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Preface

This bulletin is, in part, a reproduction of a paper presented at the 1976
Joint Annual Meeting of the Geological Association of Canada and
Mineralogical Association of Canada in Edmonton, Alberta, May 10-21,
1976. The paper reviews briefly the status of world uranium supply and
demand as of January 1, 1975 using as its principle reference the latest world
study prepared by the joint working party on uranium resources of the
Organization for Economic Co-operation and Development's Nuclear Energy
Agency (NEA) and the International Atomic Energy Agency (IAEA). The
author has been associated with the NEA/IAEA Working Party since 1969.

Canadian exploration requirements are also examined in the paper, in the
context of the world supply and demand situation as of January 1, 1975, as
well as in the context of the new uranium export guidelines announced by
the federal government in September 1974. Exploration requirements are
described using a methodology developed in the Mineral Development Sector
of the Department of Energy, Mines and Resources for its 1973 Mineral Area
Planning Study (MAPS).

Also included, as an Appendix, is Canada's submission to the latest
IMEA/IAEA Study on World Supply published in December 1975. The
resource data covered in this submission is based on the Department's 1974
Assessment of Canada's Uranium Supply and Demand, published in August
1975.
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Abstract

Annual world uranium demand is expected to increase 12- to 15-fold by
the year 2000. In response to this demand, annual world production capacity
will grow by 35 per cent to 44,000 tonnes of uranium by 1978. Further
expansion is possible, contingent on early production decisions, sufficient to
meet annual world requirements approaching 90,000 tonnes of uranium in
1985. Known low-cost uranium reserves do not provide sufficient forward
reserves for production levels forecast beyond 1979, and known higher-cost
reserves extend the satisfactory forward reserve position by only five years.
To support forecast world production levels beyond the early 1980s,
significant reserve additions will be required, largely through new discoveries.

Since 1965, Canada has dropped from first to fourth place, after
Australia, South Africa, and the United States, in terms of low-cost,
reasonably assured resources. Canada continues to rank second, after the
United States, in terms of production. Canadian nuclear fuel requirements are
expected to grow by 14 per cent a year, approaching 12,600 tonnes of
uranium in 2000. Thus, an ever-increasing portion of domestic reserves and
production must be allotted to domestic use. The ability of Canada to remain
an exporter of uranium — indeed its ability to meet long-term domestic needs
— will depend on a massive and successful exploration effort over the next 10
to 20 years.

IV



Résumé

On prévoit que, d'ici l'an 2000, la demande annuelle mondiale d'uranium
sera de 12 à 15 fois supérieure à celle d'aujourd'hui. Pour satisfaire à cette
demande, la capacité de production annuelle du monde augmentera d'environ
35 pour cent, atteignant 44,000 tonnes d'ici 1978. À condition de prendre au
plus tôt des décisions sur l'exploitation, il sera possible d'augmenter plus
encore la production, et ainsi de pouvoir répondre aux besoins annuels du
Globe, qui s'approcheront des 90,000 tonnes en 1985. Les réserves coimues
d'uranium à faible prix de revient ne constituent pas des réserves assurées
suffisantes pour les exploitations qui seront, selon les prévisions, en service
après 1979, et les réserves à prix de revient élevé n'ajouteront que de cinq ans
à la période pendant laquelle les réservas assurées seront suffisantes. Afin
d'appuyer les exploitations mondiales qui seront, selon les prévisions, en
service après le début des années 80, il faudra accroftre considérablement les
réserves, au moyen surtout de nouvelles découvertes.

Dans le domaine des ressources raisonnablement assurées à faible prix de
revient, le Canada est passé depuis 1965 du premier au quatrième rang: il se
place ainsi derrière l'Australie, l'Afrique du Sud et les États-Unis. Quant à la
production, il conserve le deuxième rang, après les États-Unis. On s'attend
que les besoins du Canada en combustible nucléaire augmenteront de 14 pour
cent par année et qu'ils se chifferont à près de 12,600 tonnes d'uranium en
l'an 2000. Par conséquent, il faudra qua le Canada s'attribue une partie
toujours plus grande de ,'a production et des réserves intérieures. Pour
conserver son statut d'exportateur d'uranium, voire pour satisfaire à ses
propres besoins à long terne, le Canada devra faire un effort gigantesque
d'exploration.
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Introduction
The world uranium industry entered a
new chapter in its history about two
years ago with a rather dramatic shift
from a buyers' to a sellers' market. In the
wake of the international oil crisis of the
winter of 1973-74 many consumers, who
had previously purchased uranium only in
small quantities on a short-term basis,
moved rapidly to contract for their
longer-term needs. Prices, which had
reached all-time lows of less than $5 per
pound uranium oxide (U3O8), adjusted
quickly to levels of $12 to $13 per pound
by mid-1974 and, as surplus inventories
and excess capacities became fully com-
mitted, they continued to rise, reaching
some $30 per pound by the end of 1975.
Today, uranium is virtually unavailable
for immediate delivery and prices are
pushing $40 per pound.

As a result of these changes in the
nature of the uranium market, interest in
uranium exploration has been rekindled
and considerable activity is evident on a
world-wide basis. Not surprisingly, much
of this activity is being financed by
consumers themselves in an effort to
guarantee their future requirements of
nuclear fuel. As we enter this new and
perhaps final chapter of uranium's
history, it is important to review the

magnitude of predicted world require-
ments and the status of world supply, in
an effort to put in proper perspective
Canada's position as it relates to the task
of meeting these requirements over the
next 25 years.

As the principal reference for this
review the author refers to the latest
world study of supply and demand,
issued by the Organization for Economic
Co-operation and Development (OECD)
in Paris1. The study is the sixth in what is
now a well-known series published by
OECD since 1964. The studies have been
prepared by an international working
group formed jointly by the OECD's
Nuclear Energy Agency (NEA) and the
International Atomic Energy Agency
(IAEA). The author has had the privilege
of being associated with this group since
1969.

World Uranium
Demand
By December 1975 there were almost
70,000 electrical megawatts (MWe) of
nuclear power capacity installed in the
world* (Table 1). These reactors pro-
duced some 330 million MWh of electrici-

•World excludes the People's Republic of
China, the U.S.S.R. and Eastern Europe.

Table 1. Estimated world nuclear power growth (thousand electrical Megawatts)

United States
OECD-Europe1

Other-OECD2

Non-OECD3

-r , HighTotals a

Low

1975

40
19
9
1

69
69

1980

82
79
24
9

194
179

1985

205
212
67
46

530
479

1990

385
378
127
114

1004
875

2000

1000
799
281
400

2480
2005

Source NEA/IAEA, December 1975.
1 About 80 per cent of total capacity to be installed in France, West Germany, Italy, Spain and United
Kingdom. 2About 25 per cent and 75 per cent of total capacity to be installed in 1975 in Canada and
Japan, respectively, increasing to 40 per cent for Canada and decreasing to 56 per cent for Japan by
2000. 3Africa, South and Central America, Middle East and Southeast Asia.



ty during that year. Of pertinence to
Canadians is Canada's Pickering nuclear
station, which produced almost 12
million MWh during 1975 and by January
1976 became the world leader in terms of
total nuclear electricity produced in its
lifetime, with more than 50 million MWh
to its credit3. The NEA/IAEA predicts
that installed nuclear capacity will grow
to between 2.0 and 2.5 million MWe by
the year 2000, of which about half will
be in the United States. The remainder
will be primarily in France, Japan, Italy,
West Germany, United Kingdom, Canada
and Spain, respectively, by order of im-
portance.

These estimates of nuclear power

growth can be translated into annual
requirements for uranium as shown in
Figure 1. Annual requirements will grow
from about 18,000 to between 236,000
and 313,000 metric tons uranium (tonnes
U)* by the year 2000, depending on a
number of variables. Factors which would
apply upward pressure on the projections
would be increasing prices for fossil fue's
relative to uranium, continued delays in
the realization of commercial nuclear fuel
reprocessing and plutonium recycling,
and the likelihood of increasing operating
tails assays in United States enrichment
plants. On the other hand, there continue

'1 metric ton uranium metal (1 tonne U) =
1.299 short tons U3O8.

ANNUAL WORLD URANIUM REQUIREMENTS
1975 - 2000
MINcBAl DEVELOPMENT SECTOR

DEPARTMENT OF ENERGY, MINES AND RESOURCES
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to be construction delays, postponements
in nuclear power plans due to difficulties
in capital financing, and some cancella-
tions due to a decline in expected growth
of electricity requirements. There also
continues to be considerable controversy
over both the environmental and strategic
implications of nuclear power, as evi-
denced by the increasing number of
nuclear protest groups. Although most of
these factors are already built into the
NEA/IAEA estimates, the author has
chosen the lowest set of estimates for his

supply-demand analysis .
Before turning to an examination of

the present world supply situation, it is
instructive to compare the demand fore-
cast for uranium with that for other
principal mineral commodities, as shown
in Figure 2. For uranium we see a 12- to
15-fold increase over the next 25-year
period compared with only a 2- to 3-fold
increase for copper, zinc, iron ore and
nickel. This works out to a rate of growth
in demand of some 15 to 20 per cent a
year over the next ten to 15 years.

PROJECTED GROWTH in WORLD DEMAND
,400 SELECTED MINERAL COMMODITIES

1975 - 2000

1200

1000

MINERAL DEVELOPMENT SECTOR
DEPARTMENT OF ENERGY, MINES AND RESOURCES

O
o.. 800

E
X 600
Ul
az

4 0 0

2 0 0

1975 1980 1985 1990 1995 2000
SOURCE: MDS-EMR, 1975
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World Uranium
Resources

The NEA/IAEA classifies uranium
resources according to two classes of
existence and two different levels of
economic exploitability. Figure 3 sum-
marizes the world's estimated "Reason-
ably Assured Resources" recoverable in
two cost categories as of January 1, 1975.
It is readily apparent that most of the
presently known lower-cost Reasonably
Assured Resources are located in the

United States, Australia, South Africa
and Canada. United States resources in
this category have since increased frac-
tionally to 330,000 tonnes U5, and the
Australian total could be low by perhaps
25 per cent due to increases in reserves
announced by Pancontinental Mining
Limited for its Jabiluka operation6'7.
With reference to the $15 to $30 per
pound U3O3 cost category it is important
to add the qualifications that the Swedish
material is in bituminous shales, and a
major part of the total shown for "Other
Europe" is in Spanish lignites. The avail-

450

400

350

300

250

150

100

50

WORLD REASONABLY ASSURED RESOURCES
AS OF JANUARY I, I97S

MINERAL DEVELOPMENT SECTOR
DEPARTMENT OF ENERGY. MINES AND RESOURCES

m
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ability of uranium from both these
sources is likely to be quite limited.
Generally speaking, we know less about
the higher-cost resources, because the
bulk of exploration effort has been
directed toward the lower-cost material.

Figure 4 illustrates the NEA/IAEA's
world estimates, as of January 1, 1975, in
the category "Estimated Additional
Resources". In this case, Canada and

United States are unquestionably the
leaders, largely because few other coun-
tries have made much of an effort to
assess their potential uranium resources.
The recently — released United States
figures for January 1, 1976 are un-
changed from those in the NEA/IAEA
study. Again, it should be pointed out
that the material for Spain is largely
contained in lignites.

ISO
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WORLD ESTIMATED ADDITIONAL RESOURCES
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MINERAL DEVELOPMENT SECTOR
DEPARTMENT OF ENERGY, MINES AND RESOURCES

TOTAL - 1 , (10 ,000 TONNES URANIUM

UNITED
STATES

RECOVERABLE AT COSTS OP TO
S I S PER I h . 0 , 0 ,

RECOVERABLE IT COSTS BETWEEN
S H»MBJ3BHRIb. ttjfti

Source: N E A/IAEA Dec. 1975
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It is important to recognize that these
estimates of resources represent only part
of what might ultimately be discovered in
the world. Figure 5 illustrates the rela-
tionship of the NEA/IAEA classifications
to a total classification scheme for re-
coverable resources8. The Reasonably
Assured Resources that we have examin-
ed are contained in blocks 1A and IB,
while the Estimated Additional Resources
are contained in blocks 2A and 2B. When
we refer to reserves in the sense of the
international definitions, we are referring
only to block 1A, that is, reasonably
assured resources in the lower-cost cate-
gory.

The NEA/IAEA assessment ;s res-
tricted to known uranium districts and
does not consider potential in virgin
areas, or in areas with only uranium
occurrences, however favourable the
geology might be. Furthermore, the
assessment is limited to those resources
considered exploitable below costs of $30
per pound U3O8 under economic and
technological conditions of late 1974. In
this context, it should be emphasised that
the Canadian figures are expressed in
terms of recoverability at various price
levels rather than cost levels as in the case
of other contributors to the latest NEA/
IAEA study.

CLASSIFICATION SCHEME for
RECOVERABLE URANIUM RESOURCES
MINERAL DEVELOPMENT SECTOR
DEPARTMENT OF ENERGY, MINES AND RESOURCES

INCREASING ASSURANCE of EXISTENCE

EXISTENCE CLASSES

Figure 5



Clearly, when the NEA/IAEA esti-
mates of resources are viewed in this total
perspective, they can be considered, in a
sense, conservative estimates of world
uranium resources. A number of steps
have been taken during the past year or
so by the NEA/IAEA and other interna-
tional organizations to work toward a
better and more comprehensive assess-
ment of world resources. In the mean-
time, this is the best assessment available.

World Production
Capabilities

To arrive at an estimate of the availability
of these resources to meet the world's
nuclear fuel requirements, we must ex-
amine the production capacities that
these resources will support. Naturally,

production capacities expected over the
next few years or so will be based
essentially on the lower-cost Reasonably
Assured Resources or reserves as depicted
in block 1A of our classification scheme.
Figure 6 illustrates the NEA/IAEA pro-
jections of production capacity based on
these reserves, estimated as of January 1,
1975. The graph shows the distribution,
by country, of annual production capa-
cities planned for 1975 and 1978 to-
gether with projections for 1980 and
1985. The projections are optimistic in
that they assume availability of sufficient
labour, equipment, finances, base-load
contracts and lead-time. Thus they repre-
sent the maximum attainable levels of
production, all systems being "Go".
Again we see that the bulk of production
is expected to come from only a few
countries during this time period.

ANNUAL WORLD URANIUM PRODUCTION CAPACITIES
BASED ON RESERVES AS OF JANUARY I, 1975
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Figure 7 compares the total of these
projected production capacities with the
projections of wcrid uranium require-
ments examined earlier. The capacity of
87,000 tonnes U per year which is
theoreticaly attainable by 1985, based
on current reserves, would appear to be
sufficient to match requirements to that
time. However, it should be emphasised
that, as of the study date, there were no
commitments to increase capacity

beyond 44,000 tonnes U per year. More-
over, the 87,000 — tonnes-per-year attain-
able figure is an "all systems go" projec-
tion, as noted earlier. Finally, even if the
attainable capacity could be achieved in
that time interval, the level of production
would gradually decline as various de-
posits become depleted, unless new
deposits are discovered and developed to
fill the growing production gap after
1985.

ANNUAL WORLD URANIUM REQUIREMENTS
1975 - 2000
MINERAL DEVELOPMENT SECTOR
DEPARTMENT OP ENERGY, MINES AND RESOURCES

300
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FORECAST RAN6E
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FORECAST RANEE
WITH PLUTONIUM RECYCLE
BEGINNIN6 IN 1981

Assumes 0.25% U235
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commercial breeders
beginning in mid 1990's.
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World Reserve
Requirements

Before turning more specifically to the
Canadian situation, it may be useful to
get a global impression of the magnitude
of the exploration requirement to the end
of the century. The lower curve of Figure
8 shows cumulative requirements to 1990
to be 1.1 million tonnes of U, using the
lowest of the latest NEA/IAEA estimates.
By the year 2000 this would increase to
almost 3.0 million tonnes. Moreover, all

those reactors installed by the year 2000
would require an additional 4.0 million
tonnes U to refuel them for a further 30
years. A cumulative requirement curve,
however, understates the question of how
large our reserves need to be at any point
in time. Because of the time required to
replace reserves that are being produced,
a viable industry must at all times main-
tain reserves sufficient to meet an appro-
priate period of forward requirements.
The upper curve of Figure 8 illustrates
the reserve position necessary to meet ten
years of forward requirements.

3000

CUMULATIVE WORLD URANIUM
REQUIREMENTS, 1975-1990

MINERAL DEVELOPMENT SECTOR
2 5 0 0 DEPARTMENT OF ENERGY, MINES AND RESOURCES

2000
Assumes Low Power Growth,
Plutonium Recycle Post-1981,
0.25% U«* Enrichment
Tails Assay and Commercial
Breeders Beginning mid-1990s

1500

I
§1000

'CUMULATIVE REQUIREMENTS
iPLUS 10-YEAR FORWARD RESERVE

REQUIREMENTS|(E

Figure S



Figure 9 compares this desirable
reserve position with present world ura-
nium reserves of 1.1 million tonnes which
represent about a 15-year forward re-
serve. The desirable growth in the reserve
level can be illustrated by curve A-C.
From this it can be seen that, in gross
cumulative terms, over the next 15 years
the world must realize some 1.9 million
tonnes of uranium reserve additions.
Gross annual additions to reserves will
have to at least double from average
annual additions achieved over the last
five years, to over 200,000 tonnes U per
year by 1990. The bulk of these reserve
additions will have to come from new
discoveries.

Canada's Uranium
Export Policy
Turning now to the Canadian situation let
us examine in more detail the status of
our uranium industry in the world con-
text. Canada is in the unique position of
being both a major consumer and a major
exporter of uranium. In recognition of
the heavy demands that would be placed
on the industry with the shift from a
buyers' to a sellers' market, the federal
government moved in early 1974 to firm
up its uranium export policy. New export
guidelines were announced in September
1974 which have two primary ob-
jectives9 :

3000

CUMULATIVE WORLD URANIUM
REQUIREMENTS, 1975-1990

MINERAL DEVELOPMENT SECTOR
2 5 0 0 DEPARTMENT OF ENERGY. MINES AND RESOURCES

£2000
ADDITIONAL

RESERVE DEVELOPMENT
REQUIREMENTS'?

1.9 Million Tonnes Urinigm

1976 1980 1985 1990

Figure 9
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1. to ensure a long-term domestic
fuel supply for existing and com-
mitted reactors and for reactors
planned for ten years into the
future, and

2. to ensure that sufficient uranium
production capacity is available
for the Canadian domestic nuclear
program to r̂ ach its full potential.

These objectives are consistent with the

mineral policy goal and objectives agreed
to jointly by the provincial and federal
governments in April 197310. As seen in
Figure 10, other elements of Canada's
uranium export policy relate to the ob-
jectives of strengthening the knowledge
base for national decision-making, contri-
buting to orderly world uranium develop-
ment and marketing, and increasing the
economic return to Canadians from ex-
portable surpluses through ealizing op-
portunities for further processing1'.

Mineral Policy Goal and Objectives
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The specif ic aspects of the expor t

guidelines wh i ch w i l l affect the explora-

t ion industry are summarized in Figure

1 1 . Annua l Canadian requirements are

expected t o g row f rom about 500 tonnes

U in 1976 t o some 12,600 tonnes U in

the year 2000 . The guidelines require tha t

suf f ic ient uran ium be reserved fo r

domestic needs t o enable each nuclear

reactor, operat ing or planned for opera-

t ion ten years in to the future, t o operate

at an average annual capacity factor o f 8 0

per cent f o r 3 0 years. On January 1 , 1975

i t was predicted that reactors to ta l l ing

18,400 MWe w o u l d be operating in 1985,

which wou ld require 70,800 tonnes U fo r

their 30-year l i fet imes. This quant i ty of

uranium, referred t o as the "domest ic

uranium a l l oca t i on " , is i l lustrated by

areas A + B under the annual require-

ment curve 9 .

The guidelines fur ther state tha t

domestic ut i l i t ies must maintain a con-

tracted 15-year fo rward supply for their

operating and commi t ted reactors. As o f

January 1, 1975, these figures were 8 ,750

MWe and 20 ,000 tonnes U, the lat ter

quant i ty being represented by area B

CANADIAN URANIUM EXPORT CRITERIA
1975 SITUATION
MINERAL DEVELOPMENT SECTOR

DEPARTMENT OF ENERGY, MINES AND RESOURCES
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under the curve. Finally, export contracts
will be approved for only ten years, with
conditional approval, subject to partial
recall, for a further five years. No con-
tracts will be approved for deliveries
beyond 15 years. The remaining federal
government uranium stockpile, which
amounts to about 5,600 tonnes U, pro-
vides a small buffer stock to provide
additional protection for the first 15-year
period.

Responsibility for the "domestic ura-
nium allocation" is divided amongst all
companies that are marketing uranium, in
proportion to their individual share of
Canada's total uranium resources mine-
able at up to twice the world market
price at the time of assessment. Table 2
lists the resources as audited by the
Department's Uranium Resource Ap-
praisal Group as of January 1, 1975,
together with the relationship of these
resources to those published for Canada
by the NEA/IAEA as of the same date.
For policy purposes, i.e., assigning domes-
tic allocation amongst producers, the
Department includes only uranium
resources in the measured, indicated and
inferred categories, with weighting factors

Tabls 2. Estimated Canadian uranium
resources recoverable at prices up to
$30/lb. U3OK as of January 1, 1975
(Tonnes Uranium)

URAG1 NEA/IAEA
Classification Totals Totals

Measured
Indicated

62,000
95,000 166,000z

Inferred
Prognosticated

247-°°° 419.0003

Sources: EMR, August 1975 and NEA/IAEA,
December 1975.
'Used for export contract approval purposes.
^Reasonably Assured Resources (sum of
measured plus indicated); includes certain
minor resources not covered in 1974 URAG
assessment. 3 Estimated Additional Resources
(sum of inferred plus prognosticated).

of 1.0, 0.8 and 0.7 respectively. New
estimates as of January 1, 1976, have
been prepared by the Uranium Resource
Appraisal Group and were published in
June, 197612. The total of 404,000
tonnes U for the three categories in the
first column show a net increase of some
8 per cent. The new report also published
a figure for prognosticated resources
which shows an increase of about 100 per
cent over the estimated 172,000 tonnes
U, which was included in the 1975
NEA/IAEA study for Canada.

Canadian Uranium
Exploration
Requirements

In view of the predicted growth of
Canada's nuclear power program, the
"domestic uranium allocation" can be
expected to grow from 70,800 tonnes U
in 1975 to perhaps 650,000 tonnes by
the year 2000. Figure 12 shows this ex-
pected growth, together with our com-
mitted exports of uranium, which pre-
sently amount to about 85,000 tonnes
U1 2 . The figure compares these alloca-
tion commitments with four selected
uranium resource estimates for Canada as
of January 1, 1975, with the assumption
that there will be no new discoveries. The
resource estimates decline over the fore-
cast period, according to a projected
optimum production schedule estimated
for the operations which are supported
by these resources.

Four cases were chosen for the exer-
cise in an attempt to illustrate the proba-
bilistic nature of resource estimates. In
other words, a resource estimate has a
certain confidence level (± X per cent)
depending on its classification. The four
estimates were adapted from the Uranium
Resource Appraisal Group's 1975 figures
(Table 2) in the following manner:



(a) Minimum: Measured + Indicated
4- Inferred in the ratio of 1.0,
0.8, and 0.7, respectively; (this
conforms to the export guideline
formula).

(b) Lower Median: Measured + In-
dicated + Inferred in the ratio of
1.0, 1.0 and 1.0, respectively.

(c) Upper Median: Measured + In-
dicated + Inferred + Prognos-
ticated in the ratio of 1.0, 1.0,
1.0 and 1.0, respectively.

(d) Maximum: Measured + Indicated
+ Inferred + Prognosticated in
the ratio of 1.0, 1.2, 1.3 and 1.5,
respectively.

The graph illustrates that, barring new
uranium discoveries*, Canada may not be
in a position to approve further export
contracts until sometime in the period
1984 to 1992. Clearly the solution is to
intensify exploratory effort for the pur-
pose of increasing our uranium resources.

The actual quantity of uranium
resources that must be discovered, how-
ever, will vary considerably depending on
the order in which deposits of different
sizes and grades will be discovered and
developed. This principle is illustrated in
Table 3, which was taken from an EMR

"Assuming that all additions to reserves mu-.t
come from new discoveries rather than from
decreases in costs and improvements in tech-
nology, or extensions to known orebodies.

PROJECTED DOMESTIC URANIUM ALLOCATION
VERSUS
SELECTED URANIUM RESOURCE ESTIMATES
ASSUMING NO DISCOVERIES

MINERAL DEVELOPMENT SECTOR
7 0 0 DEPARTMENT Of ENERGY, MINES AND RESOURCES

1975 1980 1985 1990 1995 2000

Figure 12
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Table 3. Relationship between metal production capacity and required reserves (Contained
Metal) in copper mines of three types.

Number
and Size
of Mines

3 Large
6 Medium
10 Small

Ore

During
Early-Life1

ITonsx 106)

200
40

5

Reserves Per Mine

"Life-Time"2

(Tonsx 106)

250
60
10

Ore
Grade
(% Cu)

0.5
1.5
3.0

Total
. Contained Metal

In Reserves
All Mines
(TonsCu)

3.750,000
5,400,000
3,000,000

Daily
Mine

Production
Per Mine
(Tons Ore)

30.000
5,000
1,500

Annual
Total Metal

Production
All Mines
(Tons Cu)

135,000
135,000
135,000

^Typical "Proven reserves" during early life of mine. ^Total reserves cumulated over the life of the mine.
^Assume 100 per cent recovery.

Table 4. Number and type of Canadian uranium discovery requirements1,1975-1995

To Meet 10% of
World Requirements

To Meet 15% of
World Requirements

Timing of
Required
Discovery

No. and Type No. and Type

AL ENL DML RAM AL ENL DML RAM

1975-1980
1981-1985
1986-1990
1991-1995

Totals 12

3
3
4

10

lAssumesaM resource additions will be met by new discoveries and not partly by lowering costs, im
provements in technology, or extensions to known deposits.

^Illustrative Discovery Types
AL — Amok Ltd.
ENL— Eldorado Nuclear Limited
DML— Denison Mines Limited
RAM- Rio Algom Mines Limited

study on metal mining in Canada. The
table shows that, in terms of providing a
certain amount of annual production
from three types of copper mines, the
largest quantity of total metal reserves is
required if production comes from
medium-sized mines. It follows that, if a
large number of small-sized, medium-to
high-grade deposits were to be discovered
and developed on an appropriate time
scale, future requirements could be met
with a minimum of forward reserves4.
More realistically, a mix of different
types of deposits will be discovered.

consisting of different sizes and grades
and production capabilities.

Figure 13 looks at a projection of
Canadian uranium production* to the
year 2000, based on known resources as
of January 1, 1975. The projection
should be viewed as a maximum attain-
able output from these known resources,
in that it assumes adequate availability of
manpower, equipment, capital financing,
the existence of base-load contracts and
sufficient lead-time. The important ob-

'This projection is the same projection used in
the upper median case of F igure 1 2.
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servation is the production gap which will
occur after the mid-1980s should no new
deposits be discovered.

One method of illustrating the nature
of the exploration challenge is to analyze
this production gap in terms of the size,
grade and production capability of
known deposits (Table 4). Consider for
example, four types of operations, name-
ly Eldorado Nuclear Limited's Beaver-
lodge operation and Amok Ltee's planned
Cluff Lake operation, both in Saskat-
chewan, and Denison Mines Limited's and
Rio Algom Mines Limited's operations at

Elliot Lake, Ontario. Using as "yard-
sticks" the resources and projected
production capabilities represented by
these operations as of January 1, 1975, it
can be shown that Canada would need to
discover the equivalent of five Amok's,
seven Eldorado's, one Denison and one
Rio Algom to fill the production gap
needed to meet 10 per cent of world
requirements to the year 2000. Alter-
nately, if Canada is to meet 15 per cent
of world requirements, our industry
would need to discover the equivalent of
twelve Amok's, ten Eldorado's, one

ANNUAL CANADIAN URANIUM PRODUCTION
REQUIREMENTS, 1976 to2000
MINERAL DEVELOPMENT SECTOR
DEPARTMENT OF ENERGY, MINES AND RESOURCES

35

30

POSSIBLE CANADIAN CONTRIBUTION
TO WORLD REQUIREMENTS

ATTAINABLE PRODUCTION BASED
ON 1975 RESOURCE ESTIMATES
(Subject to Constraints)

1976 1980 1985 1990 1995 2000

Figure 13
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Denison and one Rio Algom. Because of
the lead-time for mine development and
mill construction, these deposits would
have to be discovered by 1995, at which
time the remaining resources in tnese and
currently-known deposits would be suffi-
cient to meet both the "domestic ura-
nium allocation" and 15 years of export
commitments*. The timing of these
discoveries, on a schedule which will fill
the expanding production gaps, is illus-
trated in Table 4.

The conclusions to this kind of exer-
cise vividly illustrate the magnitude of the
challenge which faces the exploration
industry over the next 20-year period. In
view of the lead-times required for explo-

ration and development programs, 20
years seems all too short. However, the
Canadian industry has risen to such
challenges in the past as evidenced in the
first chapter of the history of uranium in
Canada. There is every reason to expect
that the industry will respond again to
make the next chapter as successful as the
first.

'This analysis was based on methodology devel-
oped in the Mineral Development Sector by
H.L. Martin, D.A. Cranstone, J. Zwartendyk
and A. Azis for the Mineral Area Planning
Study (MAPS) in 1973. A discussion of MAPS
and the methodology can be found in refer-
ence 13. Contribution to this paper by H.L.
Martin is gratefully acknowledged-
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Uranium
Position

Resources

In January 1974, the Canadian
Government made known its intention to
firm up its uranium export policies,
particularly as they relate to maintaining
adequate reserves and productive capacity
for domestic consumption. Specific
guidelines related to these aspects were
developed and announced in September
1974. Concurrently, a uranium resource
appraisal group was established within
Canada's Department of Energy, Mines
and Resources to collect and audit data
on Canadian uranium reserves and addi-
tional resources for the purpose of im-
plementing the new guidelines described
below.

The resource data presented in the
following table is a preliminary result of
this programme which is, in effect, an
extension and further refinement of the
wider programme begun in mid-1969 to
periodically re-evaluate Canada's uranium
resource position. With the establishment
of the new group it has been possible to
examine the company reserve data in
detail and make adjustments where ap-
propriate by the standardization of defi-
nitions and criteria. Due to these revised
terms of reference and to upward adjust-

ments in costs and prices during the past
three years, it is not technically correct to
make a quantitative comparison between
this and earlier Canadian assessments.

It should be noted that Canada's
Department of Energy, Mines and
Resources has adopted "price" categories
for defining Canadian uranium resources.
Consequently, all Canadian uranium
resource figures appearing in this report
are classified according to the NEA/iAEA
definitions of the August 1973 and earlier
reports.

Since the time of the 1973 Report (to
January 1, 1975) there have been no large
new discoveries of uranium in Canada.
Thsre have, however, been minor in-
creases in reserves in selected areas, pri-
marily in northern Saskatchewan, but
these have been offset to a large extent
by uranium production. There have also
been no significant additions to reserves
as a result of the appraisal of higher-
priced material. In effect, the "resource
package" described in the Table is essen-
tially the same package that was des-
cribed in the August 1973 NEA/IAEA
report.

Due to the significant increase in
costs and prices over the past three years,
appreciable quantities of uranium pre-
viously listed as being available at less

ESTIMATED RESOURCES OF URANIUM IN CANADA

(Data available January 1975 in 103 tonnes U)

Recoverable up to $15 US/lb/UjOjj

Reasonably
assured

resources

144.000

Estimated
additional
resources

324.00O2

Recoverable between S15 and SSO/lb/UjOn'

Reasonably
assured

resources

22,000

Estimated
additional
resources

95.000-1

^Only principal deposits in Canada have been assessed in this price range.
2Almost 60'}'o of thic figure is in the inferred category, as defined bv Canada'& Department oi Energy,

Mines and Resources, the U.S. Geological Survey and the U.S. Bureau of Mines.
•^Almost 7Q% of this figure is in !he inferred category.
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than $15/lb U3O8 have been shifted to
the $15 to $30/lb U3O8 category. In
addition, due to the more conservative
limits set on reserve and resource criteria,
as noted above, there has been a re-
categorization of Canada's known
resources resulting in a movement of
some material from the "Reasonably As-
sured" to the "Estimated Additional"
category. It follows that significantly
more confidence can be placed in the
estimate of Estimated Additional Re-
sources as a result of a higher percentage
(60 to 70%) of these resources being
attributed to the inferred category. In
this regard, it is pertinent to note that an
examination of the sum of Reasonably
Assured plus "Inferred" resources (both
price categories) indicates a net increase
o! about 107o over the 1973 report.

It is most important to emphasize
that the estimates of resources available
at prices from $15 to $30/lb U3O8 are
preliminary and restricted only to the
principal deposits in Canada. Data related
to resources in this price category are
relatively limited since exploration and
development efforts in Canada have been
concentrated on identifying lower-cost
resources. Consequently, these estimates
can be looked upon as a very conservative
and incomplete appraisal of Canada's
resources in this price category. Indeed,
the resources listed in this category are
largely attributed to those resources that
have been shifted out of the $15 category
due to increase in costs and prices over
the past three years.

Canadian Resources of uranium are
attributed to three types of deposits.
Between 65 and 70% of resources in all
but one category are contained in quartz-
pebble conglomerates in the Elliot Lake
end Agnew Lake areas of Ontario; most
of the remainder is in pitchblende-bearing
veins or related deposits, primarily in
northern Saskatchewan and Newfound-
land (Labrador), and a relatively small

proportion occurs in pegmatitic deposits
in the Bancroft area of Ontario. The
exception is the Estimated Additional,
$15 to $30 category, which, because it is
confined to major deposits only, is over
9&/n attribut d to quartz-pebble con-
glomerates. Reference should be made to
the August 1973 report for a more
complete geological description of
presently, known reserves and resources.
(Reprinted in MR 140, See Page 26).

Uranium Production
Capability

Canadian uranium production in
1974 totalled 3,420 tonnes of uranium;
shipments, however, amounted to some
3,620 tonnes of uranium, some 88% of
which was from two producers, Denison
Mines Limited and Rio A!gom Mines
Limited which produce from quartz-
pebble conglomerates in the Elliot Lake
area of Ontario. The remaining produc-
t ion came from Eldorado Nuclear
Limited, a Crown-owned company, which
produces from pitchblende-vein deposits
in the Uranium City area of northern
Saskatchewan. Total capacity of the three
milling plants in operation in 1974 was
estimated at 4,600 tonnes uranium per
year.

Canadian production will increase in
1975 with the addition of one new
operation, that of Gulf Minerals Canada
Limited* at Rabbit Lake, in the
Wollaston Lake area of Northern Saskat-
chewan. The company's mill will com-
mence production in mid-1975 at an
annual rate of some 1,730 tonnes of
uranium. A second new project was an-
nounced in March 1974, that of Amok
Ltee at Cluff Lake, also in northern
Saskatchewan. The company plans to
proceed to production at a rate of up to
1,540 tonnes uranium per year by 1978

•Jointly with Uranerz Canada Limited.
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or possibly 1977, based on some 15,400
tonnes of uranium reserves contained in
three deposits. In April 1975, Federal
Resources Corporation announced that it
will rehabilitate its Faraday uranium mine
in the Bancroft area of Ontario, based on
a contract to supply $100 million of
uranium to an agency of the Italian
Government (AGIPi. Madawaska Mines
Limited, a new company controlled by
Federal (51.f) and Consolidated Canadian
Faraday Limited (49'A) will operate the
property which is scheduled for produc-
tion at a rate of 1,400 tonnes of ore per
day in late 1976. Also a potential pro-
ducer before the end of the decade is

Agnew Lake Mines Limited, which had
earlier (beginning 1971) suspended devel-
opment of its deposit, 30 miles west of
Sudbury, Ontario. In 1974 the company
began a 2-year pilot programme to test
the feasibility of an in-situ mine-leaching
method to recover uranium from its ore.

Meanwhile, Canada's present pro-
ducers have been proceeding with expan-
sion projects scheduled for completion
prior to the end of this decade. Denison
expects to complete an expansion of its
mill (begun in late 1972) from 5,400
tonnes to 6,400 tonnes of ore per day by
mid-1975. Rio Algom has announced that
the first stage of expansion of its Elliot

URANIUM MILLING PLANTS IN CANADA

(as of January 1975)

A Active

Denison Mines Limited
— Denison Mill
Eldorado Nuclear Limited
Rio Algom Mines Limited
- Quirke Mill

B Under Construction or Rehabilitation

Guif Minerals Canada Ltd.

Madawaska Mines Ltd.

C Inactive5

Preston Mines Limited
Rio Algom Mines Ltd.
- Nordic Mill
- Panel Mill
Denison Mines Limited
Stanrock Mill

Location

Elliot Lake, Ont.
Eldorado, Sask.

Elliot Lake. Ont.

Rabbit Lake, Sask.

Bancroft, Ont.

Elliot Lake. Ont.

Elliot Lake, Ont.
Elliot Lake. Ont.

Elliot Lake, Ont.

Nominal
capacity

tonnes/day

5,400*
1,600

4.1002

1.8003

1,4004

2.700

3.400
2,700

2.700

^Mill expansion to 6,400 tonnes per day by mid-1975.
jrMill expansion to 6,400 tonnes per day by 1978.
3Mill to start-up in mid-1975.
''Mill to be rehabilitated by late 1976.

Capacities listed refer to capacities at time of closure; other past producing mills have been dismantled.
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Lake facilities will commence in 1975
with the increase in capacity of the
Quirke mine and mill to 6,400 tonnes of
ore per day by 1978. Subsequent stages
could increase Rio Algom's annual output
to 3,850 tonnes uranium by the early
1980s. Finally, Eldorado has begun its
planned expansion to return to its full
capacity of 1,600 tonnes of ore per day
by 1979.

Canadian production capability is ex-
pected to be some 6,500 tonnes of
uranium by the end of 1975 increasing to
8,500 tonnes in 1978, based on present
plans for expansion. Possible further
developments, dependent on markets and
appropriate lead-times could bring
Canada's annual production capability to
10,000 tonnes uranium by 1980 and a
maximum of 11,500 tonnes uranium by
1985, based on the reserves and resources
listed in the Table. It is estimated that
this level of output could likely be
maintained for some six years, after
which it would begin to decline, due to
depletion of certain deposits and the
mining of lower grade material in others.
The major limiting factor relates to the
limited opportunity for easy access to the
very large Elliot Lake deposits which,
even at maximum rates of production
will not be depleted until well into the
next century. Clearly, production levels
in excess of these projections will require
additional discoveries.

Uranium Exploration
Uranium exploration in Canada since

1970 has been at a low level relative to
the period 1986 to 1969. However, there
were positive signs in 1974 that uranium
exploration was being given a higher level
of priority by an increasing number of
companies. Much of this renewed activi-
ty, which was evident in literally every
province of Canada, was still of a preli-
minary nature and had not led to any
large number of promising prospects by

the end of the year. An appreciable
amount of this activity was being finan-
ced by foreign interests.

During 1974, the Federal Govern-
ment took several steps to assist industry
to expand its efforts in the field of
uranium exploration, in line with its
commitment made in January at the First
Ministers' Conference on Energy. As a
direct involvement, the Government
provided the Crown company, Eldorado
Nuclear Limited with an initial funding of
$15 million to be spent on off-property
exploration over a period of five years.
Plans were also initiated in the Depart-
ment of Energy, Mines and Resources to
expand programmes in the field of ura-
nium resource potential, uranium ex-
ploration methods and uranium pro-
cessing techniques. In addition, in
December 1974, Provincial Ministers of
Mines "agreed in principle with the es-
tablishment of a uranium reconnaissance
programme as proposed by the Federal
Government".

The overall objectives of this latter
programme are to provide industry with
high quality reconnaissance exploration
data to indicate those areas of the coun-
try where there is the greatest probability
of finding new uranium deposits, and to
provide Government with national
systematic data to serve as a base for
uranium resource appraisal. The program-
me will include airborne gamma-ray spec-
trometry, regional geochemistry and
hydrogeochemistry. Present plans call for
the programme to cover approximately
two-thirds of the land area of Canada at
the reconnaissance level over the next 10
years. The cost of the programme will be
shared by the Federal Government and
the participating provinces and is ex-
pected to total about $30 million over
the 10-year period. Expenditures in the
fiscal year 1975/76 will total some S2.5
million, about 80 ' being borne by the
Federal Government.



Uranium Sales

Canadian producers have been par-
ticularly successful since 1966 in nego-
tiating contracts for the supply of ura-
nium to domestic and foreign utilities.
During the period 1966 to 1974, over
104,000 tonnes of uranium were com-
mitted, mostly for export to Japan,
Britain, Western Europe and the United
States. Of ttvs total, over 13,000 tonnes
were delivered over the period 1968 to
1974, leaving forward commitments of
some 91,000 tonnes uranium. Several of
the more recently negotiated contracts
had yet to be approved by the Canadian
Government at the end of the year.

In anticipation of the ever growing
demand for Canada's uranium, the
Federal Government moved in 1974 to
develop more specific guidelines for ura-
nium exports, with the objective of main-
taining adequate reserves and productive
capacity for domestic consumption. The
new guidelines were announced in
September 1974. Basically they provide
for "sufficient uranium to be reserved for
domestic use to enable each nuclear
power reactor operating, committed for
construction or planned for operation ten
years into the future, to operate at an
average annual capacity factor of 80> for
30 years from the start of the period, or
in the case of reactors which are not in
operation for 30 years, from their in-
service dates".

The more important elements of the
policy include the following; each pro-
ducer will be allocated a domestic reserve
margin based on the ratio of its uranium
reserves to the total Canadian reserves,
available at prices up to twice the current
market price, these reserves to be de-
termined by a uranium resource appraisal
group, set up within the Department of
Energy, Mines and Resources (EMR);

domestic utilities will be required to
maintain at least a contracted 15-year
forward supply of fuel for operating and
committed reactors; export contracts will
be limited to a maximum duration of ten
years, with contingent approval for an
additional five years; all uranium ex-
ported will be processed to the most
advanced form possible in Canada; prices
under uranium export contracts will not
be more favourable than those for domes-
tic purchasers; the Government stock-
pile* will only be disposed of in the
domestic market but, prior to its disposal,
will be available on a commercial loan
basis for short term needs of Canadian
producers.

At year-end (1974) the Canadian
Government announced its decision to
require more stringent safeguards in res-
pect to the sale abroad of Canadian
nuclear technology, facilities and mate-
rial, including uranium, thorium, pluto-
nium and heavy water. The safeguards
will apply to all future sales as well as to
existing contracts, although sxisting and
pending contracts will be allowed to
proceed for one full calendar year while
new safeguards are being negotiated.

Basically, the new provisions go
beyond those provided for under the
safeguard arrangements administered by
the International Atomic Energy Agency
(IAEA) under the terms of the Non-
Proliferation Treaty, in that they will
require binding assurance that Canadian-
supplied nuclear material, equipment and
technology will not be used to produce a
nuclear explosives device, whether the
development of such a device be stated to
be for peaceful purposes or not.

'Following deliveries under contracts to Spain
and Japan, announced in 1972 and 1973,
respectively, the Government stockpile wi l l
contain 5,600 tonnes uranium plus or minus
580 tonnes uranium depending upon delivery
options under the contacts.
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Mineral Development Sector
Uranium Publications

Mineral Report 12
The Uranium Industry — Its History, Technology, and Prospects, by J.W. Griffith, 1967.
335 pp.
Out of Print Cat. No. M38-5/12

Mineral Report 23
Canadian Minerals Yearbook, 1973 (see chapter, Uranium)

$7.50 Cat. No. M38-5/23

Preprint (individual chapter, Canadian Minerals Yearbook, 1974)
Uranium and Thorium, 1974, by R.M. Williams.
$0.25

Mineral Information Bulletin MR34
Survey of the Uranium Industry in Canada (1958), by J.W. Griffith. 1959. 94 pp.
Out of Print Cat. No. M38-2/34

Mineral Information Bulletin MR44
Survey of the Uranium Industry in Canada, 1959, by J.W. Griffith. 1960, 46 pp.
Out of Print. Cat. No. M38-2/44

Mineral Information Bulletin MR77
Canadian Resources of Uranium and Thorium, by J.W. Griffith and S.M. Roscoe. 1964.
12pp.
Out of Print Cat. No. M38-2/77

Mineral Information Bulletin MR98
Canada's Future in Uranium Supply, by R.M. Williams, 1969, 65 pp.
Out of Print Cat. No. M38-2/98

Mineral Information Bulletin MR 117
Uranium and Thorium in Canada; Resources, Production, and Potential by R.M. Williams,
H.W. Little, W.A. Gow and R.M. Berry. 1971. 28 pp.
Out of Print Cat. No. M38-2/117

Bulletin Mineral MR117F
L'Uranium et le thorium au Canada; ressources, production, et potentiel, par R.M.
Williams, H.W. Little, W.A. Gow et R.M. Berry. 1972, 28 pp.
$0.75 Cat. No. M38 2/117F

Mineral Information Bulletin MR140
Canadian Uranium Resource and production capability, by R.M. Williams, 1973. 27 pp.
$1.50 Cat. No. M38-2/140
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