage of
Government-Sponsored Radiometric and Geochemical Surveys

Year

Pre-77

1977

1978

1979

1980

Area

Radiometric

1 060 000c)

487 000c)

3 000d)

433 000c)

2 500d>

13 000c)

17 000d>

63 000c)

8 500d>

covered

Geochemicalb'

(km2)

514 000

265 000

254 000

75 000

47 000

Radiometric

3.897

2.523

2.634

0.270

0.206

Expenditures8'

Geochemical

($ million)

3.593

2.277

2.182

0.785

0.470

Total

7.490

4.800

4.816

1.055

0.676

1981

198?

1983e)

7 500 d )

60 000c>
17 500 d )

15 000d)

74 000

94 000

80 000

0.112

0.442

0.225

0.540

0.750

0.900

0.652

1.192

1.125

Total 2 187 000 1 403 000 10.309 11.497 21.806

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

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

c) 5 km line spacing.

d) 1 km line spacing.
e) Estimate.
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Uranium Exploration Activities

Overall uraniur; exploration
activity in Canada declined in 1982
for the second consecutive year, in
terms of both drilling effort and
level of total expenditures.
Responses to the 1982 URAG question-
naire revealed the exploration acti-
vities of 80 companies or joint
ventures, which represent essentially
all the major participants active in
uranium exploration in Canada. The
survey indicates that total expendi-
tures reached $71 million in 1982,
distributed amongst some 131 projects.

Uranium exploration activity
during 1982 was, for the most part,
limited to Saskatchewan, the North-
west Territories and Quebec (see
Figure 11). In the western Athabasca
Easin of Saskatchewan, persistent
exploration work by Amok Ltd. on the
Carswell Structure led to the dis-
covery in 1381 of the Peter River
deposit about 1 km north of Cluff
Lake. Drilling effort was maintained
during 1982 toward the establishment
of proven reserves.

Along the eastern rim of the
Athabasca Basin, within the Collins
Bay-Eagle Point mineralized zone,
fill-in drilling by Gulf Minerals
Canada Limited/Eldorado Resources
Limited, SMDC and Noranda Exploration
Company, Limited, confirmed previous
resource estimates for the Eagle
Point deposit.

Similar work was continued to the
west along the Dawn Lake-Midwest Lake
belt by such companies as Asamera
Inc., Canadian Occidental Petroleum
Ltd. (CanOxy), Inco Metals Company,
SERU Nuclear (Canada) Limited, and
SMDC. About 10 km north of their
McClean deposits, CanOxy and Inco
discovered a new mineralized zone,

named the JEB deposit, with interest-
ing uranium values at a depth of
100 m. Further delineation drilling
to determine the size of the deposit
was deferred beyond 1983. To the
southwest, at the Waterbury Lake
property, SERU Nuclear maintained
their exploration program and
announced early in 1983 the discovery
of significant uranium mineralization
at Cigar Lake, where drill intersec-
tions showed values up to 11.4 per
cent uranium over 6.7 m at depths up
to 440 m. At the adjacent McArthnr
River property, SMDC confirmed the
presence of uranium mineralization in
the bedrock.

In the Schultz Lake region of the
Thelon Basin, Northwest Territories,
drilling programs were continued in
1982 by Urangesellschaft Canada
Limited to further evaluate the
potential of their Lone Gull
deposit. Although the presence of
the Thelon Game Sanctuary, which
covers approximately 62 per cent of
the Thelon Basin, prohibits mineral
exploration within the wildlife
refuge, several companies have main-
tained their efforts in those areas
of greatest potential adjacent to the
sanctuary. Ground may also be with-
drawn from mineral exploration with
the formation of a national park
proposed for the northeastern part of
the East Arm of Great Slave Lake,
Northwest Territories. A similar
situation occurs in Northern Yukoi,
where active exploration is prohi -
bited pending the decision to turn
most of the area into a park and
wildlife refuge.

In the Otish Mountains area <->f
central Quebec, Eldorado Nuclear,
Uranerz and SERU Nuclear et al.
proceeded with exploration programs
during 1982 to evaluate areas
favourable for the occurrence of
uranium mineralization.
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In Nova Scotia, an important new
uranium district in the South Moun-
tain Batbolith was recently revealed
by the work of Kidd Creek Mines
Limited at Millet Brook, some 20 km
southwest of Windsor. However, work
at the property has been deferred
pending the outcome of the McCleave
commission to investigate ail aspects
of uranium exploration and mining
within the province. While the
inquiry is in progress, a moratorium
on uranium exploration licences is in
force.

Despite the downturn in the level
of uranium exploration since 1980,
and the prohibition of such activity
in favourable areas because of pro-
vincial moratoria (British Columbia
and Nova Scotia) or the selection of
park and wildlife areas (Yukon and
Northwest Territories), some 167
radioactive occurrences were added in
1982 to bring the Canadian inventory
of uranium and thorium occurrences to
some 2 029.

* "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 dis-
covery 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 depos-
it's size, grade and configura-
tion, and excludes development
drilling on producing properties.

Table 12 summarizes uranium
exploration drilling and surface
development drilling activity* by
province or territory for 1980, 1981
and 1982. As in the previous two

years, virtually all the surface
development drilling in 1982 was
associated with recent discoveries in
Saskatchewan, and essentially no
exploration drilling was done outside
Quebec, the Northwest Territories and
Saskatchewan. Preliminary estimates
for 1983 indicate that drilling
activity will be in the order of
157 000 m, or about two-thirds of the
effort in 1982.

A more all-inclusive measure of
uranium exploration activity, how-
ever, is the level of total explora-
tion expenditures**. Table 13
summarizes the 1980, 1981 and 1982
uranium exploration expenditures, by
province or territory. Of the
$71 million expended in Canada in
1982, Saskatchewan, the Northwest
Territories and Quebec accounted for
98 per cent of the exploration
expenditures with 67, 19 and 12 per
cent of the total, respectively.

** Expenditures on exploration and
surface development drilling and
all other costs directly associ-
ated with uranium exploration
activities, excluding land
acquisition. Overhead charges
not directly associated with such
activities are not included.
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TABLE 12

Uranium Exploration Drilling and Surface Development Drilling
Activity in Canada, by Province or Territory, 1980, 1981 and 1982.

Province or
territory 1980 1981 1982

(000 m)

Saskatchewan

Northwest Territories

Quebec

Nova Scotia

Ontario

New Brunswick

Newfoundland

Manitoba

Alberta

Yukon Territory

British Columbia

Unspecified

368.6

55.1

24.1

16.4

11.1

9.1

8.1

2.9

1.7

1.0

0.0

5.3

300.7

'22.6

18.5

9.3

3.0

1.0

2.7

0.4

0.6

0.0

0.0

0.0

213.5

21.5

12.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Total* 503.0 359.0 247.0

* Totals rounded
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TABLE 13

Uranium Exploration Expenditures in Canada by
Province or Territory, 1980, 1981 and 1982

Province or
territory

Saskatchewan

Northwest Territories

Quebec

Nova Scotia

Newfoundland

Ontario

New Brunswick

Yukon Territory

Manitoba

Alberta

British Columbia

Unspecified

1980

77.2

29.1

6.4

4.5

3.7

1.7

1.4

1.3

1.1

1.0

0.6

0.3

1981

($ million)

60.8

23.6

8.8

3.0

1.6

0.9

0.8

0.7

0.2

1.1

0.1

0.5

1982

47.9

13.2

8.4

0.0

0.3

0.4

0.2

0.3

0.0

0.0

0.0

0.0

Total* 128.0 102.0 71.0

* Totals rounded.
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Figure 10 illustrates the trend
in uranium exploration expenditures
together with increases in the
uranium price since the early 1970s.
By 1976, considerable momentum had
been built up in uranium exploration
in Canada, primarily in response to
the incentive provided by rising
uranium prices. Although prices were
relatively stable during the late
1970s, the momentum achieved during
the mid-1970s together with the major
discoveries in Saskatchewan contri-
buted to still further expansion in
uranium exploration activity. The
decline in uranium exploration expen-
ditures, in an apparent response to
softening in the uranium market, has
become increasingly evident with each
successive survey since 1980.

In 1982, 74 companies or joint
ventures were actively involved in
uranium exploration in Canada; of
this total 34 acted as project
operators.

The 10 most active organiza-
tions*, accounting for some 85 per
cent of the $71 million total, were,
in alphabetical order, AGIP Canada
Ltd., Amok Ltd., Asamera Inc.,
Eldorado Resources Limited/Eldor
Resources Limited, Gulf Minerals
Canada Limited, PNC Exploration
(Canada) Co. Ltd., Saskatchewan
Mining Development Corporation
(SMDC), SERU Nuclear (Canada)
Limited, Uranerz Exploration and
Mining Limited, and Urangesel1schaft
Canada Liirp :.ed. Six of those

* In certain cases, the identified
operator company has reported the
total expenditures of a joint-
venture effort. Thus, contri-
butions by other parties not
responding to the URAG survey are
accounted for in the $71 million
total.

companies have been amongst the top
10 from 1979 to 1982, inclusive;
another two are represented in three
of the four years.

Six of the above 10 operators are
companies whose majority interests
are held outside of Canada and which
are responsible, either directly or
indirectly, for procuring uranium for
their national utilities.

Not all companies that responded
to the URAG questionnaire had planned
their exploration expenditures for
1983 at the time of the survey.
However, it appears that expenditures
for 1983 may approach $50 million, no
doubt continuing to reflect the loss
in incentive that resulted from the
sharp decline in uranium prices
between 1979 and 1982.

Figure 10.

Responsiveness of Uranium Exploration
Expenditures in Canada

to Uranium Price Movements, 1971-82
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Figure 11.

Distribution of Uranium Exploration
Expenditures in Canada by Province

or Territory, 1976 to 1982
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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. Other
factors relate to the geological
nature of individual deposits, the
provision of manpower, equipment and
financing, and the economic, politi-
cal and regulatory climate. As noted
above, known deposits associated with
certain existing and committed pro-
duction centres are capable of sup-
porting significant levels of produc-
tion beyond 1995. In addition, there
are certain planned and prospective
production centres that could
increase Canada's level of produc-
tion, should markets warrant their
development. The productive lives of
some of these centres could be
extended in certain cases by the
realization of presently undiscovered
resources tributary to them (i.e.,
prognosticated resources) or by the

exploitation of associated higher-
priced resources that are not
currently considered economic.

For the purpose of illustrating a
range of production possibilities
over the longer ter;i, based on these
"known" supply sources, the two
production capability scenarios
developed in Part One of this report
have been extended to the year 2025
(Table 14)*. Of necessity, the pro-
jections assumed that there would be
adequate supplies of manpower, equip-
ment and materials, that there would
not be unmanageable financing or
regulatory difficulties, and that the
market would develop in an orderly
pattern. It bears repeating that the
projections are supported only by
measured, indicated and inferred
resources in the A plus B price
category.

Production capability from
existing plus committed production
centres is expected to decline after
reaching a level of about 12 000
tU/year in the late 1980s, unless
additional resources are identified
to extend their lives, or unless
resources in the C price category are
exploited. Resources that currently
support these production centres
would be depleted by about 2020.
Similarly, the production capability
achievable with the addition of
planned and prospective production
centres would decline, after reaching
a peak of some 15 000 tU/year i.i the
early 1990s, to a level approaching
only 1 000 tU/year by the year 2025.
In view of the uncertain short—term
market outlook, however, it is
unlikely that all of the planned and
prospective production centres will
be in place by the early 1990s as
indicated in the projection, thus
deferring the achievement of these
higher levels of production until
later in the 1990s.

* The methodology is described in an
EMR publication, "Monitoring
Canada's Uranium Supply".f8'



Clearly there is considerable
uncertainty associated with such
long-term projections and they should
be viewed only as a very qualitative
illustration of possible production
levels that could be supported by
known deposits. If production in
excess of such projected levels is to
be achieved, it must come from pro-
duction centres in addition to those
described in Part One of this
report. Moreover, these production
centres would need to be supported
largely by new discoveries, the
realization of which would involve
considerable exploration and develop-
ment effort on a timely basis. There
have been two or three recent dis-
coveries noted earlier that, upon
further evaluation and given adequate

incentive, may prove to be potential
new production centres. The poten-
tial for additional discoveries in
Canada, as reflected in the estimates
of prognosticated and speculative
resources described above, is
excellent.

It is important to realize that
long lead-times and particular risks
are inherent in 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 dis-
cove:.-y. 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 exploration
momentum now could jeopardize future
supply opportunities.

TABLE 14

Illustrative Long-Term Production Capability
From Known Canadian Deposits

Year

Tonnes U
contained in concentrates

Low Scenario*

1985
1990
1995
2000
2005
2010
2015
2020
2025

11
12
9
6

5
2
1

500
100
900
800

000
300
200
200

0

High Scenario**

12 000
13 500
14 200
12 100

8 100
5 400
3 200
2 500
1 200

* Projection is based on existing and committed production
centres only; certain expansions at existing production
centres are deferred and standby operations are excluded;
output is derived from resources currently mineable at a

uranium price of $170/kg U or less.

** Projection is based on existing, committed and selected
uncommitted production centres including those on standby;
output is derived from resources currently mineable at a
uranium price of $170/kg U or less.



II 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 1982,
almost 150 000 MWe of nuclear capa-
city was installed in OECD countries,
contributing some 13.5 per cent of
their total generated electricity.
Indeed, there are five OECD countries
that obtain more than one-quarter of
their electricity from nuclear energy
(see Figure 12). The province of
Ontario would rank among these
leaders, with more than one-third of
its current electrical generation

being nuclear fuelled (9)

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 between 15 600 and 20 300
MWe, requiring approximately 2 500 tu
per year. By that time nuclear
energy will be providing about 18 per
cent of Canada's electricity supply
(over 60 per cent in Ontario). In
OECD countries as a whole, installed

nuclear power capacity is expected to
grow to 450 000 MWe by the year 2000,
increasing nuclear's overall share of
electricity generation to almost
29 per cent (see Figure 12). Related
uranium requirements would grow from
the current level of some 30 000
tU/year to more than 50 000 tU/year
in the early 1990s and to almost
70 000 tU/year by the year 2000.(9>

Beyond the year 2000, there
remains considerable uncertainty and
controversy about the role that
nuclear power will play in world
energy supply. There is a wide range
of projections for nuclear power
growth, depending on the rate of
economic growth and related require-
ments for electricity, and the extent
to which nuclear power will penetrate
the electricity market. It is ex-
pected that total nuclear capacity
installed in OECD countries could
double or even triple between the
year 2000 and 2025. There are
numerous possibilities for varying
the mix of reactor types that will be
installed over this time period,
which contribute to a broad range of
projected uranium requirements. For
example, given a high rate of nuclear
power growth and limited introduction
of fast breeder reactors, uranium
requirements in OECD countries could
grow to more than 200 000 tU/year by
the year 2025. Proponents of fast
breeders, on the other hand, argue
that requirements in the year 2025
could be an order of magnitude lower,
should this type of reactor be widely
introduced on a commercial scale.
C ' It is more likely, however,
that reactor types currently in
commercial -service will continue to
predominate, and that uranium re-
quirements will continue to increase
at a modest but steady pace.
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Figure 12.

Nuclear Share of Electricity Generated
in Selected Countries, 1982 and 2000

SOUHCE OECD. March 1983

b) Demands in the Uranium Producing Industry

Whatever the magnitude of future
uranium requirements turns out to be,
Canada would appear to have the
capability to provide for its own
needs while maintaining its position
as a leading supplier of uranium to
world markets. Canadian capabilities
can be measured in the world context
in a number of ways. Canada is among
the leading countries in terms of
estimated uranium resources in all
categories, accounting for a signifi-
cant proportion of the world's* low-
cost reserves. It is expected that

the NEA/IAEA's current assessment of
world uranium supply, when published
in late 1983, will illustrate that
Canada continues to be one of the
most promising countries in the world
for the discovery of additional
uranium resources, d ' Moreover,.
Canada has been a reliable uranium
supplier to the world market for over
40 years.

Since 1959, Canada has ranked
second behind the United States in
terms of world production of
uranium. In 1982 it accounted for
about 20 per cent of the world total,
which was estimated at 41 300 tu.
However, in 1983 it is expected to
replace the United States as the
world's leading producer. Its
position as the world's leading
exporter of uranium, although chal-
lenged by Australia and South Africa,
is expected to be maintained, at
least in the short term. In view of
the production capabilities and the
potential for additional discoveries
described in this report, there is
every reason to be confident that
Canada can maintain its leading role
in the world uranium market, while
continuing to supply its domestic
needs.

* World, as used here, excludes USSR,
Eastern Europe and the People's
Republic of China.



Appendix 1

CANADIAN URANIUM EXPORT POLICY

Canada's uranium export policy
was developed within a framework of
general mineral policy objectives
that seek:

(a) to ensure adequate supplies
for domestic needs,

(b) to increase the return to
Canadians from exportable
surpluses,

(c) to strengthen the knowledge
base for national decision
making,

(d) to contribute to orderly
world mineral development
and marketing, and

(e) to realize opportunities for
further processing.

For uranium, there is also the
special overriding requirement that
it be used for non-explosive purposes
only. Uranium exports are restrict-
ed, therefore, to those countries
that have entered into a bilateral
nuclear co-operation agreement with
Canada, and that have ratified the
Non-Proliferation Treaty or made an
equivalent non-proliferation commit-
ment and accepted international safe-
guards on all of their nuclear
activities.

In line with the general mineral
policy framework noted above,
Canada's uranium export policy has
two specific objectives with respect
to domestic security of supply:

Ca) to ensure a 30-year reserve
of nuclear fuel for all
existing and committed
reactors in Canada and for
those planned to start
operation in the following
10-year period; and

(b) to ensure that sufficient
uranium production capacity
is available for the Cana-
dian domestic nuclear power
program to reach its full
potential.

To provide the information base
required to implement Canada's
uranium export policy, a Uranium
Resource Appraisal Group (URAG) was
established within Energy, Mines and
Resources Canada (EMR), to audit
annually Canada's uranium resources.
The structure of this Group and the
duties of its related subcommittees
are described in Appendix 2.

Canadian producers are free to
negotiate their own uranium sales
contracts, but all export contracts
are subsequently reviewed by federal
government authorities to ensure that
they are consistent with Canada's
uranium export policy objectives.
For contracts that are found to be
consistent with these objectives,
export permits are obtained annually
from the Department of Industry,
Trade and Commerce upon application
to and endorsement by the Atomic
Energy Control Board.



Appendix 2

URANIUM RESOURCE APPRAISAL GROUP
(URAG)

URAG is an internal committee of
Energy, Mines and Resources Canada
and is composed of senior officials
and technical experts in the fields
of uranium geology, mining and
milling. Activities of URAG are
carried out by three inter-related
subcommittees:

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
responsible for (a) estimating
the inferred and prognosticated
resources associated with known
uranium deposits in Canada; and
(b) estimating speculative re-
sources of uranium, beyond the
prognosticated category, in
regions of Canada which have
geological environments favour-
able for the occurrence of
uranium.

The subcommittee on Economic
Co-ordination is responsible for
(a) relating known resources to
domestic requirements and export
commitments, the latter in co-

operation with Canadian regula-
tory agencies; and (b) deter-
mining the tonnage of uranium
that is to be reserved for
reactors that are either in oper-
ation or committed by utilities
and recommending how this domes-
tic responsibility is to be
allocated among individual
producers.

Primary responsibility for the
work of the subcommittee on Reason-
ably Assured Resources resides with
the Mine 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 CANMET1s Extractive Metallurgy
Laboratory; uranium production
capability projections are prepared
with the support of the Resource
Supply and Information Branch of
EMR's Mineral Policy Sector. Work
associated with the activities of the
subcommittee on Estimated Additional
Resources is carried out in the
Uranium Resource Evaluation Section
of the Geological Survey of Canada
(GSC), also a Branch of EMR.
Finally, the activities of the
subcommittee on Economic Co-ordina-
tion are centred in the Uranium and
Nuclear Energy Branch of EMR's
Conservation and Non-Petroleum
Sector, which also plays a co-
ordinating role for the overall URAG
exercise.



Appendix 3

CANADIAN URANIUM RESOURCE ASSESSMENTS
— AN HISTORICAL REVIEW —

The first assessment of Canada's
uranium resources was made in 1958 by
the Geological Survey of Canada (GSC)
on the occasion of the Second United
Nations International Conference on
the Peaceful Uses of Atomic Energy at
Geneva.d"' The estimates were
given by geological type and in terms
of short tons of measured, indicated
and inferred ore, with average
grades. In 1964, for the Third
Geneva Conference, a GSC paper fur-
ther classified Canadian resources as
to exploitability at various price
levels.<21>

In 1964 the Nuclear Energy Agency
(NEA), known at that time as the
European Nuclear Energy Agency
(ENEA), set up a Working Party on
Uranium and Thorium Resources for the
purpose of preparing an assessment of
the world's uranium and thorium
resources. The Canadian delegates to
the Working Party adapted the GSC
report to the Third Geneva Conference
to serve as the Canadian submission
to ENEA, and this adaptation formed
part of an international report
published in August 1965.<12>
Coverage of these world studies was
subsequently widened under the joint
auspices of the NEA and the Inter-
national Atomic Energy Agency (IAEA),
and the assessments were expanded to
examine the status of production and
projected demand. Since 1973 the
reports have been published on a reg-
ular biennial basis. < 1 3' 1 4 t o 20>

URAG was established late in 1974
and completed its first assessment of
uranium resources based on data
related to the principal deposits of
Canada in early 1975. That first
report, published in August

19-r5(21) f presented estimates of

Canada's measured, indicated and
inferred resources of uranium. The
assessment, with the advantage of
more uniform collection and evalua-
tion criteria, was considered more
reliable than earlier ones. The
Uranium Resource Appraisal Group
(URAG) completed six further annual
assessments between 1975 and 1980,
which have been published as part of
Energy, Mines and Resources Canada's
(EMR) Energy Policy (EP) series.
(1 and 22 to 26) Successive

reports have been expanded to
incorporate estimates of prognos-
ticated resources (beginning in
1976), the results of an annual
survey of uranium exploration
activity (beginning in 1978), and
estimates of speculative resources
(also beginning in 1978). Both the
1979 and 1980 URAG assessment reports
were restructured to focus separately
on short-term and long-term supply
possibilities with brief balancing
discussions on domestic and export
requirements. Employment statistics
were also included to help illustrate
the size of Canada's uranium mining
industry.

A review of priorities within EMR
in 1981 led to a decision to publish
formally, (in report form) the
results of URAG's resource assess-
ments on a biennial basis. However,
selected results of the 1981 assess-
ment were made available to regular
users of URAG data in a fact-sheet-
type format. Some of the 1981 data
are repeated in this report, which
also presents the results of the 1982
assessment. These last two assess-
ments have subdivided Canada's
estimates of uranium resources into
three rather than two levels of
economic exploitability.
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Appendix 4

DEFINITIONS OF RESOURCE AND
PRODUCTION TERMINOLOGY

In its annual assessment of uran-
ium resources, the Uranium Resource
Appraisal Group (URAG) divides its
estimates into five separate cate-
gories reflecting different levels of
confidence in the quantities report-
ed. These categories are further
separated into three levels of ex-
ploitability 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, sam-
pling, 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
which tonnage 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 con-
cealed, 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 speci-
fic limits established for
inferred ore. They may include
tonnages of portions of identi-
fied orebodies or of concealed
satellite orebodies, the exis-
tence of which can be assumed
along well established geological
trends associated 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 geo-
logical extrapolations in virgin
areas or in areas where only
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.

Except where noted resource
estimates refer to quantities of
uranium contained in ore mineable
at given uranium prices (i.e.,
ore recoverable by mining, with
due consideration of ore dilu-
tion). While millinc losses are
taken into account in the deter-
mination of cut-off grades for
ore mineable at given prices
(i.e., prices for uranium in
concentrate), such losses are not
normally applied to the mineable
ores. Although the recovery of
uranium from ores currently being
mined is about 93 per cent, re-
coveries are likely to be signi-
ficantly lower should lower grade
ores be mined in the future. If
such is the case, the distinction
between mineable resources (U
content of ore) and recoverable
uranium (U recoverable from ore)
will become increasingly
important.

For national and international
purposes, Canadian resource
estimates are often quoted in
terms of the international
uranium resource definitions
employed by the joint NEA/IAEA*
Working Party on Uranium

Resources. The terms Reasonably
Assured Resources (RAR) and

Estimated Additional Resources
(EAR) and their definitions were
first developed in 1964 and were
retained until recently, with
only minor modification, in
periodic NEA/IAEA world uranium
supply assessments. It is per-
tinent 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 classifi-
cation.**

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/5' 6 ) In late 1982,
the NEA/IAEA redefined its EAR
category to distinquish between
the discovered and the undis-
covered components of those addi-
tional resources that are expect-
ed 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
Tl (EAR-II), respectively.

* NEA - Nuclear Energy ;.gency of
the Organization for
Economic Co-operation and
Development.

IAEA - International Atomic
Energy Agency.

** For purposes of international
comparison Canada's three defined
"price" categories may be con-
sidered equivalent to the
NEA/IAEA's three defined "cost"
categories, from the lowest to
the highest, respectively, i.e.,
the three defined cost/price
categories are illustrated by
blocks labelled A, B and C,
respectively in Figure A-l.
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The NEA/IAEA resource defini-
tions, to be published in the
Working Party's most recent world
assessment as of December 1983,
are as shown below. Their
relationship to definitions used
in EMR's annual assessment of
uranium resources is illustrated
in Figure A-l.

"Reasonably Assured
Resources (RAR) refers to
uranium that occurs in known
mineral deposits of such
size, grade and configura-
tion that it could be
recovered within the given
production cost ranges, with
currently proven mining and
processing technology.
Estimates of tonnage and
grade are based on specific
sample data and measurements
of the deposits and on know-
ledge of deposit character-
istics. Reasonably Assured
Resources have a high assur-
ance of existence and in the
cost category below $80/kg U
(block 1A of Figure A-l) are
considered as reserves for
the purpose of this report."

"Estimated Additional
Resources Category
(EAR-I) refers to uranium in
addition to RAR that is ex-
pected to occur, mostly on
the basis of direct geologi-
cal evidence, in extensions
of well-explored deposits,
and in deposits in which
geological continuity has
been established but where
specific data and measure-
ments of the deposits and
knowledge of the deposits'
characteristics are consid-
ered 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. Estimates of ton-
nage and grade would be
based on such sampling as is
available and on knowledge
of the deposit character-
istics as determined in the
best known parts of the
deposit or in similar
deposits. Less reliance can
be placed on the estimates
in this category than on
those for RAR."

Figure A-l.

Classification scheme for resources of
recoverable uranium

(Energy, Mines and Resources Canada).

INCREASING CONFIDENCE IN QUANTITIES REPORTED



"Estimated Additional
Resources Category II
(EAR-II) refers to uranium
in addition to EAR-I that is
expected to occur in
deposits believed to exist
in well-defined geological
trends or areas of minerali-
zation with known deposits.
Such deposits can be dis-
covered, delineated and the
uranium subsequently recov-
ered, all within the given
cost ranges. Estimates of
tonnage and grade would be
based primarily on knowledge
of deposit characteristics
in known deposits within the
respective trends or areas
and on such sampling, geo-
logical , geophysical or geo-
chemical evidence as may be
available. Less reliance
can be placed on the
estimates in this category
than on those for EAR-I."

"Speculative Resources (SR)
refers to uranium, in addi-
tion 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 envis-
aged in this category could
generally be specified only
as being somewhere within a
given region or geological
trend. As the term implies,
the existence and size of
such resources are highly
speculative."

In presenting its definitions,
the NEA/IAEA emphasizes that the
distinctions drawn between the four
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").

For purposes of international
comparison, in the NEA/IAEA context,
URAG has generated estimates in the
RAR and EAR I categories that have
been adjusted for expected ore pro-
cessing losses (i.e., U recoverable
from ore, as opposed to U contained
in mineable ore). These estimates
are presented separately in this
report, with appropriate qualifi-
cation.

With the increased emphasis being
placed on projections of production
capability as illustrations of
uranium supply possibilities, it has
become necessary to formalize a
number of terms used in the descrip-
tion of such projections. In its
most recent assessment of world
uranium supply, the NEA/IAEA has
introduced the following terms, which
are also used throughout this report.

"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 condi-
tion 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
completed 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 expen-
ditures 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 produc-
tion capability are supported
only by RAR and/or EAR I).
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NOTE TO EDITORS

URANIUM RESOURCE ESTIMATES RELEASED

Estimates of Canada's uranium resources for 1982 remained essentially

unchanged from those of 1980, according to a report released today by Energy Minister

Jean Chretien.

However, the report says economic conditions facing the industry have

changed greatly during the past few years as production costs continued to rise

without corresponding increases in uranium prices. As a result, a smaller portion

of Canada's uranium resources is of current economic interest.

The report, entitled "Uranium in Canada: 1982 Assessment of Supply

and Requirements", indicates that total resources in the measured, indicated and

inferred categories amount to 573 000 tonnes of uranium. Just over 10 per cent

of this uranium will be required domestically during the next 30 years to fuel the

more than 15 000 megawatts of nuclear power capacity now operating or committed

for operation in Canada by 1993.

The report states that in 1982 seven uranium producers in Canada, directly

employing some 5000 people, produced concentrates containing 8075 tonnes of uranium.

Based on currently committed expansion plans, Canada's projected annual production

capability could grow to some 12 000 tonnes of uranium by 1986.

Canadian producers shipped 7643 tonnes of uranium valued at some

$838 million in 1982. As of January 1, 1983, outstanding uranium export commitments

amounted to 60 000 tonnes or roughly 10 per cent of the total Canadian uranium

resources mentioned above. Japan has been Canada's most important single customer

in the past decade, receiving about 34 per cent of Canada's total exports since 1972.

Most of the remaining exports have gone to the European Economic Community

(33 per cent), other countries in Western Europe (18 per cent), and the United States

(15 per cent).

Reference is also made in the report to the substantial efforts in uranium

exploration that have been maintained, especially in northern Saskatchewan, where

two-thirds of the $71 million total exploration expenditures of 1982 were incurred.

This continued effort has led to the discovery of a number of important deposits

Canada1
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over the past few years which could be developed if market conditions improve.

It is estimated that total Canadian production capability could reach 15 000 tonnes

of uranium annually by the mid-1990s.

Canada is a leading supplier of uranium to the world's uranium markets.

Its significant potential for additional discoveries, together with the experience

of over 40 years of uranium production, ensures that it will remain a reliable long-

term supplier well into the next century.
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For further information, please contact: Robert Whillans
Uranium and Nuclear Energy
Energy, Mines and Resources
(613)995-1118, ext. 247


