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PREFACE 

Since the mid-1960s, with the co-operation if their Member countries, 
the OBCD Nuclear Energy Agency (NEA) and the International Atomic Energy Agency 
(IAEA), have periodically published joint reports on vorld uranium resources, 
production and demand, commonly known as the "Red Book". This edition is the 
thirteenth in the series. A brief interim version was published in 1988 based 
on information up to 1st January 1987. 

The contents of this publication have been prepared on the basis of 
data solicited through questionnaires sent by NEA to its Member countries and 
by the IAEA to those of its Member countries that are not Members of the OECD 
and to certain additional U.N. Member countries. Although some countries 
prepared comprehensive national reports which are presented essentially in 
their original form (Chapter VI), a number of these reports were prepared by 
each Agency on the basis of the questionnaire responses it had received. 
Preparation of the remaining chapters of the report was divided equally 
between the two Agencies, with NEA's responsibilities been carried out under 
the direction of the NEA Uranium Group. 

This report, based on data available on 1st January 1989, reviews the 
uranium supply position throughout the Vorld Outside Centrally Planned 
Economies Areas (VOCA) by evaluating and compiling data on uranium resources, 
past and present production, and plans for future production. The data, 
provided by over 40 countries, are then compared with possible future reactor 
related uranium requirements. Recent levels of exploration for uranium are 
also reported and analysed. 

Some information on short-term uranium demand has been provided by 
national authorities in response to the questionnaires up to the year 2005. 
Longer-term projections of uranium demand were provided by two NEA Working 
Groups, on Long-Term Forecasting of Electricity Generation and on Reactor 
Strategies and their Uranium Requirements. 

A statistical report confirming the historical data and updating the 
short-term forecasts will be published in 1990. The reader will find after 
page 358 an order form to receive a free copy of the "Statistical Update 1990". 
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SUMMARY 

This report presents results of the 1989 review of uranium supply and 
demand principally in the World Outside Centrally Planned Economies Areas 
(VOCA). It contains data on uranium exploration activities, resources and 
production for over 40 countries, updating the previous Red Book published in 
March 1988. 

Estimates of Reasonably Assured Resources (RAR) recoverable at costs of 
$80/kg U or less have remained virtually unchanged since the last assessment 
in early 1987, even though production was in excess of 70 000 tonnes U during 
the 2-year interval. As of January 1, 1989, low-cost RAR were estimated at 
1 546 000 tonnes U, a decline of just 9 000 tonnes since January 1, 1987. 

Estimated Additional Resources - Category I (EAR-I) in the low cost 
category decreased by over 110 000 tonnes to about 770 000 tonnes U, the major 
reductions being reported in South Africa. It should be noted that both re
source categories were affected by significant downward adjustments because of 
estimated mining and milling losses not previously taken into account. 

Estimates of VOCA's RAR recoverable at costs between $80-130/kg U have 
decreased by slightly over 20 000 tonnes to 655 000 tonnes U, mainly as a re
sult of a few countries reporting reductions in resources. Estimates of EAR-I 
in the same cost category declined by 34 000 tonnes to about 390 000 tonnes U, 
due essentially to a fairly large reduction reported in Sweden. 

Total RAR and EAR-I combined - i.e., "known" resources - recoverable at 
costs of $130/kg U or less, are estimated at 3.4 million tonnes U as of 
January 1, 1989, a decrease of about 180 000 tonnes (0.5 per cent) from early 
1987. 

There is also very good potential for additional uranium resources of 
conventional type recoverable at costs of $130/kg U or less as reflected by 
estimates of EAR-II and Speculative Resources; this potential could exceed 
10 million tonnes U. 

Beyond the conventional resources noted above, there are also large 
tonnages of unconventional resources of uranium, the bulk of which are 
associated with marine phosphates. Current production from such resources is 
limited, both geographically and in terms of output. 

Although resource and production data are limited, significant uranium 
resources are known to exist in a number of non-VCCA countries including 
Bulgaria, China, Czechoslovakia, German Democratic Republic, Hungary, Romania 
and the USSR. 
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Total uranium exploration expenditures in VOCA for 1987 continue to be 
in the $160 to $180 million range in current dollars, the reported 1988 explo
ration expenditures of $146 million being belov this range due to incomplete 
data. Sizeable exploration programmes are being conducted in Australia, 
Canada, France, India and the United States. A significant portion of the 
total exploration expenditure is funded by major uranium consuming countries 
such as France, the Federal Republic of Germany, Japan and the United Kingdom. 

Expenditures by countries outside their territorial boundaries have not 
changed appreciably, as expressed in U.S. dollars. However, the measurement 
of expenditures at home and abroad expressed in national currencies may suggest 
a different pattern because of variations in exchange rates. 

Despite these exploration efforts, no significant new uranium deposits 
have been discovered since the Kintyre orebody vas located in Australia in 
1985. However, continued exploration activity at producing properties and 
properties being developed for production has resulted in important additions 
to total uranium resource estimates. 

In the 50 years since 1938, cumulative uranium production in VOCA coun
tries has totalled an estimated 928 000 tonnes U, the bulk of this output 
coming from the United States, Canada and South Africa. VOCA uranium produc
tion has remained at a fairly constant level of about 37 000 tonnes U per year 
from 1986 through 1988. Vith the consolidation/stabilization of production 
capability in the major producing countries, annual VOCA uranium output should 
not decline significantly unless by-production ceases at several facilities in 
South Africa. 

Since the mid 1980s, annual uranium production has been below 
"projected" reactor-related requirements by a few thousand tonnes U annually. 
It is expected that reactor-related requirements will increase from about 
41 000 tonnes U in 1988 to about 49 000 tonnes U by the year 2000. Some 
utilities will continue to be able to supplement or offset their purchase 
requirements by drawdown of excess inventory, and annual uranium production 
should remain below actual requirements until some target level of stocks is 
reached. 

Annual VOCA production capability from existing and committed production 
centres, supported by known low-cost resources, is expected to rise slightly 
in the early 1990s approaching 43 000 tonnes U by 1995. This level would not 
quite meet anticipated reactor requirements of about 44 000 tonnes U in 1995. 
The shortfall in production could be delayed by drawdown of surplus inventory. 
It could be met by some combination of: development of production centres in 
the planned and prospective category, imports from certain non-VOCA countries, 
and the possible development of certain other identified deposits, which is 
currently not permitted. Projections of total production capability from all 
four classes of production centres peak in 1995 at around 49 000 tonnes '1 per 
year, relying on low-cost resources only, and at 61 000 tonnes U, if high-cost 
resources are also considered. 

By the year 2000, production capability supported by additional higher-
cost resources could still approach 60 000 tonnes U per year and almost 
52 000 tonnes U in 2005. Reactor requirements were projected to be around 
53 000 tonnes U per year in 2005, so that even for that year, assuming all 
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planned and prospective production centres are developed, no serious production 
shortfall from low and high-cost resources would be exoected. Nevertheless, 
it should be recognised that further low-cost resources could become available 
within this time frame, as a result of technical developments or policy changes 
in certain countries. Toward the end of the century, it is expected that 
supply and demand will be more in balance with the need for new production to 
be brought on stream to meet an increasing demand. 

When forecasting the future of nuclear power for the long term, up to 
2030, all projections are fraught with uncertainties and thus must be used 
with caution. Nuclear power growth will be greatly influenced by: economic 
factors (changes in energy demand resulting from global economic growth, and 
the relative economics of nuclear versus fossil-fuel generated electricity); 
environmental considerations (concerns about the "greenhouse effect", and acid 
rain); and public attitude toward nuclear power. Technological advancements 
(use of NOX fuels in LVRs and advanced enrichment techniques such as AVLIS) 
are not expected to have a major effect on uranium demand during the forecast 
period. 

This report presents low and high projections of nuclei, power growth 
that are both lower than those shown in the 1986 Red Book. The current projec
tions of nuclear capacity indicate an increase from about 335 GVe in the year 
2000 to 600 GVe and 860 GVe in the year 2030 for the low and high scenarios, 
respectively. 

These projections are restricted by the assumption that public policy 
and attitude to nuclear power in the foreseeable future would not be radically 
different from the present situation. Thus the high scenario does not consider 
the possibility that the debate on the "greenhouse effect" could establish 
nuclear energy as an important factor in reducing emissions of environmentally-
damaging gases in the coming decades. 

For the longer term it is assumed that reactor requirements and uranium 
demand would be the same, inventories having been drawn down to desired levels. 
Annual uranium requirements fot the illustrative Light Vater Reactor Strategy 
are now projected to reach 73 000 tonnes and 109 000 tonnes U by the year 2030 
for the low and high scenarios, respectively. This compares with the 1986 Red 
Book estimates of 106 000 tonnes and 258 000 tonnes U by 2025 for the low and 
high scenarios, respectively. 

Annual uranium requirements for the illustrative Fast Breeder Reactor 
Strategy range from around 64 000 tonnes U to 95 000 tonnes U in the year 2030, 
for the low and high nuclear power growth scenarios, respectively. This re
presents an annual savings of 12 p*r cent in 2030. Cumulative savings would 
be only 4 per cent because FBRs are assumed to be introduced only in 0ECD-
Europe and Pacific, and then not until 2020. 

In the low demand scenario, which is an extension of the present trend 
of uranium demand, currently "known" resources would not be sufficient to sus
tain production capability to cover projected demand after 2005. In 2010 there 
would be a production shortfall of around 15 500 tonnes U per year, rising to 
about 46 000 tonnes U per year in 2030. In the high demand scenario, the 
annual production shortfall would widen considerably, increasing to almost 
36 000 tonnes U by 2010 to over 82 000 tonnes U by 2030. 
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After the year 2000, increasing amounts of the additional uranium pro
duction needed to cover the expected production shortfall vould have to come 
from new discoveries. A considerable amount of exploration and development 
effort would be required, on a timely basis, before these potential supply 
possibilities can be realised. When prices rise sufficiently to provide the 
industry with appropriate returns on investment, increased levels of explora
tion can be expected to follow. Should concern about the environment lead to 
increased reliance on nuclear power, uranium demand could in fact rise substan
tially above that projected in the high-nuclear growth scenario. This need 
not be of great concern over the period to 2030, however, as the prospect for 
further discoveries of uranium is good. Given appropriate incentives through 
the market place, sufficient uranium should be made available to satisfy 
demand levels significantly higher than those reflected in the projections in 
this report. 
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DEFINITIONS AND TERMINOLOGY 

The data included in this report were gathered during the first six 
months of 1989. 

Only minor changes have been made to the resource terminology and 
definitions used in this report since the modifications that were introduced 
in the December 1983 edition. 

RESOURCBS BSTINATBS 

Resource estimates are divided into separate categories reflecting dif
ferent levels of confidence in the quantities reported. The resources are 
further separated into categories based on the cost of production. All re
sources estimates are expressed in terms of metric tons (tonnes) of recoverable 
uranium (U) rather than uranium oxide (U 30 8). Estimates refer to quantities 
of uranium recoverable from mineable ore, unless otherwise noted [see (d)]. 

a) Definitions of Resource Categories 

Reasonably Assured Resources (RAR) refers to uranium that occurs in 
known mineral deposits of delineated size, grade and configuration such that 
the quantities which could be recovered within the given production cost ranges 
with currently proven mining and processing technology, can be specified. 
Estimates of tonnage and grade are based on specific sample data and measure
ments of the deposits and on knowledge of deposit characteristics. Reasonably 
Assured Resources have a high assurance of existence. 

Estimated Additional Resources - Category I (EAR-I) refers to uranium 
in addition to RAR that is inferred to occurT mostly on the basis of direct 
geological evidence, in extensions of well-explored deposits, or in deposits 
in which geological continuity has been established but where specific data, 
including measurements of the deposits, and knowledge of the deposits' 
characteristics are considered to be inadequate to classify the resource as 
RAR. Estimates of tonnage, grade and cost of further delineation and recovery 
are based on such sampling as is available and on knowledge of the deposit 
characteristics as determined in the best known parts of the deposit or in 
similar deposits. Less reliance can be placed on the estimates in this 
category than on those for RAR. 

Estimated Additional Resources - Category II (EAR-II) refers to uranium 
in addition to EAR-I that is expected to occur in deposits for which the 
evidence is mainly indirect and which are believed to exist in well-defined 
geological trends or areas of mineralisation with known deposits. Estimates 
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of tonnage, grade and cost of discovery, delineation and recovery are based 
primarily on knowledge of deposit characteristics in known deposits within the 
respective trends or areas and on such sampling, geological, geophysical or 
geochemical 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 addition to Estimated 
Additional Resources - Category II, that is thought to exist, mostly on the 
basis of indirect evidence and geological extrapolations, in deposits 
discoverable with existing exploration techniques. The location of deposits 
envisaged in this category could generally be specified only as being 
somewhere within a given region or geological trend. As the term implies, the 
existence and size of such resources are speculative. 

The correlation between the resource categories defined above and those 
used in other major resource classification systems is shown in Figure 1. 

b) Cost Categories 

The cost categories used in this report are the same as those used in 
the previous edition: up to $80/kg U, >$80 to $130/kg U and >$130 to 
$260/kg U. In this edition, the costs will be expressed in terms of 
1st January 1989 US$. 

NOTE: It is not intended that the cost categories should follow 
fluctuations in market conditions. 

To convert from costs expressed in $/lb U30s to $/kg U, a factor '•f 2.6 
has been used (e.g. $30/lb U308 . $80/kg U, $50/lb U30, . $130/kg U and 
$100/lb U30, - $260/kg U.) 

Conversion from other currencies into US$ has been done using the 
exchange rates of 1st January 1989. All resource categories are defined in 
terms of costs of uranium recovered at the ore processing plant. 

When estimating the cost of production for assigning resources within 
these cost categories, account has been taken of the following costs: 

- the direct costs of mining, transporting and processing the uranium 
ore; 

- the costs of associated environmental and waste management; 

- the costs of maintaining non-operating production units where 
applicable; 

- in the case of ongoing projects, those capital costs which remain 
unamortized; 

- the capital cost of providing new production units where applicable, 
including the cost of financing; 

- indirect costs such as office overheads, taxes and royalties where 
applicable; 
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Figure 2 
NEA/ IAEA CLASSIFICATION SCHEME FOR URANIUM RESOURCES 

DECREASING CONFIDENCE IN ESTIUATES 



- future exploration and development costs wherever required for 
further ore delineation to the stage where it is ready to be mined. 

Sunk costs were not normally taken into consideration. 

c) Relationship between Resource Categories 

Figure 2 illustrates the inter-relationship between the different re
source categories. The horizontal axis expresses the level of assurance about 
the actual existence of given tonnages based on varying degrees of geologic 
knowledge while the vertical axis expresses the economic feasibility of exploi
tation by the division into cost categories. 

The dashed lines between RAR, EAR-I, EAR-II and SR in the highest cost 
category indicate that the distinctions of level of confidence are not always 
clear. The shaded area indicates that because of the degree of confidence in 
their existence, RAR and EAR-I recoverable at less than $130/kg U are distinct
ly important: for the purpose of this report they are referred to as "known 
resources". RAR recoverable at prevailing market prices are commonly defined 
as "Reserves", and may currently constitute a significant portion of the RAR 
recoverable at $80/kg U or less. 

Because resources in EAR-II and SR categories are essentially undis
covered, the information on them is such that it is not always possible to 
divide them into different cost categories and this is indicated by the 
horizontal dashed lines between the different cost categories. 

d) Recoverable Resources 

Resource estimates are expressed in terms of recoverable tonnes of ura
nium, i.e. quantities of uranium recoverable from mineable ore, as opposed to 
quantities contained in mineable ore, or quantities in situ. Therefore both 
expected mining and ore processing losses have been deducted in most cases. 
Deviations from this practice are indicated in the text. 

e) Types of Resources 

To obtain a better understanding of the uranium resource situation, 
reference is made to different geologic types of deposits containing the 
resources and a distinction is drawn between conventional and unconventional 
resources, as follows: 

i) Geologic types of uranium deposits 

The major uranium resources of the world can be assigned on the 
basis of their geological setting to the following eight 
categories of ore types: 
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1. Quartz-pebble conglomerate deposits; 
2. Unconformity-related deposits; 
3. Breccia complex deposits; 
4. Disseminated magmatic, pegmatitic and contact deposits in 

igneous and metamorphic rocks; 
5. Vein deposits; 
6. Sandstone deposits; 
7. Surficial deposits; 
8. Other types of deposits. 

The main features of these deposits are described in Annex 3. 

ii) Conventional and Unconventional Resources 

Conventional resources are those that have an established history 
of production where uranium is either a primary product, co-
product or an important by-product (e.g. gold). The first six 
geological ore types listed above, together vith selected types 
from category seven, are considered conventional resources. Very 
low grade resources, vhich are not now economic or from vhich 
uranium is only recoverable as a minor by-product are considered 
unconventional resources (e.g. phosphates, monazite, coal, 
lignites, black shales etc). 

PRODUCTION TERMINOLOGY1> 

a) Production Centres 

A PRODUCTION CENTRE, as referred to in this report, is a production unit 
consisting of one or more ore processing plants, one or more associated mines 
and the resources that are tributary to them. For the purpose of describing 
production centres, they have been divided into four classes, as follows: 

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

ii) COMMITTED Production Centres are those that are either under 
construction or are firmly committed for construction. 

iii) PLANNED Production Centres are those that are planned, based on 
feasibility studies that are either 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 re
quire substantial expenditures to bring them back into operation. 

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

1) Manual on the Projection of Uranium Production Capability, General 
Guidelines, Technical Report Series No. 238, IAEA, Vienna, 1984. 
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b) Production Capacity and Capability 

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

PRODUCTION CAPABILITY refers to an estimate of the level of production 
that could be practically and realistically achieved under favourable circum
stances from the plant and facilities at any of the types of production centres 
described above, given the nature of the resources tributary to them. 

Projections of production capability are supported only by RAR and/or 
EAR-I. Two projections are presented, one based on only those resources recov
erable at costs $80/kg U or less, and a second based on resources recoverable 
at costs up to $130/kg U. 

UNITS 

Metric units are used in all tabulations and statements. Resources and 
production quantities are expressed in terms of metric tons (tonnes) contained 
uranium (U) rather than uranium oxide (U30a). 

1 short ton U30e = 0.769 tonnes U 

$l/lb UjO, = $2.6/kg U 

Exploration expenditures are reported in US dollars. Conversions from 
other currencies have been done using the mid-year exchange races of the year 
in which the expenditures were incurred. 

GEOLOGICAL TERMS 

i) Uranium Occurrence 

A naturally occurring anomalous concentration of uranium. 

ii) Uranium Deposit 

A mass of naturally occurring mineral material from which uranium 
could be exploited at present or in the future. 
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URANIUM RESOURCES 

A. KNOVN CONVENTIONAL RESOURCES 

For the purpose of this report, known conventional uranium resources 
refer to Reasonably Assured Resources (RAR) and Estimated Additional Resources 
- Category I (EAR-I) in conventional deposit types, recoverable at costs up to 
$130/kg U. 

RAR recoverable at prevailing market prices are commonly defined as 
reserves and may currently constitute a significant portion of the RAR recov
erable at costs up of $80/kg U. 

Tables 1 and 2 list RAR and EAR-I as of 1 January 1989, recoverable at 
costs up to $80/kg U and between $80-130/kg U. They also include resources 
from some countries for which no recent estimates are available. In these 
cases, data from previous Red Books or, in the case of South Africa, from a 
published source* were used. 

As in the previous edition of this report, estimates of RAR and EAR-I 
were requested in terms of "recoverable" resources. This means that mining 
and milling losses should have been deducted from in situ tonnages. Known 
resources of most countries including Argentina, Australia, Canada, France, 
India, Namibia, South Africa and USA were reported as recoverable. Algeria 
and Spain reported mineable resources, while RAR and EAR-I of Brazil, Central 
African Republic, Chile, Indonesia, Niger, Peru, Somalia and Zaire were re
ported as in situ (Tables 1 and 2). In aggregating WOCA's total RAR and EAR-I, 
individual estimates made as in situ or mineable were adjusted downwards from 
5 to 50 per cent to account for estimated mining and/or milling losses. 

1. Reasonably Assured Resources 

Reasonably Assured Resources (RAR) recoverable at costs up to $80/kg U 
decreased only slightly since the last edition of this report, and total 
1 546 000 tonnes U compared to 1 555 000 tonnes U, as of 1st January 1987 
(Table 1). RAR recoverable at costs between $80-130/kg U also declined 

* The Atomic Energy Corporation of South Africa Limited: 1987 Uranium in 
South Africa, Pretoria 1988. 
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REASONABLY ASSURED RESOURCES 
(1000 Tonnes U) - 1st January 1989 

Country Cost Ranges 
up to $a0/kg U $80-130/kg U 

Total 
up to $130/kg U 

Algeria!" •> 
Argentina 
Australia 
Brazil*> b> 
Canada 
Central African Rep." °> 
Denmark0> 
Finland*> 
France 
Gabon"> l> 
Germany, F.R. of 
Greece 
India 
Indonesia*' 
Italy1' 
Japan 
Korea, Rep. o f ' 
Mexico" 
Namibia'> 
Niger* > 
Peru*» 
Portugal 
Somalia" d» 
South Africa!' 
Spain6> 
Svedenk > 
Turkey*' 
United States 
Zaire*> *> •» 

.00 

.05 
26. 
9. 

480.00 
162.71 
139.00 
8. 
0. 
0. 
46. 
13. 
0. 

.00 

.00 

.00 

.70 

.00 

.80 
0.30 
41.14 
0. 
4, 

00 
80 

0.00 
.00 
.50 

0. 
4. 
90.90 
173.71 
0. 
7. 
0. 

317. 

.00 

.30 

.00 

.00 
16.80 
2, 
0. 

Ill, 
1, 

00 
00 
30 
80 

0.00 
2.60 
58.00 
0.00 
96.00 
8.00 
27.00 
1.50 
12.20 
4.65 
00 
00 
15 
00 
00 
60 

11.80 
3.24 
16.00 
2. 
1. 
1. 
6. 

101.50 
18.20 
2. 
3. 

266.20 
0.00 

.20 

.79 

.40 

.60 

.00 

.90 

26.00 
11.65 

538.00 
162.71 
235.00 
16.00 
27.00 
1.50 

58.90 
17.65 

.80 
30 

47.29 
1.00 
80 
60 

11.80 
7.74 

106.90 
175.91 

1.79 
8.70 
6.60 

418.50 
35.00 
4.00 
3.90 

377.50 
1.80 

Total (rounded) 
Total (adjusted)0' 

1 657.00 
1 546.00 

663.00 
655.00 

2 319.00 
2 201.00 

1979. 
1982. 

Production and Demand, Paris, 1986. 
Production and Demand, Paris, 1986, adjusted for 

In situ resources. 
Mineable resources. 
Equivalent to recoverable resources. 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 1982, adjusted for 
estimated production. 
0ECD(NEA)/IAEA: Uranium Resources, 
0ECD(NEA)/IAEA: Uranium Resources, 
estimated production. 
0ECD(NEA)/IAEA; Uranium Resources, Production and Demand, Paris, 1988. 
The Atomic Energy Corporation of South Africa Limited; 1987 Uranium in South Africa, 
Pretoria, 1988. 
In deposits other than Ranstad. 
No information on recoverability available. 
Includes 1 000 tonnes U in the Kolwezi Cu-Co-deposit. 
In black shales. 
To account for estimated mining and milling losses, not incorporated in certain 
estimates. 
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slightly, from 678 000 tonnes to 655 000 tonnes U. The aggregated total of 
these tvo cost categories is 2 201 000 tonnes U, compared to 2 233 000 tonnes U 
listed in the previous report. The ratio between the RAR in the tvo cost cate
gories remains unchanged at 70 per cent in the up to $80/kg U category and 
30 per cent in the $80-130/kg U range. 

It must be stressed that tonnages have been estimated by the individual 
countries and that methodology, and therefore the confidence levels of the re
sources reported in the various categories, vary from one country to another. 
Thus, although the values reported are believed to provide a reliable indica
tion of the actual situation, the detailed numbers may be overstated in some 
countries and understated in others. 

The geographical distribution of RAR recoverable at costs of $130/kg U 
or less is shown in Figure 3 A. 

Though the changes in the RAR estimates are not significant, there are 
a number of contributing factors leading to these changes. They include the 
cumulative 1987 and 1988 production of over 75 000 tonnes, the transfer of a 
large portion of Sweden's RAR into the higher cost category, greater discount
ing of in situ RAR for estimated mining and milling losses, as well as re
source additions in Australia, the Republic of Korea and South Africa. 

Australia reported RAR recoverable at costs up to $130/kg U of 
538 000 tonnes U which compares with an estimate of 518 000 tonnes reported as 
of 1.1.1987. Of the addition totalling 20 000 tonnes, the largest share is in 
the $80/kg U cost category. In this context, the combined Australian produc
tion of 1987 and 1988 of about 7 300 tonnes U has to be taken into account. 

Canada's RAR recoverable at costs below US$130 declined by about 
14 000 tonnes or 5.6 per cent as compared to the 1987 estimate. The decrease 
primarily in the low cost portion of the RAR, results from the fact that the 
RAR additions did not fully replace the production of 1987 and 1988, totalling 
25 000 tonnes U. 

The Republic of Korea which had previously reported only estimates of 
31 100 tonnes U as unconventional resources in black shales, now lists 
11 800 tonnes U of these resources as RAR recoverable at costs between 
$80-130/kg U. 

The 1988 edition of this report published a figure of 349 170 tonnes U 
as South Africa's RAR recoverable at costs up to $130/kg U as of 1st January 
196T. This compares with an estimate published by the Atomic Energy Corpora
tion of South Africa, totalling 426 300 tonnes U as of the same date. Adjusted 
by the production of 1987 and 1988 (7 800 tonnes), these RAR would amount, as 
of 1st January 1989, to 418 500 tonnes, equivalent to an increase of over 
77 000 tonnes U or 22 per cent. This addition is mainly in the $80/kg U RAR 
and more specifically is related to the Witwatersrand conglomerates and the 
Springbok Flat coal deposits in the Karoo. The change reflects both the 
results of the extensive exploration in the Witwatersrand Basin and the change 
in the US$ - rand exchange rates. 

Spain, while maintaining the level of RAR up to $130/kg U, reported a 
shift of 10 000 tonnes U from the $80/kg U to the $80-130/kg U cost category. 
The most important decrease of RAR in these cost categories was reported 
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Figure 3 
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1. OECD (NEA) / IAEA: Uranium Resources, Production and Demand, Paris, 1983, adjusted for production and 
estimated production. 

2. OECD (NEA) / IAEA: Uranium Resources, Production and Demand, Paris, 1986, adjusted for production and 
estimated production. 

3. In situ resources. 
* AU « Australia, USA • United States, Nl - Niger, SA > South Africa, CDN - Canada, BR * Brazil, NAM > Namibia, 

F » France, IN « India, DK » Denmark, E » Spain, GAB • Gabon, ALG = Algeria 
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by Sweden, which transferred 35 000 tonnes U in the Ranstad deposit from the 
$80-130/kg U category into that higher than $130/kg U, thus reducing the RAR 
in the middle cost range to 2 000 tonnes U. This reflects changes in the 
currency exchange rate and inflation during the reporting period. 

2. Estimated Additional Resources - Category I 

Estimated Additional Resources - Category I (EAR-I) recoverable at 
costs belov $80/kg U decreased from 891 000 tonnes to 773 000 tonnes U or by 
13 per cent (Table 2). EAR-I recoverable at costs between $80-130/kg U show a 
smaller decrease from 425 000 tonnes U to 391 000 tonnes U. Total EAR-I re
coverable at costs up to $130/kg U amount to 1 164 000 tonnes U, a decrease of 
151 000 tonnes or over 11 per cent from the previously reported estimate of 
1 316 000 tonnes U. The share of the $80/kg U portion is 67 per cent of the 
total, the remainder being in the $80-130/kg U cost category. 

The geographical distribution of EAR-I recoverable at costs of $130/kg U 
or less is shown in Figure 3 B. 

The decrease in the EAR-I mainly reflects greater adjustment, for esti
mated mining and milling losses, of resources now reported as "in situ" rather 
than "recoverable". There have also been decreases in resource estimates by 
Canada, South Africa and Sweden. Relatively smaller increases in EAR-I are 
reported by Australia and the Republic of Korea. 

Australia reported a total of 9 000 tonnes U increase for the EAR-I up 
to $130/kg U, approximately equally divided between the $80 and the 
$80-130/kg U cost categories. 

The Republic of Korea transferred 3 000 tonnes from unconventional 
resources in black shales into the EAR-I recoverable at costs between 
$80-130/kg U. 

Decreases in the estimates of this resource category from those previ
ously reported, total about 60 000 tonnes U, the largest being in South Africa 
and Sweden. 

In South Africa the $80/kg EAR-I declined by 35 000 tonnes, partly com
pensated by a 10 000 tonnes addition to the $80-130/kg U cost category. These 
changes mainly refer to the resources in the Vitwatersrand deposits. 

Sweden transferred the previously reported EAR-I in black shales recov
erable at costs between $80-130/kg U into a higher cost category, as in the 
case of RAR. 

3. Known Higher Cost Conventional Resources 

Higher cost conventional resources in the RAR and EAR-I categories i.e., 
those that can be produced at costs between $130-260/kg U, have been estimated 
by only a few countries, so the data (Table 3) are far from complete. Similar 
data were last published in the 1986 Red Book. 
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Table 2 

ESTIMATED ADDITIONAL RESOURCES - CATEGORY I 
(1000 Tonnes U) - 1st January 1989 

Country Cost Ranges 
up to $80/kg U $80-130/kg U 

Total 
up to $130/kg U 

Argentina 
Austria*» 
Australia 
Brazil" *> 
Canada 
Chile*' c> h> 
Denmark*1' 
France 
Gabon" « > 
Germany, F.R. of 
Greece'' 
India 
Indonesia*' 
Italy 
Korea, Rep. of*' 
Mexico" 
Namibia" 
Niger*» 
Peru*' 
Portugal 
Somalia" " 
South Africa1' 
Spain"> 
Sweden-' 
Turkey*' 
United States1' 
Zaire1" h» 

0.84 
0.70 

262.00 
92.39 
109.00 
0.00 
0.00 
20.00 
1.30 
1.60 
6.00 
4.08 
0.00 
0.00 
0.00 
0.00 
30.00 

283.60 
0.00 
1.45 
0.00 
72.60 
0.00 
1.00 
0.00 

3.14 
1.00 

131.00 
0.00 
95.00 
0.00 
16.00 
16.00 
8.30 
5.70 
0.00 
13.24 
6.70 
1.30 
3.00 
2.98 
23.00 
16.70 
1.86 
0.00 
3.40 

37.60 
9.00 
5.30 
3.20 

3.98 
1.70 

393.00 
92.39 
204.00 
0.30 
16.00 
36.00 
9.60 
7.30 
6.00 
17.32 
6.70 
1.30 
3.00 
2.98 

53.00 
300.30 

1.86 
1.45 
3.40 

110.20 
9.00 
6.30 
3.20 

1.70 0.00 1.70 

Total (rounded) 
Total (adjusted)"' 

888.00 
773.00 

403.00 
391.00 

1 292.00 
1 164.00 

a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 

J) 
k) 
1) 
m) 
n) 

In situ resources. 
Mineable resources. 
No information on cost category available. 
Equivalent to recoverable resources. 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, 

Uranium Resources, Production and Demand, 
Paris, 
Paris, 

1979. 
1982. 
1986. 

0ECD(NEA)/IAEAs 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 
0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 1988. 
The Atomic Energy Corporation of South Africa Limited: 1987 Uranium in South 
Africa, Pretoria, 1988. 
In deposits other than Ranstad. 
No information on recoverability available. 
estimate not separated into EAR-I and EAR-II, listed under EAR-II. 
In black shales. 
To account for estimated mining and milling losses, not incorporated in certain 
estimates. 
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Table 3 

HIGHER COST REASONABLY ASSURED RESOURCES 
AND ESTIMATED ADDITIONAL RESOURCES - CATEGORY I' RECOVERABLE 

AT COSTS BETWEEN $130-260/kg U 
(Tonnes U) 

1st January 1989 

Country 

Argentina 
Canada1> 
Finland 
Italy0» 
Namibiab > 
South Africa*" 
Sweden*' 
United States'1 

RAR 

2 500 
54 000 
2 900 
4 900 
9 000 
69 000 
35 000 
222 700 

EAR-I 

300 
51 000 

0 
4 700 
15 000 
73 600 
40 000 

-

* Mineable resources. 
a) Recoverable resources. 
b) OECD (NEA)/IAEA: Uranium Resources, Production and 

Demand, Paris, 1982. 
c) OECD (NEA)/IAEA: Uranium Resources, Production and 

Demand, Paris, 1986. 
d) The Atomic Energy Corporation of South Africa 

Limited: 1987 Uranium in South Africa, Pretoria, 1988. 
e) Resources from the Ranstad deposit, from which no 

production is allowed due to a veto by local authorities 
for environmental reasons. 

f) Estimate not separated into EAR-I and EAR-II, listed 
under EAR-II. 

B. UNDISCOVERED CONVENTIONAL RESOURCES 

This group includes both Estimated Additional Resources - Category II 
(EAR-II) and Speculative Resources (SR). However, it is important to emphasize 
the distinction between these two types of "undiscovered" resources. EAR-II 
refers to uranium that is expected to occur in well defined geological trends 
containing known deposits or areas of mineralisation with known deposits, while 
SR refers to uranium that is thought to exist in geologically favourable, rela
tively unexplored areas. A higher degree of confidence can be placed in esti
mates of EAR-II, because of their proximity to, and/or close association with 
identified and well delineated deposits. 

Undiscovered resources were last reported in the 1986 Red Book. 
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1. Estimated Additional Resources - Category II 

Estimated Additional Resources - Category II (EAR-II) recoverable at 
costs up to $80, betveen $80-130 and betveen $130-260/kg U are listed in 
Tabl.j 4. As in the 1986 report, only a few countries have estimated and 
reported EAR-II. 

Table 4 

ESTIMATED ADDITIONAL RESOURCES - CATEGORY II* 

Country 

Argentina*> 
Canadab' 
Colombia 
Gabon'» 
Germany, F.R. of 
Greece*' 
Peru 
Portugal 
South Africa*» 
United Kingdom 
United States'" f| 

* In situ resources. 
a) Recoverable resources. 
b) Mineable resources. 

(Tonnes U) 
1st January 1989 

Cost 
up to 

$80/kg U 

1 600 
154 000 

-
0 

2 500 
0 
0 

1 500 
-
0 

515 300 

c) 0ECD(NEA)/IAEA: Uranium Resources 
d) 0ECD(NEA)/IAEA: Uranium Resources 
e) The Atomic Energy Corporation of ! 

South Africa, Pretoria, , 1988. 
f) Represents a combination of EAR-I 

Ranges 

$80-130/kg U 

3 500 
120 000 

-
1 200 
3 500 
6 000 
100 
0 

-
1 000 

388 500 

, Production and 
, Production and 
South Africa Lim 

and EAR-II. 

Total 
up to 

$130/kg U 

5 100 
274 000 
11 000 
1 200 
6 000 
6 000 
100 

1 500 
476 000 

1 000 
903 800 

Demand, Pa 

Cost Range 

$130-260/kg U 

0 
107 000 

0 
0 
0 
0 
0 
0 
0 
0 

542 300 

iris, 1986. 
Demand, Paris, 1988. 
ited: 1987 Uranium in 

Of the significant uranium resource countries only Argentina, Canada, 
Gabon and South Africa estimated and reported EAR-II. Australia does not 
estimate EAR-II separately but includes these resources into Speculative 
Resources. The USA reports EAR-I and EAR-II under one category, EAR. For the 
purpose of this report, these resources are listed as EAR-II, since the large 
majority of these resources were previously classified in this category. New 
submissions were received from Colombia and Peru, while the South African 
estimate was taken from a recently published report. 

Changes from the estimates reported in the 1986 edition of the Red 
Book, include Argentina and South Africa. Argentina decreased its EAR-II up 
to $130/kg from 16 000 tonnes to 5 060 tonnes U and South Africa published 
EAR-II in the same cost category of 476 000 tonnes U, a small decrease of 
7 000 tonnes U. By contrast Canada's EAR-II has risen from 203 000 tonnes U 
on 1st January 1985 to 274 000 tonnes U by 1st January 1989. 
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2. Speculative Resources 

VOCA's Speculative Resources (SR) in conventional deposits have been 
estimated by several national authorities and independently by the NEA/IAEA 
Steering Group on Uranium Resources, as part of the International Uranium 
Resources Evaluation Project (IUREP) in 1977. These estimates were reviewed 
and updated in 1983. 

The national data are compiled in Table 5. Information is included 
from 10 countries on SR recoverable at up to $130/kg U and recoverable at 
betveen $130-$26O/kg U. Some countries such as Chile, Italy, South Africa, 
Venezuela and Zambia reported SR undivided as to cost category, although they 
are judged to be vithin the cost limit of $260/kg U. As mentioned above, a 
portion of the SR reported by Australia is equivalent to EAR-II. 

Table 5 

SPECULATIVE RESOURCES WOCA* 
(Tonnes U) 

NATIONAL DATA - 1st January 1989 

Country 

Argentina*' 
Australia6' 2 
Canada 
Chile" 
Colombia 
Denmark 
Germany, F.R. of 
Greece 
Italy" 
Portugal 
South Africac) 

United Kingdom 
United States'1 > 
Venezuela*' 
Zambia 

Up 

600 

Cost 

to $130/kg 

364 000 
000-3 900 

-
-

217 500 
10 000 
15 000 
6 000 

-
5 000 

-
1 000 

750 000 
-
-

; Ranges 

U $130-260/kg U 

000 
0 
0 
-
-
0 

50 000 

473 i 

0 
0 
-
0 

0 
000 
-
-

Cost 
Category 
Unassigned 

0 
0 2 
-

200 
0 
0 
0 
0 

10 000 
0 

1 113 000 
0 
0 

163 000 
35 000 

Total 
Up to 

$260/kg U 

364 000 
600 000-3 900 000 

1 000 000 
200 

217 500 
60 000 
15 000 
6 000 
10 000 
5 000 

1 113 000 
1 000 

1 223 000 
163 000 
35 000 

* In situ resources. 
a) OECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 1986. 
b) Includes a considerable portion of EAR-II. 
c) The Atomic Energy Corporation of South Africa Limited: 1987 Uranium in South 

Africa, Pretoria, 1988. 
d) Mineable resources. 

Table 6 contains a summary of the IUREP estimates of SR recoverable at 
costs of up to $130/kg U, which were first prepared in 1977 as part of Phase I 
of IUREP and updated in 1983 by the former NEA/IAEA Steering Group on Uranium 
Resources. This table includes the full range of estimates as well as the 
most likely range based on a judgement of the reliability of the country 
estimates. 

27 



Table 6 

SPECULATIVE RESOURCES VOCA 
(Million Tonnes U) 

Recoverable at Costs up to $130/kg U 
IUREP DATA - 1st January 1983 

Geographical 
Areas 

No. of Countries 
Assessed Full Range 

Most Likely 
Range 

Africa 
Asia + Far East 
Australia + Oceania 
North America 
Central + South America 
Europe 

50 
37 
17 
3 
40 
22 

1.3 - 4.6 
0.3 - 1.6 
2.0 - 4.0 
1.8 - 2.9 
0.7 - 1.8 
0.3 - 1.1 

2.6 - 3.5 
0.5 - 0.8 
3.0 - 3.5 
2.1 - 2.4 
1.0 - 1.3 
0.4 - 0.6 

:OTAL 169 6.4 -16.0 9.6 -12.1 

The full range of SR amounts to 6.4 to 16.0 million tonnes U. The most 
likely range is considered to fall vithin the 9.6 and 12.1 million tonnes 
bracket. For further detail, reference is made to an internal IAEA report on 
World Speculative Resources, November 1984, and to the Red Book 1986. 

When assessing the above estimates, caution has to be applied as con
tinuing exploration especially in Australia, Canada and the USA has provided 
additional information which could increase or decrease the above estimates. 

C. UNCONVENTIONAL AND BY-PRODUCT RESOURCES 

In a fev countries, unconventional and by-product sources of uranium are 
currently being exploited. With the possible exception of marine phosphates, 
none of these sources are expected to supply large tonnages in the foreseeable 
future. In some cases where the uranium could be produced at lower costs the 
countries have reported the resources as RAR and EAR, while in other cases, 
they have been reported separately as unconventional resources. As with the 
higher cost conventional resources, the data on these sources are incomplete. 
As the resource categories of most of the unconventional resources are un
available, Table 7 lists the resources by their source, irrespective of their 
categories. The more significant resources of this nature, reported in 
response to the questionnaire, are as follows: 

Uran'jm in marine ates is the most important source of production 
from this category.Uranium is being obtained in significant quantities (about 
2 000 tonnes U in 1988) as a by-product of phosphoric acid production from the 
large deposits of marine phosphate in the USA. Uranium is also recovered in 
Belgium as a by-product of phosphoric acid produced from imported phosphates. 
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Morocco, which has very large deposits of phosphate rock, reported over six 
•illion tonnes of uranium in deposits with an average grade of 120 ppn. Jordan, 
Mexico and Syria also report significant resources of uranium in phosphates. 

Table 7 

UNCONVENTIONAL AND BY-PRODUCT RESOURCES* 
. IN DIFFERENT SOURCES 

(1 000 Tonnes U) - 1st January 1989 

Country • Phosphates 
Non-
Ferrous 
Ores 

Carbonatites Black Schists 
Lignites 

Brazil" 
Chile" «> 
Colombia1* • 
Egyptc» 
Finland 
Greece*' »> 
India*> »> 
Jordan*' 
Mexico'» 
Morocco 
Peru 
South Africa 
Syria 
Thailand*» 
United States'1 

Venezuela'' '> 

28.0 
2.8 
20.0 
60.0 

0 
2 

123 
100 
526 
20 

«0.0 
0.5-1.5 
33.0 
42.0 

5.2 

22.9 

0.14-1.41 

13.0 

2.5 

h) 

3.0-9.0 
4.0 

' In situ resources, unclassified as to resource category. 
a) Recoverability not reported 
b) Refers to national data; IUREP-estimate 40 000-60 000 tonnes U. 
c) Refers to U contained in Abu Tartur; all deposits may contain 

100 000 tonnes U. 
d) In addition 14 000 tonnes U in monazite placers. 
e) Refers to IUREP-estimate, includes U in monazite placers. 
f) Recoverable resources. 
g) 0ECD(NEA)/IAEA: Uranium Resources, Production and Demand, Paris, 1986. 
h) Included in Table 1 and 2. 

Uranium in marine black shales is reported as conventional RAR and 
EAR-I recoverable at costs between $8O-130/kg U and $130-260/kg U by the 
Republic of Korea and Sweden, while Finland lists uranium in black shales as 
unconventional resources. 

Uranium occurs associated with non-ferrous metal ores 
Peru report resources of this type. 

Chile, India and 
In some cases, as in India and USA, ura

nium is produced as a by-product of copper leaching. 
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South Africa reported uranium production as a by-product of the recovery 
of copper and other metals from the Palabora carbonatite complex. RAR below 
$80/kg U and EAR-I between $80-130/kg U in this deposit are estimated at 5 200 
and 1 600 tonnes U respectively. In addition, 4 300 tonnes are included in 
EAR-II recoverable at costs of up to US$130/kg U*. Unconventional resources 
associated with carbonatites are reported by Brazil (Araxa: 13 000 tonnes) and 
Finland (Sokli: 2 500 tonnes U). 

D. RBSOURCES OUTSIDE WOCA 

As reported in the previous editions of this report, very little infor
mation is available on the uranium resources of the Centrally Planned Economies 
(CPE) area. Estimates made for the 11th World Energy Conference (1980)** were 
of 450 000 and 500 000 tonnes U in the lov cost RAR category. The total low 
cost EAR was estimated to be over 1.5 million tonnes U with the majority in 
the USSR and the German Democratic Republic. 

During a review of the IUREP Speculative Resources data base, the former 
NEA/IAEA Steering Group on Uranium Resources estimated resources of all catego
ries of between a full range of 3.3. to 8.4 million tonnes U with the most 
likely range being 5.2 to 6.5 million tonnes U for 12 countries of the CPE 
area. It is estimated that about 70 per cent of the full range are located in 
Eastern Europe and the Asian part of the USSR, while the remainder is consider
ed to exist mainly in the rest of Asia. Countries with significant resources 
are the USSR, China, Czechoslovakia and the German Democratic Republic. 

These resource estimates may have changed in the meantime due to con
tinuing exploration, new discoveries, production, but also due to the applica
tion of different economic assumptions as regards recovery costs. 

Recently, a growing amount of information on non-VOCA resources has 
been reported at a number of international conferences. Although no resource 
estimates were made available, qualitative information on the uranium resources 
in Bulgaria, China and Czechoslovakia was given. 

Bulgaria has been thoroughly explored and produces sufficient uranium 
to fuel its nuclear reactors. It is reported that 75 per cent of the known 
uranium resources are in sandstone-type deposits and the remainder in vein-
type deposits. Accordingly, 70 per cent of the production is mined by in situ 
leaching (ISL) methods. 

* The Atomic Energy Corporation of South Africa Limited: 1987 Uranium in 
South Africa, Pretoria, 1988. 

** Survey of Energy Resources prepared by BGR - Federal Institute for Geo-
sciences and Natural Resources, Hannover, for the 11th World Energy Conference, 
Munich, September, 1980. 

30 



Unlike the age distribution of VOCA uranium deposits, the large majority 
of known resources in China is hosted in rocks of Mesozoic age or younger ages. 
Deposits are classified into four geological types which, according to the host 
rocks, in decreasing order of importance, are: granitic deposits; volcanic 
deposits; sandstone deposits; and carbonaceous-siliceous-pelitic deposits, 
which resemble unconventional resources in black shales. 

At present, China's known resources, which reportedly support production 
capabilities of about 4 000 tonnes U per year, are sufficient to meet planned 
reactor related requirements (for 6-7 GV(e) nuclear electricity generating 
capacity over 30 years, estimated to total 35 000 tonnes U) as well as export 
commitments. According to Chinese estimates, using categories which do not 
correspond exactly with those used elsewhere in this report, there are known 
resources of approximately SO 000 tonnes U. Future needs beyond these require
ments will have to be met from currently undiscovered resources; preliminary 
estimates of speculative resources suggest that these amount to some 
1 770 000 tonnes U. 

Tt is further reported that China's known uranium deposits are small, a 
single deposit typically containing 1 000-3 000 tonnes U, at ore grades ranging 
from 0.1-0.3 per cent U. The deposits occur at depths of up to 500 m, but may 
range from 700-1 000 m deep. 

Czechoslovakia has significant uranium resources in the Bohemian Massif. 
Geologically, two main types of uranium deposits are described: vein deposits 
associated with Variscan granitoids and sandstone types of Upper Cretaceous-
Tertiary age. Significant deposits of these types include the vein deposits 
Jachymov (depleted), Medvedin, Rozna-Olsi, Pribram and Zadni Chodov as well as 
the sandstone deposit Hamr. 

• / . M. 



II 

URANIUM EXPLORATION 

INTRODUCTION 

Total expenditures on uranium exploration in VOCA between 1987 and 1988 
decreased as compared with those in 1986 (Table 8). In terms of constant 
(1989) US-dollars, reported exploration expenditures amounted to $171.2 million 
in 1987 and $146.3 million in 1988. The decline from the 1986 expenditure of 
$180.7 million is 5 per cent for 1987 and 19 per cent for 1988. Exploration 
expenditures for 1989 are expected to total about $128 million. 

As in previous years, the geographical distribution of the exploration 
expenditures has been uneven. For example, in 1987, the last year for vhich 
data from Australia were available, nearly 87 per cent vas spent in five 
countries: Australia, Canada, France, India and USA. The balance vas spent 
in over 20 countries, vith an average of less than $1 000 000 per country, in 
year-of-expend i ture-dollars. 

Total exploration expenditures incurred abroad in 1987 and 1988 also 
declined compared vith 1986 (Table 9). In terms of constant (1989) US-dollars, 
reported expenditures totalled $72.5 and $51.8 million in 1987 and 1988 respec
tively. When compared vith the 1986 expenditures of $81.9 million the decrease 
amounts to 11 and 36 per cent in 1987 and 1988. Expected expenditures for 1989 
are reported at about $51.4 million. Countries funding exploration projects 
outside their territories are those vith larger nuclear programmes including 
the Federal Republic of Germany, France, Japan and the UK. 

The trends of exploration expenditure are illustrated in Figure 4. 

A. RECENT EVENTS 

The main focus of recent exploration efforts is on the search for high 
grade uranium deposits in established districts and on the development of knovn 
deposits. Areas vithout knovn deposits received little attention in 1987 and 
1988, although there vere some indications of increased activity particularly 
in eastern Canada and the Northwest Territories. No major discovery has been 
reported in VOCA, since the discovery of the Kintyre deposit in Australia in 
1985. 

Significant events in exploration carried out in 1987 and 1988 are 
summarised belov. 
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URANIUM EXPLORATION EXPENDITURES IN COUNTRIES LISTED*' 
($1 000 in year of expenditure) 

Expected 
COUNTRY Pre-1983 19«3 19(4 19(5 1966 1987 1986 19*9 

Argentina 34 342 5 700 2 015 69 965 87 92 n.i 
Australia 300 000 13 000 11 TOO 9 000 12 000 II 000 n.a n.a 
Bangladesh 2(3 34 40 43 40 13 n.a n.a 
Belgium 1 100 - - 65 «5 330 105 n.a 
Bolivia 9 366 - - - - - - -
Botswana 430 210 - - - -
Brasil 119 920 - - - - - -
Canada 623 220 33 960 27 970 25 200 25 660 29 720 49 720 47 100 
Contral African Rap. 20 000 
Chilo 7 560 - - - - - - -
Coloabia 23 3(0 150 150 63 79 37 36 40 
Costa Rica 10 1 250 100 - -
Denmark 4 000 200 100 50 - - -
Ecuador 1 405 258 192 200 n.a n.a n.a n.a 
Egypt S 571 1 574 1 250 1 050 1 072 1 213 1 0*7 n.a 
Pinland 12 638 665 544 336 304 109 126 48 
rranca 460 180 49 320 48 510 47 740 64 026 55 143 47 020 46 684 
Gabon 71 542 4 737 3 982 5 000 n.a n.a n.a n.a 
Oaruny, r.R. of 94 165 5 400 2 200 2 800 4 600 5 800 3 000 2 500 
Shana 90 n.a n.a n.a n.a n.a n.a n.a 
Oraaca 8 299 1 723 1 414 1 095 810 510 350 548 
Guatemala - 580 30 -
India 69 920 9 850 8 670 10 190 11 580 13 430 12 560 16 460 
Indonesia 6 904 874 170 187 52 229 207 113 
Ireland 6 800 - - - - - -
Italy 68 000 4 000 1 000 600 700 .760 n.a n.a 
Jamaica 30 _ _ _ _ _ _ 
Japan 5 740 580 560 480 760 520 
Jordan _ _ _ _ _ _ 227 n.a 
Korea, Rep. of 2 565 477 302 213 81 315 333 347 
Leaotho n.a n.a 10 6 5 n.a n.a n.a 
Madagascar 4 267 914 42 n.a n.a n.a n.a n.a 
Malaysia 3 200 635 705 736 725 665 680 n.a 
Mali 51 235 72 330 - - - - -
Mexico 24 910 n.a n.a n.a n.a n.a n.a n.a 
Morocco 2 500 n.a n.a 200 26 24 -
Namibia IS 522 n.a n.a n.a n.a n.a n.a n.a 
Niger 168 519 4 890 (79 2 130 5 497 4 870 n.a n.a 
Nigeria 6 950 n.a n.a n.a n.a n.a n.a n.a 
Norway 2 7(0 400 - - - - - -
Paraguay 25 510 n.a n.a n.a n.a n.a n.a n.a 
Peru 3 355 21 54 112 189 300 108 83 
Philippines 3 162 62 25 25 25 16 16 16 
Portugal 9 758 715 70S 693 744 798 990 814 
Soulla 1000 - - - - - - -
South Africa 108 993 n.a n.a n.a n.a n.a n.a n.a 
Spain 103 629 10 000 7 000 362 680 990 1 830 1 962 
Sri Lanka 33 _ _ _ _ _ _ _ 
Sweden 43 000 2 100 1 200 570 - - - -
Switserland 3 610 126 112 20 - - - -
Syria (00 _ _ _ _ _ _ n.„ 
Thailand 1 023 50 65 1 966 4 477 2 716 29 n.a 
Turkey 13 940 2 000 1 000 1 000 1 000 1 000 400 321 
United Kingdom 2 600 - - - - - - -
United States 2 404 100 44 200 31 300 25 200 25 100 22 000 22 000 16 800 
Uruguay - 31 52 34 29 27 28 30 
Yugoslavia n.a n.a 175 175 295 40 85 25 
Zambia n.a n.a n.a n.a n.a n.a n.a n.a 
Zimbabwe 435 n.a 367 563 1 261 n.a n.a n.a 

TOTALb> 5 036 053 198 749 155 020 13( S6S 163 099 159 662 141 129 127 961 
TOTAL ($19(9) - 241 406 1(1 648 157 661 180 712 171 193 146 346 127 961 

n.a Data not available. 
No expenditures reported, 

a) Industry plus government expenditures. 



Tabic 9 

URANIUM EXPLORATION EXPENDITURES ABROAD BY COUNTRIES LISTED 
($1 000 in year of expenditure) 

FUNDING 
COUNTRY 

Belgium 
France 
Germany, F.R. of 
Japan 
Korea, Rep. of 
Spain 
Switzerland 
United Kingdom 
United States 

TOTALa) 
TOTAL ($1919) 

n.a Data not ava 
No expenditu 

a) Of available 

Pre-1983 

4 
454 
268 
180 
16 
20 
18 

222 

1 184 

— 

ilable 

000 
390 
000 
126 
384 
400 
797 
n.a 
260 

357 

res reported 
data only. 

1983 

28 
15 
24 
3 

2 
4 

79 
96 

200 
700 
500 
220 
295 

-
294 
875 
680 

764 
730 

1984 

18 
11 
20 
1 

7 
1 

61 
72 

100 
764 
500 
684 
177 

-
340 
402 
830 

797 
296 

1985 

15 
15 
20 

2 
11 

66 
75 

100 
013 
800 
592 
257 

-
570 
854 
n.a 

186 
197 

1986 

17 
20 
27 

2 
6 

74 
81 

100 
595 
000 
170 
43 

-
400 
705 
n.a 

013 
875 

1987 

14 
19 
26 

1 
6 

67 
72 

_ 
525 
000 
450 

5 

-
005 
761 
n.a 

746 
523 

1988 

7 
14 
21 

1 
5 

50 
51 

748 
000 
410 
48 

-
000 
812 

-

018 
785 

Expected 
1989 

10 
13 
18 

1 
7 

51 
51 

916 
160 
130 
134 

-
500 
547 

-

387 
387 

In Argentina, CNEA continued uranium exploration with annual expendi
tures of about US$90 000 in 1987 and 1988. Activities included mainly surface 
work with a limited amount of drilling. Areas of investigation are located in 
the Sierra of Cordoba (Paleozoic granites), the Puna in NV Argentina (acid 
volcanics of Tertiary age), Sierra Pintada (Paleozoic volcanogenic sediments) 
and Patagonia (Cretaceous sandstones). Plans for 1989 call for the continua
tion of these projects, as well as work in new areas such as in the Triassic 
basin in Mendoza-San Juan, Paleozoic-Triassic magmatic rocks in the Frontal 
Cordillera and the middle Cretaceous basin of the Andean Cordillera. 

The main exploration projects in Australia continued to be in the 
Stuart Shelf region of South Australia and the Rudall area, northern Paterson 
Province. The objectives of these programmes were the better definition of 
the Olympic Dam mineralisation and the further exploration and evaluation of 
the Kintyre deposit, discovered in 1985, and its surroundings. In addition 
exploration for unconformity-related deposits continued in the Pine Creek 
geosyncline in the Myra Falls, Rum Jungle-Vaterhouse and the Ranger Project 
areas. 

Uranium exploration in Canada amounted to about US$30 million in 1987, 
maintaining the 1986 level. In 1988, however, expenditures increased by nearly 
two thirds to almost US$50 million. This increase was due largely to the test 
mining programmes at the Cigar Lake and Midwest projects in northern 
Saskatchewan. Although grass-root activities in new areas in eastern Canada 
and in the Northern Territories continued, the main concentration of explora
tion was in the Athabasca Basin. Across Canada over 50 exploration projects 
were identified in 1988 and 10 companies spent 98 percent of the 1988 total 
expenditure. In addition to the delineation of further resources at known 
deposits, a new discovery of ore grade mineralisation at the Volly project in 
northern Saskatchewan was announced by Hinatco Limited in early 1989. 
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In Egypt, the Nuclear Materials Authority is maintaining uranium explo
ration projects with annual budgets of US$1.0-1.2 million. Target areas de
tected by an aerial survey are located in the Eastern Desert as well as on the 
Sinai Peninsula, where uranium mineralisation occurs in relation to Pan-African 
granites and their contacts as well as in dolomitic karsts in Carboniferous 
sedimentary sequences, respectively. The investigation included a number of 
geologic-geophysical surface methods, which are expected to lead to trenching 
and drilling in the areas of El-Hissikat, El-Erediya and Urn Ara (Eastern 
Desert) and Abu Zenaima (Vest-Central Sinai). 

In the Federal Republic of Germany uranium exploration in 1987 had con
tinued at the DH 10 million level as in 1986, in the Menzenschwand and Gross-
schloppen deposits. In 1988, however, expenditures decreased to DM 5.4 million 
due to the suspension of the Grossschloppen project. Overseas, three mining 
companies, based in FRG, continued exploration in Australia, Canada, USA, 
Zambia (terminated in 1988) and Zimbabwe. The corresponding expenditures de
creased from DM 44.5 million in 1986 to DM 35 and DM 25 million in 1987 and 
1988, respectively, vhile in US$ the decline was less pronounced, from 
US$20 million to US$19 million and US$14 million. 

Through its Geological Survey, Finland maintains a minimum level of 
uranium activities, vhich are focussed on the interpretation and follow-up of 
low altitude airborne surveys. Based on these survey results, new evidence 
was found for the presence of an unconformity-related uranium occurrence at 
Riutta (Koli area, eastern Finland). 

In France, exploration expenditures decreased from FF 444 million in 
1986 to FF 330 and FF 280 million in 1987 and 1988, respectively. Roughly one 
third of the 1988 expenditures relates to exploration, while the remainder was 
spent on development. Exploration activities concentrated on areas with known 
reserves presently being mined, such as Marche, Limousin, the southern part of 
the Massif Central and the Massif Armoricain. Four companies are active in 
domestic uranium exploration; these include COGEMA, the Compagnie Francaise 
de MOKTA since 1986 a wholly owned subsidiary of COGEMA, Total Compagnie 
Miniere Francaise SNC, a subsidiary of the Compagnie Francaise des Petroles, 
and Societe Auxiliaire d'Energie, a subsidiary of Electricity de France. 
French mining companies especially COGEMA and Total are conducting exploration 
outside France, mainly in western Canada, Australia and USA. These expendi
tures totalled US$7.7 million in 1988 as compared to US$17.6 million in 1986. 

India, through the Atomic Minerals Division (AMD) of the Department of 
Atomic Energy, submitted uranium exploration expenditures for the first time 
since 1979. Aimed at self-reliance on uranium supply for its nuclear power 
programme, AMD is carrying out extensive exploration in known areas, mainly in 
the Singhbhum Thrust Belt, as well as in new areas with potential for uranium 
deposits in Cretaceous sandstone and metamorphic rocks. Since 1985 AMD's 
exploration expenditures have exceeded $10 million and are increasing. Expen
ditures in 1988 amounted to over $12 million and expenditures for 1989 are 
expected to reach $16 million. 

Uranium exploration activities in Indonesia, as evidenced by the sub
mitted expenditures, increased again in 1987 and 1988, with budgets of over 
US$200 000 as compared to about US$50 000 in 1986. In 1987, exploration had 
continued in limited areas of Sibolga (North Sumatra), as well as in Kalan 
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(Vest Kalimantan). These areas are underlain by Paleogene sediments of 
granitic provenance and by Permo-Carboniferous metasediments, respectively. 
In 1988, activities were suspended in Sibolga and concentrated on the Schwaner 
region in the vicinity of the Kalan occurrence. 

Japan carries out its uranium exploration activities through the 
government-owned Power Reactor and Nuclear Fuel Cycle Development Corporation 
(PNC) both within the country and abroad. In 1987, however, the domestic 
programme was terminated, but foreign exploration projects continued in 
Australia, Canada, China, Niger, USA and Zimbabwe, with a total but declining 
annual budget of about US$20 million. 

In Peru, work in different portions of Nacusani continued with annual 
budgets of~Us$300 000 (1987) and US$100 000 (1988). In 1987 some drilling was 
done, which is reflected in the higher expenditures, and in 1988 work included 
geologic and radiometric surveys and trenching. The estimates of RAR were 
increased slightly due to the delineation of additional tonnages in the Chapi 
area in the Macusani district. 

In Portugal, the Geological Survey (DGGM) and the Empresa Nacional de 
Uranio (ENU) continued uranium exploration with expenditures of US$800 000 to 
US$1 million in 1987/88. While the Geological Survey carries out exploration 
in favourable areas of the country, ENU's activities are limited to exploring 
the extension of known deposits as well as its Beiras and Alentejo exploration 
permits. 

In Spain, Empresa Nacional del Uranio S.A. (ENUSA) has increased its 
exploration budget from about US$700 000 in 1986 to US$1 million and 1.8 mil
lion in 1987 and 1988, respectively. The objective of the exploration pro
gramme to increase low cost resources has been reached as 2 200 tonnes U of 
low cost RAR have been found in the Mina Fe, Retortillo and ViHares deposits, 
located in the Salamanca province. 

Switzerland continues to participate in uranium exploration in the 
south western USA. The financial involvement, however, decreased from 
US$2.4 million in 1986 to about US$1 million in 1987 and 1988. 

The most important event in uranium exploration in Turkey is the 
airborne spectrometer survey carried out over 19 000 km2 in the Kayseri area 
in Central Anatolia in late 1987. 

Uranium exploration is carried out in foreign countries by private 
United Kingdom companies operating through autonomous subsidiaries or affili-
ates established in the countries concerned. In addition, uranium exploration 
is carried out by the Central Electricity Generating Board (CEGB) in Australia, 
Canada, Malawi and USA, with expenditures of nearly $6.8 million in 1987/88 
and $5.8 ir.4Uion in 1988/89. 

Exploration expenditures incurred by companies active in the United 
States have stabilized at about US$20-22 million per year since 1985. Explora
tion targets were located mainly in Arizona (solution breccia pipes), Texas 
and Wyoming (sandstone uranium deposits amenable to ISL techniques). 
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B. LEAD TIMES AND DISCOVERT COSTS 

Lead tines from the start of a uranium exploration programme to first 
production from a successful discovery are not insignificant. Although such 
lead times tended to be relatively short (less then 10 years) in the early 
years (pre-1959) of the uranium industry, they now commonly range from 10 to 
15 years, or longer. 

A recent example in the USA is the Crow Butte project located in north-
vest Nebraska. Exploration started in 1979 and the deposit was discovered in 
1980. Subsequent drilling through 1984 proved reserves of over 11 000 tonnes U 
although the decision to develop this property into an ISL operation was made 
in 1983, vhen the pilot plant permit application was submitted. This permit 
vas obtained in 1985, and construction of a pilot ISL plant began. The results 
led to the decision to start construction of a commercial facility in 1989 with 
a production rate of about 200 tonnes p.a. The project will not begin opera
tion until 1990 at the earliest which would result in a total lead time from 
the start of exploration to the first production of 11 years. 

Uranium discovery costs vary widely from country to country and project 
to project and should be treated vith great caution in making any assumptions 
about the future levels of expenditures required to find uranium. An analysis 
of the historical exploration expenditures over a long period compared with 
the uranium resources reported discovered during the same period can provide a 
useful insight into the order of magnitude of effort, in terms of expenditures, 
required for uranium discovery. 

An approximate discovery cost per kilogram of uranium found in Canada 
each year in the period 1971 to 1983 can be derived from total exploration 
expenditures and the amount of uranium found. The costs shown in Table 10 
below reflect all discoveries made in Canada during the survey period including 
Cigar Lake. Such a major find has a considerable effect on discovery costs 
both for Saskatchewan and for Canada as a whole. If Cigar Lake had not been 
found, costs for Canada would have been $4.04/kg U, and for Saskatchewan alone 
$2.51/kg U (both in 1985 $Cdn). 

Table 10 

CANADIAN URANIUM DISCOVERY COSTS : 1971-1983* 

Total Canada 
Saskatchewan 
Canada excl. Saskatchewan 

Exploration 
Expenditures 

(1985 $Cdn millions) 

1 096 
588 
508 

Uranium 
Discovered 
(tonnes U) 

421 200 
383 800 
37 400 

Cost/kg U 
$Cdn 

2.60 
1.53 
13.58 

* Extracted from a paper by D.A. Cranstone and R.T. Whillans entitled, "An 
Analysis of Uranium Discovery Costs in Canada, 1930-1983" in "Uranium 
Resources and Geology of North America", IAEA-TECDOC-500, 1989. 
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In Australia, nev discoveries of known resources in the $130/kg U or 
less cost category amounted to 892 000 tonnes U between 1967 and 1983. The 
exploration expenditures over the same time period were A$573 million (ex
pressed in 1985 A$ for comparison with Canadian costs set out above). This 
indicates an overall discovery cost of approximately A$0.64 per kg U expressed 
in 1985 dollars. 

The highest level of exploration effort in the I'M ted States was reached 
during the late 1970s, however it declined sharply in the 1980s. The total 
10-year aggregated exploration expenditures for the 1973-1982 period were an 
estimated $2 809 million, expressed in constant 1985 US dollars. The uranium 
added to the Reasonably Assured Resources in all cost categories amounted to 
an estimated 226 300 tonnes U. The average uranium discovery cost for 1973-
1982 was about $12.41/kg U. 

C. TRENDS IN EXPLORATION 

Exploration expenditures are largely a function of the uranium market's 
perception of resource adequacy to meet future expected demand. Such percep
tions are reflected in market prices. Historical trends in V0CA uranium ex
ploration expenditures are shown in Figure 4. With uranium oversupply leading 
to low uranium prices, exploration expenditures likewise remain at low levels. 
When prices rise sufficiently, with increasing demand, to provide the industry 
with appropriate expected returns on investment, increased levels of explora
tion can be expected to follow. 

There has been a 40 per cent decrease in uranium exploration expendi
tures in V0CA countries from 1983 to 1988 in US$ (1989). The decline was 
particularly severe in the United States where expenditures have fallen by 
over 55 per cent during the same period. 

A few countries with small exploration programmes ceased activity alto
gether, and many large-scale and long-term projects carried out by internation
al companies, primarily in developing countries, were terminated. However, a 
few other countries have maintained fairly steady effort directed at supplying 
their longer-term internal needs. Expenditures in France, for example, have 
remained high and in 1988 accounted for one-third of the V0CA total. India's 
exploration expenditures have steadily increased over the same period, reaching 
a level of $12 million in 1988. Canada's and Australia's shares of total ura
nium exploration expenditures have remained fairly constant since 1983. 
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Figure 4 

TREND IN URANIUM EXPLORATION EXPENDITURE (1979-1989) 
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Ill 

URANIUM PRODUCTION 

A. HISTORICAL REVIEW 

Historical uranium production for civilian use in nuclear power stations 
since 1965, as illustrated in Figure 5 and Table 11 (since 1970), can be de
scribed in terms of several distinct periods, each characterised by different 
growth patterns: 

- The period from 1965 to 1975 was marked by the transition in a 
growing number of countries from production for military programmes to produc
tion for civil nuclear power programmes. The level of production fluctuated 
between a low of around 15 300 tonnes per year in 1966 to a high of around 
20 000 tonnes per year in 1972, which is not large for the time interval con
sidered. The general trend was one of slowly increasing production. The 
United States was by far the largest producer during this period with a share 
of slightly below 50 per cent of world production. Canada and South Africa 
contributed around 19 per cent and 15 per cent, respectively, to world produc
tion. Much of the uranium originated from relatively small, low-grade mines. 

- From 1975 to 1980 uranium production increased rapidly to an all 
time high of about 44 200 tonnes U per year, in order to match achieved and 
anticipated rapid development of nuclear power. During this period large, 
open-pit mines such as Rossing in Namibia (1976) with a production capacity of 
around 4 000 tonnes U per year, Ranger in Australia (1981) with a production 
capacity of 2 500 tonnes U per year, and Rabbit Lake in Canada (1975) with a 
production capacity of 1 300-1 400 tonnes U per year, came into production. 
In addition, the first high-grade uranium deposits of the proterozoic uncon
formity type, the Nabarlek mine in Australia (1980) and the Cluff Lake mine in 
Canada (1980), started production at a rate of 1 300-1 500 tonnes U per year 
each. (Although Rabbit Lake and Ranger are equally classified as unconformity 
type deposits, they are not of particularly high grade.) Parallel to this de
velopment in Canada and Australia, annual production capability in the United 
States increased by around 8 000 tonnes to 16 800 tonnes U. This increase was 
achieved through the start-up of many small conventional mines, more in situ 
leach mining and intensified by-product recovery of uranium. At the same time 
Niger augmented production by 2 800 tonnes U annually, and South Africa in
creased by-production of uranium from 2 500 tonnes to more than 6 000 tonnes U 
per year. France increased production by 300 tonnes to 2 600 tonnes U per 
year during the period. 
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Figure 5 
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T«bl. 11 

HISTORICAL URANIUM PRODUCTION 

(TONNES U) 

COUNTRY 

ARGENTINA 

AUSTRALIA 

BELGIUM*' 

BRAZIL 

CANADA 

FINLAND 

FRANCE 

GABON 

GERMANY. F.R. 

INDIA"" 

JAPAN 

MEXICO 

NAMIBIA 

NIGER 

PAKISTAN 

PORTUGAL 

SOUTH AFRICA 

SPAIN 

SNEDEN 

U.S.A. 

YUGOSLAVIA 

ZAIRE 

TOTAL 

PRE 

1970 

79 

7546 

8S200bl 

30 

14100 

34«0 

OF 108° > 

1000 

2 

42 

1364 

55046 

SS 

178 

142800 

25600 

336610 

1970 

45 

2S4 

3520 

1250 

400 

28 

200 

1 

66 

3167 

SI 

14 

9900 

18896 

1971 

45 

3830 

1250 

540 

18 

200 

7 

430 

30 

61 

3220 

60 

> 

9400 

19099 

1972 

25 

4000 

1545 

210 

0 

200 

a 

867 

30 

73 

3197 

55 

9900 

20110 

1973 

24 

3710 

1616 

402 

0 

200 

10 

948 

30 

73 

2735 

55 

10200 

20003 

1974 

30 

3420 

1673 

436 

26 

200 

7 

1117 

30 

92 

2711 

60 

8900 

18702 

1975 

22 

3560 

1731 

800 

57 

200 

3 

1306 

30 

115 

2488 

136 

8900 

19348 

1976 

40 

359 

4850 

1871 

8 SO 

38 

200 

2 

654 

1460 

30 

88 

2758 

170 

9800 

23170 

1977 

100 

356 

5790 

2097 

907 

15 

200 

1 

2340 

1609 

30 

95 

3360 

177 

11500 

28577 

1978 

126 

516 

6800 

2183 

1022 

35 

200 

2 

2697 

2060 

30 

98 

3961 

191 

14200 

34121 

1979 

134 

70S 

6820 

2362 

1100 

25 

200 

2 

3840 

3620 

30 

114 

4797 

190 

14400 

38339 

1980 

187 

1561 

20 

7150 

2634 

1033 

35 

200 

5 

4042 

4128 

30 

82 

6146 

190 

16800 

44243 

1981 

123 

2922 

40 

4 

7720 

2552 

1022 

36 

200 

3 

3971 

4363 

30 

102 

6131 

178 

14800 

44197 

1982 

155 

4422 

45 

242 

8080 

2859 

970 

34 

200 

5 

3776 

4259 

30 

113 

5816 

ISO 

10300 

41456 

1983 

172 

3211 

45 

189 

7140 

3271 

1006 

47 

200 

4 

3719 

3426 

30 

104 

6060 

170 

8200 

36994 

1984 

129 

4324 

40 

117 

11170 

3168 

918 

32 

200 

4 

3700 d ) 

3276 

30 

115 

5732»» 

196 

S700 

388S1 

1965 

126 

3206 

40 

nsd> 

10880 

3189 

940d> 

30 

200 

7 

3400 d l 

3181 

30 

119 

48eo•, 

201 

4300 

30 

34874 

1966 

173 

41S4 

40 

U5d> 

11720 

3248 

900d) 

26 

200 

6 

3300dl 

3110 

30 

110 

4602" 

215 

5200 

59 

37208 

1987 

95 

3780 

40 

0 

12440 

3376 

600 

53 

200 

8 

3500 

2970 

30 

141 

1963 " 

223 

5000 

72 

36691 

1968 

142 

3S32 

40 

0 

12400 

3394 

930 

38 

200 

0 

3600 

2970 

30 

144 

» 16S0d> 

228 

50 50 

SO 

36628 

TOTAL 

TO 1988 

1972 

40846 

350 

782d» 

220200 

30 

59369 

18646"' 

681 

4600 

67 

42 

42539 d l 

45100 

540 

326* 

134620 1" 

2951 

200 

3252S0 

241 

25600 

926117 

EXPECTED 

1989 

150d> 

3600 

40 

o"» 

11000 

od» 

3190 

»S0d> 

30 

200 

0 

0d' 

3600 d l 

3000d> 

30 

150 

2»00 d l 

216 

0 

4600 

85 

0 

J3941d> 

a) Uranium from impo-ted phosphates. 

b) Pr*-1938 d*t« not available. 

c) Plus 120 tonnes uranium of foreign origin. 

d) Secretariat estimate. 

e) 1985 Uranium in South Africa. 

f) 19*7 Uranium in South Africa. 



- Between 1980 and 1985, however, total annual uranium production fell 
by 9 400 tonnes to 34 900 tonnes U. This was in spite of the 1983 start-up of 
the world's largest single uranium producer, the Key Lake mine (Canada) with 
an annual production capability of 4 600 tonnes U, and the expansion of 
Australia's Ranger mine to 3 200 tonnes U per year. Although suppliers such 
as Gabon, Niger, South Africa and Namibia all reduced production to some extent 
(by a combined amount of almost 3 000 tonnes U per year), the United States 
accounted for 12 500 tonnes U of the total annual reduction. On the other 
hand, Canada and Australia increased production by a combined amount of 
5 400 tonnes U per year. 

- Since 1985, uranium production has increased slightly by almost 
2 000 tonnes U per year and has been maintained at a fairly stable level with 
only minor fluctuations. 

One of the more significant developments in uranium production is the 
gradual shift in emphasis from low-grade sandstone and conglomerate-hosted 
uranium deposits to production from high-grade, unconformity-related uranium 
deposits, the former being located in the US, South Africa and Eastern Canada 
and the latter being located in Western Canada and Australia. 

B. STRUCTURE OF THE INDUSTRY 

i) Ownership of Production 

There has been a change over several years in the structure of produc
tion ownership from a larger to a smaller number of owners, due in part to a 
consolidation in the industry and to a shift from relatively small, low-grade 
mines in the US to larger, higher-grade mines in Canada and Australia. This 
trend has recently accelerated and three major companies now own almost 40 per 
cent of V0CA production. However, control of resources can be exercised by 
ownership of a minority share, if the remaining shares are all widely held, 
and also by ownership of significant milling capacity. The three major 
companies noted below control almost 60 per cent of V0CA production*: 

- On September 30, 1988, two Canadian Crown Corporations Eldorado 
Nuclear Limited and Saskatchewan Mining Development Corporation merged to form 
Cameco, A Canadian Mining & Energy Corporation. This company owns around 
15 per cent of annual V0CA uranium production and controls almost one-fifth 
(18 per cent*) of W0CA production. 

- RTZ, a British mining company which has uranium interests in 
Australia, Canada, Namibia, South Africa and the United States, announced in 
January 1989 that steps had been initiated to acquire the mineral interests of 
BP, including a 49 per cent share of the Olympic Dam operation (producing 
copper, uranium and gold) in South Australia. (Western Mining, an Australian 
mining company, can claim right of first refusal for any sale of BP's interest 

* P. Verbeek, An Insight into the Dive.3ification Policy of the Utilities, 
Uranium and Nuclear Energy: 1988, Proceedings of the Thirteenth International 
Symposium held by the Uranium Institute, Uranium Institute, London, 1989. 
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in Olympic Dam.) Such an acquisition vould increase RTZ's production owner
ship from around 8.5 to 10 per cent, but would not increase control of produc
tion, which is currently believed to be around 20 per cent* of total VOCA 
production. In addition, Rio Algom Limited, a subsidiary of RTZ operating in 
Canada, acquired the Wyoming uranium properties of Kerr-McGee Corporation and 
its wholly-owned subsidiary, Quivera Mining Company in the USA. 

- The third large company is COGEMA, which is 100 per cent owned by the 
French Commissariat a l'Energie Atomique (CEA). COGEHA now owns all production 
in France except Total-Compagnie-Miniere-France operations. In addition, the 
company has mining interests in Australia, Canada, Gabon, Niger and the United 
States. The interests in Australia were acquired in 1987 through the direct 
purchase of a 1.25 per cent share in the Ranger operation and the indirect 
acquisition of a further 2.5 per cent share through the purchase of 75 per 
cent of Saarberg-Interplan, now Interuranium. COGEHA currently owns around 
14 per cent of VOCA production, and with its involvement in Canada, Gabon and 
Niger, effectively controls over 20 per cent* of VOCA production. 

The questionnaire for this edition of the Red Book included a request 
for data on ownership of production. The following table on 1988 production 
ownership, divided into tvo main categories, "domestic" and "foreign", and tvo 
sub-categories, "government" and "private", was compiled from responses to 
this question. 

Table 12 

OWNERSHIP OF URANIUM PRODUCTION 1988 

OECD 

Rest of VOCA 

TOTAL VOCA 

DOMESTIC 

Government Private 
[tU] [%] [tUl [X] 

9038 36.6 8793 35.6 

1310 11.6 3850 34.2 

10348 28.8 12643 35.2 

FOREIGN 

Government Private 
ItUj [XI [tUl [ZJ 

958.5 3.9 5910 23.9 

2302 20.5 3790 33.7 

3260.5 9.0 9700 27.0 

TOTALS 

ItU) [%) 

24701 10C 

11252 100 

35953 100 

Total VOCA production is ovned in roughly equal shares by domestic 
private, foreign private, and government companies. Vithln this last sector, 
three-quarters is ovned by domestic government companies and one-quarter by 
foreign government companies. These ratios vary videly betveen countries, as 
reflected in the table which summarises ownership in OECD countries on the one 
hand and developing VOCA countries on the other hand. The country reports of 
major producers such as Canada, France and the United States provide further 

* See footnote page 44. 
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comparisons. For ownership by domestic government companies, the following 
percentages apply: 84 per cent for France, 47 per cent for Canada and 0 per 
cent for the United States. On the other hand, the figures for private domes
tic companies would be respectively: 16 per cent, 15 per cent and 74 per cent. 

Foreign ownership (private and government) adds to the overall diversity 
of ownership patterns. Within the OECD area, foreign ownership is just above 
a quarter of total ownership. For the rest of WOCA, this share is more than 
half. 

ii) Employment in the Uranium Industry 

Table 13 shows employment in the uranium industry by country. Although 
for most countries employment decreased from 1980 through 1988, this decline 
was very marked only for the United States. In the case of Australia, there 
was even an increase in 1988, when the Olympic Dam project started operation. 
The decrease in employment in the United States, however, was rather spectacu
lar; from 1980 to 1988, uranium industry employment in that country was re
duced by 90 per cent, from almost 20 000 man years at the start of the period 
to little more that 2 000 man years at the end of that period. 

Table 13 

EMPLOYMENT IN EXISTING PRODUCTION CENTRES AS REPORTED 

(PERSON YEARS) 

COUNTRY 1980 1981 1982 1983 1984 1985 1986 1987 1988 EXPECTED 
1989 

ARGENTINA 

AUSTRALIA 

CANADA 

FRANCE 

GERMANY. F.R. OF 

PORTUGAL 

SPAIN 

UNITED STATES 

YUGOSLAVIA 

700 

500 

6100 

n.a. 

85 

614 

252 

19920 

700 

500 

n.a. 

n.a. 

80 

598 

355 

-. 1680 

650 

500 

4830 

n.a. 

75 

573 

348 

8970 

650 

500 

5850 

n.a. 

75 

549 

347 

5620 

630 

480 

5810 

3682 

70 

535 

323 

3600 

630 

460 

5330 

3508 

60 

519 

311 

2450 

420 

630 

460 

5080 

3247 

70 

506 

349 

2120 

460 

600 

460 

4830 

3145 

65 

487 

348 

2000 

470 

590 

1250 

4730 

3043 

50 

460 

348 

2140 

490 

580 

1170 

4600 

n.a. 

50 

450 

309 

2000 

490 

n.a. » nor available. 

At the same time, uranium production per man year in the United States 
increased from 0.84 tonnes U in 1980 to 2.4 tonnes U in 1988. For Canada, the 
equivalent figures would be 1.17 tonnes U per man year in 1980 and 2.62 tonnes 
U per man year in 1988. For other producer countries, this trend to higher 
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production per person employed could not be observed as clearly, although the 
incomplete data for France, as shown in Table 15, suggest a similar evolution 
in that country but perhaps not as marked. 

C. RBCENT AND CURRENT DEVELOPMENTS IN PRODUCER COUNTRIBS 

During the three years from 1986 through 1988, total VOCA uranium 
production remained at a fairly constant level, declining only very slightly 
from 37 208 tonnes to 36 628 tonnes U. However, a somewhat more marked 
decline is anticipated in 1989; in Canada, Cameco will temporarily close the 
Rabbit Lake mill for major modifications and South Africa is expected to cease 
by-production of uranium in several facilities. 

The production level in United States now seems to have settled between 
4 000 and 5 000 tonnes U per year. Only 3 of the 22 conventional milling oper
ations active in 1981 were still in operation at the end of 1988. While major 
companies have left the U.S. uranium industry, Rio Algom Limited purchased 
important properties from Kerr-McGee Corporation, as well as the latter's 
wholly-owned subsidiary Quivera Mining Company. Production from solution 
mining is now a substantial contributor to total U.S. production, and its 
share could increase still further. 

In Australia two important events marked the year 1988: the processing 
of the Nabarlek high-grade ore stockpile was terminated in mid-198P and the 
mill began processing the low-grade ore stockpile; and the opening of the 
Western Mining/BP mine and mill at Olympic Dam in August 1988 at an initial 
production level of 1 300 tonnes U per year. The Olympic Dam project is 
primarily a copper deposit which, after expansion, could produce annually up 
to 150 000 tonnes Cu and up to 4 000 tonnes U. 

Canada continues to be WOCA's leading uranium producer, with about a 
one-third share of total W0CA production. Two-thirds of Canada's uranium 
output comes from the Athabasca Basin area in Northern Saskatchewan and the 
remainder from the Elliot Lake area in Ontario. 

In September 1988, Canada's two crown companies Eldorado Nuclear Limited 
and Saskatchewan Mining Development Corporation merged to form Cameco - A 
Canadian Mining & Energy Corporation. The new company will be privatised on a 
phased basis over seven years. In 1989, Cameco became operator of the Key Lake 
mine and now has an interest in about one-half of Canada's uranium production. 
Regulatory and environmental approvals for development of Cameco's Collins Bay 
A and D and Eagle Point orebodies at the eastern margin of the Athabasca Basin 
were received. Development of the Eagle Point deposit has started, while 
development of the Collins Bay A and B deposits has been deferred. 

In Ontario, underground in-place leaching in the Elliot Lake area is 
progressing and n. jht soon provide more than 20 per cent of that area's total 
production. 

Two countries ceased uranium production in 1988. Japan closed its vat-
leaching test pilot plant at Ningyo-toge and no future commercial-scale opera
tion is planned. The restructuring of the Brazilian nuclear industry meant 
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that no uranium vas produced in 1988 but production will be resumed in the 
future; since 1981 Brazil had produced up to 242 tonnes U annually from its 
Pocos de Caldas deposit. 

D. PRODUCTION CAPABILITIES 

For this report, uranium producing countries were requested to make 
separate projections for production capabilities based on: 1) uranium resources 
recoverable at costs of $80/kg or less, and 2) uranium resources recoverable 
at costs of $120/kg or less. The data for South Africa are adapted from the 
report "1987 Uranium in South Africa", published by the Atomic Energy Corpora
tion of South Afr5ca, Limited. 

Tables 14 and 15 show the short and long term projections for existing 
and committed production centres (A-columns) and for planned and prospective 
production centres (B-columns). Figure 6 illustrates the short term outlook 
and Figure 7 the longer term projection; the lower portions of the bars re
present the production capability of existing and committed production centres 
while the upper portions represent the additional capability of planned and 
prospective centres. The A portions of Figures 6 and 7 are based on RAR plus 
EAR-I recoverable at costs of $80/kg or less, while the B portions are based 
on RAR plus EAR-I recoverable at costs of $130/kg or less. 

i) Current Status 

Since 1986 there have been several additions to VOCA production 
capability at existing centres. These include the new Olympic Dam mine and 
mill (1 610 tonnes U per year) and the expansion at Ranger (from 2 500 to 
3 200 tonnes U per year), both in Australia, as well as the expansion at 
Rabbit Lake (from 1 400 to 2 600 tonnes U per year) in Saskatchewan, Canada. 
However, there have also been temporary and permanent shut downs of several 
production centres; five centres in the United States, with a combined 
production capability of around 6 000 tonnes U per year, were closed as were 
some by-product facilities in South Africa representing a capability loss of 
almost 1 000 tonnes U per year. In addition, the milling of the high-grade 
ore stockpile at the Nabarlek operation in Australia was completed in 1988, 
although production from low-grade stockpiles continues at a much reduced 
level. As a result, total VOCA production capability has been reduced by 
perhaps as much as 3 °00 tonnes U per year. 

For most countries, current production capability is reflected well in 
the actual or expected production figures for 1988 and 1989, respectively. 
However, Namibia and Niger respectively produce 400 and 1 000 tonnes U below 
capacity. The United States also produces below capability, as much of its 
production capacity is either on stand-by or underutilised. Low demand and 
hence low prices are the reasons for this underutilisation. 

Table 14 presents estimates by country of current and future production 
capability up to 2005. Total 1988 uranium production capability for VOCA may 
well have exceeded by several thousand tonnes actual uranium production of 
36 600 tonnes. 
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Tabl« 14 

SHORT TERM PRODUCTION CAPABILITY 

A: EXISTING AND COWOTTED CENTRES 

B: EXISTING, COHNTTTEO, PUNNED AND PROSPECTIVE CENTRES 

(TONNES U) 

COUNTRY 

ARGENTINA 

AUSTRALIA 

BELGIUM*' * 

BRAZIL* 

CANADA 

FRANCE 

GABON* 

GERMANY. F.R. OF 

INDIA* 

NAMIBIA* 

NIGER 

PORTUGAL 

SOUTH AFRICA 

SPAIN 

UNITED STATES 

YUGOSLAVIA 

TOTAL 

AI 

ISO 

4«00 

45 

300 

11400 

3920 

1500 

100 

200 

3500 

4300 

160 

4200* 

22S 

1600 

0 

42400 

1990 

BI 

ISO 

4800 

45 

300 

11400 

3920 

1500 

100 

200 

3500 

4300 

160 

4400* 

225 

1600 

0 

42600 

All 

ISO 

4800 

45 

300 

11400 

3920 

ISOO 

100 

200 

3500 

4300 

160 

4200b' 

225 

14300 

102 

49202 

BII 

150 

4800 

45 

300 

11400 

3920 

1500 

100 

200 

J 500 

4300 

160 

4400bl 

225 

14600 

102 

49102 

AI 

iao 
•500 

45 

300 

1O00O 

3920 

1500 

0 

200 

3500 

4300 

160 

4700* 

•SO 

4600 

0 

427SS 

1995 

BI 

ISO 

8500 

4S 

300 

11200 

3920 

1500 

0 

350 

3500 

4300 

320 

6400* 

850 

7200 

0 

41565 

All 

ito 

8500 

4S 

300 

11600 

3920 

1500 

0 

200 

3500 

4300 

160 

4700b> 

eso 
(300 

102 

48151 

BII 

180 

8500 

45 

300 

16300 

3920 

1500 

0 

350 

3500 

4300 

320 

64O0b) 

650 

14200 

102 

60167 

AI 

210 

8500 

45 

300 

6200 

3920 

1500 

0 

200 

3500 

4300 

150 

S500* 

850 

3100 

0 

38295 

2000 

BI 

230 

8500 

45 

300 

1400 

3920 

1500 

0 

350 

3S00 

4300 

330 

8800* 

850 

5100 

0 

45125 

All 

230 

8500 

45 

300 

9100 

3920 

1500 

0 

200 

3S00 

4300 

150 

5500b) 

850 

4600 

102 

42791 

BII 

230 

6500 

45 

300 

16100 

3920 

1500 

0 

350 

3500 

4300 

330 

8800b» 

850 

1OS00 

102 

59321 

AI 

230 

6500 

45 

300 

3900 

1920 

0 

0 

200 

3500 

4300 

150 

5500* 

850 

2600 

0 

34195 

2005 

BI 

230 
8500 

45 

300 

5100 

3920 

0 

0 

350 

3S00 

4100 

300 

10000' 

850 

4700 

0 

42015 

All 

230 

8500 

45 

300 

5400 

3920 

0 

0 

200 

3500 

4300 

150 

5500bl 

650 

3800 

102 

36797 

BII 

2)0 

8500 

45 

300 

12400 

3920 

0 

0 

350 

1500 

4300 

300 

10000b* 

650 

7200 

102 

51997 

I : PRODUCTION CAPABILITY SUPPORTED BY ESTIMATED RAR AND EAR-I, AS OF 1 JANUARY 1989. AND RECOVERABLE AT COSTS $ BO/KG U OR LESS 

II: PRODUCTION CAPABILITY SUPPORTED BY ESTIMATED RAR AND EAR-I, AS OF 1 JANUARY 1989. AND RECOVERABLE AT COSTS $130/KG U OR LESS 

*} Uraniua froa imported phosphates, 

b) 1987 Uroniua in South Africa. 

* Secretariat estiaate. 



Tabla IS 

LONG TERM PRODUCTION CAPABILITY 

A: EXISTING AND COMMITTED CENTRES 

B: EXISTING. COMMITTED, PLANNED AND PROSPECTIVE CENTRES 

(TONNES U) 

I 2000 | 2010 | 2020 | 2030 

COUNTRY | AI BI | All BII | AI BI | All BII I AI BI | All BII | AI BI | All BII 

ARGENTINA | 230 230 | 230 230 | 230* 230* | 230* 230* | 230* 230* | 230* 230* | 230* 230* | 230* 230* 

AUSTRALIA | 8S00 8500 | 8500 8500 | 3400 3400 | 3400 3400 | 3400 3400 | 3400 3400 | 3400 3400 | 3400 3400 

BELGIUM*1 * | 45 45 | 45 45 | 45 45 I 45 45 | 45 45 I 45 45 | 45 45 | 45 45 

BRAZIL* | 300 300 | 300 300 | 300 1300 | 300 1300 | 0 1300 | 0 1300 | 0 1300 | 0 1300 

CANADA | 6200 7400 | 9100 16100 | 3900 3900 | 5400 10000 | 470 470 | 470 470 | 470 470 | 470 470 

Ul FRANCE | 3920 3920 | 3920 3920 | 3000 3920 | 3000 3920 I 1000 2500 I 1000 2500 I 0 1500 I 0 1500 

GABON* | 1S00 1500 | 1500 1500 I 0 0 | 0 0 | 0 0 | 0 0 | 0 0 | 0 0 

INDIA* | 200 3S0 | 200 350 j 200 3S0 | 200 350 | 0 500 | 0 500 | 0 600 | 0 600 

NAMIBIA* | 3500 3500 | 3500 3500 | 3500 3500 | 3500 3500 | 0 1000 | 0 1000 | 0 1000 | 0 1000 

NIGER | 4300 4300 | 4300 4300 | 0 2000 | 0 2000 | 0 4000 | 0 4000 | 0 4000 | 0 4000 

PORTUGAL | ISO 330 | 150 330 | 150 300 | 150 300 | 0 150 | 0 ISO | 0 0 | 0 0 

SOUTH AFRICA | SSOO* 8800* | 5500b) 8800b> | 5500* 11000* | 5500b) 11000b> | 3000* 10000* | 3000b) 10000bl | 2000* 9000* | 2000bl 9000bl 

SPAIN | 850 850 | 850 850 | 850 850 | 850 850 | 850 8S0 | 850 8S0 | 850 850 | 850 850 

UNITED STATES | 3100 5700 | 4600 10500 | 2500 4000 | 3500 6500 | 1500 3000 | 2500 5500 | 500 2000 | 1500 4500 

YUGOSLAVIA I 0 0 | 102 102 | 0 0 | 102 102 | 0 0 | 102 102 | 0 0 | 102 102 

TOTAL | 38295 45725 | 42797 59327 | 23575 34825 | 26177 43497 | 10495 27445 | 11597 30047 | 7495 24395 | 8597 26895 

I: PRODUCTION CAPABILITY SUPPORTED BY ESTIMATED RAR AND EAR-I. AS OF 1 JANUARY 1989, AND RECOVERABLE AT COSTS S80/KG U OR LESS 

II: PRODUCTION CAPABILITY SUPPORTED BY ESTIMATED RAR AND EAR-I, AS OF 1 JANUARY 1989, AND RECOVERABLE AT COSTS $130/KG U OR LESS 

a) Uraniua fro» iaportad phosphates. 

b) 1987 Urani.ua in South Africa. 

* Sacratariat astinata. 

http://Urani.ua


Figure 6 
WOCA SHORT TERM ANNUAL URANIUM PRODUCTION CAPABILITY 

A) SUPPORTED BY RESOURCES RECOVERABLE AT COSTS UP TO $80 / kg U 
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WOCA LONG TERM ANNUAL URANIUM PRODUCTION CAPABILITY 
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Current production capability would rely predominantly on resources 
recoverable at costs of $80/kg (J or less, whereas production capability based 
exclusively on resources recoverable at costs between $80 and $130/kg U would 
not be developed or reactivated until uranium prices increase. 

ii) Short-Ten Projections to 2005 

Figure 6 A shows the following trends of projected production capa
bility supported by known uranium resources recoverable at costs of $80/kg U 
or less: 

- In 1990, production capability of existing and committed production 
centres would be around 43 000 tonnes U per year, with planned and 
prospective production centres adding only marginally to the total; 

- Between 1990 and 1995, annual production capability from existing 
and committed production centres would remain virtually unchanged, 
whereas planned and prospective production centres could add some 
6 000 tonnes U of production capability by 1995; 

- Total production capability of all classes of production centres 
appears to peak in 1995 at about 49 000 tonnes U per year; 

- Between 1995 and 2000, production capability at existing and com
mitted production centres could decline by around 4 500 tonnes U, 
while planned and prospective production centres could be expected 
to add over 7 000 tonnes U annually by the year 2000; 

- Although not all countries submitted data for the period between 2000 
and 2005, an extrapolation of Secretariat data from earlier years 
suggests that annual production capability at existing and committed 
production centres could decrease by 4 000 tonnes U but that planned 
and prospective production centres could add about 8 000 tonnes U of 
annual production capability by the year 2005. 

The increase of total production capability from low-cost resources 
between 1990 and 1995 is due mainly to the potential start-up of Australian 
and South African planned and prospective production centres, while the 
gradual decline between 1995 and 2005 is due mainly to the depletion of ore 
reserves tributary to existing U.S. and Canadian production centres. 

Figure 6 B shows that production capabilities would be up to 30 per cent 
higher if production could be drawn from higher-cost resources ($80-$130/kg U). 
However, the trend is very similar to that shown in Figure 6 A. A peak level 
of production capability of all classes of production centres, supported by 
both low and high-cost resources of 61 000 tonnes U per year, would be 
attained in 1995. 

United States' production from higher-cost resources was considered 
feasible from 1990 through 2005, while additional Canadian production capa
bility from such resources could be in place by 1995. 
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As shown in Table 14, annual production capability could range in 1990 
from 43 000 to 50 000 tonnes U, in 1995 from 43 000 to 61 000 tonnes U, in 
2000 from 38 000 to 60 000 tonnes U, and in 2005 from 34 000 to 52 000 tonnes 
U. The actual level of production capability will depend on how many of the 
planned and prospective production centres are built and whether production 
comes from higher-cost resources and, if so, to what extent. 

Production capability beyond that from existing and committed produc
tion centres would only come on stream when needed, if market incentives were 
to emerge sufficiently early to allow for lead times in developing additional 
facilities. In most cases, a mothballed production centre can be reactivated 
within two years, a new in situ leach operation on a known deposit can be 
brought into production in two to three years, a new major underground or open-
it operation with a new processing plant requires lead times between five and 
ten years, whereas lead times from start of exploration to start of production 
from successful discoveries currently exceed ten years. 

On a country-by-country basis, the following trends can be highlighted: 

The only change in Australian production capability is accounted for by 
possible expansion at the existing production centres, that is, at Ranger and 
at Olympic Dam, which would depend on market demand. An increase in output ca
pability, at these production centres, from 4 800 tonnes U per year in 1990 to 
8 500 tonnes U in 1995 would represent an increase of 75 per cent. Production 
capability projections from Australia take no account of other deposits which 
the owners report contain known resources totalling some 250 000 tonnes U. 

The projected production capability of existing Canadian operations, 
supported by low-cost resources, does not decline significantly below 
12 000 tonnes U per year until after 1994. The decline is somewhat less 
marked, however, when higher-cost resources tributary to these production 
centres are incorporated in the projection. The realisation of planned and 
prospective production centres in Canada could boost production levels to more 
than 16 000 tonnes U per year by 1995, given adequate markets and prices. 

For France, Gabon, Namibia, and Niger, no variation is shown between 
1990 and 2000 in any of the reported categories. 

While South African annual production capability of existing and 
committed production centres could rise from 4 200 tonnes U in 1990 to 
5 500 tonnes U in 2000, production capability could rise to 10 000 tonnes U 
per year in 2000, if planned and prospective production centres were included. 
No distinction is made between production capability from low and higher-cost 
resources. 

Spain shows a marked increase of production capabilities from 
225 tonnes U per year in 1990 to 850 tonnes in 1995, 2000 and 2005. 

For 1990, the United States projects a production capability of 
7 600 tonnes U per year from existing and committed production centres 
supported by lower-cost resources, and 14 300 tonnes U per year from low and 
higher-cost resources. After 1990, production capabilities decline in both 
resource categories. Existing, committed, planned and prospective production 
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centres could sustain a production capability of 12 000 to 14 000 tonnes U per 
year from lov and high-cost resources up to the end of 1995; thereafter this 
would continuously decline to about 7 000 tonnes per year in 2005. 

iii) Long-Term Projections 

Table 15 and Figures 7 A and 7 B show the long term projections of 
production capability to 2030, as veil as selected data for the short term. 
Table 15 has been supplemented by Secretariat estimates in order to produce 
Figures 7 A and 7 B, which shov projections of production capability from 
low-cost and from lov and high-cost resources, respectively. 

Production capability attainable from known resources would continue to 
decline through the first part of the next century. The best current estimate 
is that total production capability from all four classes of production 
centres would not exceed the peak achieved in 1995. By 2030, production capa
bility vould have decreased to about 24 000 tonnes U per year from low-cost 
resources and to about 27 000 tonnes U per year if production from higher-
cost resources was viable. However, a comparison of current projections with 
those shown in the 1986 Red Book indicates that the earlier projections of 
production ca •, lity from known resources shoved a more rapid decline after 
the year 200C 'vol do the present projections. 

It should be recalled that beyond those deposits already in production 
in Australia, there are several others reported by owners to contain known 
resources totalling some 250 000 tonnes U. However, in accord with Australian 
government policy, no exports are permitted from these deposits, and hence 
these resources have not been considered in any of the future production 
capability estimates developed herein. 
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IV 

URANIUM DEMAND 

During the mid and late 1970s, just after the first oil crisis, nuclear 
power vas regarded in many industrialised countries as a welcome alternative 
to energy production from fossil fuels and dwindling additional reserves of 
hydropover. Nuclear programmes were intensified in order to reduce dependency 
on OPEC oil. With the ordering and start of construction of a large number of 
nuclear power plants, uranium demand doubled in the 1970s reaching about 
30 000 tonnes U per year by 1980. During the ensuing economic recession and 
partly in response to energy conservation measures, grovth of energy consump
tion slowed considerably. Although electricity demand growth slowed less 
dramatically than growth of total energy demand, a number of national nuclear 
power programmes lost some of their impetus. As a result, uranium demand is 
now increasing much more slowly than anticipated in earlier years. 

Forecasting future uranium demand is as difficult as projecting any 
other economic measure despite the fact that uranium is a commodity with only 
one significant commercial end use, i.e., fuelling reactors to produce 
electricity. Uncertainties of uranium demand can be related to the difficulty 
of forecasting such factors as: 

- economic growth in general, measured in per cent GDP grovth, which 
is itself to some extent dependent on energy availability; 

- energy intensity of the various sectors of the economy in different 
world regions, which in combination with GDP grovth gives a measure 
of energy demand; 

- elasticity of electricity demand with respect to economic grovth 
which gives a measure of the potential energy savings from e.g., 
conservation measures on the one hand and the shift from heavy 
industry to high-tech and service industry on the other hand; 

- the rate of electricity penetration into the energy market as a 
percentage of total energy demand; 

- the rate of nuclear energy penetration into the electricity market 
and hence the potential for nuclear energy to replace other means of 
electricity generation; 

- the efficiency of uranium fuel in various reactor types; 

- the use of reprocessed uranium and/or plutonium in reactors; and 

- the pace of introduction of Fast Breeder Reactors. 
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In recent years, public acceptance of nuclear power has been an impor
tant factor impeding its development and has been responsible in some coun
tries for the slow-down of nuclear programmes, especially after the Chernobyl 
accident in April 1986. It is difficult to predict whether greater public 
acceptance will develop in the future, although considerable effort has been 
and is being undertaken to restore public confidence. 

For this edition of the Red Book, two projections for future uranium 
demand have been established: a short-term projection for the period up to 
2005, based on country questionnaire replies, and a longer term projection up 
to 2030, based on the work of two NEA expert groups which established elec
tricity demand scenarios for different world regions, high and low penetration 
rates for nuclear energy and different reactor strategies applied to the nu
clear electricity demand scenarios. On the basis of these elements, reactor-
related uranium requirements* were then calculated taking account of demands 
and lead times at all stages of the fuel cycle. The projections show moderate 
growth for both the low and the high scenarios and are considered to reflect 
what coulH realistically be achieved and not what could technically be 
possible. 

No consideration has been given to a widespread moratorium on nuclear 
plant construction, which is a hypothetical possibility. Nor did the expert 
group specifically consider a demand scenario related to the possibility that 
nuclear energy would be called upon to play an important role in alleviating 
the growing discharge to the atmosphere of C02 through the burning of fossil 
fuels and the ensuing greenhouse effect. Policies leading in that direction 
could result in the higher projections of uranium demand being exceeded. 

For details on the methodology applied in the demand projections, see 
Section C of this chapter and Annex 7. 

A. INSTALLED NUCLEAR POWER CAPACITY, AND RELATED URANIUM REQUIREMENTS 

During 1987 and 1986, installed nuclear generating capacity in VOCA 
increased from 255 GVe to 264 GVe, the difference of 9 GVe representing a 
1.7 per cent annual growth rate. The respective estimated reactor-related 
uranium requirements for the same years were about 37 500 and 40 600 tonnes 
uranium. This compares with estimated reactor-related uranium requirements in 
1985 and 1986 of 36 100 and 36 270 tonnes uranium respectively, corresponding 
to nuclear capacities of 222 GVe and 237 GVe for the same years (see also 
Tables 16 and 17). 

In 1989, estimated uranium requirements in VOCA are expected to rise by 
about 1 000 tonnes U. Thus, uranium demand is increasing steadily, albeit 
slowly. There were 354 power plants in W0CA at the end of 1988, with a com
bined capacity of 264 GVe and these plants will continue to need uranium. 
Therefore, a now mature nuclear industry will be able to count on stable 
uranium demand with prospects for moderate increases. 

* Reactor-related requirements can be equated with uranium demand at the 
production centre. They take into account factors such as appropriate lead 
times for refining, conversion, enrichment, fuel fabrication and site storage. 
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T«bl* 17 

ANNUAL REACTOR RELATED URANIUM REQUIREMENTS TO 2005 

(TONNES U) 

COUNTRY 1986 1987 1988 1989 1990 1991 1992 1993 1994 199S 2000 200S 

ARGENTINA 

BELGIUM 

BRAZIL 

BULGARIA13' 

CANADA 

CZECHOSLOVAKIA 

FINLAND 

FRANCE 

GERMANY, F.R. OF 

INDIAb) 

ITALYC' 

JAPAN 

KOREA. REP.OF 

MEXICO 

NETHERLANDS 

PAKISTAN 

SOUTH AFRICA 

SPAIN 

SWEDEN 

SWITZERLAND 

UNITED KINGDOM 

UNITED STATES 

YUGOSLAVIA 

OTHER WOCA*' 

114 

9S0 

110 

390 

1400 

761 

480 

6200c) 

3300 

230 

191 

4800 

1190 

0 

95 

15 

270 

1019 

1148 

S66 

1500 

11850"" 

102 

740 

•26 

i50 

110 

390 

1600 

863 

480 

6200c> 

330C 

230 

0 

6000 

1390 

0 

95 

15 

270 

1300 

1325 

S70 

1550 

UlSo" 
102 

740 

109 

950 

110 

600 

1700 

863 

480 

6050 

3300 

230 

0 

6400d) 

840 

0 

95 

15 

270 

1254 

1500 

S29 

1700 

14190 

102 

740 

100 

950 

110 

850 

1800 

863 

480 

7200 

3300 

315 

0 

fS00d> 

1040 

145 

95 

15 

270 

1100 

1400 

529 

1900 

13350 

102 

740 

147 

950 

110 

850 

1900 

9S6 

480 

6750 

3300 

315 

0 

6900 

1070 

112 

95 

IS 

270 

1300 

1500 

537 

1900 

13420 

102 

740 

150 

950 

110 

850 

1900 

1049 

480 

7600 

3300 

400 

0 

7100d> 

1270 

98 

95 

15 

270 

1150 

1500 

537 

1850 

13350 

102 

740 

148 

950 

110 

1000 

1900 

1235 

480 

6600 

3300 

400 

0 

7300d> 

1470 

98 

95 

IS 

270 

1550 

1500 

532 

1800 

12540 

102 

740 

235 

950 

300 

1000 

2000 

123S 

480 

7400 

3300 

400 

0 

7600d> 

1620 

268 

9S 

15 

270 

925 

1500 

532 

2200 

13500 

102 

740 

189 

950 

300 

1300 

2000 

1749 

480 

6750 

3300 

400 

0 

7800d> 

1420 

211 

95 

IS 

270 

1350 

1500 

532 

1600 

12770 

102 

740 

180 

950 

300 

1300 

2000 

2263 

480 

7000 

3300 

480 

0 

8000d> 

1880 

223 

95 

IS 

270 

1250 

1300 

532 

1700 

12770 

102 

740 

230 

950 

300 

1300 

2000 

2777 

480 

8000 

3500 

1400 

0 

9200 

1820 

216 

95 

15 

270 

1670b| 

1220*' 

610 

1700 

14080 

102 

1030 

180 

895*' 

500 

1300 

2300 

3805 

480 

7600*' 

3500 

1S00 

0 

12800*' 

1820 

216 

280*» 

15 

270 

2150*' 

600*' 

680 

1900 

13620 

102 

1100 

TOTAL OECD 

TOTAL WOCA 

NOK-WOCA REPORTED 

TOTAL 

33499 

36270 

1151 

37421 

34520 

37S03 

1253 

38756 

38148 

40564 

1463 

42027 

38704 

41541 

1713 

432S4 

39032 

41913 

1806 

43719 

39812 

42967 

1899 

44866 

38S47 

41900 

2235 

44135 

40482 

44432 

2235 

46667 

39127 

42774 

3049 

45823 

39377 

43567 

3S63 

47130 

43575 

48958 

4077 

53035 

46805 

52908 

S10S 

58013 

a> Broun Book data. c) Seci *tariat estimate. •) Includes Taiwan, Chin*. 9) Enrichment feed deliveries, 

b) IAEA estimate, d) Interpolated estimates as provided by country. f) Based on lower capacity forecast. 



B. NUCLEAR POWER GROWTH TO 2005, AND RELATED URANIUM REQUIREMENTS 

For the period 1988 to 2005, also referred to as the short term, most 
countries submitted national projections of installed nuclear capacities and 
reactor-related requirements. Where such data vere not available, the 
Secretariat used its own best estimate. 

Table 16 summarises countries' expectations of installed nuclear 
electricity generating capacity up to the year 2005. It shows slow but steady 
growth throughout the period, reaching a level that is around 30 per cent 
highei at the end point than at present. On average, the annual growth rate 
is expected to be around 1.8 per cent, ranging from more than 4 per cent 
between 1988 and 1989 to about 1 per cent towards the end of the century. 

It is widely expected that most countries which have nuclear power 
programmes will continue them. These countries, often in cooperation with 
those which do not use nuclear power, are undertaking every possible effort to 
maintain and improve the safety of nuclear plants. In addition, major 
activities are directed towards the demonstration that radioactive wastes can 
be managed safely and on a timely basis. Success in these domains will be 
important in enhancing the prospects for further investment in nuclear energy. 

At present, the prospect for additional power plants is best in France 
and in the Far East. In the United States, some power plants still under 
construction are scheduled for completion during the next two years. However, 
no further nuclear plants will be connected to the grid before the turn of the 
century as no new plants have been ordered in the U.S. since 1978. 

In some countries, national plans for nuclear power are suffering from 
the effects of individual factors such as: the economic recession during the 
early 1980s with the ensuing slow down of electricity demand growth leading to 
overcapacity; the not infrequent cost overruns for plant construction, often 
as a result of prolonged licensing procedures or of changed licensing 
requirements necessitating modifications at the plant; the opposition from 
environmentalists; the swing of public opinion against nuclear power after 
the Chernobyl accident; and a combination of these factors. 

There is widespread belief that the nuclear industry in all but a few 
countries will need until the end of the century to overcome the present 
difficulties related to nuclear development before programmes can be 
accelerated once again. 

Table 17 summarises the reactor-related uranium requirements up to the 
year 2005 as anticipated by responding countries. In 1988 annual uranium 
requirements in V0CA were around 4 300 tonnes above the 1986 level, corre
sponding to an annual increase of 2 150 tonnes. From 1988, requirements are 
expected to rise by about 950 tonnes per year on average until 2005. 

It is expected that reactor-related uranium requirements will closely 
follow the slow but steady growth of nuclear energy at least in the short 
term. For some time, perhaps up to 1995 (see Chapter V, Section B), uranium 
demand will continue to be dampened because the various market participants 
have access to uranium from excess stocks. 
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Recycling recovered plutonium in HOX fuel (and to a lesser extent 
reprocessed uranium in either uranium or MOX fuel) will become common practice 
in some countries. Because the quantities implied here are rather small, this 
would not drastically alter uranium demand*. 

Progress in fuel design and management has brought about some uranium 
savings per kVh and a potential for further uranium economies exists. At 
present, however, efforts in this domain are directed mainly towards overall 
cost reduction in reactor operation and the nuclear fuel cycle with less 
emphasis on uranium savings. Current low prices of uranium do not encourage 
designs and procedures to save uranium which might themselves be costly. 

Although the potential for reduction in natural uranium requirements by 
the year 2005 is not negligible, in practice the impact is expected to be 
small. Furthermore, adjustments for such impacts will already have been 
incorporated in individual country returns. 

C. NUCLEAR POWER GROWTH TO 2030, AND RELATED URANIUM REQUIREMENTS 

i) Methodology useu to derive projections 

As has been pointed out at the beginning of this chapter, the future of 
nuclear power is affected by a large number of uncertainties. At this time, 
when there seems to be considerable potential for sharp changes in the trend 
of energy, electricity and nuclear development, it was not believed justified 
to use a sophisticated computer model, based on trend analysis, in order to 
furnish projections of uranium demand. Therefore, it was decided to use much 
simpler analytical tools in developing scenarios which arguably represent 
plausible paths for nuclear development. These scenarios for nuclear energy 
projections were developed with care to show what might be realistically 
achievable and not what is technically feasible. 

The NEA Working Group on Long Term Electricity Forecasting (WGLTF) 
developed a central projection of electricity consumption for each of three 
WOCA regions: OECD-Europe and Pacific, OECD-North America, and Developing 
WOCA. This was done on the basis of conservative economic assumptions derived 
from World Energy Conference (WEC) data. For OECD countries, an annual GDP 
growth rate of 2.6 per cent up to 2030 was adopted, while for Developing WOCA 
a growth rate of 3.2 per cent was considered appropriate. 

An elasticity factor of electricity versus GDP growth of 1.0 was 
adopted for developing countries, where conservation measures do not play an 
important role now and do not seem likely to be adopted in the foreseeable 
future, while for OECD countries an elasticity factor of 0.7 was adopted in 
the early years after 2000, decreasing to 0.5 in 2030. 

* It is planned to increase reprocessing capacities from a current level of 
around 3 000 tonnes of spent fuel per annum to around 5 600 tonnes by the year 
2005. Some uncertainties remain, however, as to whether this target will be 
attained, and what the capacity utilisation factor will be once the reprocess
ing plants are completed. 
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The resulting projections of electricity generation betveen 2000 and 
2030 were then used to derive two scenarios of nuclear electricity generation 
in 0ECD, using a logistic function to simulate nuclear penetration of the 
electricity market. In a "low" scenario, it was assumed for OECD-North America 
that the long term share of nuclear electricity was 20 per cent and that it 
vould take 20 years to get half way there. For OECD-Europe and Pacific, the 
respective figures vould be 40 per cent and 20 years. In the "high" scenario, 
the OECD-North America nuclear share vould be allowed ultimately to reach 
25 per cent and it vould take only 17 years to get half vay there. For OECD-
Europe and Pacific, the respective figures vould be 60 per cent and 20 years. 

The Working Group vas conscious of a different set of constraints on 
the build up of nuclear capacity in developing VOCA countries. Therefore, the 
projections of nuclear electricity generation vere not derived from total 
electricity generation. An evaluation of possible additions to nuclear pover 
capacity vas done country-by-country, and the nuclear electricity generation 
vas then derived year-by-year from estimated installed nuclear capacity; there 
vas no mathematical link betveen total electricity production and nuclear 
electricity generation. 

To translate nuclear electricity generation into uranium requirements, 
the Working Group on Reactor Strategies and Their Uranium Requirements (VGRSU) 
developed paths of future reactor deployment in order to calculate likely 
specific uranium consumption per TVh electricity produced. Three alternatives 
vere considered. 

As a base case, the Group adopted a Light Water Reactor Strategy, 
assuming a mix of 2/3 PWRs (with enhanced capability of fuel burn-up) and 
slightly below 1/3 BWRs, leaving room for maintaining the present share of 
CANDU reactors. In this strategy, plutonium vould be recycled in M0X fuel on 
a small scale, as firmly planned by utilities. 

The second case called for plutonium to be recycled as it vas produced 
at maximum capacity utilisation in existing and firmly-planned reprocessing 
plants with additional plutonium drawn from existing stocks. 

A third case had commercial Fast Breeder introduction starting in 2020, 
in OECD-Europe and Pacific, vith all nevly built reactors being of this type 
vithin 10 years. 

ii) Results 

Table 18 shovs installed nuclear capacities in the three W0CA regions, 
OECD-Europe and Pacific, OECD-North America, and Developing VOCA, for both the 
lov and the high nuclear electricity demand scenarios from 1990 to 2030. 

The present low and high projections are both lower than those shown in 
the 1986 Red Book; nuclear power is now projected to increase from 338 GVe in 
2000 to 600 GVe and 860 GWe in 2030 for the low and high scenarios, respective
ly. This compares with a low 400 GVe and a high 500 GVe in the year 2000, and 
a low 675 GVe and a high 1 555 GVe in 2025 as presented in the 1986 Red Book. 
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Table 18 

LONG-TERM NUCLEAR GENERATING CAPACITY 
(GWe) 

LOW DEMAND SCENARIO 

YEAR 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

OECD-EUROPE 
AND PACIFIC 

1A6 

161.9 

173.8 

202 

230 

255 

285 

320 

350 

OECD-NORTH 
AMERICA 

112.5 

118.6 

118.8 

132 

145 

160 

175 

185 

195 

REST OP WOCA 

18.9 

23.3 

30 

34 

40 

45 

50 

55 

60 

TOTAL WOCA* 

277.4 

303.9 

327.6 

368 

415 

460 

510 

560 

600 

HIGH DEMAND SCENARIO 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

146 

161.9 

178.7 

228 

285 

330 

380 

430 

480 

112.5 

118.6 

118.8 

138 

160 

180 

200 

220 

240 

17.9 

28.6 

31.5 

46 

65 

85 

105 

125 

145 

276.3 

309.2 

329 

412 

510 

595 

685 

780 

860 

* Totals may not match due to independent rounding. 
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As shown in Table 19 annual uranium requirements for the Light Water 
Reactor Strategy are projected to be 52 000 tonnes U and 58 000 tonnes U by 
2000, and 73 000 tonnes U and 109 0O0 tonnes U by 2030 for the low and high 
scenarios, respectively. This compares with the 1986 Red Book figures of 
62 000 tonnes U and 81 000 tonnes U by 2000, and 106 000 tonnes U and 
258 000 tonnes U by 2025 for the low and high scenarios, respectively. 

The second strategy results in uranium savings in the OECD-Europe and 
Pacific region of around 4 per cent per annum, but this saving is reduced to 
about 2 per cent for the whole of WOCA because reprocessing capacity is fore
seen neither in OECD-North America nor in Developing UOCA. It was concluded 
therefore that this strategy does not alter the projections in any significant 
way and the results are not shovn here. 

The third strategy resulted in annual uranium savings cf 25 per cent by 
2030 for OECD-Europe and Pacific. For the WOCA total, annual uranium savings 
associated with the FBR strategy are reduced to some 12 per cent by 2030, 
because, in this strategy FBRs are not introduced in OECD-North America and 
Developing V0CA. This case is referred to as the Fast Breeder Strategy 
although in the first two decades of the 21st century the lowering of uranium 
requirement is due to use of M0X in LVRs. 

Figure 8 illustrates aggregate UOCA installed nuclear capacity. The 
related uranium requirements (Light Water Reactor Strategy and Fast Breeder 
Strategy) from 1990 to 2030 are set out in Table 19 and illustrated in 
Figure 9. 

Overall, the spread between the low and high scenarios is not very 
large. It has to be emphasized, however, that the chosen scenarios do not 
represent the extremes of a spectrum. Alternate nuclear capacity projections, 
such as those derived from scenarios driven by the concern to restrict the 
emission of greenhouse gases, were not considered. Similarly, scenarios 
incorporating nuclear moratoria were thought unlikely and were not considered. 
Cumulative uranium requirements are set out in Table 20 and shown in Figure 10. 

In some earlier discussions of the potential of the Atomic Vapour Laser 
Isotope Separation (AVLIS) technology it had been suggested that its introduc
tion would affect uranium demand significantly, owing to its higher efficiency 
in recovering U-235 from natural uranium. It was also noted that enrichment 
tails from existing diffusion and centrifuge enrichment plants might be poten
tial feed material for AVLIS technology to recover most of the remaining U-235. 
Current estimates suggest that AVLIS technology provides separative work at a 
lower cost than others currently in use when the tails assay is above 0.2 per 
cent U-235. Recent analysis suggests that at lower tails assays the cost 
advantage is not expected to be significant*. Furthermore, even with somewhat 
lower costs for separative work with AVLIS, the "optimum" tails assay will be 
determined mainly by the price for natural uranium. Contrary to earlier 
suggestions, therefore, the introduction of this technology is not expected to 
affect demand for natural uranium significantly. 

* For example, the assumption on tails assay in "AVLIS Programme Powers Ahead 
in the United States", Sewell and Haberman, Nuclear Engineering International, 
October 1988, p. 17. 
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Table 19 

LONG TERM ANNUAL URANIUM REQUIREMENTS 
(Tonnes U/year) 

LIGHT MATER REACTOR STRATEGY 

LOW DEMAND SCENARIO 

YEAR 

1990 
1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

OECD-EUROPE 
AND PACIFIC 

21 200 
23 700 
26 200 
28 000 
30 000 
31 000 
32 000 
36 000 
37 000 

OECD-NORTH 
AMERICA 

16 700 
18 200 
20 200 
21 000 
22 000 
23 000 
23 500 
25 000 
26 500 

REST or WOCA 

3 600 
5 400 
6 300 
7 000 
7 500 
8 000 
8 000 
8 500 
9 000 

TOTAL WOCA» 

41 500 
47 200 
52 700 
56 000 
59 500 
62 000 
63 500 
69 500 
73 000 

HIGH DEMAND SCENARIO 

1990 
1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

21 200 
24 200 
29 400 
35 000 
39 500 
42 000 
46 000 
51 500 
55 000 

16 700 
18 300 
21 000 
23 000 
25 000 
26 500 
27 500 
30 000 
32 500 

3 600 
5 800 
8 100 

10 500 
13 000 
15 000 
17 000 
19 000 
21 000 

41 600 
48 400 
58 400 
68 500 
80 000 
83 500 
90 500 
101 000 
109 000 

PAST BREEDER REACTOR STRATEGY 

LOW DEMAND SCENARIO 

YEAR 

1990 
1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

OECD-EUROPE 
AND PACIPIC 

21 200 
'3 700 
2. 900 
27 tOO 
28 500 
29 500 
29 000 
27 000 
28 000 

OECD-NORTH 
AMERICA 

16 700 
18 200 
20 200 
21 000 
22 500 
23 000 
23 500 
25 000 
26 000 

REST OF WOCA 

3 700 
5 400 
6 300 
7 000 
7 500 
8 000 
8 000 
8 500 
9 010 

TOTAL WOCA* 

41 600 
47 200 
52 400 
55 500 
58 500 
60 500 
SO 500 
61 000 
64 000 

HIGH DEMAND SCENARIO 

1990 
1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

21 200 
24 200 
29 300 
34 500 
59 000 
41 500 
42 500 
43 000 
41 000 

16 700 
18 300 
21 000 
23 000 
25 000 
26 500 
27 500 
30 000 
32 500 

3 700 
5 800 
8 000 

10 500 
12 500 
15 000 
17 000 
19 000 
21 000 

41 600 
48 400 
58 300 
68 000 
76 500 
83 000 
87 000 
92 000 
95 000 

* Totals may not match due to independent rounding. Totals differ slightly 
from those in Table 17 for 1990 to 2000 owing to method used to derive the 
long term projections. 
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Figure 8 
WOCA PROJECTED INSTALLED NUCLEAR CAPACITY 1990 • 2030 
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Table 20 

CUMULATIVE URANIUM REQUIREMENTS 

Reference LVR STRATEGY 
(1000 tonnes U) 

OECD-North America 

OECD-Europe and 
Pacific 

Developing VOCA 

WOCA TOTAL 

1990 

17 

21 

4 

42 

2000 
LOW HIGH 

201 

261 

58 

520 

204 

272 

64 

540 

2010 
LOW HIGH 

416 

546 

127 

1090 

437 

627 

171 

1235 

2020 
LOW HIGH 

648 

856 

206 

1710 

703 

1053 

322 

2078 

2030 
LOW HIGH 

898 

1212 

293 

2403 

1007 

1569 

515 

3091 

LWR/MOX + FBR STRATEGY 
(1000 tonnes U) 

OECD North-America 

OECD Europe and 
Pacific 

Developing WOCA 

WOCA TOTAL 

1990 

17 

21 

4 

42 

2000 
LOW HIGH 

201 

260 

58 

519 

204 

271 

64 

539 

2010 
LOW HIGH 

416 

537 

127 

1080 

437 

622 

171 

1230 

2020 
LOW HIGH 

648 

830 

206 

1684 

703 

1035 

322 

2060 

2030 
LOW HIGH 

898 

1112 

293 

2303 

1007 

1462 

515 

2984 
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URANIUM SUPPLY AND DEMAND 

A. CURRENT STATUS 

1. INTRODUCTION 

Since 1985, projections of reactor-related uranium requirements have 
exceeded actual uranium production. This has occurred because market demand 
for new uranium is the sum of reactor uranium requirements, including re
quirements for the conversion, enrichment, fuel fabrication, etc., and the 
quantity of uranium needed to maintain adequate inventories; market demand 
for new product - reactor requirements + inventory additions. When inventories 
are allowed to build to unnecessarily high levels, uranium from this source 
can be used to feed reactors. The quantity of uranium needed to maintain 
adequate inventories then becomes negative; market demand for nev product -
reactor requirements - inventory drawdown. This has been the situation since 
1985. 

Uranium production in 1987 was 36 691 tonnes, slightly decreasing to 
36 628 tonnes in 1988. Requirements for the same years were 37 503 tonnes U 
and 40 564 tonnes U respectively. In total, from 1985 to 1988 inclusive, 
almost 5 000 tonnes U were not covered by production and will presumably have 
been taken from inventories. 

Of particular significance in North America was the implementation of a 
Free Trade Agreement (FTA) between Canada and the United States on January 2, 
1989. For Canada, the FTA ensures that Canadian uranium will be exempted from 
any restrictions on the enrichment of foreign uranium that might be imposed 
under the U.S. Atomic Energy Act and from any restrictions on imports that 
might be imposed under new legislation. For the United States, the FTA en
sures that U.S. utilities will have access to Canadian uranium, and that U.S. 
refiners and converters will be able to compete for the conversion business 
associated with the bulk of Canada's exports*. Outside North America, the 
targeting of uranium from other countries, particularly Australia, for import 
restrictions now seems an unlikely undertaking for the U.S. uranium industry. 

* Exemption of the United States of America from Canadian upgrading policy 
will be granted where the Canadian uranium will be refined and converted in 
the United States and will be actually consumed in a reactor in the U.S., or 
the Canadian uranium will be refined, converted and enriched in the United 
States prior to export to a third country. 
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Figure 11. MAIN EXPORTERS AND IMPORTERS OF URANIUM IN WOCA IN 1984 AND 1988 
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However, the restrictions on the import of uranium from South Africa will 
remain in force, while those with respect to Namibia may be lifted upon its 
becoming independent. 

In June 1988, the Supreme Court of the United States resolved that the 
nonviability of the domestic uranium mining and milling industry does not 
necessarily trigger an obligation by the U.S. Department of Energy to restrict 
enrichment of foreign-origin uranium, because such restrictions would not 
assure the maintenance of a viable domestic uranium industry. The court re
manded the case to Federal District Court for further proceedings. In January 
1989, the U.S. Producers filed a "Motion to Dismiss without Prejudice," laying 
to rest their four-year old law suit against the U.S. Department of Energy. 
The U.S. Supreme Court decision, together with the implementation of the Free 
Trr le Agreement, had a stabilizing influence on, and will remove some uncer
tain .y in, the uranium market. 

Other factors currently impacting on the VOCA supply/demand situation 
have been the marketing in the Vest of natural and enriched uranium from the 
People's Republic of China and the U.S.S.R., respectively, and the possible 
availability of uranium from one or more Eastern European countries. Although 
actual quantities have not been large, supply capability is not known and 
consequently introduces further uncertainty into the market. 

Figure 11 shows a comparison of uranium production and requirements in 
the main producing and consuming countries and/or areas, in 1984 and 1988. 
Figure 12 illustrates the historical trend in VOCA uranium production and 
requirements over the period 1964 to present. 

2. STOCK AMD INVENTORIES 

Few countries have provided detailed information on the size of the 
uranium stocks that are held by producers, consumers or governments so that 
the data in Table 21 describe only a portion of the total picture. Many 
countries either hold or have policies that call for the carrying of the 
equivalent of between one and four years of natural uranium requirements, but 
have not made relevant data available. Reported stockpile policies are 
summarised below: 

Stockpile Policies* 

BELGIUM Utilities' policy is to maintain uranium stocks equivalent 
to two years' forward requirements. At present, stockpiles 
exceed this level but are expected to be drawn down to 
adequate levels within the next five years. 

* Applying to uranium in its various forms of natural uranium, enriched 
uranium, fabricated fuel, etc. 
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Figure 12 

HISTORICAL URANIUM PRODUCTION AND REQUIREMENTS IN WOCA 
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Table 21 

REPORTED URANIUM STOCKS 
(Tonnes natural U-equivalent) 

COUNTRY 

Argentina 
Australia 
Finland 
Germany, F.R. of 
Italy 
Korea, Rep. of 
Netherlands 
Portugal 
Sweden 
United Kingdom 
United States 
Yugoslavia 

Natural uranium 
stocks in 

concentrates 

400 
1 900 
560 

10 500 
897 
300 
70 
675 

n.a. 
69 500 

85 

Enriched 
uranium 
stocks 

480 
2 913 
2 308 

18 

780 
n.a. 

30 800 
76 

Depleted 
uranium 
stocks 

3 000 
3 
12 
520 

2 150 
16 900 

Reprocessed 
uranium 
stocks 

134 

16 

3 300 
n.a. 

CANADA Canada's three nuclear utilities seek to maintain an on-site 
inventory of finished fuel bundles, which in no case is 
equivalent to less than six months' forward requirements. 
Additional inventory includes, in varying proportions, 
finished fuel bundles, "in-process" material, and those 
quantities required to feed the refining process. In all 
three cases, overall quantities, in all forms, do not 
normally exceed one year's forward requirements. No 
national stockpiles currently exist or are contemplated. 

FINLAND 

FRANCE 

GERMANY, Federal 
Republic of 

Utilities have uranium in the form of fuel elements equiva
lent to one year's forward requirements. In addition, TV0 
Power Company owns uranium in different processing stages 
abroad, equivalent to one year's forward requirements. The 
Government maintains no stockpile. 

Electricity de France possesses emergency uranium stocks, 
the minimum level of which has been fixed at the equivalent 
of three years' consumption, to face possible supply 
interruption. 

A uranium stockpile, equal to a demand of approximately two 
years, is held by the Government and at nuclear power 
stations. 

JAPAN Japanese utilities have inventories equivalent to several 
years' of forward uranium requirements mainly in fabrica
tion facilities and nuclear plant sites. 
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KOREA, 
Republic of 

The required utility stock level is one year's forward 
reactor demand. At present, stocks are below this level, 
but it is expected that the required level will be reached 
in 1991. 

SWEDEN 

SWITZERLAND 

UNITED KINGDOM 

UNITED STATES 

NETHERLANDS The Dutch uranium stocks are currently above the required 
levels of approximately 5 years forward reactor consump
tion. The stocks would be brought down to the required 
levels by about 1996. 

A stockpile of enriched uranium, fuel in fabrication and 
fuel in the reactors, should enable the reactors to operate 
22 months if imports cease. 

It is the policy of nuclear plant operating companies to 
maintain a stockpile of fresh fuel assemblies at the 
reactor site equivalent to the fuel requirements for one to 
two years. 

The utilities' policy is to maintain a stockpile equivalent 
to two years' forward uranium requirements, provided 
adequate supply diversification has been achieved. In 
addition, it is the policy to hold a minor portion of such 
stocks in the enriched form. At present, however, stocks 
are above required levels. It is expected that the two 
years' forward reactor coverage will be reached by the mid 
1990s. 

Although a large uranium stockpile does exist, the U.S. has 
no specific policy regarding the maintenance of national 
strategic stockpiles of uranium. However, the U.S. 
Government maintains a 45-day working inventory for its 
enrichment plants (about 3 000 tonnes U, as UF6) and a 
120-day enriched working inventory for customers of 
enrichment services (containing about 5 to 6 million 
separative work units requiring the equivalent of about 
7 000 to 8 000 tonnes natural uranium). The excess 
enriched stockpile, currently containing about 11 million 
SWUs, will be reduced to five million SWUs within one year. 

The required utility stock level is 10.6 tonnes enriched U 
(4.3 per cent 2 3 5 U ) . At present, existing stocks are below 
this level. It ir expected that the required level will be 
reached in 1991. 

For individual countries and utilities, the desired level of inventory 
depends on several factors including national energy policies, perceived 
security of supply, extent of diversification and forward coverage provided by 
existing supply commitments, financial consequences of lost nuclear generation, 
and stockpile carrying costs. Any evaluation of total uranium stocks is there
fore subject to considerable uncertainty. However, current total inventories 
have been variously estimated at around 140 000 tonnes U. This is substantial
ly more than would be needed to cover two years' forward reactor requirements, 
the target believed to be considered reasonable for many utilities. 

YUGOSLAVIA 
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3. PRODUCTION COSTS AND PRICBS* 

Little has been published by member countries on the cost of producing 
uranium or on recent trends of such costs. Although there continues to be 
upward pressure on the major cost elements such as wages and supplies, these 
pressures are not as severe in most producing countries as they were a few 
years ago. On the other hand, the downward trend in prices that occurred 
since 1979 forced many producers, particularly those that may be marginally 
economic in the current market, to expend extra efforts to contain cost 
increases and to improve productivity. The effect of this downward trend in 
prices in terms of U.S. dollars has been less severe in some producer coun
tries because of currency exchange fluctuations. 

Information generally is not available on prices under individual 
contracts. However, some national and international authorities publish 
aggregated price data on an annual basis which reflect market-price trends. 
In addition, a number of uranium "brokers" publish uranium price indices that 
reflect prices primarily in the spot market. Typically, the spot market 
represents only between 10 and 20 per cent of total annual deliveries by 
volume. 

According to published information the average Australian export prices 
in 1987 and 1988 were A$105.84/kg U or A$40.71/lb U30, and A$89.26/kg U or 
A$34.34/lb U 30 8, respectively. These prices have been subject to the 
Australian floor price policy relating to uranium exports. On 4 September 
1989, the Minister for Primary Industries and Energy announced that he had 
reconsidered this policy with respect to settlements made midway through cer
tain specific long-term contracts, and given the state of the uraniuin market 
and the particular circumstances surrounding these contracts had approved a 
floor price of US$26/lb U 30 8. The Minister emphasized however that the floor 
price arrangements in all existing contracts remain unchanged and would con
tinue to apply while those contracts remain in place. 

The Minister also announced that when considering new contracts con
cluded by Australian producers, the floor price would be determined at a level 
which reflected the national interest in the particular circumstances and 
market conditions in which the contracts are negotiated. The Minister would 
need to be satisfied that prices concluded by producers are at least compara
ble with those being received by others in the market. 

In Canada, the average price under all export contracts made by Canadian 
producers for deliveries in 1987 was C$79/kg U or US$60/kg U (US$23/lb U 30 8). 
The average price of export deliveries in 1988 was C$79/kg U or US$65/kg U 
(US$25/lb U 30 8). The spot market had a significant impact on the average 
price, as about 35 per cent of export deliveries in 1987 and 13 per cent in 
1988 were under spot sales. 

* In 1987 the Uranium Institute, London, issued a report entitled "Uranium 
Price Reporting System". This report describes the various methods used in 
different price reporting systems to derive prices and price indicators. 

77 



According to information from the Euratom Supply Agency* natural 
uranium deliveries made during 1987 and 1988 to the electrical utilities of 
the European Community amounted to approximately 14 000 and 12 500 tonnes U, 
respectively. Of these amounts, the deliveries made under spot contracts 
represent 17 per cent and 4.5 per cent in 1987 and 1988. For medium or long 
term deliveries (i.e. for which the time between the date of the signature and 
the date of the last delivery exceeds one year) the average prices, weighted 
by quantity, were: 

in US$ in ECU 

for 1987: S84.75/kg U or $32.50/lb U 30 8 ECU 73.50/kg U or ECU 28.25/lb U30, 
for 1988: $82.74/kg U or $31.82/lb U308 ECU 70.00/kg U or ECU 26.92/lb U 30 8 

The average price, calculated according to the same principles of material 
delivered under spot contracts were: 

in US$ in ECU 

for 1987: $45.00/kg U or $17.25/lb U308 ECU 39.00/kg U or ECU 15.00/lb U 30 8 

for 1988: $41.96/kg U or $16.13/lb U308 ECU 35.50/kg U or ECU 13.65/lb U30, 

In a survey of the U.S. uranium market conducted by the U.S. Department 
of Energy in 1989, it was reported that prices paid by domestic utilities for 
uranium delivered by domestic producers under contracts in 1988 averaged 
$66.69/kg U or $25.65/lb U 30 8. This compared with $71.16 kg U or $27.37/lb 
U308 in 1987. Prices paid by U.S. buyers for imported uranium in 1987 and in 
1988 were $49.76/kg U or $19.14/lb U308 and $49.48/kg U or $19.03/lb U308 

respectively. 

In the United States, deliveries in the spot market of natural uranium 
to domestic electrical utilities accounted for 37 per cent and 23 per cent of 
total deliveries in 1987 and 1988, respectively. 

Spot market prices for immediate or near-term delivery are indicated by 
the "Exchange Value" of NUEXCO (Nuclear Exchange Corporation)** and NUKEM's 
"Spot Market Price"*** range for bids and offers on the spot market. Both 
indicators are published on a monthly basis and then provide current informa
tion. Both spot price indicators follow very much the same trend. Annual aver
ages of the Nuexco Exchange Value (not weighted by quantity) for 1987 and 1988 
were (in US$) $43.62/kg U ($16.78/lb U308) and $37.84/kg U (S14.55/lb U 30 8), 
respectively; by mid 1989, the Exchange Value had reached $US25.40/kg U 
($9.80/lb U 30 8). 

* 1987 and 1988 Euratom Supply Agency Annual Reports. 

** The Exchange Value "is Nuexco's judgement of the price at which the 
transactions for significant quantities of natural uranium concentrates could 
be concluded as of the date indicated". 

*** NUKEM's Spot Market Price is based on prices known to NUKEM for firm 
offers and bids for delivery, or for purchases or sales of natural uranium 
concentrates valid during the reporting month with delivery taking place 
during the reporting month or within the six following months. 
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B. THE OUTLOOK FOR TBS SHORT TERN 

For this edition of the Red Book, the period referred to as the "short 
term" has been extended up to the year 2005 to conform with NEA's "Brown Book" 
terminology. The returns to the 1989 questionnaire did not, however, always 
-over the last five years of the period under survey. Therefore, data for the 
period between 2000 and 2005 had to be supplemented with Secretariat estimates. 

Uranium demand over the short term is fundamentally determined by the 
installed nuclear capacity. Since the majority of this capacity is already 
operating, with only a small uncertainty due to that under construction and 
that which is planned, it may be supposed that requirements are fairly 
predictable. 

Although there are operational factors that can impact requirements 
over this period, such as load factors, plutonium recycle/NOX fuel, and burn-
up, they are not likely to have a major impact. However, some uncertainty 
could be introduced by changes in inventory policies. 

On the supply side, the uncertainties are not so much related to the 
level of future supply but more to where these supplies will come from. The 
level of supply from Southern Africa, the future of the three-mine policy in 
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Figure i4 
WOCA SHORT TERM ANNUAL URANIUM PRODUCTION CAPABILITY 

A) SUPPORTED BY RESOURCES RECOVERABLE AT COSTS UP TO $80 / kg U 
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Australia, the results of underground test-mining programmes in northern 
Saskatchewan, the possibility of reactivating capacity now on stand-by (espe
cially in the U.S.), and the extent of the penetration of the VOCA market by 
China, the U.S.S.R. and other potential suppliers will all have an influence. 

Current production capability is estimated to be below that projected 
for 1990. As shown in Figure 14 A, production capability supported by low-cost 
resources only could be brought from the current level to around 43 000 tonnes 
U per year within a short time. This would be almost sufficient to cover the 
expected reactor requirements in 1995 of some 44 000 tonnes U per year. The 
gap would widen to the year 2005, however, as requirements increase and produc
tion capability decreases. 

As shown in Figure 14 B, production capability supported by additional 
higher-cost resources at up to $130/kg U could be boosted to around 
60 000 tonnes U per year by 1995. Capability could still approach 
60 000 tonnes U per year in 2000 and almost 52 000 tonnes U per year in 2005, 
a level that would be more or less sufficient to satisfy expected requirements 
at that time. So even for the year 2005, assuming all planned and prospective 
production centres are developed, no serious production shortfall from low and 
high-cost resources is expected. Nevertheless, it should be recognised that 
further low-cost resources could become available within this timeframe, as a 
result of technical developments or policy changes in certain countries. 

In summary, through to the mid 1990s, excess inventories are expected 
to be drawn down and production will remain below capability. Towards the end 
of the century, it is expected that supply and demand will be more in balance 
with the need for new production to be brought on stream to meet an increasing 
demand. 

C. THE LONGER-TERM PERSPECTIVE 

Production capability projections for the longer term (i.e., beyond 
2005) were submitted for this Red Book edition by only a few countries, so 
that a substantial portion ot the projections is based on the Secretariat's 
estimates of possible production capabilities in a number of countries*. 
Long-term reactor requirement projections are based entirely on work done by 
NEA Working Groups as described earlier (see Chapter IV, section C). 

i) Overview 

For the longer term it is assumed that reactor requirements and demand 
will be the same, inventories having been drawn down to desired levels. For 
all practical purposes, the low demand scenario is an extension of the present 

* Taking into account resource quantities in the respective cost categories 
(less than $80/kg U and $80-$130/kg U), the country's infrastructure and geo
graphical situation, environmental policies related to uranium mining and 
milling, financial position, policy on foreign participation in uranium 
mining, etc. 
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Figure 15 
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trend of uranium demand. For this scenario, and based strictly on the data 
provided in the various national submissions, Figures IS A and 15 B show 
thatafter 2005, currently "known" resources are not sufficient to sustain 
production capability to cover projected uranium demand. In 2010 there would 
be a production shortfall of between 15 000 and 16 000 tonnes U per year, in 
2020 it would be around 33 500 tonnes U per year and in 2030 the shortfall 
would be about 46 000 tonnes U per year*. 

The dotted line in Figure 15 incorporates the uranium requirements of 
an enhanced reprocessing scenario for OECD-Europe and Pacific. In these 
regions some of the additional plutonium is recycled in LWRs but some is saved 
until it can be recycled in FBRs, which are introduced in 2020 (see Chapter IV, 
Section C, and Annex 7). Figure 15 clearly shows that uranium savings from 
such a scenario are not very impressive even by 2030. However, in the very 
long term, by about 2060, when, under the FBR scenario, all reactors in OECD-
Europe and Pacific would be FBRs, the uranium requirements for these regions 
would become negligible. 

In the high-demand scenario, which is shown in Figure 16, there would 
be an annual production shortfall of some 16 500 tonnes U by the year 2005. 
This shortfall would widen to almost 36 000 tonnes U by 2010, to more than 
60 000 tonnes U by 2020 and io about 82 000 tonnes U by 2030. The FBR strate
gy as defined by the VGRSU would not change the situation in any substantial 
way in the time frame under consideration. 

ii) Additional Supply Possibilities 

Additional supply can come from the development of certain deposits in 
Australia, which is currently not permitted, and from by-production in several 
other countries. However, after the year 2000, much of the additional uranium 
production needed to cover the expected production shortfall from exisiting, 
committed, planned and prospective production centres will have to come from 
new discoveries. Significant potential for new discoveries is reflected in 
the EAR-II category. Resources in this category recoverable at costs of 
$130/kg U or less are currently estimated to be at about 1.7 million tonnes U. 
From a purely quantitative point of view, this tonnage would be sufficient to 
cover needs in both the low and the high demand scenarios (see Figure 10 on 
Cumulative Uranium Requirements). 

However, an analysis of supply-flow possibilities over time reveals 
that even more resources than those currently estimated in the EAR-II category 
would have to be identified and developed long before both "knovn" and EAR-II 
resources are exhausted. The potential for discovery of resources beyond 
these quantities is reflected in estimates of "Speculative Resources". During 
the International Uranium Resources Evaluation Programme (IUREP, 1976-1984) 
resources in this category were estimated to be in the range of 9.6 to 12.1 
million tonnes U, recoverable at costs of $130/kg U or less. (See Chapter I, 
Section B). 

* The apparent production shortfall in the long-term projections, which 
occurs beginning in 2005, is due to the projections taking into account 
uranium needs for first cores of reactors coming on stream between 2005 and 
2010. This had not been done in many of the national submissions, because 
those years are beyond the planning horizon of most utilities. 
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Many resource analysts use techniques to study supply-flow over time, 
as referred to above. One such technique is the "Resource and Production 
Projection" modeling system (RAPP) developed in the 1980s for the IAEA. The 
RAPP model produces supply-flow scenarios based on resources in the various 
resource categories. These scenarios can be compared with projections of 
demand as shown in Figure 17, which relates the low demand projection (low 
nuclear, once-through LWR strategy) with timely, phased-in production from 
various resource categories recoverable at costs up to $130/kg U. 

The RAPP model assumes that resources are explored for, discovered and 
developed in a timely manner. The model has certain built-in constraints such 
as lead-times from start of exploration to production of uranium, infra-
structural investments, availability of capital, etc. In the framework of 
these constraints, which are defined on a country-by-country basis, Figure 17 
illustrates that the potential uranium resource base to cover future uranium 
demand is sufficiently large to satisfy requirements well into the next 
century and certainly until the end of the projection period of this report. 
Although such projections are highly subjective, they provide a measure of 
potential availability of resources. In this respect, RAPP suggests that 
uranium resources need not be a limiting factor in developing nuclear energy 
in the period under review*. 

It is important to note that a considerable amount of exploration and 
development effort will be required, on a timely basis, before the potential 
supply possibilities noted above can be realised. The RAPP model cannot take 
into account whether exploration efforts will in fact be timely and adequate, 
whether the political climate will allow the development of resources as 
required and whether the industry will be able to provide the required capital 
needed prior to the substantial investment in exploration and development. 

iii) Future Exploration Activity 

Success in realising the resource potential described in this report 
depends to a large extent on the level of future exploration efforts. Although 
perceptions of future uranium demand are an important factor in the decision
making process of exploration companies, the actual uranium market is probably 
the most significant factor impacting on exploration and development activi
ties. Low uranium prices in a market with uranium over-supply explain to a 
large extent the current low level of exploration expenditure. When prices 
rise sufficiently to provide the industry with appropriate returns on invest
ment, increased levels of exploration can be expected to follow. 

Future exploration activity will be affected by the loss of expertise 
resulting from the departure of personnel from the industry; however, 
improvements in technology are likely to result in a more effective use of 
available funds. The regions in which future exploration is likely to take 
place will be affected by: the likelihood of discovery, the wish by consumers 
to diversify supply, and government policies which may restrict exploration or 
have an impact on the development of deposits arising from exploration. 

* See IAEA-TEC DOC 395, "Long-Term Uranium Supply-Demand Analyses". 
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Figure 17 
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iv) Outlook 

Nuclear energy is now an established contributor to the energy mix of 
•any countries for a variety of reasons including energy security, and nuclear 
energy's economic and environmental advantages. It is expected that nuclear 
electricity generation will continue its overall growth into the next century. 

The longer-term projections discussed in this report are predicated on 
the assumption that public policy and attitudes toward nuclear power in the 
foreseeable future would not be radically different from the present situation. 
However, in recent years it has become evident that nuclear power has the 
potential to become an important factor in the effort to reduce the environ
mental impact of fossil fuel use. Nuclear energy offers an alternative to the 
increasing emission of gases that contribute to the greenhouse effect (see 
Table 22). 

Table 22 

EMISSIONS PROM ELECTRICITY GENERATION 
(per 1 GVe installed capacity - generating 6.6 TVh/y) 

C02 1000 t/y 

S02 t/y 

N02 t/y 

Dusts t/y 

Irradiation dose 
to population 
u Sievert/y 

Coal 

7 800 

40 000 

9 500 

6 000 

10 

Oil 

4 700 

91 000 

6 500 

1 600 

0 

Nuclear 

0 

0 

0 

0 

20* 

* Including all the nuclear industry activities. 

Source: "Prospects for the French Nuclear System at the 
Beginning of 21st Century". Paper presented by 
Messrs. Lallement, Bacher, Panassion and Rougeau at 
the 14th Congress of the World Energy Conference, 
Montreal, 1989. 
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Recently, concern has focussed on reducing C02 emissions related to 
electricity generation. In 1988, nuclear power plants in 13 OECD countries 
generated 1 433 TWh or 23.6 per cent of total electricity in OECD. At the 
same time, OECD countries produced approximately 3.4 Gtons of C02 with existing 
iossil-fired power stations. Without the nuclear plants, C02 emissions would 
have reached 4.45 Gtons. On the basis that electricity accounts for about 
30 per cent of total energy consumption in OECD, the use of nuclear-generated 
power reduced OECD C02 emissions by around 7 per cent. 

Should nuclear energy's potential for mitigating the environmental 
impact of fossil fuel use lead to increased reliance on nuclear power, pro
jected uranium demand could in fact rise substantially above that shown in the 
high nuclear growth scenario. That need not cause problems over the period 
covered by the scenario, however, as the prospect for further discoveries of 
uranium resources is excellent, as reflected by the estimates for resources in 
the EAR-II and Speculative Resources categories (see Chapter I, section B). 
Given appropriate incentives through the market place on a timely basis, suffi
cient uranium should be made available to satisfy demand levels significantly 
higher than those reflected in the projections in this report. 
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VI 

NATIONAL REPORTS ON URANIUM EXPLORATION, 
RESOURCES AND PRODUCTION 

INTRODUCTION 

Part VI of the report presents the national submissions on uranium 
exploration, resources and production. These reports have been provided by 
the official government organisations (Annex 2) responsible for the control of 
nuclear raw materials in their respective countries and the details are the 
responsibility of the individual organisations concerned. In countries where 
commercial companies are engaged in exploration, mining and production of 
uranium, the information is first submitted by these companies to the govern
ment of the host country and may then be transmitted to the NEA or the IAEA at 
the discretion of the government concerned. 

Reports are presented only from those countries which responded to the 
Secretariat's invitation to supply information. The Agencies are aware that, 
apart from CPE-Areas and China, exploration activities are currently proceeding 
in a number of other countries not included here. They are also aware that in 
some of these countries uranium resources have been identified. It is not 
believed, however, that the total of these resources (outside the CPE-Areas 
and China) would materially affect the conclusions of this report. 
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URANIUM EXPLORATION 

Historical Review 

Studies of uranium occurrences in Argentina date back to 1938, but 
serious exploration did not start until 1950, vhen the National Atomic Energy 
Directorate in co-operation vith the National University of Cuyo vas put in 
charge. In 1956 all activities vere centralised in the present National Atomic 
Energy Commission (CNEA), although private participation vas allowed at all 
times. 

Since 1956, the CNEA has been making sustained efforts to recruit tech
nical staff, to obtain training for them abroad and to purchase basic equip
ment. As a result, ambitious programmes have been undertaken since 1961 on 
the prospecting, exploration and evaluation of the country's uranium resources, 
as well as on ore processing methods. 

The application of numerous geological, geophysical and geochemical 
exploration methods has made it possible to locate various uranium districts 
and deposits between the province of Jujuy in the extreme north and Santa Cruz 
in the south, in particular at Tonco-Amblayo (Salta), Los Gigantes (Cordoba), 
Sierra Pintada (Mendoza) and Sierra Pichinan (Chubut). 

In 1982 an airborne radiometric survey was conducted over 40 000 km2 in 
the provinces of Cordoba, San Luis and Santiago del Estero, covering a large 
part of the Achala batholith where numerous uranium occurrences vere known to 
exist. Line spacing vas 1 km vith 10 km spacing between the control lines. 

The evaluation of this airborne survey yielded a large number of anoma
lies, which were ground checked during 1983 and 1984. Additional activities 
centered around Patagonia (Sierra Pichinan), Sierra Pintada, Sierras de 
Cordoba and the Puna, the high plain in the northwestern part of the country 
with a potential of uranium deposits in acid volcanics. 

In 1985 and increasingly in 1986 uranium exploration was continued 
essentially in the same areas as described above. 

Recent and Ongoing Activities 

During 1987/1988 uranium exploration continued in the different parts 
of the country. In detail the activities included photogeological mapping of 
over 5100 km2, geological-radiometric mapping of about 1100 km3, continued 
ground check of 33 airborne anomalies detected in 1982 and drilling of seven 
holes totalling 569 m. 
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Plans for 1989 provide for the continuing assessment of granitic bodies 
in the Pampas mountain region (batholiths of Achala, Cerro Aspero, Alpa 
Corral), the volcanism and its related vein-type uranium mineralisation in 
Sierra Pintada and of the continental Cretaceous basin in Chubut. In addition, 
investigations will be initiated in the Triassic basin in the northern part of 
Hendoza-San Juan provinces and the uranium potential estimated in the following 
geological provinces: young Paleozoic-Triassic magmatism in the Frontal 
Cordillera as veil as of Somuncura, and the middle Cretaceous basin of the 
Andean Geosyncline. 

URANIUM EXPLORATION DATA 

YEAR 

pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

SURFACE 

Metres (m) 

392 602 
14 132 
24 252 
2 149 
25 851 

438 
131 

4 500 

464 055 

DRILLING 

No. of holes 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
5 
2 
n.a. 

TOTAL 

In National 
Currency 

n.a. 
n.a. 
n.a. 

55 154 
1 158 527 
175 000 
800 000 

n.a. 

EXPENDITURE* 

In US$ 

34 341 810 
5 699 880* 
2 015 470* 

69 000 
965 000 
87 500 
91 700 
-

43 270 360 

* Excluding salaries 
** Planned 

URANIUM RESOURCES 

Uranium resources have been outlined in seven different geological 
environments, which are described as follows. 

Northern Sub-Andean Region 

Located in the north-vest of the country, this area is characterized by 
the presence of Cretaceous and Tertiary sediments lying discordantly over 
Paleozoic formations. The largest number of uranium indications is found in 
the Salta group of Upper Cretaceous age. 
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In the Tonco-Amblayo district, several economic deposits and occurrences 
are contained in the Yacoraite formation within the Salta group. The deposits 
and occurrences are located along the sides of a 30 km long, north-south 
trending synclinal structure. Three of the deposits, Don Otto, Los Berthos 
and Hartin Miguel de Guemes have already been mined. Don Otto is a sandstone-
type deposit with a high dispersion of yellow minerals, especially vanadates 
in the upper levels. The mineralisation is located on three steeply dipping 
horizons separated from each other by betveen two and three metres of barren 
sediments. The deposit has been explored and mined over a distance of 2 600 m 
and to a depth of 120 m. A total of 19 000 m of underground workings has been 
driven. Until the discovery of *he San Rafael district, Don Otto was the most 
important deposit in the country. It was mined from 1962 to 1980 with an ore 
production averaging 0.1 per cent U 30 s. All activities in this district have 
ceased. 

"Sierra de Transici6n" Region 

South of the Tonco area lies the Tinogasta district underlain by 
bleached Permian Paganzo sandstones and lutites. These continental sediments 
cover an area of 20 km2 and include various mineralised bodies up to 100 m 
long. The mineralisation, consisting of carnotite, is between 0.2 m and 0.5 m 
thick and has an average grade of 0.04 per cent U 30 t. 

Pampas Mountain Region 

This area contains three districts, Cosquin, Los Gigantes and 
Comechingones. Th' most important deposit in the Cosquin district is Rodolfo, 
which is located in Tertiary continental sediments between the mountain ranges 
of the Sierra Grande and the Sierra Chica, about 55 km north-west of Cordoba. 
The mineralisation in clays and loams, considered as palaeocalcrete, consists 
principally of carnotite and tyuyamunite and occurs in Eocene sediments of the 
Cosquin formation as impregnations with nodules averaging one metre thick, 
irregularly distributed within a 10 m thick horizon. The mineralized bodies 
are roughly lenticular and appear over a total distance of some six km in a 
north-south direction, 50 m-300 m wide, in a homocline dipping 45° to the 
east. The average grade is 0.04 per cent U 30 t. 

The Los Gigantes district consists of uranium accumulations in the 
granites of the Sierra Los Gigantes. The best known deposit is Schlagintweit, 
located in a Carboniferous granite of the Achala batholith, in zones of 
intense fracturing. The uranium mineralisation extends for some 600 m along 
its major axis and has an average thickness no irore than 50 m. Uranium occurs 
mainly as autunite and meta-autunite. The average ore grade is 0.023 per 
cent U30g, the U-content amounts to approximately 500 tonnes. The ore body is 
being mined by a private company. 

The occurrences of the Comechingones district are located in western 
slope of the Sierra de Comechingones, in metamorphic rocks and basement 
granites. These occurrences are of the vein-type and their most representative 
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example is the La Estela deposit, a fluorite-uranium stockvork associated vith 
a tension fracture. The mineralisation consists of pitchblende, gummite, 
autnnite and uranophane in a fluorite gangue. The deposit was explored by 
surface methods, followed by 900 m underground workings and drill holes 
totalling 3 000 m. The average grade in the economically viable part of the 
deposit amounts to 0.08 per cent U 30 t. 

Pie-Cordillera Region 

North-vest of the Pampas Mountain Region, in La Rioja province are tvo 
districts, Guandacol and Los Colorados. In the Guandacol district, several 
mineralisations occur in the F*rmo-Carboniferous Panacan formation which con
sists of conglomeratic and arkosic sandstones and clays which were deposited 
under continental torrential conditions. The sediments which contain organic 
matter are highly calcareous and faulted. 

The most important mineralisation in this district is the Ureal deposit 
which occurs in brecciated calcareous conglomerates as peneconcordant lenses 
with pitchblende, tyuyamunite, galena, malachite, calamine, pyrite and azurite. 
The average thickness of the occurrence is five metres with an average graue of 
0.36 per cent U30,. 

The main deposit in the Los Colorados district is located in the 
Saladillo formation. The mineralisation occurs in lenticular bodies of 0.2 m-
0.A m thickness in Carboniferous sandstones and pelites. The minerals are 
pitchblende, uranophane and boltvoodite. The average gr de is 0.07 per cent 
U 30 e. 

Additional occurrences in this area are El Carrizal and Papagaycs. El 
Carrizal is located in sandstones and nudstones of the Cortaderas formation. 
The mineralisation has the features of a stockwork located in a 1 000 by 600m 
highly tectonized zone at the eastern flank of a large anticline. This zone 
contains vein-type mineralisation (pitchblende, quartz, calcite and sulphides) 
with an average grade of 0.055 per cent UjOf containing about 18 tonnes U. 

The Papagayos occurrence is located in a contact breccia, mineralized 
with uraninite, schroeckingerite, uranophane and autunite. Total resources 
are estimated at 10 tonnes U at an average grade of 0.69 per cent U 30 s. 

Sierra Pintada Region 

The uranium occurrences appear in the sourthern part of the morpho-
structural unit of the San Rafael district, which is also known as Sierra 
Plntada. Geologically, it consists of Paleozoic, Mesozoic and Cainozoic rocks, 
among which the most important are the Permian and Permo-Triassic sequences 
represented by the Cochico and Carriazalito groups. Most of the mineralised 
bodies discovered are located in continental sandstones of the Los Reyunos 
formation in the Cochico group. The most significant mineralisation is in the 
Tigre I and La Terraza of the Dr. Baulies-Los Reyunos deposits located in a 
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north-south brachyanticlinal structure, which covers an area 1 800 m long and 
600 m wide. The mineralisation is peneconcordant and consists principally of 
uranophane and uraninite in lenticular bodies with thicknesses varying between 
one and 30 m. The deposit has been frequently fractured into blocks with vari
able throws reaching several tens of metres. At present, this is the largest 
deposit in the country, and has been explored by 1 600 m of drilling, most of 
it cored. Other mineralisations of smaller size include the Tigre III, 
Gaucho I and II and Media Luna I and II. The resources of Sierra Pintada are 
estimated at 12 000 tonnes U, contained in 0.11 per cent U30, material. 

Andean Geosyncline Region 

Southeast of Sierra Pintada is the Malargue district with the Huemul 
deposit, hosted in continental sandstones and conglomerates of the Cretaceous 
Diamante group. The mineralisation consists of pitchblende, carnotite, 
tyuyamunite, uranophane associated with copper minerals. The average thickness 
of the orebody was 0.7 m with a dip of 35° V, and the average grade 0.18 per 
cent U30g. The deposit has been completely worked out. 

Chubut Region 

A number of uraniferous districts are found in the province of Chubut, 
Patagonia. Occurrences are found in Cretaceous sandstones but also in younger 
sediments. 

According to the present state of knowledge, the most important district 
within this region is Pichinan with the exhausted deposits of Los Adobes 
(approximately 120 tonnes U at 0.15 per cent U30g, mined out), Cerro Condor 
(85 tonnes U at 0.05 per cent U308 mined out) and the Cerro Solo deposit 
presently being explored. These deposits are hosted in volcanogenic fluvial 
sandstones of Cretaceous age and are controlled by the presence of organic 
material and tensional fracturing related to later volcanic activity which 
caused a remobilisation of the mineralisation. The uranium minerals in these 
deposits include uranophane, uraninite, phosphoruranylite and schroeckingerite. 

South of Pichinan lies the district Laguna Colorado with a small super
ficial occurrence in dacitic tuffs with boltwoodite and schroeckingerite 
(about 70 tonnes U at 0.11 per cent U30e). 

East and south of these districts are other paleocalcrete occurrences 
at present without economic significance. 

A summary of the uranium resources of the RAft and EAR-I categories 
recoverable at costs below $130/kg U is shown in the table below. 
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URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

RECOVERABLE RESOURCES (Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Tonco 
Tinogasta 
S. Pintada 
Cuyo 
Cosquin 
Los Gigantes 
Estela 
Guandacol 
Cerro Solo 

TOTAL 

REASONABLY ASSURED 
RESOURCES 

Recoverable at costs 
Up to between 

$80/kg U $80-130/kg U 

8 790 1 745 

295 
240 255 
20 65 

35 
205 

9 050 2 600 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 

Recoverable at costs 
Up to betveen 
$80/kg U $80-130/kg U 

325 
370 

545 675 
95 

990 
295 

125 
15 

550 

840 3 145 

Average mining and processing losses of 10 and 15 per cent respectively 
have been deducted in estimating the above resources. 

DISTRIBUTION OF URANIUM RESOURCES BY GEOLOGIC TYPE 

TYPE OF DEPOSIT 

Vein 
Sandstone 
Si'.rficial 

RECOVERABLY RESOURCES 
(Tonnes U) 

RAR 

615 
10 740 

295 

EAR-I 

435 
2 560 

990 

NUMBER OF PRODUCTION 
CENTRES 

Existing 
and 

Committed 

2 
1 

Planned 
and 

Prospective 

_ 
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HIGHER COST URANIUM RESOURCES 

RECOVERABLE RESOURCES (TONNES U) 

PRINCIPAL DEPOSITS 

S. Pintada 
Cuyo 
Los Gigantes 
La Estela 
Los Colorados 
Pichinan 

TOTAL 

REASONABLY ASSURED 
RESOURCES 

Recoverable at costs 
between $130 - 260/kg U 

1 445 
144 
297 
119 
59 

472 

2 536 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 
Recoverable at costs 
betveen $130 - 260/kg U 

310 

310 

Additional Conventional Resources 

The Estimated Additional Resources, Category II (EAR-II) are estimated 
for the knovn uranium-bearing districts on the basis of exploration and/or 
isolated radiometric and chemical sampling. 

The Speculative Resources (SR) are calculated in accordance vith methods 
reported by A. Belluco and F. Rodrigo in "Uranium deposits in Latin America. 
Geology and Exploration", IAEA - Vienna, Austria (1981) STI/PUB/505, pages 205-
252, which may be referred to for details concerning these estimates. 

In general, the uranium-bearing geological environments may be defined 
as: 

- Cenozoic: continental arenaceous sediments, mainly pelites in closed 
basins. 

- Cretaceous: continental and fluvial sediments, including sandstone, 
pelites and pyroclastic rocks vith organic material. 

- Permo-Carboniferous: continental arenaceous sediments. 

- Middle Paleozoic: granitic intrusives of the Pampas Mountain region. 

Tvo other environments, as yet only slightly explored, are considered 
to be of potential interest: 
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- The Northern Patagonian Massif: an area, geologically little known 
and nearly unexplored, underlain by Paleozoic granites and recent 
alkaline complexes. 

- The Neuquen basin. 

The following table lists the additional conventional resources by 
district. Please note that SR recoverable at costs of $130/kg U or less were 
not reported, as the previous estimates are being revised. 

ADDITIONAL CONVENTIONAL RESOURCES 

TONNES U* 

PRINCIPAL DEPOSITS 
DISTRICTS OR AREAS 

S. Pintada 
Cuyo 
Los Gigantes 
La Estela 
Los Colorados 
Pichinan 

TOTAL 

ESTIMATED ADDITIONAL RESOURCES 
CATEGORY II (EAR-II) 

Recoverable at costs 
up to $80/kg U 

1 300 
-
270 
-
-
-

1 570 

Recoverable at costs 
between $80 - 130/kg U 

1 625 
325 
270 
133 
630 
505 

3 490 

* As recoverable quantities. 

The distribution of the total EAR-II of 5 060 tonnes U by geologic type 
is shown in the following table. 

DISTRIBUTION OF ADDITIONAL URANIUM RESOURCES 
BY GEOLOGIC TYPE 

Tonnes U 

DEPOSIT TYPE 

Vein 
Sandstone 
Surficial 

EAR-II 

675 
3 880 
505 

Estimates of higher cost EAR-II and SR, recoverable at costs between 
$130-260/kg U were not made. 
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URANIUM PRODUCTION 

Historical Review 

The Argentine Republic began to develop the production of uranium 
concentrates in 1952. 

Chronologically, its activities consisted of the following steps: 

1952 Pilot plant in Cordoba. 
Heap leaching, percolation and mechanical agitation. 

1954 Experimental plant at Malargue (Mendoza province). 
Percolation. 

1963 New plant at Malargue. 
Process by mechanical agitation and SX (tfO tonnes ore/day) 

1963 New plant at "Don Otto" (Salta province). 
Heap leaching, "calcico" preconcentration (100 tonnes ore/day). 

1970 Expansion and application of IX at "Don Otto" plant. 
(200 tonnes ore/day). 

1977 New plant at Pichinan (Chubut province). 
Heap leaching, IX (200 tonnes ore/day). 

1978 Expansion of Halargue. 
Application of IX, SX (200 tonnes ore/day). 

1979 New plant at San Rafael (Mendoza province). 
Heap leaching, IX (500 tonnes ore/day). 

1982 New plant at Los Gigantes (Cordoba province). 
Heap leaching, IX (1 100 tonnes ore/day). 

1985 New plant at La Estelas (Cordoba province). 
Heap leaching, IX (30 tonnes ore/day). 

1986 Shut down of the Halargue plant, which in 1986 contributed 382 of 
the total Argentine U-production. 

Present Status 

As of 1987 there are three operating uranium production centres in 
Argentina; San Rafael, Mendoza province, with a nominal capacity of 
120 tonnes U/a, supported by the Sierra Pintada mine (Dr. Baulies - Los 
Reyunos), Los Gigantes with 60 tonnes U/a and La Estela with 25 tonnes U/a 
capacity. Their total capacity amount to about 200 tonnes U/a. The shutdown 
plant of Pichinan is being dismantled. 
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URANIUM PRODUCTION 
Tonnes U (contained in concentrate) 

TEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

TOTAL 

Source of 

Conventional 
Resources 

1 143 
172 
129 
126 
173 
95 
142 
n.a 

1 980 

Production 

Unconventional 
Resources 

_ 
_ 
_ 
-
-
-
-

-

Total 

1 143 
172 
129 
126 
173 
95 
142 
n.a 

1 980 

EHPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

PERSON YEARS 

700 
700 
650 
650 
630 
630 
630 
600 
590 
580 

* Estimated. 

Technical details of the existing production centres San Rafael, 
Gigantes and La Estela are summarised in the relevant table. 

Los 

99 



• Argentina 

EXISTING AND COMMITTED PRODUCTION CENTRES 

Name 

Start-up date 

Operational status 

San Rafael 

Sept. 1979 

in operation 

Los Gigantes 

Aug. 198?. 

in operation 

La Estela 

Oct. 1985 

in operation 

Source of ore: 

Deposit names Dr.Baulies- Schlagintveit La Estela 

Reyunos (S.Pin-

Deposit type(s) tada) sandstone vein vein 

Mining Operation: 

Type OP OP OP 

Size (Tonnes ore/year) 150 000 330 000 n.a 

Average Mining Recovery 90 X 80 % 85 % 

Processing Plant: HL/AL HL/AL RL/AL 

Type IX IX IX 

Size (Tonnes ore/day) 500 1 100 30 

Average Ore Processing 
Recovery 80 60 75 

Nominal Production 
Capacity (Tonnes U/year) 

Plans for expansion 

Other remarks 

120 

yes 

-

60 

-

-

25 

-

-
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The ownership of the 1988 uranium production of 142 tonnes U is 75 per 
cent government domestic (Atomic Energy Commission of Argentina) and 25 per 
cent private domestic (Los Gigantes, La Estela). 

Production Capability Projections 

Production capability projections were made for the short term only. 
They are based on existing and committed centres supported by RAR and EAR-I 
and summarised in the tables on page 102. 

URANIUM STOCKS AND INVENTORIES 

Natural Uranium Stocks (Tonnes U) 

In concentrate Refined Total 
A B (A+B) 

Government Stocks 280 

Producer Stocks 

User Stocks 

TOTAL 280 120 400 

URANIUM REQUIREMENTS 

At present, there are two reactors of the pressurised heavy water 
moderated and cooled type (PHWR) in operation: Atucha-1 with a net electricity 
generating capacity of 340 MV and Embalse with 600 HV. Atucha-2 cf the same 
reactor type, with about 700 MW is expected to be connected to the grid in 
1995. The corresponding installed capacities and the reactor related uranium 
requirements are shown in the table on page 103. 

120 400 
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SHORT-TERH PRODUCTION CAPABILITY 

PROJECTION I 
(Tonnes U per year) 

Supported by Resources at up to $80/fcg U 

Existing and Committed 
YEAR 

A B Total 
RAR and EAR-I Unconventional Resources 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

150 
150 
150 
180 
180 
180 
230 
230 
230 
230 
230 
230 

-
-
-
-
-
-
-
-
-
-
-
-

150 
150 
150 
180 
180 
180 
230 
230 
230 
230 
230 
230 

SHORT-TERH PRODUCTION CAPABILITY 

PROJECTION II 
(Tonnes U per year) 

Supported by Resources at up to $130/kg U 

Existing and Committed 
YEAR 

A B Total 
RAR and EAR-I Unconventional Resources 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

150 
150 
150 
180 
180 
180 
230 
230 
230 
230 
230 
230 

-
-
-
-
-
-
-
-
-
-
-
-

150 
150 
150 
180 
180 
180 
230 
230 
230 
230 
230 
230 
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URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

YEAR INSTALLED CAPACITY REACTOR RELATED 
(GWe) REQUIREMENTS 

(Tonnes U) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 
1.64 

114 
126 
109 
100 
147 
150 
148 
235 
189 
180 
223 
230 
230 
230 
230 
230 
230 
180 
180 
180 

• Australia • 

URANIUM EXPLORATION 

Historical Review 

Exploration for uranium in Australia can be divided into two distinct 
periods - 1947 to 1961 and 1966 to the present. 

During the first period, the Australian Government introduced measures 
to encourage exploration, including a system of rewards for the discovery of 
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uranium ore. There was active exploration, particularly by prospectors in most 
Australian mineral fields and many of the discoveries were made by prospectors 
equipped vith Geiger counters. A number of airborne radiometric surveys over 
limited areas vere conducted by some companies and by the Australian Govern
ment. Several of the deposits discovered during this period produced uranium, 
the largest being Mary Kathleen and Rum Jungle. 

As a result of the abrupt decline in the demand there vas virtually no 
exploration for uranium betveen 1961 and 1966. 

The second phase of uranium exploration in Australia from 1966 to the 
present resulted in an increase in Australian reserves from 6 200 tonnes U in 
1967 to 463 000 tonnes U in 1984. Most of this exploration vas undertaken by 
companies vith substantial exploration budgets, utilising the more advanced 
geological, geochemical and geophysical techniques nov available. Several 
major discoveries vere made through the use of airborne multi-channel gamma 
ray spectrometers. The search extended far beyond the boundaries of the known 
mineral fields to cover areas considered to be geologically favourable for 
uranium mineralisation. 

Most of the exploration for uranium in Australia has been conducted by 
individuals or by companies both national and international. Geological map
ping and airborne radiometric surveying conducted by the Australian 
Government's Bureau or Mineral Resources, Geology and Geophysics are made 
available to interested persons. For the period 1975 to 1977 the Australian 
Atomic Energy Commission conducted uranium exploration in Australia. 

Recent and Ongoing Activities 

As at 1987, 5 domestic and 6 foreign companies vere involved in a total 
of 24 ongoing projects. 

Uranium exploration expenditure in Australia has increased from a low 
of A$13 million in 1985 to A$24 million in 1987. (1988 expenditure, not 
available.) 

During 1987 and 1988, uranium exploration activity continued in the 
Stuart Shelf region of South Australia. This vork vas directed mainly at 
defining the extent of mineralisation at the Olympic Dam deposit. Exploration 
for similar mineralisation vas carried out in other parts of the Stuart Shelf. 

A major programme of evaluation drilling and exploration continued at 
the Kintyre deposit in the Paterson Province, Western Australia. Regional 
exploration vas also carried out over Early Proterozoic metasediments of the 
Rudall Metamorphic Complex which are the host rocks for uranium mineralisa
tion. CRA Exploration Pty Ltd holds exploration tenements over approximately 
7600 sq kms in the Rudall area, northern Paterson Province. 
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Exploration for unconformity-related deposits continued in the Early 
Proterozoic metasediments of the Pine Creek Geosyncline, Northern Territory. 
Activity was restricted to those areas outside the Kakadu National Park. The 
main areas for uranium exploration were: 

- Arnhem Land (Myra Falls area), within Early Proterozoic meta
sediments near the Kombolgie Formation escarpment. 

- Early Proterozoic sedimentary rocks in the Rum Jungle - Vaterhouse 
area, and Early Proterozoic sedimentary rocks west of this area. 

- Ranger Project area, exploration to test the potential of the 
northern portion of the project area. 

Exploration continued at the Ben Lomond deposit in Queensland where 
drilling was carried out to test the extensions of the mineralisation where it 
plunges below the Cattle Creek volcanics. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE 

Metres (m) 

2 250 000 
101 000 
77 000 
56 000 
100 000 
143 000 
n.a. 
n.a. 

2 727 000 

DRILLING 

No. of holes 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

n.a. 

TOTAL EXPENDITURE 

In National 
Currency 

256 000 000 
14 000 000 
13 000 000 
13 000 000 
18 000 000 
24 000 000 

n.a. 
n.a. 

338 000 000 

In US$ 

300 000 000 
13 000 000 
11 000 000 
9 000 000 
12 000 000 
18 000 000 

n.a. 
n.a. 

363 000 000 

* Planned. 

URANIUM RESOURCES 

A large proportion of Australia's uranium in the low cost RAR category 
occurs in Proterozoic unconformity-related deposits in the Alligator Rivers 
Uranium Field. The major deposits are Jabiluka, Ranger, Koongarra and 
Nabarlek (mined out). 
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These deposits occur in metamorphosed Early Proterozoic sediments in 
the eastern portion of the Pine Creek Geosyncline. The Jabiluka, Ranger and 
Koongarra deposits are vithin the Cahill Formation vhich comprises a sequence 
of schist, carbonate rock, amphibolite and chert. The Nabarlek deposit oc
curred vithin the Hyra Falls M«tamorphics and the host rocks may be equivalent 
to the Cahill Formation. The Middle Proterozoic sandstones of the Koubolgie 
Formation unconformably overlie the Early Proterozoic metasediments. The 
uranium deposits are spatially related to the Early/Middle Proterozoic 
unconformity. 

The Rum Jungle, Waterhouse and Nanambu Complexes form Archean to Early 
Proterozoic mantled gneiss domes and the uranium deposits occur vithin Early 
Proterozoic sediments in proximity to these basement complexes. In the 
vicinity of the orebodies, the host rocks are brecciated and there has been 
extensive chlorite-alteration. The most common host lithologies are quartz-
chlorite schist, massive hematite-chlcrite rock and, less commonly, graphitic 
schist. The principal uranium mineral is uraninite. The average grades of 
the major deposits, as stated by the companies are: 

Ranger 1 orebodies 0.30 X U 30 t 

Jabiluka orebodies 0.39 X U30, 
Koongarra orebodies 0.27 X U30g 

Nabarlek 1.84 X U30, 

A large proportion of Australia's uranium in the lov cost RAR category 
occurs in the Olympic Dam copper-uranium-gold deposit vhich is located in the 
Stuart Shelf geological province in central South Australia. In this prov
ince, undeformed Upper Proterozoic-Cambrian platform sediments unconformably 
overlie the northeastern part of the Precambrian Gavler Craton. The Gavler 
Craton consists of Mid-Proterozoic deformed granitic rocks and metasediments 
vhich are overlain by extensive, undeformed felsic volcanic units. At Olympic 
Dam an undeformed batholithic complex (1595 Ma), informally knovn as the 
Olympic Dam suite, intrudes the deformed granitic rocks and is approximately 
1200 sq km in area. The Olympic Dan: suite ranges from quartz monzodiorite to 
granite. The Olympic Dam deposit and its host breccias occur entirely vithin 
a pink-red alkali feldspar-rich granite member of the suite vhich forms a 
local basement high. 

The geology of the Olympic Dam deposit has been reinterpreted in recent 
years. The deposit is nov believed to occur vithin a complicated body of 
coarse hematitic and granitic breccias surrounded by relatively unbrecciated 
granite. This body, vhich is interpreted to be a large hydrothermal breccia 
pipe complex, is approximately 5 to 6 km in diameter, at least 1 km in vertical 
extent and is uncopformably overlain by approximately 300 m of much younger, 
flat-lying sedimentary cover rocks. 

The breccias may be broadly sub-divided into granitic and hematitic 
categories based on the dominant clast component, and a third distinctive 
category of breccia dominated by hematite and quartz is also recognised. 
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Other minor but locally important components include coherent and fragmented 
mafic and felsic intrusives, and relatively fine-grained layered rocks. The 
breccias were generated by a vari.ty of mechanisms including hydrothermal and 
phreatomagmatic explosive events; and cataclasis. 

The orebody is made up of a large number of individual ore zones. The 
more hematite-rich breccias are most strongly mineralised and hence the dis
tribution of higher grade mineralisation is largely controlled by the distri
bution of hematite-rich breccias. Copper, uranium, rare earths, gold and 
silver mineralisation occur in the deposit. Copper mineralisation is dominant-
ly chalcocite, bornite and chalcopyrite. Uranium mineralisation is pitchblende 
vith minor coffinite and brannerite. Rare-earth elements lanthanum and cerium 
are contained in bastnaesite and florencite. The higher grade ore zones con
sist of disseminated chalcocite, bornite and pitchblende and they tend to occur 
higher up in the deposit, above relatively lover grade chalcopyrite mineralisa
tion. Higher grade uranium-rich areas contain pitchblende-rich veinlets as 
veil as disseminated material. Some discrete zones of gold mineralisation 
also occur. 

The joint venturers estimate that the amount of mineralisation drilled 
on a 200 m grid is about 2 000 million tonnes at an average grade of 1.6 per 
cent copper, 0.6 kg/t U30, and 0.6 gra/t gold. In 1988 the joint venturers 
.reported that the ere resources/reserves were: 

Million Cu U,0, 
Tonnes (*) (kg/t) 

1 Copper-uranium mineralisation 

450 2.5 0.8 

Au 
(g/t) 

0.6 

Ag 
(g/t) 

6 

Classification 

Measured and Indicated 
Resource (in situ 
tonnes/grade) 

including .... 

11.2 3.1 1.2 0.3 11.2 Proved Ore Reserve 
(includes calculated 
mining dilution) 

2 Gold mineralisation 

2.3 0.3 0.1 5.8 1.5 Measured and Indicated 
Resource (in situ 
tonnes & grade) 
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Production of uranium oxide from the Olympic Dam project commenced in 
August 1988 and production of copper, gold and silver also commenced during 
the third quarter of 1988. The first stope firing vas in February 1988 and by 
August the mine had reached its planned production rate of 1.5 Mt ore and 
0.5 Ht of mullock/annum. The project has an annual capacity of 45 000 tonnes 
copper, 1900 tonnes U308 and associated precious metals. Construction of the 
mill, hydrometallurgical plant, copper smelter and copper refinery were com
pleted during 1988 and commissioning of these continued to the end of the year. 

The Kintyre uranium deposit, discovered in 1985, occurs on the northern 
margin of the Rudall Metamorphic Complex in the Paterson province of Western 
Australia. The Paterson Province is a northwest-trending belt of Proterozoic 
rocks which comprises the Rudall Netamorphic Complex, and the Yeneena Group. 
The Rudall Metamorphic Complex consists of two metamorphic sequences, referred 
to as the older gneisses and granitic rocks; and the younger metamorphic 
rocks. These two sequences show different structural histories. The older 
gneisses and granitic rocks consist of mafic and ultramafic gneisses (amphibo-
lites and feldspar-hornblende gneisses) and metamorphosed granitic rocks 
(quartz-feldspar-mica gneisses*, and foliated granites and adamellites). The 
younger metamorphic rocks are mainly quartzite and quartz-mica schist with 
lesser amounts of quartz-chlorite-garnet schist, graphite-chlorit^-quartz 
schist, carbonate-chlorite-quartz schist, banded carbonate rocks and metamor
phosed banded iron formation. There is no reliable age-dating of the Rudall 
Metamorphic Complex, however, the older gneisses and granitic rocks are 
interpreted as Archean in age. 

The Coolbro Sandstone (of the Yeneena Grou) unconformably overlies the 
Rudall Metamorphic Complex and comprises massive, Medium-grained sandstones 
with a polymictic boulder conflomerate unit (up to 20 m thick) at the base of 
the sequence. Following deposition of the Yeneena Group, a phase of deforma
tion occurred throughout the Paterson Province. The Coolbro Sandstone is 
folded and in some local areas this folding is almost isoclinal. 

The Kintyre orebody occurs within the Rudall Metamorphics, close to the 
regional unconformity at the base of the overlying Coolbro Sandstone. The 
host rocks are interbedded quartz-chlorite-garnet schists, metamorphosed 
cherts, carbonate rocks and graphite-chlorite schist. The orebody occurs 
along a major regional shear zone. 

Mineralisation occurs in a complex system of narrow veins ranging in 
thickness from several mms to a maximum of 20 cms. The veins contain pitch
blende with abundant secondary carbonate. Pitchblende commonly occurs along 
the vein walls and shows colloform texture. Secondary carbonate fills the 
central part of the veins. Minor amounts of gold, platinum and palladium have 
been recorded in the mineralised veins. 

CRA Exploration Pty Limited reported that evaluation drilling to 
September 1988 had defined an estimated 22 000 tonnes U30, probable ore, 
11 000 tonnes U308 indicated resources and 3 000 tonnes U30, inferred 
resources at a 0.5 kg/t U30, cutoff. 
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A significant proportion of Australia's uranium resources is in 
calcrete-hosted uranium deposits. These uranium deposits occur in Tertiary 
sediments vithin palaeodrainage channels overlying granitoid gneiss in the 
north-western portion of the Archean Yilgarn Block in Western Australia. The 
main components of the Tertiary sediments are clays with varying proportions 
of detrital quartz and feldspar. Calcrete occurs extensively along the trunk 
valleys, and ranges in size from small discontinuous pods to large, irregular 
lenticular sheets up to 6.5 km wide and 20 m thick. The main uranium-bearing 
mineral is carnotite. It is dispersed through the earthy calcrete and it also 
occurs as grain coatings and disseminations in the clay-quartz units and along 
fractures. 

Yeelirrie is the largest of the calcrete-hosted uranium deposits. 
Uranium mineralisation comprising the orebody has a strike length of 9000 m 
and an average width of 750 m. The ore forms a more or less continuous flat-
lying lens which is centred 5.5 m below the surface. Western Hining Corpora
tion Pty Ltd reported that using a cut off grade of 0.10 per cent U 30 8, the 
average thickness of the ore zone is 3 m and the average grade is 0.15 per 
cent U30t. Other important calcrete-hosted uranium deposits are the Lake Way, 
Thatcher Soak and Lake Maitland deposits. 

Significant tonnages of low-cost reserves occur within palaeochannel 
sands of Tertiary age in the Frome Embayment. The main deposits are Beverley, 
Honeymoon and East Kalkaroo. The Beverley ore lenses occur in a sand unit 
interbedded between barren carbonaceous clays. Uranium-bearing sand lenticles 
have been traced over a north-south distance of 3 km and the width varies 
between 100 m to 900 m. South Australian Uranium Corporation reported that 
the average grade of the deposit is 0.27 per cent U 30 a. The Honeymoon deposit 
occurs as a rollfront accumulation of ore along the margins of a Tertiary 
palaeochannel. The average grade of the deposit is 0.157 per cent U 30 s. 

The Nulga Rock deposit lies within a buried palaeochannel in the south
western portion of the Officer Basin. Host rocks are Eocene organic-rich 
lacustrine and paludal sediments. Mineralisation is flat lying and occurs at 
the top of the water table. The overlying sands have been oxidised by surface 
weathering. Host rocks are peats, clayey peats, clays and sands. Depth to 
top of mineralisation varies from 20 to 50 m. The Mulga Rock deposit consists 
of three separate bodies of mineralisation referred to as Emperor, Shogun and 
Ambassador. Fulwood in a presentation to the Australasian Institute of Mining 
& Metallurgy in 1988 reported that using a cut-off grade of 0.03 per cent 
U30g, the average grade of the mineralisation is 0.12 per cent U30S and 
average thickness is 2 m. 

The Ben Lomond deposit, in Queensland occurs in a rhyolite welded tuff 
unit within the Carboniferous St James volcanics. Mineralisation occurs in a 
complex system of sub-parallel veins controlled by steeply dipping fractures. 
Mineralisation outcrops over a strike length of 400 m but continues eastwards 
a further 350 m beneath an unconformable barren capping of volcanics and sedi
ments. The primary uranium ore minerals, coffinite and pitchblende, are asso
ciated with molybdenite. Minatome Australia Pty Ltd reported that the average 
grade of the mineable reserves is 0.209 per cent U and O.IW per cent Mo. 
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In the Westmoreland area, uranium mineralisation occurs within Middle 
Proterozoic sandstones of the Westmoreland Conglomerate. The uranium deposits 
are adjacent to basic and intermediate dykes which were emplaced along the 
Redtree fault. Mineralisation occurs either as: 

- Horizontal lenses parallel to the contact with a basic volcanic unit 
which overlies the Westmoreland Conglomerate; or 

- Steeply dipping lenses adjacent to the intrusive dykes. 

Sandstone uranium deposits also occur in Devonian to Late Carboniferous 
sandstones of the Ngalia Basin (Bigrlyi deposit) and Devonian sandstones of 
the Amadeus Basin (Angela deposit); in Cretaceous sandstones of the Carnarvon 
Basin (Manyingee deposit), and in Late Devonian - Early Carboniferous 
sandstones of the Canning Basin (Oobagooma deposit). 

Australian uranium resource estimates are expressed in terms of quanti
ties of uranium recoverable from the deposits, after due allowance has been 
made for ore dilution, and for mining and milling losses. Due allowance is 
made for co-product and by-product relationships vith other economic minerals 
where appropriate, but information on the percentage deducted for processing 
losses is not available. The cost categories for the recoverable uranium in 
concentrate in both the Reasonably Assured and Estimated Additional category I 
classifications are determined by estimating the operating and capital costs 
for each resource in present day money values. Operating costs for mining, 
milling, general engineering, transportation and administration (including 
royalties) are used. Capital costs include pre-production development, mining 
and milling construction and replacement, community development where appli
cable and interest charges on capital. Previous exploration cost and future 
exploration costs to define reserves are not included, neither are company 
profits. 

URANIUM RESOURCES - AS OF 31 DECEMBER 1988 
(Tonnes U) 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 

$80/kg U 

480 000 

Recoverable at 
costs between 
$80-$13O/kg U 

58 000 

ESTIMATED ADDITIONAL RESOURCES 
(EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

262 000 

Recoverable at 
costs between 
$80-$130/kg U 

131 000 
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In addition to the RAR and EAR-I it is considered there is a 75 per cent 
probability that Australia's Speculative Resources exceed 2 600 000 tonnes U 
and a 50 per cent probability that they exceed 3 900 000 tonnes U. 

The Australian Speculative Resources represent estimates of undis
covered deposits and, as such, are the equivalent of EAR-II plus SR as defined 
in this report. At this stage separate figures of these categories are not 
available for Australia. 

URANIUM PRODUCTION 

Historical Review 

Production of uranium commenced in 1955. During the period 1955 to 
1971, some 7 800 tonnes U were produced. The major production vas from two 
mines, Rum Jungle in the Northern Territory and !!ary Kathleen in Queensland. 
The remainder of the production vas from a number of small deposits in the 
South Alligator Valley in the Northern Territory and from Radium Hill in South 
Australia. Production ceased when the existing contracts were completed 
although at Rum Jungle production continued until the orebodies were mined and 
the resulting excess production vas stockpiled. 

URANIUM PRODUCTION 
(Tonnes U in concentrate) 

YEAR 

1954-1971 
1976-1982 (incl) 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

Conventional 
Resources 

7 800 
10 841 
3 211 
4 324 
3 206 
4 154 
3 780 
3 532 
3 800 

44 648 

SOURCE OF PRODUCTION 

Unconventional 
Resources 

-
-
-
-
_ 
-
-
-

-

Total 

7 800 
10 841 
3 211 
4 324 
3 206 
4 154 
3 780 
3 532 
3 800 

44 648 

Estimate. 
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Present Status of Production 

During 1988, uranium oxide was produced at three mining/milling 
operations - Ranger, Olympic Dam and Nabarlek. 

The Ranger operation in the Alligator Rivers area, Northern Territory, 
consists of an open cut mine and concentrating plant. The plant has a capaci
ty to produce 3 800 tonnes U30,/annum (3 200 tonnes U). 

Production of uranium oxide from the Olympic Dam operations commenced 
in August 1988. Mining of ore from the first stope started in February 1988 
and by August the mine had reached its full production rate of 1.5 million 
tonnes ore and 0.5 million tonnes of mullock a year. The Olympic Dam project 
has an annual capacity of 1 900 tonnes U30g (1 600 tonnes U), 45 000 tonnes 
copper and associated precious metals. Initial production vill be at a rate 
of 1 500 tonnes U308/annum (1 300 tonnes U). 

The Nabarlek deposit was mined by open cut during 1979 and the ore was 
stockpiled for later treatment. The remaining high grade ore on the stockpile 
vas processed and production ceased in mid 1988. The operating company 
continues to process low-grade ore previously mined from the open cut. 

Employment in the Uranium Mining Industry 

EMPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

PERSON YEARS 

500 
500 
500 
500 
480 
460 
460 
460 
1250 
1170 

* Estimated. 
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• Australia 

Future Production Levels 

The Australian Government's uranium policy provides for the production 
and export of uranium from the Ranger and Nabarlek. operations in the Northern 
Territory and from the Olympic Dam operation in South Australia. 

In accordance vith its Agreement vith the Australian Government, the 
owners of the Ranger project are entitled to increase plant annual capacity to 
5 100 tonnes U when it is commercially practicable to do so. 

The operator of the Olympic Dam project stated that the ore resources 
are adequate to allov expansion up to 4 000 tonnes/annum U,0$ and 
150 000 tonnes/annum copper, however, the operator stated that any expansion 
is dependent on future market grovth. 

Australia has other deposits containing significant resources of 
uranium in the RAR and EAR-I categories, recoverable at costs of less than 
US$130/kg U but for vhich no production is permitted in accordance with the 
Australian Government's uranium policy. These deposits are not considered in 
any of the estimates provided relating to future production capability. 
Development and production capability of these deposits are speculative and if 
development were allowed to proceed would depend on market availability. The 
deposits and their resources as announced by their respective tennement 
holders include: 

Deposit State/Territory Resources (tonnes U) 

Jabiluka 1 & 2 

Koongarra 

Yeelirrie 

Lake Way 

Beverley 

Honeymoon 

Ben Lomond 

NT 

NT 

VA 

VA 

SA 

SA 

Qld 

175 900 

13 200 

44 500 

2 800 

13 700 

2 900 

4 000 
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Ownership of Production Centres 

Production Centre; Nabarlek 

Mining Company; Queensland Mines Ltd 

Ownership; A subsidiary of Pioneer Concrete Services Ltd 

Location; 260 kn east of Darwin, Northern Territory 

Start-upt 1980 

Annual Production (tonnes U): 

1980 1985 1988 

853 1115 408 

Production Centre; Ranger 

Mining Company; Energy Resources of Australia Ltd. 

Ownership; 

Shareholders as at 15 August X of issued 
capital 1988 

Peko-Vallsend Limited 33.25 
North Broken Hill Holdings Ltd 31.85 
Other 'A-class' Shareholders 9.90 
Rheinbraun Australia Pty Ltd 6.24 
UG Australia Developments Pty Ltd 4.00 
Interuranium Australia Pty Ltd 2.50 
Cogema Australia Pty Ltd 1.25 
0KG Aktiebolag 1.00 
Japan Australia Uranium Resources 
Development Co. Ltd 10.00 

Location; 220 km east of Darwin, Northern Territory 

Start-up; 1981 

Annual Production (tonnes U); 

1985 1988 

2136 2740 
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Production Centre; Olympic Dam 

Mining Company; Olympic Dam Joint Venture 

Project Manager; Roxby Management Services Pty Ltd 

Ownership; 

Vestern Mining Corporation Ltd 51 X 

BP Minerals (Roxby Downs) Pty Ltd 49 X 

Location; 650 km north northwest of Adelaide, South Australia 

Start-up; August 1988 

Annual Production (tonnes U): 

1988 

383 

SHORT-TERM PRODUCTION CAPABILITY 

CONVENTIONAL RESOURCES 
(Tonnes U/year) 

YEAR 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

PROJECTION I 

Supported by Resources Recoverable 
at Costs up to $80/kg U 

Existing 
and 

Committed 
Centres 

4 800 
5 400 
5 400 
6 700 
6 700 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 

Planned 
and 

Prospective 
Centres 

_ 
-
-
-
-
-
_ 
-
-
-
-
-

Total 

4 800 
5 400 
5 400 
6 700 
6 700 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 

PROJECTION II 

Supported by Resources Recoverable 
at Costs up to $130/kg U 

Existing 
and 

Committed 
Centres 

4 800 
5 400 
5 400 
6 700 
6 700 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 

Planned 
and 

Prospective 
Centres 

_ 
-
-
-
-
-
_ 
-
_ 
-
-
-

Total 

4 800 
5 400 
5 400 
6 700 
6 700 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 
8 500 
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EXISTING PRODUCTION CENTRES 

MUM 

Start-up data 

Operational status 

NARARLEK 

1980 

Processing of ore stockpile 

completed eid-1988 

RANGER 

l»H 

Kina and plant operating 

OLYMPIC DAM 

August 1988 

Mine and plant operating 

Source of ore: 

Deposit naaas NABARLEK RANGER 1, No. 1 Orebody 

RANGER 1, Ho. J Orebody 

OLYMPIC DAH 

Deposit type(s) Proteroxoic unconformity 

related deposits 

Proteroioic unconformity 

related deposits 

Breccia complex deposits 

dining Operation: 

Type 

Sixe (Tonnes ore/year) 

Average Mining Recovery 

Mining operations completed 

OP 

1 500 000 

US 

1 500 000 

n.a. 

Processing Plant: 

Type At, SX 

Sixe (Tonnes ore/day) 170 

Average Ore Processing Recovery % n.a. 

AL. SX 

4 200 

n.a. 

Not, AL, SX 

n.a. 

n.a. 

Nominal Production Capacity 

(Tonnes U/year> 1 270 3 200 1 610 

Plans for expansion Under the Government Agreement 

the coapany is entitled to 

increase plant annual capacity 

to 5100 tonnes u, when it 

determines it, commercially 

practicable to do so. 

Possible expansion to around 

3400 tonnes U, subject to 

market availability. 

i Other remarks Company is continuing 

exploration in order to 

delineate another ore body. 



• Australia 

LONGER-TERM PRODUCTION CAPABILITY 

CONVENTIONAL RESOURCES 
(Tonnes U/year) 

YEAR 

2OO0 
2005 
2010 
2015 
2020 
2025 
2O30 

PROJECTION I 

Supported by Resources Recoverable 
at Costs Up to $80/kg U 

Existing 
and 

Committed 
Centres 

8 500 
8 500 
3 400 
3 400 
3 400 
3 400 
3 400 

Planned 
and 

Prospective 
Centres 

_ 
_ 
-
_ 
_ 
_ 
-

Total 

8 500 
8 500 
3 400 
3 400 
3 400 
3 400 
3 400 

PROJECTION II 

Supported by Resources Recoverable 
at Costs Up to $130/kg U 

Existing 
and 

Commi tted 
Centres 

8 500 
8 500 
3 400 
3 400 
3 400 
3 400 
3 400 

Planned 
and 

Prospective 
Centres 

_ 
-
-
-
-
-
-

Total 

8 500 
8 500 
3 400 
3 400 
3 400 
3 400 
3 400 

URANIUM STOCKS AND INVENTORIES 

For reasons of confidentiality, information on producer stocks is not 
available for this purpose. The Commonwealth uranium stockpile is currently 
1 900 tonnes U. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

Exploration activities in Australia are not governed by any foreign 
investment restrictions. Foreign investment in uranium production would be 
limited to any arrangements which might be negotiated within policy guidelines 
involving the three approved production centres. 

Policy on Activities in Foreign Countries 

There are no restrictions on private Australian companies operating in 
foreign countries. 
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Responsible Rational Authorities 

The Commonwealth Department of Primary Industries and Energy has respon
sibility for the commercial development of Australia's mineral resources and 
control of mineral exports. The Department of the Treasury has responsibility 
for foreign investment matters. 

Exploration activities are regulated by State and Northern Territory 
Governments and the relevant Mines Department of each has the responsibility 
for issuing titles. 

General Uranium Policies 

The Australian Government's policy on uranium provides for the con
tinued operation of the existing production centres at Nabarlek, Ranger and 
Olympic Dam. 

All future exports of Australian uranium under existing and future 
contracts vill continue to be subject to stringent safeguards requirements. 

The Australian Government's policy provides that there vill be no 
Australian participation in stages of the nuclear fuel cycle other than the 
mining and export of uranium from the Nabarlek, Ranger and Olympic Dam mines. 

• Belgium • 

URANIUM EXPLORATION 

Introduction 

Until 1977 just a f.ev occurrences vere known in Belgium, which were 
mainly connected with black shales of the Upper Visean-Namurian in the Dinant 
Basin and of the Revinian in the Stavelot mountains and also vith breccia in 
Visean and Frasnian chalk in the Vise mountains. 

From 1977 to 1979 there was renewed interest in uranium exploration, 
leading to a study of the uranium occurrences in the Vis* mountains and on the 
uranium content of the phosphates in Cretaceous formations in the Mons Basin. 
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From 1979 to 1981 a general reconnaissance survey for uranium vas under
taken over the areas of Paleozoic formations in Belgium through a project 
financed by the European Communities and the Ministry of Economic Affairs. 
Three types of exploration co-ordinated by the geological service covered an 
area of approximately 11 000 km2. The work was entrusted to Belgian univer
sities: car-borne radiometric survey (Mons), geochemical survey on alluvial 
deposits (Louvain, UCL) and hydrogeochemical survey (Brussels, ULB). The 
general report vas published in 1983. 

From 1981 to 1985 thesis research vas conducted chiefly at the Nons 
Laboratory with the aim of studying the geological environment of the main 
anomalies discovered in the course of general exploration (Visean-Namurian and 
Lover Devonian). 

Recent and on-going activities 

From 1985 to 1988 an exploration programme financed by the Underground 
Resources Service (Walloon Region) led to the discovery of anomalies and 
deposits (over 1 p>r cent uranium equivalent at certain points) in schist-
sandstone formations of the Lover Devonian and surface formations in Upper 
Ardenne. 

Strategic and tactical uranium exploration vas pursued in the Lover 
Devonian in the Belgian Ardenne and on the basis of isolated anomalies 
discovered during preliminary car-borne prospecting under a project jointly 
financed by the EEC and the Geological Service of Belgium during 1979-1982. 
Different geochemical and geophysical methods vere used (radon in spring 
vater, ground radon survey, gamma spectrometry) for indications discovered 
during the second phase, and trenching and short drilling (about 10 metres). 
Deeper core sampling and drill hole-logging surveys vere conducted on a 
regional basis by the Geological Service. 

It is currently estimated that none of the areas investigated is of 
economic interest although the occurrences are numerous and varied (the ura
nium contents of indications shoving more than 100 ppm are less than one 
tonne). 

The uranium contents of phosphates in the Mons Basin have also been 
evaluated, and a nev estimate of the P205 resources in the Basin put uncon
ventional uranium resources at approximately 40 000 tonnes U metal, including 
approximately 2 000 tonnes U of resources in areas suitable for phosphate 
mining (although the contents are belov 10 per cent P20s and 100 ppm uranium 
equivalent). 
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URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

SURFACE DRILLING 

Metres (m) 

0 
0 
0 
0 
0 

820 

Number of 
holes 

26 

TOTAL EXPENDITURE 

In national 
currency 
(million BF) 

35 

3 
3,9 
13,2 
4,2 

In US$ 

1 100 000 

65 000 
85 000 
330 000 
105 000 

* Planned. 

EXPLORATION EXPENDITURE ABROAD 

YEAR IN NATIONAL CURRENCY 
OP THE COUNTRY MEETING 

THE EXPENDITURE 

IN US$* COUNTRY 

Pre-1983 

1983 
1984 
1985 
1986 
1987 
1988 
1989* 

4 000 000 

200 000 
100 000 
100 000 
100 000 

0 
0 
0 

United States, Canada, 
Australia, Brazil 
Canada 

* Planned. 
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URANIUM RBSOURCBS 

Apart from imported phosphates which contain an appreciable amount of 
uranium, there are no known uranium resources. 

URANIUM PRODUCTION 

YEAR 

Pre-1983** 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

TONNES U (in concentrate) 

SOURCE OF PRODUCTION 

Resources Unconventional 
resources* 

105 
40 
40 
40 
40 
40 
40 
40 

385 

Total 

105 
40 
40 
40 
40 
40 
40 
40 

385 

* Uranium concentrate in oxide form - yellow cake - from phosphates. 
** Estimates. 

NATIONAL POLICIES 

Uranium import and export policies 

Import and export policies of uranium are regulated by the EURAT0M 
Treaty. 

Utilities may negotiate and freely conclude uranium purchasing agree
ments subject to approval by the EURAT0M Supply Agency. 
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Uranium stockpile policy 

Thr present policy of the utilities is to have at their permanent dis
posal stocks corresponding to two years' natural uranium requirements. These 
stocks are made up of material at various stages in the fuel cycle (natural 
uranium in the form of concentrates and UF6, enriched uranium in the form of 
UF6, U02 and fuel assemblies). Current stocks exceed requirements: 
equilibrium is to be reached vithin 5 years. 

URANIUM RBQUTSBMBNTS 

YEAR INSTALLED CAPACITY* 
(GWe) 

REQUIREMENTS OF 
NUCLEAR POWER PLANTS 

(in tonnes U) 

EXPECTED SAVINGS 
FROM THE RECYCLING OF 
REPROCESSING PRODUCTS 
(in tonnes of natural 
uranium equivalent) 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

2000 

2005 

5 A25 

5 425 

5 425 

5 425 

5 425 

5 42S 

5 425 

5 425 

5 425 

5 425 

5 425 

5 425 

950 

950 

950 

950 

950 

950 

950 

950 

950 

950 

950 

950 

The savings arising from 
the recycling of uranium 
and plutonium v i l l 
account for a share of 
approximately 10 % in 
the long-term. 
The timescale has not 
been vorked out yet. 

* Installed capacity at year-end. 

123 



• Benin / • Bulgaria 

• Benin • 

URANIUM EXPLORATION 

Historical Review 

In 1980, BRGN in co-operation vith the Bureau National de Recherches 
Miniires du Togo (BNMR) and the Office Beninoise des Mines (OBENINES) tested 
the uranium potential of the geological contact between the Dahomeyen and 
Atacorien. An area of nearly 2 000 km2 vas covered by radiometric and 
geochemical methods (stream sediment sampling density 1 sample per 1 km 3). 
The results of this programme were such that further work did not seem to be 
justified. 

Additional information on exploration expenditures are not available. 

• Bulgaria • 

URANIUM EXPLORATION 

Historical Review 

Uranium exploration in Bulgaria started in 1945 and continued through 
the current time. Exploration targets, however, changed in line with achieved 
results and economics. 

The first exploration target vas the contact of a syenite massive with 
black schists of Silurian age, in the Balkan mountains. This environment 
proved to be very prospective, as several high grade deposits were discovered. 
The main uranium mineral is pitchblende in a calcite gangue as fracture and 
breccia fillings. 

In the early 1950s, a vein-type occurrence in a volcanic environment in 
the Rhodope Mountains was discovered. Exploration for this model continued 
through the sixties, as similar deposits were found later in the USSR, where 
they were referred to as "molybdenum-uranium formation". As in Bulgaria only 
one small deposit of this type had been found, exploration for these deposits 
was discontinued in the sixties. 
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Also in the early fifties, the first sandstone deposit vas found. 
Subsequently, a district vas outlined in a graben structure between the Rila 
and Pirin mountain ranges. Host rocks are Oligocene fluvial arkosic sediments 
intercalated between conglomerates and siltstones. The ore bodies in general 
are oriented parallel to the graben axis, and can occur in several sandstone 
layers. 

At about the same time, two vein type uranium deposits in granites were 
discovered. The main uranium mineral was uranophane associated with stilbite. 

In the early sixties, two surficial type were identified. They are 
hosted in Quaternary valley-fill sediments on granites. The uranium minerals 
are of secondary nature, highly soluble and amenable to in-situ mining 
techniques. 

Based on the positive experience with the ISL technique, exploration 
efforts in the late sixties were directed towards young sedimentary basins. 
Subsequently, several discoveries were made in the Oligocene basin in Thrace. 
This basin fills a wide depression containing fluvial channels in the center 
portion of the basin. The uranium ore bodies are roll-fronts related to 
oxidation-reduction interfaces in sandstones intercalated by clay horizons. 
The ore is low grade but mineable by ISL methods. 

Summarising, in the past 44 years Bulgaria has been thoroughly explored 
for uranium. About 80 per cent of the country's surface (110 000 km2) has 
been covered by airborne and ground radiometric methods. 640 km of exploration 
tunnels were driven, of which about 400 km were to investigate the syenite-
black schist contacts. Mor* than 18 million m were drilled, about 86 per cent 
of them in sandstone uranium occurrences, and more than 80 per cent of the 
drill holes were up to 300 m long and not cored. 

URANIUM RESOURCBS 

There are no details on Bulgaria's uranium resources. It is reported 
that about 75 per cent of the known resources are in sandstone and the balance 
in vein-type deposits. 

URANIUM PRODUCTION 

No information are available. However, it is known that Bulgaria 
produces sufficient uranium to fuel its reactors. 
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URANIUM REQUIREMENTS 

Bulgaria vas the first state member of the CMEA that used nuclear power 
on a commercial scale. At the end of 1975, two NPP with a combined nuclear 
electricity generating capacity of 0.82 GVe were connected to the grid. As of 
31 December 1988, 5 PVR, Kozloduy 1 - 5 , with a combined net capacity of 
2.55 GVe were in operation, and tvo PVR, Kozloduy 6 and Belene 1 vere under 
construction. 

ESTIMATED URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

YEAR INSTALLED CAPACITY REACTOR RELATED EXPECTED SAVINGS FROM 
(GVe)* REQUIREMENTS** RECYCLING OF 

(Tonnes U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

1.63 
1.63 
2.55 
3.54 
3.54 
3.54 
4.50 
4.50 
5.44 
5.44 
5.44 
5.44 

390 
390 
600 
850 
850 
850 

1 000 
1 000 
1 300 
1 300 
1 300 
1 300 

* IAEA Power Reactor Information System (PRIS). 
** Estimate. 
*** No information available. 
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• Canada • 

URANIUM EXPLORATION 

Historical Review 

Exploration for uranium began in Canada in 1942. These activities can 
be traced through several distinct phases, which have been summarised in 
previous editions of this report. The most recent exploration phase began in 
1973, in response to increasing uranium prices and market activity, reaching a 
peak in 1979 and 1980 with total expenditures of $Cdn 130 million and 
$Cdn 128 million, respectively. Since 1981, exploration activity has declined 
gradually to mid 1970 levels. However, the number of "million-dollar-a-year" 
projects has stayed relatively constant over the period 1982 to 1988. 

Recent and Ongoing Activities 

Uranium exploration expenditures in Canada rose modestly to $37 million 
in 1987 from $33 million in 1986; exploration drilling also increased, even 
though activity was focussed mainly on properties with proven resources. This 
increase was significant in view of the steady decline in spot market price 
indicators, which historically have influenced exploration levels. In 1988, 
exploration expenditures rose to $59 million, largely due to the test mining 
programs underway at Saskatchewan's Cigar Lake and Hidwest projects. Drilling 
activity also increased, as both off-property and on-property efforts 
intensified. 

Although grass-roots exploration activity in new areas in eastern 
Canada and the Northwest Territories continues to show promise, exploration 
efforts in 1987 and 1988 were again concentrated in the Athabasca Basin of 
northern Saskatchewan, as will most likely be the case for the immediate 
future. 

Continued successes in Saskatchewan have contributed greatly to 
Canada's uranium resource base throughout the 1980s. Ongoing efforts at Cluff 
Lake identified some 5 000 tonnes U between 1984 and 1987, and significant 
additional tonnages have since been discovered there, in the South Dominique-
Janine deposit. Early in 1989, Hinatco Limited announced the discovery of 
ore-grade mineralisation at shallow depths on its Volly project; more drilling 
is required to establish reserves and explore the potential of the area. New 
uranium discoveries in Canada have replaced actual production of about 
35 000 tonnes U between 1984 and 1988 and also compensated for the reassign
ment of resources that are no longer of economic interest to higher cost 
categories. 
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Canada's 10 most active operators in 1988 spent 98 per cent of the 
$59 million total expenditure. In alphabetical order they vere: Amok Ltd., 
Cameco - A Canadian Mining & Energy Corporation, Cigar Lake Mining 
Corporation, COGEMA Canada Ltd., Denison Nines Limited, Interuranium Canada 
Ltd., Hinatco Limited, PNC Exploration (Canada) Ltd., Uranerz Exploration and 
Mining Limited, and Urangesellschaft Canada Limited. 

Across Canada, over 50 active exploration projects and a lesser number 
of participating companies were identified in 1988. A breakdown of the 
34 entities that actually incurred exploration expenditures in 1988 is as 
follows: private domestic firms (15), government-owned domestic companies (1), 
private foreign companies (13), and government-owned foreign companies (5). 

CANADIAN URANIUM INDUSTRY EXPLORATION DATA*» 

Year 

1971-82*» 
1983 
1984 
1985 
1986 
1987 
1988'> 
1989P» 

Total 
Expend! 
(millii 

$Cdn 

685 
41 
35 
32 
33 
37 
59 
55 

turesb' 
ons)c) 

$US 

604 
33 
27 
24 
24 
28 
48 
46 

Total 
Drilling"1 > 
(kilometres) 

247* > 
153 
197 
183 
162 
164 
202 
160 

Number of Projects 
for which Total 
Expenditures 
Exceeded $C 1 
Million 

13" 
10 
12 
14 
11 
12 
11 

Number of 
Projects 

Identified 

203f> 
114 
84h» 
63h> 
54h> 
58h» 
54h> 

a) No industry data are available for coverage of aerial radiometric and 
other surveys; for government data see following table. 

b) Direct exploration and drilling costs (rounded); does not include federal 
government expenditures on the Uranium Reconnaissance Program, 1975-1979. 

c) Current dollars; converted to $US at mid-year (June) Bank of Canada rate. 
d) Exploration and surface development drilling (rounded); excludes 

development drilling on producing properties; no data for number of holes 
drilled. 

e) Data prior f> 1971 are not available. 
f) Data for 1982 only. 
g) Exploration expenditure increase due largely to the test mining programs 

underway at the Cigar Lake and Midwest projects. 
h) Active projects. 
.. No data available. 
p) preliminary 
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GOVERNMENT SURVEYS AND EXPENDITURES*> 

Expenditures1*) 
($ million) 

Year Radiometric Geochemistry 
Surveys Surveys0' 
km2 km2 Radiometric Geochemistry Total $US 

1975-82* 

83 

84 

85 

86 

87 

88 

89« 

2 116 000d 

56 000*> 

19 
22 

500d 

500» 

75 000d 

22 O00« 

34 

57 
25 

15 
1 

13 
6 

15 
5 

000* 

000d 

500* 

500* 
600' 

GOO-
SCO* 

DOG-
GOO' 

1 323 000 

99 000 

96 000 

160 400 

184 100 

143 000 

» 108 900 

» 51 700 

10.084 

.397 

.616 

.640 

0.738 

0.450 

0.550 

0.475 

10.597 

.784 

.647 

1.138 

1.568 

1.854 

1.538 

0.840 

20.681 

1.181 

1.263 

1.778 

2.306 

2.304 

2.088 

1.315 

19.32 

0.96 

0.97 

1.30 

1.66 

1.72 

1.72 

1.10 

TOTAL 2 484 600 2 166 100 13.95 18.976 32.916 28.75 

a) Government expenditures on exploration drilling are nil. 
b) In Canadian $ for the survey year, includes federal and provincial funding; 

totals vere also converted to $US at the mid-year (June average) Bank of 
Canada rate. 

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

d) 5 km line spacing. 
e) 1 km line spacing. 
f) Less than 1 km spacing. 
g) Estimate. 
* Pre-1975 data not reported. 
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Foreign-based companies commit about tvo-thirds of the total uranium 
exploration expenditures in Canada, up from one-quarter in 1980; the bulk of 
this spending is by non-U.S. firms. In comparison, U.S. expenditures once 
represented over one-quarter of the total, but now make up less than 2 per cent 
of the annual outlay. Changes in Canada's uranium foreign ownership policy, 
and the implementation of the Free TYade Agreement with the United States 
could help reverse this trend. 

Activities in Other Countries 

Although a number of Canadian companies are involved in uranium explora
tion programs in several countries, no data on the level of such expenditures 
are available. 

URANIUM RESOURCES 

General Statement 

Canada's principal uranium deposits, which also contain the major por
tion of the country's Reasonably Assured and Estimated Additional Resources of 
uranium, belong to two geological types: Proterozoic quartz-pebble conglomer
ates and Froterozoic unconformity-related deposits (see map). 

The Proterozoic quartz-pebble conglomerate deposits occur and are 
exploited in the Elliot Lake area of Ontario. Their mineralisation occurs at 
the base of the Huronian Supergroup in several beds (reefs) containing ores 
grading on average between 0.05 and 0.1 per cent uranium. Resources in other 
areas, such as at Agnew Lake, Ontario, and Sakami Lake, Quebec, are of lower 
grade and at present uneconomic. 

The Proterozoic unconformity-related deposits occur and are exploited 
in the Athabasca Basin region in northern Saskatchewan. At present several 
deposits are being exploited, the Deilmann orebody at Key Lake, and the Claude 
and Dominique-Peter deposits at Cluff Lake in the Carswell Structure. The 
Collins Bay "B" deposit is also being exploited, and the large high-grade 
uranium resources of the Cigar Lake deposit are being developed for mining. 
Other deposits of significance are McClean, Eagle Point and Midwest (see 
Section on Uranium Production), the latter two being under advanced 
exploration and development. 

The unconformity-related deposits contain either monometallic (e.g., 
Eagle Point) or polymetallic mineralisation (Key Lake, Collins Bay "B" Zone, 
Cigar Lake) associated with the sub-Athabasca unconformity (middle 
Proterozoic). Pitchblende mineralisation prevails in the monometallic de
posits, whereas uranium-nickel-cobalt assemblages prevail in the polymetallic 
deposits. The average grade of the deposits varies from those grading less 
than 1 per cent U to those where average grades range between 2 and 5 per cent 
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and in some parts of the deposits (e.g., at Cigar Lake) exceed 10 per cent U. 
This deposit type is currently the target of exploration not only in northern 
Saskatchewan, but also in the Thelon Basin region, Northwest Territories. 

Estimates of Canada's RAR and EAR-I are presented in the following 
table. The most significant change that will be noted, when comparing these 
estimates with those reported in the previous (March 1988) NEA/IAEA Red Book 
(see bracketed figures), results from the fact that resource additions between 
1/1/87 and 1/1/89 did not fully replace the record production of some 
25 000 tonnes U over the 2-year assessment period. The net decline in each of 
the three resource categories reflects the production draw-down of reserves, 
primarily those at lower-cost levels. 

For categorisation by cost level (i.e., level of economic exploitabili-
ty), cut-off grades are determined, which take into account expected ore 
processing losses (generally about 5 to 10 per cent), and cover all costs of 
production plus any required forward capital costs. The difference between 
the cut-off grade and the average grade of the resources for each individual 
deposit is then examined to determine if the difference is sufficient to carry 
such items as taxes and royalties, head office overhead, forward exploration 
and development costs, and an acceptable rate of return on invested capital 
(i.e., costs associated with the use of capital). If the difference between 
the chosen cut-off grade and the average grade is judged sufficient, the 
tonnage is taken to be mineable at a cost below the stated limit. Since all 
costs have been considered, the cost limits are taken to be equivalent to 
minimum acceptable price limits. 

Higher Cost Resources 

Estimates of RAR and EAR-I recoverable at costs between $130 and 
$260/kg U are also presented in the table on Principal Resource Categories. 
The major portion of these resources is contained in quartz-pebble 
conglomerates. 

Additional Conventional Resources 

There are a large number of areas in Canada that are favourable for the 
discovery of conventional uranium resources in addition to RAR and EAR-I (see 
the map). This potential can be subdivided into two distinct types, that 
which is expected to exist in well-defined geological trends or areas of miner
alisation with known deposits (i.e., EAR-II) and that which is thought to 
exist in unexplored areas or in areas where only occurrences are known (i.e., 
Speculative Resources). 
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ESTIMATES" OF CANADA'S URANIUM RESOURCES PRINCIPAL RESOURCE CATEGORIES 

(Recoverable from Mineable Ore)b' 

Cost 
Categoryc' 

A 

B 

A+B 

C 

Reasonably Assured 
Resources (RAR)d» 
('000 tonnes U) 

139 

96 

235 

54 

(153) 

(96) 

(249) 

(56) 

Estimated Additional Resources 
- Category I (EAR-I)d> 

('000 tonnes U) 

109 

95 

204 

51 

(112) 

(99) 

(211) 

(51) 

a) Resources as of 1st January 1989; bracketed figures as of 
1st January 1987. 

b) Actual or expected mining recoveries as well as ore processing 
losses have been accounted for; these factors were individually 
applied to resources tributary to existing and prospective 
production centres. In underground operations, mineable ore is 
generally 75 to 80 per cent of the ore-in-place; higher mining 
recoveries are achievable in open-pit operations. In 1988, the 
weighted average mill recovery of Canada's existing conventional 
operations was 96 per cent, although recoveries ranged from 94 to 
98 per cent. 

c) Categories A, B and C refer to cost ranges of $80/kg U or less, 
between $80 and $130/kg U, and between $130 and $260/kg U, 
respectively. (For purposes of international comparison, the 
NEA/IAEA's three "cost" categories may be considered equivalent to 
Canada's three "price" categories). 

d) The NEA/IAEA's resource terms can be equated directly with 
Canada's resource terms, as described in the chapter on 
Definitions, i.e., RAR = measured plus indicated, and EAR-I » 
inferred. 

Note: The resource estimates are not based on any co-production or 
by-product relationship with other economic minerals. 
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Estimates of Canada's EAR-II, are presented in the following table, 
together with comparable estimates that vere reported in the NEA/IAEA's March 
1988 Red Book. As in the case of Canada's RAR and EAR-I, the relative impor
tance of unconformity-related deposits has increased. A major portion of 
Canada's EAR-II is attributable to this type of deposit, primarily in northern 
Saskatchewan and the Northvest Territories, again illustrating the importance 
of this deposit-type as an exploration objective. Conglomeratic deposits are 
of declining importance. A relatively small portion of Canada's EAR-II is 
attributable to vein-type deposits. 

ESTIMATES OF CANADA'S URANIUM RESOURCES 

ESTIMATED ADDITIONAL RESOURCES- CATEGORY II« > 
(Contained in Mineable Ore) b ) 

Cost 
Category0 > 

A 

B 

A+B 

C 

EAR-II 
As of 1st January 

1989 
(' 

154 

120 

274 

107 

000 tonnes 

As 

U) 

EAR-II 
of 1st January 

1987 

138 

118 

256 

103 

a) The NEA/IAEA's resource terms can be equated directly with 
Canada's resource terms, as described in the chapter on 
Definitions, i.e., EAR-II « prognosticated. 

b) Mining losses have been deducted, but are processing losses have 
not. (See also footnote in table on Principal Resource 
Categories). 

c) Categories A, B and C refer to cost of $80/kg U or less, between 
$80 and $130/kg U, and between $130 and $260/kg U, respectively. 
(For purposes of international comparison, the NEA/IAEA's three 
"cost" categories may be considered equivalent to Canada's three 
"price" categories). 

Note: The resource estimates are not based on any co-production or 
by-product relationship with other economic minerals. 
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Based on current geological knowledge, Canada's Speculative Resources 
of uranium are judged to total approximately one million tonnes U (in situ), 
additional to resources in the RAR and the two EAR categories described below. 
Should they exist, these resources would be geologically comparable to 
resources in known deposits that could be exploited at costs of $260/kg U or 
less. Further resources may exist in areas that have r;ot yet been assessed. 

A major portion of these Speculative Resources is believed to occur in 
unconformity-related deposits. Areas of particular promise are those along 
the pre-Athabasca unconformity in the Athabasca Basin and adjacent areas of 
northern Saskatchewan, and in the Thelon Basin area of the Northwest 
Territories; the sub-Sibley unconformity in the Nipigon area of Ontario, and 
some areas in eastern Canada, are also of interest. 

Vein deposits account for a sizeable portion of Canada's Speculative 
Resources. The bulk of the vein-type deposits are expected to occur in the 
Appalachian Orogen of Atlantic Canada and in the Bear Structural Province in 
the Northwest Territories. 

Sandstone uranium deposits account for a small portion of Canada's 
Speculative Resources. Indications of this type of mineralization exist in 
some of the Phanerozoic basins containing continental sandstones, for example, 
in the Kelowna-Beaverdell area of the Cordillera and the Phanerozoic basins of 
Atlantic Canada. 

There is a possibility for the discovery of mineralization similar in 
«,anesis to Australia's Olympic Dam deposit in the Precambrian terranes of the 
Central Yukon and in the Bear Structural Province, Northwest Territories. 

Although conglomeratic uranium deposits account for a large part of 
Canada's currently identified uranium resources, the potential for additional 
resources of this type is believed to be poor. 

Studies on areas containing surficial deposits indicate a relatively 
good potential for their occurrence in the Cordilleran and Appalachian Orogens. 

Unconventional or By-Product Sources 

No significant unconventional or by-product sources of uranium have yet 
been identified in Canada, and the extent of areas that are geologically 
favourable for their occurrence is limited. 

URANIUM PRODUCTION 

Historical Reviev 

Canada's uranium industry had its beginning in 1930 with the discovery 
of the Port Radium pitchblende deposit in the Northwest Territories, which was 

135 



• Canada 

exploited for its radium content from 1933 to 1940. Since then the industry 
has gone through several distinct phases. The Port Radium mine was re-opened 
in 1942, in response to the demand for uranium for the defense programs of the 
United States and Britain. A combination of government and, beginning in 
1947, private exploration led to the development of twenty-three mines, with 
nineteen treatment plants in five producing districts, which produced a total 
of 12 200 tonnes U in 1959. 

By the late 1950's further contracting for the U.S. and British 
programs was suspended and, following the peak year of 1959, the industry 
entered a period of consolidation and attrition. Production declined rapidly 
to a low of less than 3 000 tonnes U in 1966, much of which was supported by 
government stockpiling programs. By that time, only four producers remained 
in operation. 

PRIMARY URANIUM PRODUCTION IN CANADA, 1938 TO 1988 
(Tonnes U in concentrate) 

Year 

Pre-1983«» 
1983 
1984 
1985 
1986 
1987 
1988 

TOTAL 

Source 

Conventional 
Resources 

154 440 
7 140 
11 170 
10 880 
11 720 
12 440 
12 400b) 

220 190c> 

of Production 

Unconventional 
Resources 

nil 
nil 
nil 
nil 
nil 
nil 
nil 

nild> 

Total 

154 440 
7 140 
11 170 
10 880 
11 720 
12 440 
12 400b> 

220 190c» 

a) Data from 1938 to 1982 inclusive; data for years 1933 to 1937 not 
available. 

b) Primary uranium production from ore mined and milled in 1988 totalled 
approximately 12 400 tU; an additional 70 tU was recovered by the Elliot 
Lake producers from refinery/conversion facility wastes. 

c) Of this total 60 per cent was produced from conglomeritic deposits, 
14 per cent, 24 per cent and 2 per cent from vein, unconformity-related 
and pegmatitic deposits, respectively. 

d) Miner quantities of uranium were recovered from phosphate rock imported 
from the United States, at a Calgary, Alberta phosphoric acid by-product 
facility during the mid-1980's; output was not included in Canadian 
production totals. 
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Although the first significant long-term commercial sales contracts 
with electrical utilities were signed in 1966, it was the mid-1970's before 
the tide really turned and price and market activity were sufficient to prompt 
significant expansions in exploration and development activity. By the late 
1970's, the industry had become firmly re-established and several new produc
tion facilities were in various stages of development. 

Present Status of Production 

Canada's five uranium producers reported concentrate output in 1988 
containing an estimated 12 470 tonnes U, or about one-third of Western world 
production. Of this total, about 12 400 tonnes U was from primary production, 
vhile over 70 tonnes If was recovered at Elliot Lake from refinery/conversion 
facility wastes. Primary output was up slightly in Ontario and down somewhat 
in Saskatchewan, the reverse of recent years. The map locates the five 
existing producers and Canada's major uranium deposits. Based solely on these 
existing operations, Canada's annual production capability is expected to 
continue at the 12 000 tonnes U level through the mid 1990s. As of the end of 
1988, no further commitments for new or expanded production facilities had 
been made. Direct employment at Canada's uranium producing operations is in 
the order of 4,700. 

Uranium shipments from Canada's five producers remained high in 1988, 
totalling an estimated 13 200 tonnes U, worth over $1.1 billion. The dif
ference between the annual production and shipment figures reflects inventory 
adjustments by producers. Two-thirds of Canada's uranium output and shipments 
comes from Saskatchewan, the balance comes from Ontario. As domestic require
ments represent 15 per cent of current Canadian output, most of Canada's 
uranium production is available for export. 

In the Elliot Lake area of Ontario, output comes from three large-
tonnage, low-grade uranium production centres. In 1988, an ore processing 
rate of some 8 000 tonnes/day was deemed adequate to meet the production and 
delivery schedules of Denison Mines Limited, while an overall processing rate 
of about 12 000 tonnes/day was established for Rio Algom Limited's combined 
Quirke, Panel and Stanleigh operations. Both companies have been successful 
in trimming operating costs and in increasing productivity. Their underground 
in-place leaching programs are proving effective and eventually may account 
for upwards of 20 per cent of each companies total production. In 1988, 
Denison and Rio Algom continued to recover uranium by processing refinery/ 
conversion facility wastes. 

Denison established underground access to its recently acquired Canuc 
claims ahead of schedule, anticipating production in 1989 to supplement output 
from its main adjoining Elliot Lake operation. Since 1983, Denison has kept 
its adjacent Stanrock operation on a care-and-maintenance basis pending im
provements in the uranium market. However, Denison is assessing the feasibili
ty of mid 1990s production at its Midwest project in Saskatchewan. 
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Rio Algom continues to develop higher-grade reserves at its Hilliken, 
Nordic, and Lacnor properties, that are adjacent to, and which will supplement 
production at, its adjoining Stanleigh operation at Elliot Lake. The deva-
tering of Milliken began in May 1988 and could be completed in 1990. The 
company also concluded an agreement with Kerr-McGee Corporation in the United 
States, for the latter's uranium properties in Wyoming and its shares of 
wholly-owned Quivera Mining Company. 

In the Athabasca Basin of northern Saskatchewan, output comes from 
three relatively high-grade production centres operating in Proterozoic 
unconformity-related deposits, exploited by open-pit and underground methods. 

At the Rabbit Lake operation, Eldorado Resources Limited (now Cameco)* 
received regulatory and environmental approval in January 1988 to proceed with 
the development of its Collins Bay A and D orebodies, and the Eagle Point 
deposit. Although the A and D deposits could each be mined in less than one 
year by open-pit methods, it is expected that the Eagle Point orebody will be 
brought on-stream first, since it has production potential well into the next 
century. Late in 1988, Uranerz Exploration and Mining Limited acquired 
Noranda Exploration Company Limited's one-third interest in the Eagle Point 
North property; Cameco owns the other two-thirds as veil as all of the Eagle 
Point South property. In March 1989, Cameco announced a six-month shutdown of 
the Rabbit Lake mill, beginning in July 1989, and the termination of some 100 
mine-site positions. 

The Cluff Mining partnership received government approvals in October 
1988 to develop its Dominique-Janine open pit prior to ore depletion at the 
Claude pit in 1989; the Dominique-Peter underground mine and Claude pit 
provided mi11feed in 1988. Vith production still geared to sales, Cluff 
Mining operated its mill only every second week in 1988, but at a rate of up 
to 1 000 tonnes of ore pe>. day, thereby exceeding its 1987 output level. As 
well, over 250 kg of gold have been recovered since early 1987 from leach 
residues produced during Phase I of the operation. In February 1988, the last 
of these residues were reprocessed and the special recovery circuit was 
decommissioned in May. The announcement in mid-1989 of an extended mill 
closure will affect annual uranium output in 1989 and 1990. 

* In February 1988, the Canadian and Saskatchewan governments agreed to merge 
and subsequently privatise Eldorado Nuclear Limited and Saskatchewan Mining 
Development Corporation, their respective Crown companies involved in the ura
nium business. The merger, effective September 30, 1988, created a large, 
world-class, integrated uranium mining and processing corporation, headquar
tered in Saskatoon, Saskatchewan. Known as Cameco - A Canadian Mining & 
Energy Corporation, the new company employs more than 1,000 persons, has 
assets of about $1.6 billion and rivals C0GEMA of France as the world's 
foremost fully-integrated uranium producer. 
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Key Lake Mining Corporation continued to decommission the Gaertner open 
pit as the larger Deilmann orebody was being prepared for mining in early 
1989. Stockpiled ore from Gaertner fed the Key Lake mill in 1988; throughput 
was raised in the last quarter to achieve the 4 600 tonnes U output target for 
the year, after the summer shutdown for mill inspection. In late March 1989, 
Cameco and Uranerz agreed in principle that Cameco will become operator of the 
Key Lake uranium mine. Operating costs will be reduced by consolidating the 
Saskatoon-based support services of the Key Lake and Rabbit Lake operations. 
In mid-1989, a molybdenum-removal circuit was installed to help maintain 
product quality, as the Deilmann ore is richer in molybdenum than is the 
Gaertner ore. 

Canada's only by-product uranium recovery operation, owned by a partner
ship of ESI Resources Limited and Urangesellschaft Canada Limited remains 
closed. The facility had experienced startup difficulties before achieving 
near design-capacity output in 1983 but in April 1987 phosphoric acid supplies 
from the adjacent fertiliser plant were interrupted, forcing ESI to close its 
operation. Since the uranium produced was recovered from phosphate rock 
imported from, and re-exported to, the United States it was not counted as 
Canadian production. 

Canadian uranium production capability from existing operations is 
presented in section on Uranium Production Capability. The productive lives 
of certain of these production centres (e.g., Rabbit Lake) have been, and will 
continue to be, extended by the development of additional deposits located in 
their vicinity. Commitments to proceed with such developments would be 
dependent on markets. 

EMPLOYMENT AT EXISTING URANIUM PRODUCTION CENTRES 
(rounded figures as of December 31) 

Year Person Years Year Person Years 

1980 

1981 

1982 

1983 

1984 

6 100 

n.a. 

4 830 

5 850 

5 810 

1985 

1986 

1987 

1988 

1989 

5 330 

5 080 

4 830 

4 730 

4 600" 
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OWNERSHIP STRUCTURE OF THE CANADIAN URANIUM INDUSTRY 

a) National 1988 Uranium Production 

Ownership 

Classification Sector 

Private Domestic 
Government Domestic 
Private Foreign 
Government Foreign 

Mining 
Mining 
Mining 
Mining 

Percentage Share 
<%) 

15 
48 
32 
5 

Total 100 

b) Individual Production Centres 

Production Centre, Location 

i) Cluff Lake, Saskatchewan 

(* Cameco - A Canadian Mining & 
Energy Corporation) 

Startup: 1980 

Annual production (tU): 1970 

Producing Company Ownership & Classification 

Amok CLUFF MINING 
PARTNERSHIP 
Amok Ltd. (80%) 
Cameco * (20%) 

1975 

- 75* Compagnie Generale 
des Matieres Nucleaires 

- 25% Pechiney Ugine 
Kuhlman 

- Government, foreign 
(France) 

1980 

11 

Cameco 

1985 

834 

- 61.5% Government of 
Saskatchewan and 
38.5% Govt, of Canada 

(Canada) 

1988 

860 
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ii) Key Lake, Saskatchewan RET LAKE Cameco - (as above) 
MINING CORP. Uranerz - 100% Uranerz-
Cameco (66.7%) bergbau GmbH 
Uranerz Explora
tion and Mining - Private, foreign 
Limited (33.3%) (Federal Republic 

of Germany) 
Startup; 1983 

Annual production (tU): 1970 1975 1980 1985 1988 

4270 4629 

iii) Rabbit Lake, Saskatchewan CAMECO (100%) Cameco - (as above) 

Startup: 1975 

Annual production (tU): 1970 1975 1980 1985 1988 

279 1967 824 2679 

iv) Elliot Lake, Ontario DENIS0N MINES Denison - 36% Roman Corp. 
LIMITED (100%) - Private, domestic 

(Canada) 
Startup; 1957 

Annual production (tU): 1970 1975 1980 1985 1988 

1396 1120 1712 2112 1876P> 

v) Elliot Lake, Ontario RIO ALGOM Rio Algom - 51% RTZ Corp. 
LIMITED (100%) - Private, foreign 

Startup; 1956 

Annual production (tU): 1970 1975 1980 1985 1988 

1537 1784 2609 2840 2349P> 

p) Primary production only. 

(Britain) 
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Future Production Centres 

Beyond the existing operations, there are currently three deposits that 
could be brought on-stream in the 1990s, if warranted by market conditions. 
In 1988, development work advanced two projects in Saskatchewan and one in the 
Northwest Territories. 

Cigar Lake Mining Corporation received exploration and environmental 
approvals in late 1987 to proceed with its $40 million test mine at Cigar Lake 
in north-eastern Saskatchewan. Sinking of the 500m-deep shaft began in Sep
tember 1988; by year-end the surface facilities and head-frame were installed. 
In August 1989, the shaft was nearing the 420m level, from which lateral drifts 
will be driven for test mining. The tests will permit the final feasibility 
studies in 1990/91. Assuming the program is successful, and given requisite 
government approvals, the decision to build a mill or to truck the ore to Key 
Lake for processing could be made in 1992. Output of 4 600 tonnes U/year is 
foreseen no earlier than 1993. Cigar Lake, the world's largest and richest 
uranium deposit, has known geologic resources exceeding 150 000 tonnes U in 
ore grading an average 10 per cent U. 

At the Midwest Lake project, north of Cigar Lake, Denison Mines Limited 
is proceeding with its $18 million program to test ground conditions and mining 
methods. Given environmental approvals in September 1988, Denison collared the 
185m-deep shaft and by year-end had finished the head-frame. In April 1989, 
the shaft was completed and lateral drifting to the orebody was begun; test 
mining is planned for the last half of 1989. Denison and partners PNC Explora
tion (Canada) Co. Ltd., Uranerz Exploration and Mining Limited, and Bow Valley 
Industries Limited are assessing the possibility of mid-1990's output from 
resources reported to exceed 20 000 tonnes U in ore grading 1 per cent U. 

In the Northwest Territories, near Baker Lake, Urangesellschaft Canada 
Limited hopes to develop its Kiggavik project for production in the mid-1990s. 
The company reports resources of 15 000 tonnes U, in ore grading 0.4 per cent 
U, sufficient for a ten year life. A decision to proceed with the estimated 
$200 million project will depend on the uranium market, the search for joint 
venture partners (CEGB Exploration (Canada) Ltd. acquired a 20 per cent inter
est in late 1988), and the results of an environmental review process now 
underway. Environmental Impact Statement (EIS) guidelines were issued by a 
federal government-appointed Environmental Assessment Review Panel in 
June 1989, the EIS is to be submitted by November 1989, and public hearings 
will commence in early 1990. 

Resources contained in a number of other identified uranium deposits 
(i.e., RAR and EAR-I) are sufficient to support production centres in addition 
to those noted above. Should market conditions warrant, some of these projects 
could no doubt be developed and reach the production stage. Possible future 
uranium production centres include: Dawn Lake (unconformity-related deposit 
with operator Cameco) and McClean Lake (unconformity-related deposit with 
operator Minatco Limited) in Saskatchewan; Blizzard (surficial deposit with 
operator Norcen Energy Resources Limited) in British Columbia; and Kitts-
Michelin (vein and volcanogenic deposits with operator Western Canadian Mining 
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Corporation) in Labrador. Possible production from these deposits has not 
been incorporated in the projections presented in the following tables because 
of the large number of uncertainties related to their future viability. 

CANADIAN URANIUM PRODUCTION CAPABILITY 
(tonnes U/year) 

Short-ter« Production Capability 

PROJECTION I PROJECTION II 

Supported by Resources Recoverable 
at Costs Up to $80/lcgU 

Supported by Resources Recoverable 
at Costs Up to $130/kgU 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

2005 
2010 
201.5 
2020 
2025 
2030 

Existing 
and 

Committed 
Centres 

11 
12 
12 
12 
11 
10 
9 
9 
7 
6 
6 

3 
3 
3 

400 
200 
100 
000 
700 
000 
500 
100 
600 
400 
200 

900 
900 
000 
470 
470 
470 

Planned 
and 

Prospective 
Centres 

0 
0 
0 
0 
0 

1 200 
1 200 
1 200 
1 200 
1 200 
1 200 

Longer-term 

1 200 
0 
0 
0 
0 
0 

Total 

11 
12 
12 
12 
11 
11 
10 
10 
8 
7 
7 

400 
200 
100 
000 
700 
200 
700 
300 
800 
600 
400 

Product: 

5 
3 
3 

100 
900 
000 
470 
470 
470 

Existing 
and 

Committed 
Centres 

11 400 
12 200 
12 200 
12 100 
11 800 
11 600 
11 000 
10 700 
9 600 
9 300 
9 100 

ion Capabili 

5 400 
5 400 
4 600 

470 
470 
470 

Planned 
and 

Prospective 
Centres 

A 
7 
7 
7 
7 
7 

<y 

7 
4 
2 

0 
0 
0 
0 
0 
700 
000 
000 
000 
000 
000 

000 
600 
300 
0 
0 
0 

Total 

11 400 
12 200 
12 200 
12 100 
11 800 
16 300 
18 000 
17 700 
16 600 
16 300 
16 100 

12 400 
10 000 
6 900 
470 
470 
470 
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EXISTING PRODUCTION CENTRES, 1988 

Company Name 
and 

Plant Location 

Cluff Mining -
Phase II 
Cluff Lake, Sask. 

Denison Mines Ltd. 
Elliot Lake, Ont. 

Cameco - A Canadian 
Mining & Energy Corp. 
Rabbit Lake, Sask. 

Key Lake Mining Corp. 
Key Lake, Sask. 

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

Start 
-up 
Date 

1984* > 

1957 

1975 

1983 

19689 1 
1979h) 
1983h' 

Deposit-Type*' 
and 
Mining 
Method"» 

Ucon/OP/UG 

Cong/UG/IPL 

Ucon/OP 

Ucon/OP 

Cong/UG 
Cong/UG 
Cong/UG 

Ore Processing Plant 

Methodc» 
and 

Recovery"5' 
(per cent) 

AL/SX/96 

AL/IX/95 

AL/SX/94 

AL2/SX/98 

AL/IX/95 
AL/IX/95 
AL/IX/95 

Rated 
Daily Ore 
Capacity 
(tonnes) 

+ 900 

7 700 

1 800 

+ 700 

5 000 
3 000 

+ 4 500 

a) Deposit Types: Conglomeratic (Cong), unconformity-related (Ucon) 
b) Mining Methods: Underground (UG), open 
c) Ore Processing Methods: 

ion exchange (IX) 
Acid-leaching 

-pit (OP), in-pl 
(AL), two-stage 

1, solvent extraction (SX); for details 
Extraction Technology", 

d) Processing Recoveries: 
NEA/IAEA, Paris 
1988 data 

e) Actual 1988 primary production 
f) Phase I operated from 1980 to 1984 

, 1983. 

Annual 
Production 
Rate* > 

(tonnes U) 

860 

1 876 

2 679 

4 629 

1 112 
769 
468 

ace leaching (IPL). 
acid-leaching (AL2), 
, see "Uranium 

g) Rehabilitated for production from New Quirke mine; operated from 1956 to 
1961 (old Quirke mine) 1 

h) Rehabilitated; produced 
Chen closed. 
from 1958 to 1961 then closed. 
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URANIUM STOCKS AND INVENTORIES 

a) Natural Uraniua Stocks 

- government stocks; Nil 

- producers' stocks: Data on producers' inventories are not available. 

- users' stocks: Data on users' inventories are not available. 

b) Enriched Uraniua Stocks 

Since there are no enrichment facilities in Canada, and since Canadian 
reactors use natural uranium fuel, no appreciable inventories of enriched 
uranium have been accumulated. Small amounts of enriched uranium are used, 
however, for experimental purposes and in booster rods in some CANDU reactors. 

c) Depleted Uraniua Stocks 

Since there are no enrichment facilities in Canada, there has been no 
accumulation of depleted uranium inventories. Small stocks of depleted 
uranium are occasionally acquired by Cameco, however, in connection with the 
custom fabrication of depleted uranium metal castings. 

d) Required Utility Stock Levels 

Given the relative size of Canada's three nuclear utilities (two have 
only one operating reactor each, while Ontario Hydro has sixteen), their indi
vidual fuel inventory policies differ. All three seek to maintain an on-site 
inventory of finished fuel bundles, which in no case is equivalent to less than 
six months' forward requirements. Additional inventory includes, in varying 
proportions, finished fuel bundles, "in-process" material, and those quantities 
required to feed the refining process. In all three cases, overall quantities, 
in all forms, do not normally exceed one year's forward requirements. Current
ly, only Ontario Hydro has an inventory that exceeds its inventory policy 
objectives, and these quantities are expected to be eliminated by 1993. 

e) Reprocessed Uraniua and Plutoniua Stocks 

Since Canada has no reprocessing facilities (none are contemplated in 
the near future), there are no stocks of reprocessed material. 
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URANIUM REQUIREMENTS 

ESTIMATED CANADIAN URANIUM REQUIREMENTS* 

Reactor Related Expected Savings From 
Year Installed Capacity** Requirements*** Recycling of 

Reprocessing Products 
(GVe) (Tonnes U) (Tonnes Natural U 

Equivalent) 

1987« > 
1988«» 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

11.8 
11.9 
12.8 
13.6 
14.6 
15.4 
15.4 
15.4 
15.8 
15.8 
18.0 

1 600 
1 700 
1 800 
1 900 
1 900 
1 900 
2 000 
2 000 
2 000 
2 100 
2 300 

nil 
n 
it 

ii 

it 

II 

II 

II 

II 

II 

II 

a) Actual 

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

** Installed capacity at 1/1/89. 
*** Not directly equatable to requirements for capacity installed at year-end 

(see text of question). 

CANADIAN POLICIES RELATING TO URANIUM 

Policy on Participation of Foreign Companies 

In December 1987, Canada's Minister of State for Forestry and Mines 
announced a new policy on non-resident ownership in the uranium mining sector. 
The nev policy is designed to encourage investment in Canada's uranium mining 
industry, and to promote economic development, exports and jobs for Canadians. 
It will provide considerable flexibility to investors, both Canadian and 
foreign, and should significantly facilitate the efforts of those interested 
in financing the development of recent Canadian uranium discoveries. 
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The primary objective of the new policy is a 51 per cent level of 
Canadian equity in an individual uranium property when production begins. 
However, lower levels of Canadian ownership would be permitted if Canadian 
control can be clearly demonstrated. Only in cases where Canadian partners 
cannot be found would exemptions to the policy be considered, and these would 
require Cabinet approval. These new criteria are considerably more liberal 
than those in previous policy. There continues to be no restrictions on 
foreign participation in Canada's uranium industry at the exploration stage. 

Policy on Activities in Foreign Countries 

Since Canada is a net exporter of uranium, there is no need to encourage 
national companies to invest abroad in uranium exploration and development 
projects. Canadian companies are free, however, to pursue such activities and 
have been involved in uranium programs in several countries. 

Responsible Canadian Authorities 

Canada's Atomic Energy Control (AEC) Act gives the federal government 
jurisdiction over Canada's uranium industry. The Act deals primarily with 
health, safety, security and environmental concerns. The Atomic Energy Control 
Board (AECB) administers the Act by means of a licensing system prescribed in 
its regulations. Licensing of uranium activities normally commences at the 
stage where removal of uranium in excess of 10 kg per year is involved, from 
concentrations exceeding grades of 0.05 per cent U. In the federal sphere, the 
Department of Energy, Mines and Resources is normally the lead agency for poli
cy matters affecting the uranium industry, particularly those of a commercial 
nature (e.g., foreign ownership and exports). 

In common with other minerals, uranium resources are owned by the 
provinces and activities such as prospecting and land acquisition are matters 
of provincial jurisdiction. The regulations for these activities vary amongst 
the ten provinces and two federal territories. Many aspects of uranium 
exploration and production activity are also subject to provincial regulations, 
compliance with which is a prerequisite for the issuance of the appropriate 
AECB licences mentioned above. Key provincial departments are as follows: 

Newfoundland Department of Mines 
Nova Scotia Department of Mines and Energy 
New Brunswick Department of Natural Resources and Energy 
Prince Edward Island Department of Energy and Forestry 
Ministere de l'Energie et des Ressources de Quebec 
Ontario Ministry of Northern Development and Mines 
Manitoba Department of Energy and Mines 
Saskatchewan Energy and Mines 
Alberta Department of Energy 
British Columbia Ministry of Energy, Mines and Petroleum Resources 
Indian and Northern Affairs Canada - (for Northwest Territories and 
Yukon) 
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Uranium Export Policy 

Canadian uranium export policy has been designed and modified over the 
years with the primary objectives of maintaining Canada's role as a reliable 
and competitive long-term uranium supplier to its trading partners, while 
seeking to obtain optimum benefit for Canada from the development of its 
uranium resources. 

There is an overriding policy objective that Canada's uranium not be 
used in connection with the production of nuclear explosive devices. In the 
case of non-nuclear weapon states, sales are allowed only to those countries 
that have made a general commitment to non-proliferation by either having 
ratified the international Treaty on Non-Proliferation of Nuclear Weapons 
(NPT) or having taken an equivalent binding step and that have thereby 
accepted international inspection through the International Atomic Energy 
Agency (IAEA) of all of their nuclear facilities. 

Uranium exports can proceed only to those states (both non-nuclear and 
nuclear weapon states) which have undertaken to accept, in a formal agreement, 
a number of additional requirements covering (a) assurance that Canadian-
supplied nuclear material, equipment and technology not be used for explosive 
purposes, (b) retransfer to third parties, (c) the use of highly enriched 
uranium and plutonium derived from Canadian material, (d) physical protection 
and (e) standby safeguards. This last provision would come into effect should 
IAEA safeguards ever cease to apply for any reason. 

Elements of export policy are in place which seek to ensure adequate 
supplies of uranium for domestic needs, to provide fair returns to Canadians 
from exportable surpluses, and to realise opportunities for further pro
cessing. For example, pricing terms in uranium export contracts must provide 
for an equitable balance of benefits and risks and be in general agreement 
with those being obtained by Canadian and international producers for uranium 
under contracts of similar duration. Unless exemptions are received, uranium 
must be upgraded to the maximum extent possible in Canada before export, as 
long as Canada's conversion facilities have the capacity and are generally 
competitive. 

Exemptions to the further processing requirements are granted in cases 
where end-users have existing, bona-fide, arm's length conversion contracts in 
place, dated prior to January 1, 1980, the early termination of which would 
not be possible without significant financial hardship. With the implementa
tion of the Canada/U.S. Free Trade Agreement, exemptions will also be granted 
in cases where the Canadian uranium will be refined and converted in the 
United States for actual consumption in a reactor in the United States, or in 
cases where the Canadian uranium will be refined, converted and enriched in 
the United States prior to export to a third country. 

All uranium export contracts are reviewed by federal government authori
ties to ensure that they meet the intent of these export policy objectives. In 
order to export uranium under a contract that has been found to be consistent 
with these objectives, the exporter must apply to the regulatory authorities 
(at the time of export, or annually in the case of multi-year contracts) for 
the necessary export license and export permit. 
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The uranium export contract review process is relatively smooth and 
efficient, and the related policies are applied in a realistic and pragmatic 
manner. 

Uraniua Import Policy 

Since Canada is a net exporter of uranium, import policies governing 
uranium have not been developed, and tariff or non-tariff barriers with 
respect to the import of uranium products have not been established. 

Uraniua Stockpile Policy 

Canada has implemented domestic stockpiling programs in the past, in 
order to maintain a nucleus of production and employment during periods of 
depressed markets. The last such program was completed in 1974 and the 
balance of the uranium accumulated under these programs disposed of through 
commercial channels in 1982. No further uranium stockpiling programs are 
currently contemplated. 

c People's Republic of China • 

URANIUM EXPLORATION 

Uranium exploration in China commenced in 1955 under the direction of 
the Bureau of Geology of the then Ministry of Nuclear Industry (now the China 
National Nuclear Corporation). All necessary funds are provided by the Govern
ment. The Bureau of Geology maintains a countrywide infrastructure including 
six regional branches supervising over 50 geological teams. The total staff 
amounts to more than 50 000. Seven research institutes, eight equipment 
factories, a college of geology, seven geology and technical schools, as well 
as an airborne remote sensing centre provide services and support. 

Since 1955, nearly 3 000 000 km2 equalling 31 per cent of the total 
Chinese territory have been covered by surface gamma-ray surveys and 
1 834 000 km2 have been surveyed by airborne methods. Total drilling, 
including some tunnelling, amounts to 25 765 km. 

The uranium exploration activities can be divided into three periods, 
from the mid-1950s to the mid-1960s, from the mid-1960s to the mid-1970s and 
from the mid-1970s to the present time. 
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• People's Republic of China 

From mid-1950 through the mid-1960s, the main objective vas the dis
covery of outcropping uranium deposits. As a result of this phase some sand
stone type deposits including Daladi and Mengqiguer (see map), were discovered 
in Jurassic coal bearing strata in the Jlli intramontane basin (Xinjiang 
Autonomous Region) in 1955. Subsequent discoveries in 1956 included the sand
stone deposit Pukuitang of Cretaceous-Tertiary age, near Hengyang (Hunan 
Province), as veil as the deposit of Baiyanghe (Xinjiang Autonomous Region) in 
upper Paleozoic volcanics. In 1957, the Xivang deposit, the first discovery 
in granitic rocks, vas found in a silicified fracture zone in the Guidong 
granite massif. In the same year, the Xiangshan district vas found in a 
volcanic environment. 

In the second period, from the mid-1960 to the mid-1970s, a combination 
of metallogenetic research and geological field vork vas applied both in areas 
vith known mineralisation and in unexplored regions. 

, Exploration in this second period lead to a number of discoveries 
including: 

- the ( -nr iping deposit (Guangxi Autonomous Region) in 
carbonaceous-siliceous-pelitic rocks, 

- the Quinlong deposit (Hebei Province) in sandstone, 

- the Jianchang deposit (Liaoning Province) in sandstone, 

- additional nev deposits in siliceous limestone of Silurian age in 
northwestern China, 

- deposits in volcanic and granitic environments in southeastern China 
(Jiangxi and Guangdong Provinces), vhich made this part of the 
country an important uranium district, and 

- several deposits in coal and sandstone conglomerates of late 
Tertiary age in vestern Yunnan Province. 

From the mid-1970s through the present, modern exploration methods, 
including soil gas surveys, small diameter diamond drilling, estimation of 
undiscovered resources as well as computerised geological data integration 
techniques have been used. Exploration efforts concentrated on nev prospec
tive areas and nev deposit models in the North China platform and resulted in 
the discovery of additional resources in volcanic and sandstone deposit types 
in the Yanliao metallogenetic belt. The definition of a potential to discover 
nev deposits in northeastern China was also a consequence of these efforts. 
In addition, significant success vas achieved in the search for nev deposits 
in known districts in southern China. 

Plans have been made to continue and intensify uranium exploration in 
China vith the primary objective of locating world class deposits vhich should 
become the future source of uranium both for export and domestic requirements. 
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URANIUM RESOURCES 

Uranium resources in China show distinct features as regards space-time 
relationship. The most significant characteristics are as follows: 

1. Known uranium deposits are geographically widely distributed, but 
show regional differences. Although there are known uranium 
deposits in most provinces and/or autonomous regions, the bulk of 
the resources is concentrated in the central and eastern parts of 
the country. 

2. The age of the known uranium mineralisation is relatively young. 
Uranium occurs in all stratigraphic ages except the Ordovician. The 
majority of uranium deposits were formed in upper Mesozoic; some 
are Tertiary in age. 

3. Uranium deposits tend to occur in clusters, A district can host 
more than ten deposits. Typical ore grades vary from 0.1 to 0.5 per 
cent U. 

4. The majority of uranium deposits belong to the four deposit types, 
hosting the indicated percentage of known Chinese uranium resources: 

Granite hosted 41 per cent 
Volcanic hosted 20 per cent 
Sandstone hosted 21 per cent 
Carbonaceous-siliceous-pelitic 
rock hosted 13 per cent 

In addition, it is estimated that the remaining 5 per cent of the 
resources is distributed among the following deposit types; uraniferous coals, 
carbonate hosted, quartzite hosted, alkaline rock hosted, phosphorites and 
pegmatitic granite hosted. 

Typical deposits of the four major types are described as follows: 

The Xiazhuang district occurs in the Guidong granitic massif of the 
Yanshan period (isotopic age 142.3 - 183.3 Ma). The uranium mineralisation is 
controlled by the intersection of silicified fracture zones and lamprophyre 
dikes and has been dated as 59.5 - 86 Ma. Thrre are two mineralogical 
associations: pitchblende-albite-hematite and pitchblende-microquartz. 

The Xiangshan district is located in the Ganhang volcanic hosted metal-
logenetic belt at the contact between the southern China Caledonian fold belt 
and the Yangzi paraplatform. The volcanic sequence is of upper Jurassic age 
and overlies low grade metamorphics of Sinian age, as well as a sedimentary 
sequence of lower upper Jurassic. Uranium mineralisation occurs in a collapse-
type volcanic caldera and, more specifically, in a major shear fault zone. 
The host rocks include subvolcanic granite-porphyry, rhyolites and dacites and 
are affected by hematitisation, hydromicasation, chloritisation, fluorida
tion, etc. The uranium minerals are pitchblende, coffinite, uranothorite and 
brannerite. 
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The Quinlcng uranium district is located in a small down faulted basin 
between the Shanhaiguan paleo uplift and the Yanliao graben. The basement of 
the basin is composed mainly of early Proterozoic granites and Archean 
gneisses. The basin fill is made up of continental clastic sediments, 
volcanoclastic sediments as well as lavas of middle Jurassic age. The uranium 
mineralisation is located in the basal granite derived conglomerate and in 
carbonaceous tuffaceous sandstone conglomerates and is associated with pyrite 
and organic matter. Its age ranges between 76 - 134 Ha. 

The Chanziping deposit, hosted in carbonaceous-siliceous-pelitic rocks, 
is located in a Caledonian syncline between two granitic massifs. The ore 
bearing horizon is underlain by Sinian sediments (sandstone, dolomite, sili
ceous mudstone) and overlain by Cretaceous red beds (sandstone, conglomerates). 
The mineralised strata are of lower Cambrian age and include carbonaceous 
mudstone (with 46 per cent of the uranium resources), siliceous mudstone (with 
24 per cent), spotted slate (with 19 per cent) and argillaceous slate (with 
11 per cent of the uranium resources). 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U)«» 

Principal deposits or districts'1' Defined reserves0 

Xiazhuang district 12 000 
Xiangshan district 26 000 
Qinlong district 8 000 
Chanziping deposit 5 000 

a) No information on recoverability is available 
b) Typical examples for different deposit types 
c) Approximately equivalent to the sum of RAR and EAR-I; unassigned cost 

category. 

In addition to the resources listed above, there is good potential for 
the discovery of further resources. An estimation of undiscovered uranium 
resources made in 1987 vith the crustal abundance model resulted in the 
quantification of 1.77 million tonnes U as Speculative Resources, of which 
1 million tonnes U are concentrated in the western part of China. 

On the basis of the exploration experience in China and abroad, the 
strategies of future exploration will be to search for new deposits of the 
types known in China and to intensify the exploration for those types not yet 
found in China, such as the unconformity related , the Cu-U breccia complex 
deposit and the surficial deposit types. 

In addition it is expected that new resources will be discovered in 
granitic, volcanic and carbonaceous-siliceous-pelitic environments in south
eastern China. Prospective areas are the Taoshan-Zhuguan mctallogenic belt, 
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with granitic rocks of Indo-China to Yanshan rocks, the Ganhang and Vyuishan 
belts of late Jurassic to Cretacous age, as veil as the Xuefengshan belt and 
the South Guangxi area underlain by Sinian-Cambrian mudstones. 

In northern and northeastern China, prospective areas are those covered 
by Proterozoic and Hesozoic-Cenozoic basins. Targets are environments similar 
to those of the Lianshanguan deposit which occurs above the unconformity 
between the migmatic-granitic basement and the lower Proterozoic as they are 
found along the northern margin of the North China platform. 

In addition, the Henan and Shanxi provinces located at the southern rim 
of the platform are considered to have potential for unconformity related and 
Cu-U breccia complex deposit types. Nesozoic-Cenozoic basins in northern and 
northeastern China are areas with favourable prospects. In recent years a 
number of new deposits have been found in Jurassic basins in the Yanliao belt, 
which is becoming a new district. Also new and unique sandstone deposits have 
been discovered in similar basins in Inner Mongolia. 

Western China's potential is based on the presence of Mesozoic-Cenozoic 
sedimentary basins, covering nearly 50 per cent of the outcropping rocks. Apart 
from the early discoveries of the Daladi and Mengqiguer deposits, there is a 
potential for additional sandstone type deposits in Tianshan, Longshonshan, 
northern Qinling and western Yunnan. Further potential exist in the Ordos, 
Tarim, Junggar and Erlian basins, etc. The Kandian nucleus in southwestern 
China is considered a potential host for unconformity-related and Cu-U breccia 
complex deposit types. 

NATIONAL POLICIES 

China is willing to enhance co-operation with foreign parties in uranium 
exploration, on the basis of equality and mutual benefit. 

Recent technical co-operation agreements have been concluded with some 
Asian countries. These agreements provided for technical services by Chinese 
uranium specialists. 

The Bureau of Geology of the China National Nuclear Corporation is 
willing to strengthen continually technical co-operation with all countries in 
the field of uranium raw materials. This co-operation could also include the 
supply of instruments, equipment and services. 
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URANIUM EXPLORATION 

Historical Reviev 

Uranium was first discovered in Colombia in 1909. In 1967, a biblio
graphic study vas made comparing the principal known uranium deposits in the 
world with the geology framework of Colombia, in order to establish areas 
favourable for uranium deposits. This study was followed up by a general radio
metric survey of the country. By 1973, 106 anomalies in different lithostra-
tigraphical environments had been located. This work was performed almost 
exclusively by the Institute of Nuclear Affairs (IAN), with some advice from 
foreign consultants. 

Between 1976 and 1981/82, companies such as Urangesellschaft (Federal 
Republic of Germany), AGIP (Italy), Korea Electric Power Corporation (Republic 
of Korea), Power Reactor and Nuclear Fuel Development Corporation - PNC 
(Japan), Total-Minatome (France), ENUSA (Spain) and COGEMA (France) were active 
in uranium exploration. Joint venture contracts covering exploration and pro
duction were signed between IAN and Total-Minatome, between IAN and ENUSA and 
for exploration only between IAN and COGEMA. These agreements covered about 
70 per cent of the areas designated as favourable for hosting uranium deposits. 
Methods used in the exploration of the contract areas included a wide range of 
exploration techniques such as on-ground, carborne, and airborne radiometrics, 
geochemistry, radon monitoring and drilling. Some 300 uranium-bearing anomalies 
were identified. In 1978 the Colombian Uranium Company (C0LURANI0) was set up 
for the purpose of evaluating uranium deposits and producing and marketing 
uranium. Between 1978-1982 a UNDP-Project executed by IAEA covered three 
areas totalling 13 000 km2. This included some detailed work in the Zapatoca 
Triassic-Jurassic basin. 

In early 1980, an International Uranium Resources Evaluation Project 
(IUREP) carried out an Orientation Phase Mission to determine the uranium 
potential of Colombia. 

During 1981-82, x'NC, Total-Minatome, ENUSA and COGEMA withdrew from 
their Colombian exploration projects and relinquished the respective contract 
areas. 

These activities identified the following areas for their uranium 
potential are as follows (see map): 

1. Ocana (Cesar, Norte del Santander), Paleozoic mica schists and 
pegmatites; 

2. San Alberto, ditto; 

155 



LOCATION OF URANIUM PROSPECTS IN COLUMBIA 

1 

CENTRAL\ 

\ AMERICA \ 

:io»-

1« • / 9 a » 

34 

SUB ANDEAN 

BASIN 

' • 
• 5 

I 
9 b) i 

9c) • 

10 

= n ANDEAN 
=0' 

OROGEN 

Ecuador 

Venezuela 

75° 

GUYANA-

BRAZIL 

SHIELD 

Brazil 

Uranium prospects 

1, Ocana 
2. San Alberto 
3. California* La Baja 
4. Lebrija - Zapatoca - Contratacion 
5, Berlin 
6. Irra 

0 

km 

7. 
8. 
9. 

10. 

500 

km 

Caffo Negro 
Palermo 
a) Sardinata 
b) Pesca 
c) Iza 
Chaparral 

156 



• Colombia 

3. California - La Baja (Norte del Santander), intrusives (monzonite 
porphyry and breccias) in Paleozoic gneisses, pitchblende and coffi-
nite associated with gold, chalcopyrite, pyrite, molybdenite, etc.; 

4. Lebrija-Zapatoca-Contratacion (Norte del Santander) uranium 
mineralization in sandstones of the Triassic-Jurassic Giron group; 

5. Berlin (Antioquia, Caldas), lower Cretaceous sediments (black 
shales, sandstones, conglomerates); 

6. Irra (Caldas), anomalies associated with intrusives in Paleozoic 
graphitic schists; 

7. Cano Negrc (Cundinamarca), uranium mineralization in the Permo-
Carboniferous lagunal-deltaic Toquiza formation, associated both 
with argillaceous horizons and sandstone channels with organic 
material; 

8. Palermo (Huila), radioactive anomalies in grey reduced mudstones and 
underlying pyrite-hearing sandstones; 

9. At the eastern flank of the Cordillera Oriental upper Cretaceous 
phosphates are known over a strike length of approximately 200 km 
from Sardinata (a) in the north to Pesca (b) and Iza (c) (see map) 
in the south. 

In addition numerous anomalies were found by ENUSA and COGBMA in their 
eastern Colombian contract areas, associated with Precambrian rocks of the 
Guyana-Brazil shield. 

During 1983 IAN carried out a drilling programme at Berlin. It included 
3 drillholes totalling 430 m and aimed at the investigation of the uraniferous 
lower Cretaceous phosphatic shales. During the remainder of 1983 and 1984, 
IAN's activities due to financial restrictions were limited to the 
re-evaluation and compilation of the geological information submitted by the 
exploration companies which had relinquished their projects in 1981-1982. 

In 1984 C0LURANI0 gave up its uranium activities and was entrusted with 
the exploration and production of coal in the eastern part of the country. The 
uranium related activities are now concentrated in IAN. 

During 1985 and 1986, IAN continued the compilation and reassessment of 
all relevant geologic and radiometric information. This work led to the 
selection of geologic environments, where future work could be carried out, if 
and when justified. These environments include a portion of the Berlin area 
underlain by lower Cretaceous sediments, the Triassic-Jurassic sediments of 
Zapatoca and the lower Cretaceous phosphatic sediments of Chaparral. 
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URANIUM EXPLORATION DATA 

YEAR 

Pre-1983* 
1983** 
1984 
1985 
1986 
1987 
1988 
1989*** 

TOTAL 

SURFACE 

Metres (m) 

14 475 
430 
-
-
-
_ 
-
-

14 905 

DRILLING 

No. of holes 

78 
3 
-
-
-
-
-
-

81 

TOTAL 1 

In National 
Currency 

n.a. 
11 250 000 
15 000 000 
9 300 000 
15 256 000 
9 000 000 
11 000 000 
13 750 000 

84 556 000 

EXPENDITURE 

In US$ 

23 380 000 
150 000 
150 000 
63 000 
79 000 
37 000 
36 000 
40 000 

23 935 000 

* Includes activities 1976-1982 by foreign companies; about 65 drill holes 
totalling 13 275 m and US$ 22 000 O00 exploration expenditures. 

** In 1983 and thereafter, data refer to IAN. 
*** Planned. 

Recent and Ongoing Activities 

In 1987/88, the activities of IAN were further reduced due to budgetary 
adjustments, and were limited to some detailed radiometric and emanometric 
investigation in the Quebrada Nogales of Zapatoca. 

URANIUM PRODUCTION 

In the early 1960s about 2 000 tonnes of uranium ore grading between 
0.05 and 0.97 per cent U has been mined from the California - La Baja area in 
Norte del Santander. No further production took place. 

URANIUM RESOURCES 

There are no uranium resources of the RAR and EAR-I categories known in 
Colombia. Recent government estimates of EAR-II and SR recoverable at costs up 
to $130/kg U by deposit type are shown in the table below: 
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DISTRIBUTION OF ADDITIONAL URANIUM RESOURCES BY GEOLOGIC TYPE 
(up to $130/kg U) - Tonnes U 

DEPOSIT TYPE TONNES U* 
EAR-II SR 

Quartz-pebble 
conglomerates 
Disseminated, magmatic, 
pegmatitic or contact 
Vein 
Sandstone 
Surficial 

-

-
1 000 
10 000 

-

100 000 

22 500 
15 000 
70 000 
10 000 

TOTAL 11 000 217 500 

* In situ. 

In addition, unconventional resources from Upper Cretaceous phosphate 
deposits Sardinata, Pesca, Jza, etc. are estimated at 20 000 tonnes U as in 
situ resources. 

NATIONAL POLICIES 

As of 1984 there is only one government organisation, IAN, responsible 
for all uranium related activities in Colombia. About 270 000 km2 or 80 per 
cent of the country's territory is reserved to IAN. 

There are no formal restrictions on the export of uranium. 

• Costa Rica • 

URANIUM EXPLORATION 

Historical Review 

Uranium exploration in Costa Rica was initiated in 1980 by the Costa 
Rica Development Corporation (CODESA) supported by the IAEA with the objective 
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of selecting favourable areas for a systematic exploration programme. Work 
continued on limited scale until 1983. The original area investigated, during 
1980 and 1981, includes areas within the 1:50 000 scale map sheets, Ahogados, 
Curubande, Carillo Norte and Monteverde, located in northern Costa Rica. 
Radiometric and geochemical methods were employed. 

At the end of 1984, a technical cooperation project was initiated, 
supported by the United Nations Financing System for Science and Technology 
for Development (UNFSSTD) (Italian funded) and executed by a newly formed 
subsidiary of CODESA, MINASA (Minera Nacional S.A.) and IAEA. The coordination 
of the project was the responsibility of the Atomic Energy Commission of Costa 
Rica (CEA). The objective was to explore an area of 6 000 km2 located in the 
Cordillera de Guanacaste, Tilaran and the Monte del Aguacate underlain by 
Tertiary-Quarternary acid volcanics. Metnods used were carborne radiometrics 
and multi-element reconnaissance geochemistry. 

The project was terminated in 1986 as the results concluded that the 
uranium potential of Costa Rica is very limited. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

Pre-1983* - - n.a 10 000 
1983 - - - 1 000 
1984 - -
1985 - 250 000 
1986 - - - 100 000 
1987 - -
1988 - -
1989 - -

TOTAL - - n.a 361 000 

* Includes expenditures made between 1980-1982. 
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Czechoslovakia did not submit any information on uranium exploration, 
resources, production or future supply. 

However, for information on the known uranium deposit types in the 
Bohemian massif and the western Carpathian Mountains reference is made to the 
English summary of a publication on the Czechoslovakian uranium deposits*. 

URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

Total Required Uranium (Tonnes U) 

YEAR INSTALLED CAPACITY REACTOR RELATED EXPECTED SAVINGS FROM 
(GWe) REQUIREMENTS RECYCLING OF 

(Tonnes U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 3.08 761 * 
1987 3.52 863 
1988 3.52 863 
1989 3.52 863 
1990 3.96 956 
1991 4.40 1 049 
1992 6.28 1 235 
1993 6.28 1 235 
1994 7.28 1 749 
1995 8.28 2 263 
2000 9.28 2 777 
2005 12.28 3 805 

* There is no decision about reprocessing of spent fuel in the CSSR. 

Ceskoslovensky uranovy prumysl: Ceskoslovenska loziska uranu, Praha 1984. 
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URANIUM EXPLORATION 

Historical Review 

Uranium exploration activities can be summarised as follows: 

1971-76 General exploration programme in East Greenland between latitudes 
70°-76° north by airborne, geochemical and field geological methods. 

1975-77 General exploration programme in Vest Greenland between latitudes 
63°-69° north by a variety of radiometric, geochemical and 
geological methods. 

1978 Detailed field work in anomalous areas, such as carbonatite 
complexes. 

1979-83 Reconnaissance exploration programme in South Greenland comprising 
an aerial radiometric survey and geochemistry. 

1984-85 Continued detailed exploration in the Motzfeld Centre and in the 
southernmost part of Greenland. 

The reconnaissance uranium exploration programme in South Greenland, 
initiated in 1979, was completed at the end of 1983. The results indicate 
that there are other specific areas and zones which have the potential for 
containing economically exploitable uranium occurrences other than the 
peralkaline rocks of Kvanefjeld. These include: 

- A 2 000 km2 sub-circular area surrounding the Ilimaussaq intrusive 
complex, in which a number of high grade pitchblende occurrences 
were found in the surrounding regional granite; 

- The "Motzfeldt Centre" in the alkaline Igaliko intrusive complex, 
where mineralised zones may give rise to exploitable, large tonnage, 
low grade uranium ore associated with pyrochlore in extractable 
quantities; and 

- The southern most part of the country, where additional disseminated 
uranium mineralisation in high grade metamorphic rocks was found. 

In 1979-1980, a 960 m long adit was i.-ade in the Kvanefjeld uranium 
deposit, providing 4 000 tons of ore for an extraction test plant constructed 
at the Rise National Laboratory. 
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• Denmark (Greenland) 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National 
Currency 

In US$ 

-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

ab. 10 000 
-
-
-
-
-
-
-

77 20 000 000 4 000 000 
200 000 
100 000 
50 000 

TOTAL 10 000 77 4 350 000 

* Planned. 

URANIUM RESOURCES 

So far, the uranium deposit at Kvanefjeld in South Greenland is the 
only known deposit which might become economically viable. 

Improvement of the extraction technique was followed by the construction 
of a small seal* industrial test plant in 1981-19C2 at the Rise National 
Laboratory. The figures below characterise in brief the uranium resources at 
Kvanefjeld. 

Rock type 
Tonnage 

Average grade 
».ut off 

Peralkaline nepheline syenite 
Reasonably Assured Resources 27 000 tonnes U 
Estimated Additionnal Resources 16 000 tonnes U 
0.034 % U 
0.025 % U. 

A number of uranium mineralisations have been discovered in Last and in 
Central Vest Greenland. None of these are at present regarded as indicating 
the presence of economically viable deposits. 

In South Greenland two uranium districts were delineated in 1979 and 
1980 and a vein type pitchblende mineralisation was discovered in onp of them. 
The age of the host rock, Lower Middle Proterozoic granite, and its structural 
position suggest a high potential for vein type deposits in this region. 
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• Denmark (C?reenland) 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

Recoverable at 
costs oetween 
$80-$130/kg U 

27 000 

ESTIMATED ADDITIONAL RESOURCES 
(EAR) 

Recoverable at 
costs up to 
$80/kg U 

-

Recoverable at 
costs between 
$80-$130/kg U 

16 000 

The figures refer to calculated in situ quantities. Ore dilution may lower 
average grade from 0.034 % U to 0.031 % U. This dilution, with slightly lower 
grade ore (200 ppm), will however result in an increase of approximately 20 % 
in the total amount of uranium mined. Assuming a recovery of 85 X the final 
recoverable resources will be close to 27 000 and 16 000 tonnes U. 

Speculative Resources 

Speculative resource estimates are only presented for South Greenland, 
which is the area believed to have the highest potential. Speculative 
Resources in alkaline magmatic rocks like the disseminated Kvanefjeld type, 
are estimated at 50 000 tonnes U. These resources may exist at Kvanefjeld and 
elsewhere in the Ilimaussaq intrusion, as well as in the Igaliko intrusion 
where extensive radioactive mineralisation was located in 1980. Such resources 
would be recoverable at costs, between $130 and $260/kg U. 

On the basis of discoveries in 1980 of pitchblende veins and boulders 
within the same region in South Greenland, Speculative Resources for this type 
of deposit are tentatively put at 10 000 tonnes U, recoverable at less than 
$130/kg U. 

Additional Unconventional Resources 

In the alkaline Motzfeld intrusive complex of South Greenland, uranium 
is contained in pyrochlore. The uranium content in whole rock analysis is 
within the range of 29-63 g/t. The average Nb-content of the prospected areas 
within the complex is 0.6 per cent. 

Uranium is also contained in the pyrochlore of two Phanerozoic carbon-
atite intrusions, i.e., Qaqarssuq and Sarfatoq, in West Greenland. 

However, no resource t >iates are available. 

164 



• Egypt• 

URANIUM EXPLORATION 

Historical Review 

Exploration for uranium and other nuclear raw materials started in 
Egypt in 1956, as the activities of the Geology and Nuclear Raw Materials 
Department of the Atomic Energy Commission. 

Achievements during the period 1956-77 include: 

- acquiring experience in various fields of geological and geophysical 
exploration, exploitation and processing of the nuclear raw mate
rials, analysis of geological materials, application of stable and 
radioactive isotopes in developing natural resources and other 
fields; 

- acquisition of equipment and instruments, used in the above-mentioned 
techniques and experience in operation maintenance and handling; 

- use of airborne radiometric and magnetic surveys over different 
geological units and geographic regions of Egypt; 

- discovery of more than 20 localities with proven mineralisation of 
uranium, thorium, zirconium, niobium, tantalum and rare earths; 

- investigation of black, sand deposits along the Mediterranean Coast 
with regard to reserves, mineral composition, dressing and extraction 
of uranium, thorium and rare earths; 

- investigation of the Egyptian phosphate deposits with regards to 
uranium content, its concentration and uranium extraction; 

- creation of the Nuclear Materials Corporation (NMC) in 1977, 
replacing the Geology and Nuclear Raw Materials Department of the 
Atomic Energy Commission. 

In the later years, essentially covering the period through 1986, work 
concentrated on different airborne surveys, using spectrometers from 1981 on, 
and the ground check of the discovered anomalies in the Western and Eastern 
Desert as well as in the Sinai Peninsula. 

In general, the uranium occurrences found in the different regions 
could be classified into three distinct metallogenetic provinces: 

Western Desert: uranium in sedimentary host rocks of different ages 
(Carboniferous, Oligocene) in Gebel Quatrani, Gebel Hafhuf (Bahariya 
Oasis) and Wadi Araba; 
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Eastern Desert; vein-type uranium associated with postorogenic granitic 
magmatism of Pan-African age at El Erediyat/El Missikat, Urn Ara and 
Gabal Gattar. 

Sinai Pensinsular; uranium mineralisation in a karst environment in 
Carboniferous dolomites at Abu Zeneima. 

The above occurrences have been investigated by surface methods, 
including topographic, geologic and radiometric mapping, as veil as by some 
trenching and tunnelling. 

Recent and Ongoing Activities 

In 1987 and 1988, the NMC continued work at the uranium occurrences in 
the Eastern Desert and the Sinai Peninsula. This refers especially to the 
occurrences of El Missikat, El Erediyat, Urn Ara and Abu Zeneima, where 
tunnelling and trenching is done in preparation for major drilling programmes 
to be initiated in 1989/1990. In parallel to the physical surface work of 
trenching and tunnelling, several geophysical surveys (IP, SP, EMF, VLF) are 
planned at these occurrences to better define drilling targets. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

Pre-1983* n.a n.a 6 000 000 8 570 000 
1983 - - 2 140 000 1 570 000 
1984 - - 1 700 000 1 250 000 
1985 - - 1 890 000 1 050 000 
1986 - - 1 930 000 1 072 000 
1987 - - 2 790 000 1 213 000 
1988 - - 2 500 000 1 087 000 
1989** - - 2 500 000 964 000 

TOTAL n.a n.a 21 450 000 16 776 000 

* Includes expenditures incurred between 1956-1982. 
** Planned. 
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URANIUM OCCURPENCES IN EGYPT 
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• Egypt I • Finland 

URANIUM RESOURCES 

Egypt does not report any conventional uranium resources. However, 
unconventional uranium resources are associated with the phosphate deposits of 
Abu Tartur (Western Desert), Sebaiya (Nile Valley), between Safaga anad Quseir 
(Red Sea Coast). The uranium resources at Abu Tartur are estimated at 
60 000 tonnes U, while the content of all phosphate deposits may amount to 
100 000 tonnes. 

NATIONAL POLICIES 

The Nuclear Materials Corporation established by Presidential Decree in 
1977, is the sole government organisation responsible for uranium matters. 
With its four divisions, research, exploration, production, contracts and 
agreements, NMC covers the entire range from search to application of nuclear 
materials. 

Also, NMC would act as national partner in all joint ventures between 
the Government of Egypt and private parties in the field of uranium explora
tion and production. 

• Finland• 

URANIUM EXPLORATION 

Historical Review 

From the 1950s to the 1970s uranium exploration was carried out by 
several private and state-owned organisations. Portable Geiger and scintil
lation counters and carborne spectrometers were used to locate radioactive 
areas, together with detailed geochemical and soil gas methods, trenching, and 
drilling. A number of small uranium occurrences were found, mainly in the Mid 
Proterozoic migmatites of southern Finland and in the Lower Proterozoic 
Quartzites of eastern and northern Finland. Most of the occurrences were 
discovered by Outokumpu Oy, a state-owned mining company. 
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Guided by the Atomic Energy Commission, development of airborne 
gamma-ray spectrometry and regional geochemical surveying was started in the 
early 1970s. The regional programmes were soon assigned to the Geological 
Survey; since 1972, the average annual coverage on a regional scale is about 
10 000 km2 by airborne spectrometry and up to 20 000 km2 by geochemical and 
other methods. By the end of the 1970s responsibility for all uranium 
exploration in Finland was transferred to the Geological Survey. 

Recent and Ongoing Activities 

In 1983 the Geological Survey gave up its plans to intensify uranium 
exploration; these plans were based on the report of the IUREP Mission to 
Finland in 1980. Since 1983, the exploration activities have been considerably 
slowed down. The Geological Survey maintains minimum levels of activity and 
expertise in uranium exploration, mainly for interpretation and follow-up 
studies of the airborne radiometric survey. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE 

Metres (m) 

49 340 
2 780 
2 310 
454 
740 
-

795 
-

56 419 

DRILLING 

No. of holes 

427 
15 
17 
27 
18 
-
8 
-

512 

TOTAL 

In National 
Currency 
(FIM) 

n.a. 
3 683 000 
3 225 000 
2 113 500 
1 545 000 
484 000 
547 000 
210 000 

-

EXPENDITURE 

In US$ 

12 638 000 
665 000 
544 000 
335 800 
304 000 
109 000 
126 000 
48 000 

14 769 800 

* Planned. 

In 1987 and 1988 the Geological Survey of Finland carried out follow-up 
of airborne radiometric anomalies, mainly in southern Finland. In Mid-Finland, 
trenching and diamond drilling provided new evidence for lower Proterozoic 
unconformity-related pitchblende mineralisation at the Riutta prospect (Koli 
Area, eastern Finland) where sets of pitchblende veins occur in sericite-quartz 
schist, a regolithic unit overlying Archean gneisses. In the lower Proterozoic 
schists of the Kuusamo Area, northern Finland, polymetallic prospects have been 
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evaluated and this work will be continued. A number of small deposits have 
been found, containing 40 000 tonnes of ore and averaging 8 ppm Au, 0.04 per 
cent Mo, 0.03 per cent Co, 0.1 per cent Cu, and 0.1 per cent U. 

For the year 1989 no new uranium exploration projects have been 
planned. Systematic airborne radiometrics will be continued as a part of the 
national programme for low-altitude airborne geophysical survey. Minor 
efforts will be directed to the follow-up of aeroradiometric gamma anomalies; 
otherwise, uranium exploration methods will be used mainly as auxiliary tools 
in the exploration projects of the Survey. 

URANIUM RESOURCES 

The uranium deposits containing the reported resources are assigned to 
four categories of ore types; because of insufficient studies on uranium 
recovery all figures given for tonnages are geological (in situ) estimates. 

Disseainated deposits in igneous and metamorphic rocks 

The most recent and most potential discovery is the Palmottu deposit at 
Nummi-Pusula in southern Finland. The deposit is Middle Proterozoic in age 
(about 1 700 million years) and consists of disseminated uraninite in granitic 
neosome of migmatitic mica schists and amphibolites. The deposit contains 
1 000 000 tonnes of ore with average grade 0.1 per cent U. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes '!) 

PRINCIPAL DEPOSITS 
OR DISTRICTS 

Palmottu 
Pahtavuoma 

Nuottijarvi 
Lampinsaari 
Kesdnki 

Ipatti ) 
Martinmonttu )* 
Ruunaniemi ) 

TOTAL 

REASONABLY ASSURED RESOURCES (RAR) 

Recoverable at 
costs up to 
$80/kg U 

-

Recoverable at 
costs between 
$80-130/kg U 

1 000 
500 

1 500 

Recoverable at 
costs between 
$130-260/kg U 

1 000 
700 
950 

250 

2 900 

* Koli Area 
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Low grade, by-product resources of uranium are contained in the magmatic 
core of the Sokli carbonatite massif (378 to 334 million years) in northern 
Finland. In the sovite and silicosovite of the core, an older generation of 
U-Ta pyrochlore and a younger generation of Th pyrochlore control the occur
rence of uranium and thorium. The massif is estimated to contain several 
million tonnes of material grading 0.01 per cent U. 

Vein deposits 

Three separate uranium showings occur in the subeconomic Pahtavuoma 
copper-zinc deposit in a Lover Prcerozoic to Archean greenstone complex at 
Kittila, northern Finland. Uranium occurs in fractures filled by carbonate, 
uraninite, pyrrhotite, and molybdenite. Present estimates give a total of 
300 000 tonnes ore grading 0.19 per cent U. The uranium showings at 
Pahtavuoma have also been ascribed to the unconformity-related deposit type. 

Sandstone deposits 

Strata-bound uranium showings occur in Lower Proterozoic quartzites in 
the Kolari, Kuusamo, and Koli areas in northern, northeastern, and eastern 
Finland, respectively. Uraninite, pitchblende, or uranophane form the 
mineralisations which in detail may have stratiform to cross-cutting outlines. 
In spite of their Proterozoic age, the occurrences are considered as sandstone 
rather than quartz-pebble conglomerate deposits. The estimated resources vary 
from 1 450 000 tonres of ore (av. grade 0.06 per cent U) in the Kesanki deposit 
down to a total of 200 000 tonnes (0.08-0.14 per cent U) in three deposits in 
the Koli area. 

Other types of deposits 

Several low grade uranium occurrences are known in Middle to Lower 
Proterozoic (2 100 to 1 900 million years) phosphatic metasediments, nainly in 
central and eastern Finland. Uranium follows fine-grained apatite in these 
occurrences, mostly as very fine-grained uraninite. The phosphatic host rocks 
include calcareous and carbonaceous metasediments, cherts, and felsic to 
intermediate tuffs and tuffites. Two of the largest occurrences of this type 
are Nuottijarvi at Paltamo (2 500 000 tonnes ore, 0.04 per cent U) and 
Lampinsaari at Vihanti (2 500 000 tonnes ore, 0.03 per cent U). 

Two bodies of Middle to Lower Proterozoic black schist at Talvivaara, 
Sotkamo have been evaluated as potential low grade deposits of base metals. 
The mineralised rock contains 0.002 to 0.004 per cent U; with the ore 
reserves of 300 000 000 tonnes the Talvivaara deposits are assigned to 
unconventional, low grade by-product resources of uranium (although the 
uranium recovery has not been studied). 

The map indicates the location of Finnish uranium resources. 
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Changes to the 1986 report 

The 2900 tonnes of EAR-I recoverable at $80-130/kg U as reported in the 
previous full Red Book have been reclassified as RAR recoverable at $130-
260/kg U. However, for part of these resources (i.e., the Precambrian 
uraniferous phosphorites) there is no currently proven processing technology*. 

URANIUM RESOURCES - BY GEOLOGIC TYPE 

TYPE OF DEPOSIT 

Disseminated, magmatic, 
pegmatitic and contact 

Vein 

NUMBER OF 
PRODUCTION CENTRES 

Existing and 
commi t ted 

-

Planned and 
Prospective 

1 

1 

RECOVERABLE RESOURCES 
Up to $130/kg U 
(1000 tonnes U) 

RAR 

1.0 

0.5 

* Secretariat note: Placement in RAR category normally does not occur until 
currently proven processing technology is available. 

Additional Conventional Resources 

By comparison of the Proterozoic and Archean geology of Finland to 
similar geological environments in the Canadian Shield and in Australia it 
would appear that undiscovered additional resources exist. In the IUREP 
Orientation Phase Mission Report (1981) an estimated 3 000-9 000 tonnes U are 
proposed for the Category EAR-II. This tonnage is shown in the table 
"UNCONVENTIONAL OR BY-PRODUCT SOURCE". The IUREP report also proposes an 
estimated 8 000 to 18 000 tonnes U in the Speculative Resources category. 

UNCONVENTIONAL OR BY-PRODUCT SOURCE* 

DEPOSIT NAME 

Talvivaara 

Sokli 

LOCATION 

Sotkamo 

Savukoski 

DEPOSIT TYPE 

black schists 

carbonatite 

TONNES U** 

3 000-9 000 

2 500 

GRADE % U 

0.002-0.004 

0.01 

* These resources do not support any production centre. 
** In situ tonnages. 
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URANIUM DEPOSITS AND OCCURRENCES IN FINLAND 
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• Finland 

URANIUM PRODUCTION 

A private company, Atomienergia Oy, carried out some uranium raining and 
ore dressing experiments on a pilot plant scale near Joensuu, North Karelia, 
from 1958 until 1961. Since then no mills have been in operation. About 
30 tonnes U were produced between 1960 and 1961. 

URANIUM REQUIREMENTS 

YEAR 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

INSTALLED CAPACITY 
(GWe) 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

REQUIRED URANIUM 
Tonnes U* 

480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 

* Natural uranium, including requirements for the 
Loviisa reactors, which are covered by the Soviet 
Union. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

A special licence is required for mining and enrichment operations 
aimed at producing uranium and thorium as well as for the possession, 
fabrication, production, transfer, handling, use and transport of nuclear 
materials and nuclear wastes. Such a licence may be granted only to Finnish 
citizens, Finnish corporations or foundations or to governmental authorities. 
For special reasons, foreign corporations or authorities may be granted a 
licence to transport nuclear material or nuclear waste within Finland. 

Policy on Activities In Foreign Countries 

The Finnish legislation does not restrict involvement of Finnish 
companies in exploration and production of uranium ores in foreign countries. 
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If possession of nuclear material is transferred to a Finnish party and if the 
nuclear material to be transferred will be subject to the provisions of inter
national agreements Finland has made, the conclusion and execution of such 
civil agreement needs a special licence by Finnish authorities. 

The government policy does not include any encouragement of such 
involvement in uranium exploration abroad. Neither is there any government's 
financial assistance. 

Responsible National Authorities 

The national policy making authority administering the Nuclear Energy 
Act is the Ministry of Trade and Industry. The competent authority for all 
questions concerning the safe use of ionizing radiation and nuclear energy as 
veil as the physical protection and safeguards of nuclear materials is the 
Finnish Centre for Radiation and Nuclear Safety. Most of the exploration is 
carried out by the Geological Survey of Finland. 

Uranium Export Policy 

Nuclear trade is regulated by a system of special permits issued by the 
authorities under the relevant legislation. In connection with export permits 
the basic constraint which is considered is that the export operation concerned 
shall not conflict with the obligations of international agreements binding on 
Finland. In addition Finland has stated that it will base its nuclear export 
policy on the criteria set out on the Nuclear Suppliers Group Guidelines (so 
called London Club). 

As Finland has no uranium resources for exports the above mentioned 
export policy rules are applied mainly to transfers of uranium for processing 
and fuel fabrication abroad. 

Uranium Import Policy 

All uranium used in the nuclear reactors in Finland is imported from a 
number of different countries. The fuel procurement for the Loviisa nuclear 
pover plant is based on a long term contract with a Soviet supplier. The fuel 
is imported as assemblies ready for use. The TVO Power company has chosen a 
policy to purchase the uranium, conversion and enrichment services and the fuel 
fabrication services from several supplier countries. The uranium imports are 
subject to the provisions of the relevant bilateral agreements Finland has 
concluded and the obligations concerned are included in the import licences as 
licence conditions. The existing long term contracts and the diversity of 
suppliers are considered to be satisfactory for reasonably assured uranium 
supplies. 
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UraiiiuM Stockpile Policy 

The nuclear power utilities have reserves of fuel elements for about 
one year's use. TVO Pover Company has additionally in its possession abroad 
uranium in different processing stages for about another year's use. 
Stockpiling of feed uranium in Finland is not seen necessary. 

• France • 

URANIUM EXPLORATION 

Uranium prospecting in France began in 1946, focusing on already known 
uranium indications and the few small mineral occurrences found in the course 
of radium exploration. 

Chiefly based on geological mapping and pedestrian, motorised and 
airborne radiometry, the work led to the historically important discovery of 
the La Crouzille deposit in 1948. By 1955, deposits had been identified in 
the granitoids of the Limousin, Forez, Vendee and Morvan. 

On the basis of geological mapping and radiometric, geophysical and 
geochemical techniques, exploration was initially concentrated in the vicinity 
of known deposits. 

Sedimentary formations in small basins surrounded by granite and on the 
edge of the Massif Central, mainly to the north and south, were prospected 
subsequently. 

Between 1977 and 1981, French exploration received government aid (Aid 
Plan for Uranium Exploration), totalling approximately $38 million. 

The purpose of the aid was to promote exploration in France and abroad 
by assisting projects considered to be promising but high risk. The theoreti
cal ceiling was 35 per cent of the project's total cost, to be reimbursed if 
an exploitable deposit was discovered. 
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Franco 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE DRILLING 

Metres (a) 

9 225 959 
840 700 
782 365 
743 000 
715 400 
640 580 
554 700 
499 800 

14 002 504 

Number of 
holes 

TOTAL EXPENDITURE 

In National 
Currency 

francs (x 

2 304 
375 
424 
429 
443 
331 
280 
269 

4 859 

1 000) 

400 
820 
609 
176 
742 
408 
238 
976 

369 

In US$ 

460 880 000 
49 320 000 
48 580 000 
47 740 000 
64 026 000 
55 143 000 
47 020 000 
46 684 000 

819 393 000 

* Planned. 

Exchange rates for the US dollar as used: 5 francs before 1977; 4.9 francs 
in 1977; 4.5 francs in 1978; 4.25 francs in 1979; 4.22 francs in 1980; 
5.44 francs in 1981; 6.53 francs in 1982; 7.62 francs in 1983; 8.74 francs 
in 1984; 9.75 francs in 1985; 6.93 francs in 1986; 6.01 francs in 1987; 
5.96 francs in 1988; 6.64 francs in 1989. 

Recent and Ongoing Activities 

In recent years uranium exploration activities have markedly diminished 
and tend to be confined to areas next to deposits currently being mined, in 
Marche, Limousin, the southern part of the Massif Central, and the Massif 
Armoricain. In 1988 exploration expenditure totalled $47 million, of which 
$16.1 million concerned exploration as such and $30.9 million deposit 
development. 

Conventional exploration techniques are used, such as radiometric 
surveys, hydrogeochemical surveys etc. Basic geophysical methods are used to 
locate targets for subsequent drilling if they seem to be promising. 

Four companies undertake uranium exploration: 

- The Compagnie Generale des Matieres Nucleaires (C0GEMA), 100 per cent 
owned by CEA 
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- Total Compagnie Miniere France SNC (TCMF), a subsidiary of the 
Compagnie Francaise des Petroles 

- The Compagnie Francaise de Nokta (CFM), 100 per cent owned by COGEMA 

- The Societe Auxiliaire d'Energie (SAE), a subsidiary of Electric!te 
de France. 

SAE and TCMF have set up a joint venture with a view to exploring 
certain parts of the French metropolitan territory. 

The exploration area currently covered by the four above companies 
totals 5 080 square kilometres. 

Activities in Other Countries 

Uranium exploration activities by French mining companies have been 
decreasing for several years now. The main emphasis is on metallogenic areas 
where large high-concentration deposits are likely to be found. 

Exploration work is being done in Canada (chiefly Saskatchewan) and, to 
a lesser extent, in the United States and Australia. 

EXPLORATION EXPENDITURE IN OTHER COUNTRIES 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

FRENCH FRANCS 
(x 1000) 

218 694 
164 000 
134 966 
121 937 
87 301 
46 180 
72 439 

US DOLLARS 
(x 1000) 

454 390 
28 700 
18 764 
15 013 
17 595 
14 525 
7 748 

COUNTRY 

Canada, 
Australia, 
United States 

* Planned. 

URANIUM RESOURCES 

Uranium mineralisation in France occurs in crystalline or crystallo-
phyllian rock in areas of Variscan orogeny: 
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- in the Saxothuringian zone, mineralisations have been found in 
schist at the periphery of granite areas (e.g. southern part of the 
Massif Armoricain); 

- in the Holdanubian zone, mineralisations are located in granitoids 
(southern Brittany, Vendee, Marche, Limousin, Forez, Morvan, 
Nargeride) or at the periphery in metamorphic rock. 

Uranium has also been found in sedimentary detrital rock of the Permo-
Carboniferous or Palaeogenic, in subsidence basins enclosed in Hercynian ranges 
(e.g. St. Pierre du Cantal) or larger sedimentary basins located at the 
periphery of these mountain ranges and containing detrital material eroded 
from the latter (Lodeve, Cerilly, Coutras). 

Exploitable uranium has been found in France in the following contexts: 

- in granitic (Les Bois Noirs - Haute Loire) or leucogranitic 
environments (Augere, Bellezanne, Le Bernardan, Brugeaud, Fanay, Le 
Fraisse, Hargnac, Peny en Haute-Vienne; Coussat, Hyverneresse in 
Creuse, La Besse en Correze, Le Cellier, Les Pierres Plantees in 
Lozere, La Chapelle Largeaud, La Commanderie, l'Ecarpiere and Le 
Chardon in Vendee); 

- in sedimentary detrital environments (Saint Pierre in Cantal, 
Cerilly in Allier; Lodeve in Herault; Coutras in Gironde); 

- in metamorphic environments in contact with granites (Beaurepaire 
and Rousset in Vendee; Les Bondons in Lozere) or immediately below 
the sedimentary cover (Bertholene in Aveyron). 

At the end of 1988, total uranium (exploited plus known resources) to
talled 151 306 tonnes, mining and processing losses deducted, dovn 2 600 tonnes 
from end 1986 and 5 200 tonnes from end 1984. 

Known resources totalling 94 840 tonnes are located as follows: 57.3 per 
cent in deposits encased in sedimentary rock; 39.7 per cent in deposits lying 
in leucogranites; and 3 per cent in deposits lying in metamorphic rock. 

1) In granitoids, uranium deposits are scattered in a system of veins 
of varying complexity and size, with a variable pattern of open structures. 

The trap is always structural and usually located at the intersection 
of tectonic trends, but may sometimes be simply associated with the contact 
between a fractured block and kersantite dyke (Henriette in Haute-Vienne, Le 
Cellier in Lozere), or between a fractured block and a petrographic contact 
(metamorphite-leucogranite, Le Rousset in Vendee). 

The morphology of the ore bodies ranges from a linear type with 
infilled veins to a columnar type with impregnation of the porous reservoir. 
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MAIN URANIUM DEPOSITS IN FRANCE 

LEGEND 

Uranium Deposition 

• Being mined 

A Planned 

• Mined out 

M WO 110 JOOtm 

Us. Operating uranium mill 

Leucogranite 

Van scan Massil 

1 Ponilvy 

2. Pennaran 

3. Le Chardon 

L'Ecarpiere (Eearpiere)* 

4. Beaurepaire 

5. La Chapelle Largeau 

La Commandene 

La Dorgissiere 

6. Le Bernardan (Maiinac) 

The names in parentheses are those of the mills 

7. Le Brugtaud (Besslnej) 

S. Bellezane 

S Fanay 

Le Fraiise 

10. Ma/gnac 

Venachat 

H.HenrlMe 

12 Hyverneresse 

13, St, Pierre duCantai 

14 La Bene 

15. Canity 

19. Grury 

17. Le«Boi»Noirs 

18 Coutras 

19. L«C*ller(LeCellieri 

Lei Plerret Plantees 

20 LesBondont 

21. Benholene (Les Ballaures) 

22. Mas Laveyre (Si, Martin du Bosc) 

23. Treville 
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• France 

Lint.ar mineralisation occurs vithin tectonic blocks hundreds or 
thousands of metres in length. At Margnac in Haute-Vienne, the average 
mineralised length is 800 metres and the thickness one-two metres in a 
cataclastic block averaging two to fifteen metres in thickness. The mineral 
deposits may fill a single fracture or the veinlets of a stockwork. 

Columnar mineralisation is usually steeply inclined. The columns or 
pipes have cross sections of ten to one hundred square metres and are between 
thirty and two hundred metres high. The porous reservoir usually consists of 
micaceous "episyenites". The theory is that the episyenite facies is one of 
dequartzification of granites or leucogranites occurring in an extremely 
fractured environment. 

The principal uranium mineral is pitchblende, often accompanied by 
coffinite. The main, but rare, gangue minerals are sulphides (pyrite, 
marcasite, galena), hematite, quartz, calcite, fluorite and sometimes barite. 

The average content of uranium varies from 0.1 to 0.2 per cent in 
linear bodies to 0.3 to 1 per cent in columnar bodies (pipes, columns) and is 
sometimes as high as 4 per cent (1 to 10 per cent) in amygdaloid formations at 
the junction between linear and columnar structures (Margnac in Haute-Vienne). 

Individual mineral deposits generally total between 50 and 1 000 tonnes 
of uranium; there are two deposits of over 3 000 tonnes. 

Available resources may reach a vertical depth of 300 metres. 

2) Deposits in sedimentary rock occur in detrital formations of the 
Permian (Lodeve basin in Herault; Cerilly basin in Allier) and the Palaeogene 
(Aquitaine basin, Saint Pierre basin in Cantal). 

Uranium mineralisation, usually combined with organic matter, is known 
to exist: 

- in lenses or rolls in sands with some clay content or in consoli
dated sandstones where the uranium is in the form of black oxides, 
vanadates or phosphates; 

- at the intersection between the siltstone-claystone sequence, rich 
in carbonaceous matter, and a trend of faults in a basin showing 
considerable tectonism. The uranium is in the form of pitchblende, 
coffinite or combined with carbonaceous matter. 

The average uranium content in sedimentary deposits ranges from 0.1 to 
0.3 per cent; tonnages range from 500 to over 20 00O tonnes of uranium. 
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• France 

URANIUM RESOURCES 

IN TONNES OF U* 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

46 657 

Recoverable at 
costs between 
$80-$130/kg U 

12 239 

ESTIMATED ADDITIONAL RESOURCES 
Category I (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

19 959 

Recoverable at 
costs between 
$80-$130/kg U 

15 986 

After deduction of processing losses. 

DISTRIBUTION BY GEOLOGICAL TYPE 

TYPE OF DEPOSIT 

Vein 

Sandstone 

Surface deposits 

Fine detrital 
and others 

NUMBER OF PRODUCTION 
CENTRES 

Existing and 
committed 

5 

-

-

1 

Planned and 
prospective 

-

-

-

-

RECOVERABLE RESOURCES 
(Tonnes U) 

RAR 

23 900 

700 

-

7 800 

EAR-I 

16 600 

-

-

7 400 

The above data correspond to resources connected with existing 
production centres. 

One production centre processing vein deposits has also processed ore 
of the type encountered in sandstone. 
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• France 

Additional Conventional Resources 

Within the above-mentioned economic conditions (cost below $130/kg U), 
as yet undiscovered deposits are most likely all located in already known 
uraniferous areas. 

URANIUM PRODUCTION 

IN TONNES U (in concentrate) 

YEAR SOURCE OP PRODUCTION TOTAL 

CONVENTIONAL UNCONVENTIONAL 
RESOURCES RESOURCES 

From 1958 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

to 1982 37 820 
3 271 
3 168 
3 189 
3 248 
3 376 
3 394 
3 189 

-
-
-
-
-
-
-
-

37 820 
3 271 
3 168 
3 189 
3 248 
3 376 
3 394 
3 189 

TOTAL 60 655 60 655 

* Estimated. 

Production capability totalled 3 920 tonnes of uranium in 1988 for the 
six production centres in existence. Saint Pierre du Cantal vas shut down and 
the Balaures centre has started to operate. The latter uses the acid leaching 
process in stalls; the uranium contained in the acid solutions is recovered 
through ion exchanger resins. It is then transferred to the Mailhac/Bernardan 
centre, where the elution process is used to obtain uranium concentrate. 
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• France 

EMPLOYMENT IN THE URANIUM EXPLORATION AND PRODUCTION INDUSTRY IN FRANCE 

YEAR 

1984 
1985 
1986 
1987 
1988 

EXPLORATION 

498 
470 
415 
446 
386 

MINING 

2 881 
2 817 
2 611 
2 496 
2 512 

ORE PROCESSING 

303 
221 
221 
203 
195 

The entire 1988 output was accounted by private companies with public 
holding. 

SHORT-TERM PRODUCTION CAPABILITY 
(IN TONNES U PER YEAR) 

SUPPLIED BY EXPLOITABLE RESOURCES AT COSTS OF NOT MORE THAN $80 PER KG U 

EXISTING AND COMMITTED PLANTS 

YEAR 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

A 

RAR AND EAR-I 

3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 

B 

UNCONVENTIONAL 
RESOURCES TOTAL 

3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
3 920 
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EXISTING PRODUCTION CENTRES 

• France 

Name 

Start-up date 

Operational Status 

L'ECARPIERE 
(Vendee) 

1957 (1953) 

Average 

BESSINES 
(Haute-Vienne) 

1958 (1949) 

Average 

LE CELLIER 
(Lozere) 

1977 

Average 

Source of Ore: 

Deposit names 

Deposit type(s) 

ECARPIERE 
CHARDON 
COMMANDERIE 

BELLEZANE 
FANAY FRAISSE 
MARGNAC PENY 

CELLIER 
VILLERET 
PIERRES PLANTEES 

veins in granite veins in granite veins in granite 
and schist 

Mining Operation: 

Type 

Size 
(Tonnes ore/year) 

Processing Plant: 

Type 

Size 
(Tonnes ore/day) 

Average Ore 
Processing 
Recovery X 

Nominal Production 
Capacity (t U/year) 

Underground 
Open pit 

350 000 

ACID/ADU* 

1 400 

96.5 

650 

Underground 
Open pit 

600 000 

ACID/ADU 

4 000 

95.5 

1 500 

Open pit 
Underground 

200 000 

ACID/MU** 

600 

95 

200 

* ADU: Ammonium diuranate. 
** MU: Magnesium uranate. 
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• France 

EXISTING PRODUCTION CENTRES ( c o n t i n u e d ) 

Name 

Start-up date 

Operational Status 

LES BALAURES 
(Aveyron 

1982 

Start-up 

NAILHAC/BERNARDAN 
(Haute-Vienne) 

1979 

Start-up 

St. MARTIN DU BOSC 
(Herault) 

1981 

Start-up 

Source of Ore: 

Deposit names BERTHOLENE BBRNARDAN MAS LAVAYRE 
LES LOGES MAS D'ALARY 

Deposit type(s) Veins in veins in granite fine dctrital rock 
metamorphic rock and sandstone 

Mining Operation: 

Type Open pit Open pit Underground 
Underground Underground Open pit 

Size 
(Tonnes ore/year) 90 000 120 000 400 000 

Processing Plant: 

Type ACID ACID/MU* ALKALINE/MU 
(Leaching 
in stalls) 

Size 
(Tonnes ore/day) 200 500 1 400 

Average Ore 
Processing 
Recovery % 95 98 91 

Nominal Production 
Capacity (t U/year) 70 500 1 000 

* MU: Magnesium uranate. 
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France 

URANIUM RBQUIRBMENTS 

YEAR INSTALLED CAPACITY* 
(GWe) 

REACTOR REQUIREMENTS 
(in tonnes U) 

EXPECTED SAVINGS FROM 
THE RECYCLING OF 

REPROCESSING PRODUCTS 
(in tonnes natural 
uranium equivalent) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

50 
53 
56 

63 
64 

050 
200 
750 
600 
600 
400 
750 
000 

8 000 

* Installed capacity at the end of the year. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

Uranium exploration and production in France are unrestricted within 
the framework of existing regulations. 

Policy on Activities in Foreign Countries 

For the purpose of diversifying sources of supply, French operators are 
participating in uranium exploration or production activities in foreign 
countries in compliance with regulations of the host country. 

Responsible National Authorities 

The Commissariat a l'Energie Atorn!que ensures that users receive 
adequate supplies of nuclear substances. 
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• France / • Federal Republic of Germany 

Uraniua Export Policy 

As France is chiefly an importing country, this question does not apply. 

Uranium Iaport Policy 

French supply policy is based on the diversification of sources. 

There are no tariff barriers for imports. 

Uraniua Stockpile l'olicy 

Electricite de France possesses emergency uranium stocks, the minimum 
level of which has been fixed at the equivalent of three years' consumption to 
face possible supply interruptions. 

• Federal Republic of Germany • 

URANIUM EXPLORAiION 

Historical Review 

Since 1956, initial reconnaissance prospecting has been carried out in 
all areas of geological interest, namely the Hercynian Massifs of the Black 
Forest, Odenwald, Frankenwald, Fichtelgebirge, Oberpfalz, Bayerisher Vald, 
Harz, the Palaeozoic sediments of the Rheinisches Schiefergebirge, the Permian 
volcanics and continental sediments of the Saar-Nahe region and all areas with 
favourable sedimentary formations, i.e., Early and Late Palaeozoic, Triassic, 
Jurassic, Cretaceous and Tertiary. 

The initial phase included hydrogeochemical surveys, car-borne surveys 
and surveys on foot and, to a lesser extent, airborne prospecting. Follow-up 
geochemical stream sediment surveys, radon surveys and detailed radiometric 
work, followed by drilling and trenching, have been carried out in promising 
areas. 

During the reconnaissance and detailed exploration phases, both the 
federal and state geological surveys were involved, whereas the actual work 
was carried out mainly by industrial companies. 
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• Federal Republic of Germany 

During previous exploration activities three U-deposits of economic 
interest vere found: the partly high grade hydrothermal deposit near 
Menzenschvand in the southern Black Forest (pitchblende and minor coffinite 
are associated with hematite, quartz, barite, some fluorite and pyrite and 
small amounts of base metals), the sedimentary Mullenbach deposit in Late 
Carboniferous arkoses and claystones near Geroldsau in the northern Black 
Forest, in the Oos trough superjacent to acidic granites and the fault and 
fracture controlled Grossschloppen deposit in Precambrian and Cambrian 
metamorphics in contact to a Hercynian granite (north-eastern Bavaria). 

In the Black Forest, some smaller occurrences are known, including the 
old Vittichen mine, where uranium is associated with Co, Ni and Bi. Additional 
targets in the area of the Eisenbach granite vere also explored. 

In the Permian volcanics of the Saar-Nahe trough a small deposit, 
related to a felsitic porphyry was mined in the past. 

seams. 
In northern Franconia, at Stockheim, uranium is associated with coal 
The potential appears to be limited to less than 100 tonnes U. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE 

Metres (m) 

350 460 
2 670 

-
256 

1 092 
-
-
-

354 478 

DRILLING 

No . of holes 

24 744 
10 
-
2 
6 
-
-
-

24 762 

TOTAL 

In National 
Currency 

(DM) 

n.a. 
n.a. 

6 200 000 
8 400 000 
10 200 000 
10 800 000 
5 400 000 
5 000 000 

EXPENDITURE 

In US$ 

84 165 000 
5 400 000 
2 200 000 
2 800 000 
4 600 000 
5 800 000 
3 000 000 
2 561 000 

110 526 000 

* Planned. 
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FEDERAL REPUBLIC OF GERMANY 
URANIUM OCCURENCES 
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• Federal Republic of Germany 

LEGEND 

GEOLOGY 

Quaternary 
Tertiary 
Alpine molasse (Tertiary) 
Alpine orogenic zone (Nesozoic) 
Mesozoic sandstones 
Mesozoic 
Permian volcanics (rhyolite) 
Permocarboni ferous 
Variscian granites 
Rheno-hercynian zone (Paleozoic) 
Saxo-thuringian zone (metamorphic) 
Moldanubian zone (metamorphic) 
Indicated uranium occurrences 
Uranium occurrences vith more than 500 t U-content 
Operating uranium mill. 

URANIUM OCCURRENCES 

Menzenschvand, Baden-WOrttemberg 
Vi'ttichen, Baden-VUrttemberg 
MUllenbach, Baden-Wflrttemberg 
Murrhardt, Baden-VUrttemberg 
Middle Franconia, Bavaria 
Bavarian Pfahl, Bavaria 
Schvandorf, Bavaria 
Girnitz/Schvarzach, Bavaria 
Nabburg/Vdlsendorf, Bavaria 
Geratshofen/Bohmischbruck, Bavaria 
Falkenberg Granite, Bavaria 
Hdhensteinveg/Poppenreuth, Bavaria 
VSldel/Mahring, Bavaria 
Rudolfstein, Bavaria 
Grossschloppen, Bavaria 
Hebanz, Bavaria 
Ludwigsstadt, Bavaria 
Ellveiler, Rheinland-Pfalz vith operating plant 
Obermoschel, Rheinland-Pfalz 
Kassel. 
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• Federal Republic of Germany 

During detailed exploration of the Bavarian part of the Bohemian Massif, 
several occurrences were discovered in the fluorine deposit of V51sendorf, in 
quartz veins in Mahring and Bayerischer Pfahl and as hydro-thermal impregna
tions in granites near Tirschenreuth and Veissenstadt. The potential for 
economic deposits can be regarded as good. 

A number of mineralisations were found in gneisses and micaschists 
around granitic massifs of the Cberpfalz area and have been explored by 
drilling and underground workings. 

Hinor uranium occurrences were found in grey arkosic sandstones and 
claystones of Early Permian (Rotliegendes) near Obermoschel, Rheinland-Pfalzand 
and in several other localities. The grey facies of the Triassic Buntsandstein 
also contains uranium occurrences of limited interests. 

In Bavaria (Franconia) and Viirttemberg, sandstone of Late Triassic 
(Keuper) age showed uranium concentrations. In Pranconia these concentrations 
occur in the carbonatic and phosphatic cement of the Burgsandstein. In 
UUrttemberg the Stubensandstein of the same age shows uranium associated with 
plant remains. 

Recent and Ongoing Activities 

During 1987 underground exploration was carried out by Gewerkschaft 
Brunhilde in the Menzenschwand deposit (Black Forest) and by Interuran at the 
Grossschloppen deposit/Fichtelgebirge. In 1988 Interuran terminated the explo
ration at Grossschloppen, the mine was held on care and maintenance. Under
ground exploration at the Menzenschwand deposit remained active during 1988. 

Activities in Other Countries 

During 1987 and 1988 three private mining companies were involved in 
uranium exploration abroad. Exploration efforts were concentrated in Canada 
(mainly in Saskatchewan) in 20 different projects. 5 projects were undertaken 
in the USA, 4 projects in Australia and 1 project each in Zimbabwe and Zambia 
(terminated in 1988). 

192 



• Federal Republic of 

URANIUM EXPLORATION EXPENDITURES IN OTHER COUNTRIES 

YEAR 

Pre-1983 

1983 

1984 

1985 

1986 

1987 

1988 

1989* 

NATIONAL CURRENCY 
OF SPENDING COUNTRY 

DM (Million) 

32.3 

46.9 

44.5 

35 

25 

25 

US$ 

(Million) 

268 

15.5 

11.5 

15.8 

20.0 

19.0 

14.0 

-

COUNTRIES 

Australia, Austria, Botswana, 
Brazil, Cameroon, Canada, 
Colombia, Ghana, Niger, 
Tanzania, Togo, USA, Zambia, 
Zimbabwe 

Australia, Brazil, Cameroon, 
Canada, USA, Zambia, Zimbabwe 

Australia, Canada, Cameroon, 
USA, Zambia, Zimbabwe 

Australia, Canada, Cameroon, 
Gabon, USA, Zambia, Zimbabwe 

Australia, Canada, Cameroon, 
Gabon, USA, Zimbabwe 

Australia, Canada, USA, 
Zambia, Zimbabwe 

Australia, Canada, USA, 
Zimbabwe 

Australia, Canada, USA, 
Zimbabwe 

* Planned. 

URANIUM RESOURCES 

At present, only deposits of limited size have been found. They are 
related to hydrothermal veins in Hercynian granites in the Black Forest and 
OberpfMlzer Vald (Bavaria). Pitchblende, coffinite and secondary uranium 
minerals are associated with vein fillings containing quartz, barite, 
fluorite, hematite and pyrite. In some occurrences, a paragenesis with Ni, 
Co, Bi, Cu and other base metals can be observed. The ore grade varies 
between 0.08 per cent and 2 per cent U. 
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• Federal Republic of Germany 

A deposit in sandstones and shales of Upper Carboniferous age was found 
in the northern part of the Black Forest. Pitchblende and coffinite are the 
main uranium minerals. The potential of this sedimentary deposit is not yet 
known. The average grade of the ore is 0.2 per cent U. 

On an average, mining losses of 10 per cent (as deducted) are expected, 
depending on deposit type and mining method applied. 

Processing losses of 5 per cent as estimated after ore treatment tests 
in the Ellweiler plant, are deducted. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

800 

Recoverable at 
costs between 
$80-$130/kg U 

4 000 

ESTIMATED ADDITIONAL RESOURCES 
Category I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

1 600 

Recoverable at 
costs between 
$80-$130/kg U 

5 700 

DISTRIBUTION OF RESOURCES BY GEOLOGICAL TYPE 

TYPE OF 
DEPOSIT 

Vein 

Sandstone 

NUMBER OF PRODUCTION 
CENTRES 

Existing 
and 

Committed 

1 

Planned 
and 

Prospective 

-

CONTAINED 
RESOURCES 

(Tonnes U) 
RAR EAR-I 

SIZE 
DISTRIBUTION 

- Data are confidential -
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• Federal Republic of Germany 

Geologically Favourable Areas for Uranium 

a) Sedimentary rocks 

Graptolithic shales of Silurian age in Franconia were investigated due 
to their similarities vith the black shales in Sweden and deposits mined in 
GDR. Uranium contents are generally lov and uraniferous units too small to 
consider them as economically interesting. Large areas of the country are 
covered vith Devonian and Carboniferous sediments, but only small basins of 
Upper Carboniferous may be regarded favourable. 

Intermontane basins vith Late Carboniferous-Early Permian (Rotliegendes) 
sediments, favourable for uranium accumulation, are found in the Saar-Nahe 
trough and in some areas of the Black Forest as veil as in northern Franconia. 
Uranium concentrations are found in sandstones and shales, predominantly in 
fine-to medium-grained arkosic sandstones vith reducing environment close to 
overlaying claystones rich in organic material or containing coal. Some 
smaller occurrences vere found, and the potential for further discoveries is 
moderate. 

The sediments cf the Permian Kupferschiefer show lov grade syngenetic 
uranium concentrations (approximately 50 ppm). 

During the Early Triassic continental conditions continued during the 
sedimentation of the Buntsandstein. Some lov-grade mineralisations associated 
vith base metals vere found in grey claystones. In Franconia and VOrttemberg 
the Keuper Formation offered favourable conditions during the Late Triassic. 
The arkosic sandstones of the Burgsandstein and Stubensandstein vere deposited 
under favourable continental conditions. Some uranium indications vere found. 

Uranium appears in fluviatile sandstones of the middle Keuper 
"Stubenstandstein", a partly calcite bearing sandstone vith organic substances. 
Dolomitic areas are not mineralised. The uranium content varies betveen 
0.004 per cent and 0.06 per cent vith average grades of 0.015 per cent. 

Vith the exception of soue small concentrations in phosphatic "bone 
beds", no favourable conditions are known to exist in Jurassic sediments. 

Continental Cretaceous sediments seem to have limited uranium potential. 

In some parts of the country, Tertiary sediments of continental origin 
contain uraniferous lignites. These however have only limited economic 
potential for uranium, as individual bodies contain uranium in the 10 to 
50 tonnes range only. 

b) Crystalline basement and igneous rocks 

In the German part of the Bohemian Massif some indications of the 
presence of uranium concentrations are found in major tectonic elements of the 
basement. Uranium is expected in granitic intrusions of Variscian age and in 
tectonic structures. The majority of igneous rocks vith potential uranium 
accumulations are of Hercynian age, granites and related veins, hydrothermal 
deposits and volcanic rocks of acid to intermediate composition. 
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• Federal Republic of Germany 

According to the occurrences found in the past, the best conditions 
seem to exist in the Moldanubian and Saxothuringian zone of the Hercynian 
orogeny. The Rhenohercynian zone must be regarded as less favourable. The 
most promising areas are the Black Forest and the Bavarian part of the 
Bohemian Massif (Fichtelgebirge, Oberpfalz, Bayerischer Vald). 

Uranium associated with rhyolitic and other acidic porphyries, as veil 
as certain volcanic rocks of intermediate composition, vere found in the 
Saar-Nahe trough. The concentrations related to these Permian volcanics are 
generally low. 

According to vhat is geologically known about the country, the chances 
for the discovery of large quantities of low-cost uranium resources must be 
considered as limited. The potential for new discoveries can be estimated 
around 10 000 tonnes U. 

The potential for very low-grade uranium ore, such as granites, low-
grade sedimentary rocks (sandstones, shales) can be estimated to range between 
10 000 tonnes U to 50 000 tonnes U or possibly more, taking into account very 
low-grade concentrations in shales. This material is not mineable under 
present conditions. Environmental considerations may prevent mining in the 
future. 

ADDITIONAL CONVENTIONAL RECOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL 
DEPOSITS 

OR 
DISTRICTS 

TOTAL 

ESTIMATED ADDITIONAL RESOURCES 
Category II - (EAR-II) 

Recoverable at 
costs up to 

$80/kg U 

2 500 

Recoverable at 
costs between 
$80-$130/kg U 

3 500 

SPECULATIVE RESOURCES 
(SR) 

Recoverable at 
costs up to 
$130/kg U 

15 000 

URANIUM PRODUCTION 

Gewerkschaft Brunhilde operates a conventional plant at Ellweiler, 
Rheinland-Palatinate and a small heap-leaching Operation in Bavaria. The 
plant at Ellweiler receives ore from the underground exploration at 
Menzenschwand and Grossschloppen. 
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• Federal Republic of Germany 

EMPLOYMENT IN EXISTING PRODUCTION CENTRES* 

YEAR PERSON YEARS 

1980 85 
1981 80 
1982 75 
1983 75 
1984 70 
1985 60 
1986 70 
1987 65 
1988 50 
1989** 50 

* Figures include employment in exploration (surface and 
underground) and operation of the plant at Ellveiler. 
Exclude short time employment for exploration (e.g., 
students). 

** Estimated. 

URANIUM PRODUCTION 
Tonnes U (in concentrate) 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

Conventional 

331* 
47 
32 
30 
26 
53 
38 
30 

587' 

SOURCE OF PRODUCTION 

Unconventional 

-
-
-
-
-
-
-

-

TOTAL 

331* 
47 
32 
30 
26 
53 
38 
30 

587 

* 120 tonnes of foreign origin. 
** Estimated-
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• Federal Republic of Germany 

EXISTING AND COMMITTED PRODUCTION CENTRES 

Name 

Start-up date 

Source of ore: 

Deposit names 
Deposit type(s) 

Mining Operation: 

Type 
Size (Tonnes ore/year) 

Processing Plant: 

Type 
Size (Tonnes ore/day) 
Average Ore 
Processing Recovery X 

Nominal Production 

Capacity (Tonnes U/year) 

Plans for expansion 

ELLVEILER 

1960 

MENZENSCHVAND 
Vein deposit 

Underground ex 
Approx. 5 000 

CVG, ALt JX 
100 t ore/day 

95 X 

30-50 t U/year 

125 t U/year* 

None 

* Plant is not operating on full capacity due to limited supply of 
ore. 

Ownership Structure of the Uranium Industry 

Geverkschaft Brunhilde: 100 per cent private domestic mining company. 

Interuran: 25 per cent private domestic utility 
75 per cent mining company 

SHORT TERM PRODUCTION CAPABILITY 

Until 1990 inclusive, there will be a production capability of around 
100 tonnes U per year at Ellveiler. Thereafter, no data are available on 
production capability. 
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• Federal Republic of Germany 

URANIUM STOCKS AND INVENTORIES 

a) Natural uranium stocks (Tonnes If) 

In concentrate 
(A) 

Government stocks } 
Producer stocks } 10 500 
User stocks } 

TOTAL 

b) Enriched uraniua stocks (Tonnes U) 

Tonnes U 

Refined 
(B) 

u 2 3 5 * 

Total 
(A + B) 

10 500 

10 500 

Natural 
Equivalent* 

73 O 3M 
Government stocks } 52 3.0 346 
Producer stocks } 178 3.3 1 180 
User stocks } 104 3.6 754 

31 4.0 250 

TOTAL 438 

c) Depleted uraniua stocks (Tonnes U) 

Tonnes U U235 % 

Government stocks } 
Producer stocks } 
User stocks } 

TOTAL 

Natural 

0.2 - 0.3 

2 918 

Equivalent* 

3 000 

3 000 

* As enrichment plant feed processed at a tails assay of 0.20 % U 
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• Federal Republic of Germany 

URANIUM REQUIREMENTS 

TOTAL REQUIRED URANIUM (Tonnes U) 

REACTOR RELATED EXPECTED SAVINGS FROM 
YEAR INSTALLED CAPACITY* REQUIREMENTS RECYCLING OF 

(GVe) (TONNES U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1087 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

19 200 
19 200 
21 700 
22 900 
22 900 
22 900 
22 900 
22 900 
22 900 
22 900 
24 300 
24 300 

3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 300 
3 500 
3 500 

* Installed capacity at year-end. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

Exploration is carried out by national and international companies. 
There is no restriction of private and/or foreign participation in uranium 
exploration, production and marketing as long as these undertakings are 
carried out under existing mining lavs. 

National companies may receive government funds for exploration 
programmes up to 50 per cent if applied for. The funds are reimbursable in 
case of success. 

Policy on Activities in Foreign Countries 

National companies may receive government funjs for exploration activi
ties in foreign countries up to 50 per cent if applied for. If a company re
ceives government funds the mined uranium must be made available to users with
in the EEC (Euratom Treaty). The funds are reimbursable in case of success. 

500 
500 
500 
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• Fee/era/ Republic of Germany ( • Greece 

Uraniua Export Policy 

Uranium is exported in the form of fuel elements for commercial 
reactors, research reactors and test reactors. 

Uraniua Import Polisy 

Uranium is imported in the form of low enriched material from USA, USSR 
and URENCO countries. The feed material for enrichment is provided from 
different sources. All imports are procured through the Supply Agency of 
EURATOM. 

Uranium Stockpile Policy 

A uranium stockpile, equal to a demand of approximately two years, is 
held by the Government and at nuclear power stations. 

Responsible National Authorities 

Responsible ministries: Federal Ministry of Economics and Federal 
Ministry for Research and Technology. 

• Greece • 

URANIUM EXPLORATION 

Historical Review 

- From 1955 to 1970 various reconnaissance surveys were carried out 
over potential areas in Greece (1966 : airborne radiometric survey over the 
northern regions of the country; 1969-1971: car-borne scintillometer survey). 

- From 1971 onwards systematic uranium exploration was undertaken in 
Macedonia and Thrace, where the results of car-borne surveys, and watei 
sampling combined with radiometric measurements on sampling sites of the 
reconnaissance phase indicated the necessity of a dt ..ailed "follow-up" phase. 
This part of exploration was realised by the Greek Atomic Energy Commission in 
cooperation with the UNDP and the IAEA. 
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• Greece 

- Since 1978 work focussed on the definition of uranium deposits by 
trenching, drilling and test mining, conducted by the two government organisa
tions, the Greek Atonic Energy Commission (G.A.E.C.) and the Institute of 
Geology and Mineral Exploration (I.G.M.E.). The reconnaissance surveys 
continued covering the whole country and an effort was made to estimate more 
accurately the uranium resources contained in the Serres lignites and 
coal-bearing shales. 

- In the period 1983-1986 the car-borne scintillometer survey (CBS) 
finally was completed covering the whole country. 

In the Serres Tertiary basin the exploration drilling vas also 
completed and the uranium content of lignites vas estimated. 

Follow-up work and detailed exploration was mainly concentrated in 
Northern Greece, Macedonia and Thrace (Paranesti district: completion of 
outline drilling on Archontovouni uranium deposit, continuation of exploration 
drilling in the districts of Fteroto, Spilia as v-11 as in Pefki, Diamesso and 
Loukatina prospects). 

Construction of a small pilot plant in Paranesti for testing the 
recovery of uranium from Archontovouni oxidized ore (mainly autunite). 

An important event worth mentioning was the incorporation of GAEC 
uranium exploration activities in IGME in late 1984/early 1985. 

Recent and Ongoing Activities 

The level of exploration activities since 1986 has been stabilized 
mainly as a result of IGHE activities. At present 18 uranium exploration 
projects are active. Most of them are located in Northern Greece (Macedonia 
and Thrace) where also drilling projects are operating mainly in the area of 
Paranesti at Spilia prospect where pitchblend mineralisation was localised. 
Summarising the plans for x989, these are as following: 

- Continuation of the exploration - evaluation drilling in two areas 
in Spilia prospect and preliminary drilling in Haidou and Fiorina area. 

- Follow-up of detailed exploration and drilling in two or three areas 
(Kalithea, Andiro, Medoussa) and Axioupolis, all of them in Northern Greece. 

- Evaluation of some uranium occurrences located during previous year' 
exploration in two or three cases in the Aegean islands of Lesbos, Samos, 
Ikaria. 

- Final evaluation of the results from areas explored and drilled in 
previous years. 

The methods used in uranium exploration activities (reconnaissance and 
follow-up ground work, drilling and evaluation of data, etc.) are based on 
methods which are used in most of the countries active in uranium exploration. 
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• Greece 

The funds of all projects executed in the past, actually ongoing or 
planned, are entirely provided by the government. All exploration projects 
are carried out by the Institute of Geology and Mineral Exploration. Total 
area covered is approximately 500 km2. 

All domestic exploration activities for uranium specifically or 
radioactive minerals more broadly are financed by the Greek Government. 

URANIUM EXPLORATION DATA 

TOTAL EXPENDITURES 
(Historical and Recent) 

SURFACE DRILLING TOTAL EXPENDITURE 
TEAR 

Metres (m) No. of holes In National In US$ 
Currency 

1971-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

27 949 
7 100 
8 153 
4 182 
4 758 
3 067 
2 805 
4 000 

333 
66 
60 
34 
27 
17 
16 
26 

n.a. 
n.a. 

163 245 830 
150 000 000 
110 000 000 
67 000 000 
50 000 000 
92 000 000 

8 298 725 
1 723 411 
1 484 053 
1 095 000 
810 000 
510 000 
350 000 
550 000 

TOTAL 62 014 579 632 245 830 14 821 189 

* Planned. 

URANIUM RESOURCES 

There is no substantial change in uranium reserves in the last two 
years. The Archontovouni vein and disseminated uranium deposit in Paranesti 
district is related to granitoid host rocks of the crystalline basement of the 
Rodhopi massif. 

The late drilling campaign has located vein-type pitchblend in Spilia 
prospect in the same district and hence in the same geological frame. In 
several localities some occurrences of "pitchblend" were also localised and 
are now in the process of exploration. 
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• Greece 

The feasibility study for the Archontovouni deposit has shown positive 
results of good uranium recovery from mineable ore. 

The preliminary surface exploration has located potential prospects in 
the areas of Alexandroupolis, Xanthi, Axioupolis, Fiorina in various 
geological environments (crystalline-metamorphic, volcanic and sedimentary 
formations). 

Evaluation drilling is in progress in the most promising and potential 
area of Spilia in Northern Greece. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Paranesti district, 
Archontovouni depo
sit 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at 
costs up to 
$80/kg U 

300* 

Recoverable at 
costs between 
$80-130/kg U 

ESTIMATED ADDITIONAL 
RESOURCES 

CATEGORY I (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

6 000** 

Recoverable at 
costs between 
$80-130/kg U 

* Quantities of uranium recoverable from mineable ore. 
** Mining and processing losses have not been deducted. 

The resources shown in this table are not based on a co-product or 
by-product relationship with other economic minerals. 

Distribution by Geologic Type 

TYPE OF DEPOSIT 

Disseminated, magmatic, 
pegmatitic and contact 

Vein 

Sandstone 

RECOVERABLE RESOURCES 
(Tonnes U) 

RAR 

300 

EAR-I 

3 000 

2 000 

1 000 
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• Greece 

Additional Conventional Resources 

Alexandroupolis: vein-type uranium structurally controlled in 
metamorphic and volcanic rocks of Eocene age. 

Baidou-Medoussa: unconformity between Eocene acid volcanics and 
granitic basement rocks. 

Serres, Potami prospects: uranium mineralisation is localised in 
sedimentary basins related to sandstone and carbonaceous silts. 

Vathyrema-Spilia: vein type in granitic host rock. 

Axioupolis: vein and disseminated in magmatic crystalline environment. 

Fiorina: uranium is related to Tertiary sandstones. 

Tonnes U* 

PRINCIPAL DEPOSITS, 
DISTRICTS OR 
AREAS 

Thrace 
E. Macedonia 
C. Macedonia 
V. Macedonia 

TOTAL 

ESTIMATED ADDITIONAL RESOURCES 
Category II (EAR-II) 

Recoverable at 
costs up to 
$80/kg U 

Recoverable at 
costs betveen 
$80-130/kg U 

1 000 
4 000 
500 
500 

6 000 

SPECULATIVE RESOURCES 
(SR) 

Recoverable at 
costs up to 
$130/kg U 

1 000 
3 000 
1 000 
1 000 

6 000 

* In situ. 

DEPOSIT TYPE 

Unconformity related 

Disseminated, magmatic, pegmatitle 
or contact 

Vein 

Sandstone 

Surficial 

EAR-II 

500 

2 000 

1 500 

1 000 

1 000 

TONNES U* 

SR 

1 000 

2 000 

1 000 

1 000 

1 000 

* In situ. 
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URANIUM DEPOSITS AND OCCURENCES IN GREECE 

50 100 km 

Arohonjovouni 
Potami 
Vatt 

u Conventional deposits 

(o) Non conventional deposits 

0 Uranium occurences 

C2r—i^J 
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• Greece /• India 

UNCONVENTIONAL OR BY-PRODUCT SOURCES 

Deposit 
Name 

Serres 

Drimon 

Location 

Serres basin 

Epirus 

1 

Deposit 
Type 

Urani ferous 
lignites 

Phosphates 

Tonnes U* 

4 000 

500 

Grade 

100 ppm 

100 ppm 

Production 
Centre 

* In situ. 

Areas favourable for additional deposits 

The favourable zones for discovery of additional uranium deposits are: 

a) The sedimentary Mesozoic formation of Western Greece which hosts a 
number of uranium occurrences and some small deposits contained in 
marine phosphates. 

b) The tertiary basins of Northern Greece in which uraniferous lignites 
are located. 

c) Some prospects localised in the crystalline basement of the Rodhope 
Massif in NE Greece where Pb, Zn mineralisation may produce uranium 
as a by-product. 

• India • 

URANIUM EXPLORATION 

Historical Background 

The history of organised search for uranium in India dates back to 1949. 
The efforts have led to the identification of fairly sizeable resources and a 
large number of promising uranium belts. The main thrust in exploration 
efforts was in the known uranium province at Singhbhum, Bihar, but towards the 
last decade, efforts were diversified into many other favorable areas. A large 
number of deposits have already been delineated. One deposit at Jaduguda in 
Singhbhum has been exploited since 1962 and many other deposits have been 
earmarked for exploitation in a phased manner to meet the requirements of the 
10 000 MV nuclear power programme envisaged by the turn of the century. 
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• India 

The three past decades also witnessed the development of instrumenta
tion and many field techniques and these efforts have served to provide 
indigenous capabilities and self-reliance. 

As a result of an integrated exploration approach during the last 
decade, many new areas of high uranium potential have emerged, knowledge of 
mineralisation in the known areas has increased, and more resources have been 
proved in some of the previously delineated belts. 

In Western Karnataka, there has been an extensive development of quartz-
pebble conglomerates with uranium, gold and pyrite, located at the base of the 
younger greenstone belts of Shimoga, Chitradurga and Sandur. In the Shimoga 
belt, a horizon of uraniferous chloritic pyrite arenites has been mapped in 
the uppper part of the Lower Proterozoic stratigraphy. 

Quartz-pebble conglomerates with both uraninite and other U-Th minerals 
have also been discovered at the base of the Dhanjori metavolcanics in Bihar 
and in the Gorumahisani iron ore sequence in the bordering areas of Orissa. 
Quartz-pebble conglomerates also occur at the base of the Aravailis in 
Rajasthan and Bijawars in Uttar Pradesh, and bordering Madhya Pradesh. 
Systematic investigations for this type of uranium mineralisation have been 
undertaken in horizons below the Fe, Fe-Hn and the early carbonate formations 
in the Proterozoic succession in India especially in areas of early cratonisa-
tion of the Archaean crust. The exploration has been greatly aided by new geo-
chronological data on granitoids which indicated that many of the granitoids 
hitherto considered "intrusive" are in fact basement granites, possibly 
affected by gravity tectonics. 

Exploration has continued in areas of mineralisation largely controlled 
by shear zones with encouraging results. Of the numerous areas investigated, 
the following, excluding the Singhbhum Thrust Belt, deserve mention: 

i) The andesite-rhyolite province of Dongargarh supergroup in Madhya 
Pradesh, exemplified by the mineralised zones in the Bodal-
Bhandaritola-Pavijhola shear zone. 

ii) The migmatite-amphibolite sequence of the Chotanagpur Gneissic 
complex of the Sarguja (Nadhya Pradesh)-Palamau (Bihar) area, the 
prominent zones of mineralisation being at Jajawal, Dhabi, Binda-
Nagnaha areas along a 120 km long ENE-WSW trending shear zone. 

iii) The belt of Main Central Thrust in the Himalaya, dissecting the 
Lesser Himalaya quartz-metavolcanic sequences and the overthrust 
sheets of the Central Himalayan granites and gneisses especially 
in parts of Himachal Pradesh, Uttar Pradesh and Arunachal Pradesh. 
Large thrusted sheets of the central gneisses and associated 
metasedintents which contain uranium mineralisation, extend south
wards into parts of the Eastern Himalaya. Shear zone mineral
ization in this belt is widespread and has been located in parts 
of Tehri-Garhwal district of Uttar Pradesh and in parts of Sikkim, 
Darjeeling (Vest Bengal) and Arunachal Pradesh. Vein-type mineral
isation filling tension joints, mainly in quartzites, are common 
in many areas all along the thrust zone. 
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• India 

iv) The brecciated and sheared black shale-carbonate sequences of the 
Middle Aravallis near Udaipur, South Rajasthan, underlying major 
phosphorite beds. 

Recent and Ongoing Activities 

Based on contemporary global developments in conceptual geological mod
elling nev thrust areas vere identified in different parts of the country for 
uranium exploration. The programme consisting of 26 projects is veil supported 
by modern laboratories both for direct exploration purposes as well as selected 
research and development efforts directed tovards nev discoveries. As a conse
quence many nev areas of higher uranium potential, viz., the Cretaceous Mahadek 
fluviatile sediments of Meghalaya, Proterozoic limestone of Cuddapah basin, 
Andhra Pradesh, the Precambrian chlorite schists and quartzites of Kasha-Kaladi 
(Rampur Window) Himachal Pradesh have emerged and additional resources have 
been identified from some of the known mineralised provinces. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 
(million) 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

400 240 
54 300 
58 780 
56 040 
62 510 
65 510 
58 210 
84 000 

638 740 
98 540 
104 880 
123 260 
140 170 
175 960 
185 690 
2^ 500 

n.a. 
9 850 
8 670 
10 190 
11 580 
13 430 
12 560 
16 460 

TOTAL 840 490 n.a. 1 718 740 

* Planned. 
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• India 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 

RECOVERABLE RESOURCES* (Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Singhbhum Thrust 
Belt (Bihar) 

Other 

TOTAL 

REASONABLY ASSURED 
RESOURCES 
(RAR) 

Recoverable at costs 
up to betveen 

$80/kg U $80-130/kg U 

35 400 4 010 

5 740 2 140 

41 140 6 150 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 

(EAR - I) 

Recoverable at costs 
up to betveen 

$80/kg U $80-130/kg U 

3 880 1 400 

200 11 840 

4 080 13 240 

* Recoverable from mineable ore. 

Additional conventional resources are anticipated in the following 
geological environments. 

Consequent upon the discovery of uraniferous quartz pebble conglomerates 
at the base of younger greenstone belts of Karnataka, Dhanjori metavolcanics 
in Bihar and in the Gorumahisani iron-ore sequence in Orissa, intensified 
exploratory efforts are being undertaken in similar geological settings. 

Unconformity-related deposits are being looked for in the various 
Proterozoic basins, viz., Cuddapah, Pakhal, Bhima-Penganga, Indravati, 
Abujhmar, Chattisgarh, Kaladgi, Delhi and Bijawars. 

Gondvana basins that occupy more than 100 000 km2 in India are being 
looked afresh in view of emerging conceptual models. The Tertiary Sivalik 
sandstones along the Himalayan foot hills that host more than 300 minor 
uranium shovs and Cretaceous formation of Meghalaya and Mesozoic sediments of 
western India are the other prime targets for sandstone type of uranium 
mineralisation. 

Lesser Himalayas where shear zone mineralisation is widespread and 
parts of peninsular India are other favourable areas for discovery of nev 
resources. 
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• Indonesia • 

URANIUM EXPLORATION 

Historical Review 

The National Atomic Energy Agency (BATAN) started uranium exploration 
activities in the early 1960s. Efforts during the first 10 years were rather 
modest. This changed when the French CEA, and later COGEMA, initiated explo
ration programmes in the early 1970s in Kalimantan (Borneo). Between 1976 and 
1978 the Geological Survey of the FRG carried out a regional reconnaissance 
survey in Western Sumatra. Additional areas surveyed were Northern Sumatra 
(Sibolga), Southern Sumatra, Sulawesi (Kasamba) and Eastern Indonesia 
(Ramsiki). 

BATAN continued uranium exploration through 1986 in the area of Sibolga 
(North Sumatra), where radiometric anomalies occur in Paleogene sediments 
derived from pre-Tertiary granitic terraines. 

Recent and Ongoing Activities 

In 1987, exploration was carried out in small areas of Sibolga as well 
as Kalan (Vest Kalimantan). 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 
(x 1000) 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

32 786 
2 550 
2 700 
4 080 
2 040 
2 000 
2 000 
2 000 

195 
12 
13 
20 
16 
17 
17 
20 

n.a 
n.a 

170 000 
215 000 
72 000 
366 300 
343 600 
320 000 

6 904 140 
874 000 
170 000 
187 000 
52 000 
229 000 
207 000 
183 000 

TOTAL 50 156 310 1 486 000 8 806 140 

* Planned. 
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• Indonesia / • Japan 

In 1988, work at Sibolga has been suspended due to the limited uranium 
potential of the Paleogene sediments. Instead, exploration efforts vere 
concentrated in the vicinity of the Kalan occurrence in Vest Kalimantan. This 
area is referred to as Schvaner region. 

URANIUM RESOURCES 

Indonesia's known uranium resources are located at Kalan, Vest 
Kalimantan, where in 1987 and 1988 an ore reserve estimation has been done. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 

RECOVERABLE RESOURCES* (Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Remaja Sector of 
Kalan 

REASONABLE ASSURED 
RESOURCES 

(RAR) 

Recoverable at costs 
up to between 

$80/kg U $80-130/kg U 

1 000 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 

(EAR - I) 

Recoverable at costs 
up to between 
$80/kg U $80-130/kg U 

-

In situ resources. 

• Japan • 

URANIUM EXPLORATION 

Historical Review 

The National Uranium Exploration Programme started in 1954, when the 
Geological Survey of Japan (GSJ) began the nationwide reconnaissance survey in 
the areas geologically favourable for uranium concentration. In 1956, the 
Atomic Fuel Corporation (AFC), a government corporation, was established, and 
carried out detailed exploration works at the promising localities where GSJ 
discovered radioactive anomalies. These systematic exploration programmes 
resulted in the discovery of the Ningyo-toge deposit in 1956 and the Tono 
deposit in 1962. 
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•Japan 

URANIUM EXPLORATION DATA 

EXPLORATION DRILLING AND TOTAL EXPENDITURES 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

SURFACE DRILLING 

Metres (m) 

399 500 
6 400 
6 200 
5 100 
3 000 
720 
0 
0 

No. of holes 

4 724 
83 
52 
41 
22 
6 
0 
0 

TOTAL EXPENDITURE 

In National 
Currency 
(x 1000 Yen) 

1 423 000 
145 000 
140 000 
120 000 
130 000 
78 000 

0 
0 

In US$* 

(1000 US$) 

5 740 
580 
560 
480 
760 
520 
0 
0 

TOTAL 420 920 4 928 2 036 000 8 640 

* Conversion Rate: Pre-1987: Y300/US$; 1978-81: Y200/US$; 1982-85: Y250/US$; 
1986: Y170/US$; 1987 : Y147/US$; 1988 : Y133/US$; 1989: Y124/US$ 

** Planned. 

AFC was absorbed into the newly established Power Reactor and Nuclear 
Fuel Development Corporation (PNC), a quasi-government corporation, in 1967. 
GSJ completed its nationwide reconnaissance survey covering 200 000 km2 of the 
total 370 000 km2 of Japan in 1975. Since then, however, PNC has continuously 
been engaged in domestic uranium exploration on a small scale. 

So far, more than one hundred localities with positive radioactive 
anomalies have been discovered in Japan, and almost all of these anomalies are 
distributed in and around granite regions of Tertiary to Nesozoic age. Most 
of the located uranium occurrences are not of economic value and can be clas
sified as pegmatitic, vein-type and sedimentary-type. The Ningyo-toge and the 
Tono deposits are representative of Japanese Neogene Tertiary channel-filling 
sandstone type uranium deposits. 

Recent Events and Current Exploration Activities 

During the year 1987, PNC carried out reconnaissance work, which 
consisted of carborne radiometric and geological survey in several regions in 
Japan. 
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• Japan 

However, no significant discovery was reported. PNC also conducted a 
detailed drilling programme at the Tono deposit in order to evaluate the ore 
reserve more accurately. 

The domestic uranium exploration was terminated at the end of 1987. 

EXPLORATION EXPENDITURES IN OTHER COUNTRIES 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

NATIONAL CURRENCY 
OF SPENDING COUNTRY 

(x 1000 Yen) 

29 495 000 
6 055 000 
5 171 000 
5 148 000 
4 619 000 
3 968 000 
2 848 000 
2 248 000 

US$* 

(x 1000 US$) 

180 126 
24 220 
20 684 
20 592 
27 170 
26 450 
21 410 
18 130 

COUNTRIES 

Australia, Canada, 
China, Niger, 
USA, Zimbabve 

* Conversion Rate: Pre-1987: Y300/US$; 1978-81: Y200/US$; 1982-85: Y250/US$; 
1986: Y170/US$; 1987: Y147/US$; 1988: Y133/US$; 1989: Y124/US$ 

** Planned. 

PNC is undertaking uranium exploration in Australia, Canada, China, 
Niger, the USA and Zimbabve. Most of these activities are conducted by 
establishing joint ventures with foreign companies or the government of the 
country where exploration is carried out. 

Four private companies of Japan are involved in uranium exploration 
activities in such countries as Australia, Canada and Niger. 

URANIUM RESOURCES 

Numerous radioactive anomalies have been found in various geologic 
environments throughout Japan. The distribution of major uranium concentra
tions are related to granitic masses, and their occurences are restricted to 
areas where large granitic bodies are present. 

Tono Area 

The Tono area comprises four uranium ore bodies. The largest one is 
the Tsukiyoshi deposit. The host rock consists exclusively of the Miocene 
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lignite-bearing Toki Formation. The major lithologies of this formation are 
conglomerate, sandstone and siltstone. Large amounts of acidic volcanic ash 
are present in and above the formation. The basement of the area consists of 
Late Cretaceous to Early Tertiary granite. The ores occur in the small up
stream channels, where they were incised into the granitic basement, rather 
than in the larger main channel and major basin. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL 
DEPOSITS 

OR 
DISTRICTS 

Ningyo-toge ) 
} 

Tono } 

TOTAL 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at costs 
up to S80-130/kg U 

6 600 

6 600 

A toial of 15 X for mining and processing losses 
has been deducted. All these resources occur in 
sandstones. 

Ningyo-toge Area 

The Ningyo-toge deposits include five comparatively large ore bodies 
and seven small prospects. The uranium is concentrated in the basal part of 
the host rocks which are Upper Miocene to Lower Pliocene (Tertiary) non-marine 
lake or f luv ia t i l e sediments of conglomerate, arkose and sandstone deposited 
on the peneplaned Late Cretaceous grani te . Primary uranium minerals are 
ningyoite, uraninite and coffinite in the unoxidized zone and secondary 
minerals are mainly autunite. 

Additional, undiscovered, uranium deposits may exist in non-marine 
probably f luv ia t i l e , undisturbed and unconsolidated sediments on granite 
basements around the Ningyo-toge and Tono areas. 

URANIUM PRODUCTION 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

TOTAL 

Tonnes U 
(in concentrate) 

58 
4 
4 
7 
6 
8 
0 
0 

87 
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INSTALLED CAPACITY AND REACTOR RELATED URANIUM REQUIREMENTS 

YEAR INSTALLED CAPACITY* REACTOR RELATED EXPECTED SAVINGS FROH 
(GVe) REQUIREMENTS RECYCLING OF 

(TONNES U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

25.8 
28.0 
(28.0)** 
(29.8)** 
(31.5) 
(33.3) 
(35.2) 
(37.0) 
(38.9) 
(40.7) 
53.0 

* Installed capacity at year-end. 
** Figures in parentheses are interpolated estimates. 

Description of Production Centres 

The test pilot plant with a capacity of 50 tonnes ore per day was 
constructed at the Nir.gyo-toge mine in 1969 by PNC. The operation ceased in 
1982 with a to ta l production of 45 tonnes U. In 1378, the vat leaching test 
of the Ningyo-toge ore began on a small scale with a maximum capacity of 
12 000 tonnes ore per year, consisting of three of 500 tonnes ore vats . The 
vat leaching test was Terminated at the end of 1987. 

NATIONAL POLICIES 

Policy Pertaining to Foreign and Private Participation 

Since 1975, there has been no differentiat ion between uranium and other 
minerals under the Japanese Mining Law and regulations. Prospecting for, and 
development of, uranium in Japan is open to private companies incorporated in 
Japan. However, no commercial company has explored for uranium in Japan. 

Policy on Activities in Foreign Countries 

Japan's policy for middle- and long-term periods i s to secure natural 
uranium by long-term supply contracts, to explore independently for uranium 
resources and to increase the percentage of U-resources resulting from own 
exploration efforts , and to participate in management of development, taking 

4 800 
6 000 

(6 400)** 
(6 600)** 
(6 900) 
(7 100) 
(7 300) 
(7 600) 
(7 800) 
(8 000) 
9 200 
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DISTRIBUTION OF MAJOR GRANITIC BODIES 
AND URANIUM DEPOSITS IN JAPAN 

T»eton/c lint 

PrtMlocmt grtnllt 

x U-d»posits 
1 ; Jono 
2 ; Nlngyo-log* 

into consideration the possibilities of diversifying the supplier countries 
and areas. Activities both within Japan and in foreign countries are 
administered by the Science and Technology Agency and the Ministry of 
International Trade and Industry. 

National policy of the Japanese government for uranium exploration 
activity in overseas area is as follows. Firstly, it budgets a certain amount 
for uranium exploration in every year, through the Science and Technology 
Agency, to the Power Reactor and Nuclear Fuel Development Corporation which is 
in charge of conducting uranium exploration. Secondly, it allocates a budget, 
through the Ministry of International Trade and Industry, to the Metal Mining 
Agency to finance to the private sector half the necessary amount of funds to 
execute uranium exploration projects under the condition that the financed 
funds by the government should be refunded vith an interest unless such a 
project is not economically exploitable. 

Uraniua Import Policy 

The import of uraniun is the responsibility of the private utilities 
who own nuclear power stations. Prior permission by the Government, based on 
the foreign exchange and foreign trade control lav, is required for the import 
of radioactive materials and substances. However, the Government's policy is 
to continue diversification of uranium supply. 
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• Japan / • Jordan 

Uranium Stockpile Policy 

Japanese utilities have inventories equivalent to about tvo years 
forward uranium requirement mainly in fabricating facilities and nuclear plant 
sites. 

• Jordan • 

URANIUM EXPLORATION 

Historical Review 

An airborne radiometric survey over the entire country had outlined 
radiometric anomalies in Ordovician sandstones. Based on this, the Natural 
Resources Authority (NRA) of the Ministry of Energy and Mineral Resources with 
the support of the IAEA carried out a study on the uranium potential of Jordan 
in 1986. This resulted in the selection of 6 000 km2 covering both Precambrian 
basement and Cambrian sedimentary areas as targets for a multi-year exploration 
programme. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

1988 - 81 900 227 000 
1989* - - 148 000 260 000 

TOTAL 229 900 487 000 

* Planned. 
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• Jordi 'an 

Recent and Ongoing Activities 

In 1988, NRA commenced detailed exploration over the selected area, 
using ground radiometrics, geochemical stream sediment sampling as veil as 
mapping techniques in both regional (1 : 50 000) and detailed (1 : 10 000) 
scales. The results of this work led to a definition of two Th-U-anomalies. 

Plans for 1989 include the assessment of areas underlain by Precambrian 
basement rocks as veil as by Cambrian and Ordovician sandstones. 

URANIUM RBSOURCBS 

Jordan has no known conventional uranium resources. 

Unconventional uranium resources in the range of 125 000 tonnes U occur 
in phosphates of Upper Cretaceous and Eocene age covering a total of 
52 000 km3 equivalent to 60 per cent of the country. A detailed listing of 
these sources is summarised in the following table. 

UNCONVENTIONAL URANIUM RESOURCES 

REGION 
PHOSPHATE 
RESERVES 
(Mill, t) 

AVERAGE 
U-GRADE 
(g U/t) 

U-C0NTENT 
(t U) 

Ruseifa 
El Hassa 
El Abiad 
Shidiya 

69 
133 
167 

1 186 

150 
100 
100 
70 

10 350 
13 300 
16 700 
83 020 

TOTAL 123 370* 

* In situ. 
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• Republic of Korea • 

URANIUM BXPLORATION 

Historical Review 

Since the mid-1950s, the government has conducted intermittent explora
tion activities mainly in the areas underlain by sedimentary rocks along the 
peninsula. The outcome of these activities is the discovery of some uranium 
occurrences, which include a uraniferous marine black shale formation in 
central Korea and a stratabound mineralisation in the Kyonggi metamorphic 
terrain. 

These targets as well as an additional occurrence in Cretaceous 
sandstones, were further assessed in the early to mid-1980s. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983* 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

SURFACE 

Metres (m) 

42 393 
8 465 
2 700 
4 080 
2 040 
2 000 
2 000 
2 000 

61 960 

DRILLING 

No. of holes 

256 
48 
29 
12 
4 
4 
4 
14 

371 

TOTAL EXPENDITURE 

In National 
Currency 
(million) 

1 490 
380 
250 
190 
70 
250 
250 
250 

3 130 

2 

4 

In US$ 

565 000 
477 000 
302 000 
213 000 
81 000 
315 000 
333 000 
347 000 

633 000 

* Includes expenditures made between 1976-1982. 
** Planned. 
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• Republic of Korea 

Recent and Ongoing Activities 

In 1987 and 1988, the Korea Institute of Energy and Resources (KIER) 
has explored mainly two areas: the Bonapsan area, which has a potential for 
unconformity-related deposits, and the Buncheon area with uranium indications 
in a Precambrian granite. 

While the investigations at Bonapsan are confined to an area of some 
3 km2, semi-detailed work over 1 500 km2 was done at Buncheon. This project is 
being financially supported by the Korea Electric Pover Corporation (KEPCO). 

Activities in Other Countries 

KEPCO also participates in overseas exploration activities; between 
1977 and 1983 in Paraguay in a joint venture with the Taiwan Power Corporation 
and the Anschutz Corporation, and currently in Canada, Gabon and the USA. 

In Canada, KEPCO is a partner in the Dawn Lake (4.5 percent) and Cigar 
Lake projects (2 per cent) and Daewoo Engineering Co. participates with 1 per 
cent in the Kiggavik project. In Gabon, KEPCO holds a 41 percent share in the 
Nord Leyou project and in the U.S., a 20 per cent participation in Crow Butte. 

EXPLORATION EXPENDITURES IN OTHER COUNTRIES 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

NATIONAL CURRENCY 
OF SPENDING COUNTRY 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

US$ 

16 384 000 
3 295 000 
1 177 000 
257 000 
43 000 
5 000 
48 000 
134 000 

COUNTRIES 

Gabon, Paraguay 
Gabon, Paraguay 
Canada, Gabon 
Canada, Gabon 
Canada, Gabon, USA 
Canada, Gabon, USA 
Canada, Gabon, USA 
Canada, Gabon, USA 

* Planned. 

URANIUM RESOURCES 

The Republic of Korea is again reporting uranium resources in black 
shales as conventional resouices which in the previous report were listed as 
unconventional resources. 
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• Republic of Korea 

The basic uranium procurement strategy of KEPCO is to secure supplies 
through medium and long term contracts, spot market purchases and through the 
participation in production joint ventures. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U)* 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Ogcheon 

TOTAL 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

-

-

Recoverable at 
costs between 
$80-130/kg U 

11 800 

11 800 

ESTIMATED ADDITIONAL RESOURCES 
CATEGORY I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

-

-

Recoverable at 
costs between 
$80-130/kg U 

3 000 

3 000 

* As recoverable resources. 

URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

YEAR INSTALLED CAPACITY REACTOR RELATED EXPECTED SAVINGS FROM 
(GVe) REQUIREMENTS RECYCLING OF 

(Tonnes U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

4.8 
5.7 
6.7 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
8.6 
12.3 
12.3 

1 190 
1 390 
840 

1 040 
1 070 
1 270 
1 470 
1 620 
1 420 
1 880 
1 820 
1 820 
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• Republic of Korea 

URANIUM STOCKS AND INVENTORIES 

The Republic of Korea reports the following stocks held on 1st January 
1989. 

a) Natural uraniua stocks (tonnes) 

In concentrate Refined Total 
(A) (B) (A + B) 

User Stocks 300 - 300 

TOTAL 300 

b) Depleted uranium stocks 

Tonnes U 

User Stocks 125 

TOTAL 

X 2 3 5 U 

0.25 

Natural U 
Equivalent 

12 

12 

The required utility stock level is one year forward reactor consump
tion. At present, however, uranium stocks are below this required level, and 
it is expected that vhe stocks will reach this by 1991. 

223 



• Malaysia • 

URANIUM EXPLORATION 

Historical Review 

Peninsular Malaysia 

Uranium mineralisation vas first discovered in 1928, in the Fraser's 
Hill area where torbernite vas found associated vith tin mineralisation. In 
late 1950 Anglo-Oriental conducted uranium exploration in Ulu Selangor and 
Pahang, but the results were poor. Betveen 1956 and 1957 the Geological 
Survey Department (GSM) under the auspices of the Colombo Plan, undertook a 
preliminary assessment of the uranium potential of Malaysia in conjunction 
with an airborne geophysical survey for iron and tin. This magnetometer and 
scintillation counter survey vas conducted over six selected areas totalling 
some 41 000 km2. Subsequently, in 1975, a reconnaissance assessment of the 
uranium potential of central Peninsular Malaysia vas jointly undertaken by the 
GSM and AGIP Nucleare Australia. However, systematic exploration for uranium 
only commenced in mid-1977 vhen the Central Belt Project, now known as the 
Regional Mineral Exploration Project, a regional geochemical sampling pro
gramme, was launched with technical assistance from the Canadian International 
Development Agency (CIDA). This programme, which for the first time incorpo
rated uranium analyses of geochemical samples, has continued to assume an 
important role in assessing the mineral potential of the Project area covering 
some 31 000 km2 in north-central Peninsular Malaysia. To complement this 
geochemical survey, a helicopter-flown spectrometrie and magnetometer survey 
vas conducted over the Project area betveen April and November 1980. 

Many anomalous areas with uranium potential have been identified, 
mainly through the Central Belt Project. A multi-phase follow-up survey 
involving detailed stream sediment sampling, soil sampling, radiometric 
mapping and radon gas emanometry was undertaken in 1983 by the GSM over one 
such particular area, the Sok prospect, in Kelantan. Besides base and 
precious metal mineralisation, uranium mineralisation has been discovered 
within this prospect. The uranium mineralisation is granite-hosted, and 
exists in the form of uraninite as well as the uranium-bearing phosphates, 
rhabdophane and florencite. 

Sarawak 

Initial exploration was done by the Power Reactor and Nuclear Fuel 
Development Corporation of Japan (PNC) in 1972, using hydrogeochemical methods 
(stream water) along part of the Kuching-Simanggan road. This survey was 
continued by the Geological Survey which sampled the streams crossed by the 
road between Balai Ringin and Simanggang. Additional hydrogeochemical work 
was carried out in the Kumpang area. 
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AGIP Nucleare in 1975 made some geological studies and radiometric 
measurements vere carried out along the main road in West Sarawak. 

Between 1979-1981, the Geological Survey investigated an area of about 
8 000 km2 in Vest Sarawak with heavy mineral and radiometric methods. No 
uranium occurrences so far have been recorded in Sarawak. 

TOTAL EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National* 
Currency 

M $ Million 

In US$ 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

14.63 
.47 
.65 
.83 
,87 
.68 
,85 

1.85 

3 200 000 
635 000 
705 000 
738 
725 
665 

000 
000 
000 

680 000 
684 

8 032 

000 

000 TOTAL 26.83 

* Includes expenditure for the entire Regional Mineral Exploration Project. 
Uranium exploration is only a part of its activities. In 1987 and 1988 
uranium related expenditures amounted to about M$100 000 per year, 
equivalent to about US$40 000 and US$37 000 for 1987 and 1988 respectively. 

** Planned total uranium related expenditures are estimated at M$100 000. 

Recent and Ongoing Activities 

The Regional Mineral exploration Project of the GSM covered in 1987 and 
1988 about 1 000 km2 and 250 km2 respectively in the Central Belt of 
Peninsular Malaysia by reconnaissance geochemical methods (stream sediments, 
stream water, rock samples and heavy mineral concentrates). 

In addition, detailed follow-up work in over 2 km2 of the Sok area, 
Kelantan, continued in 1987 under guidance of an IAEA expert About half of 
this area was scheduled for further work and covered by soil geochemistry in 
1988. 
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• Malaysia I • Mauretania 

Plans for 1989 include the continuation of the reconnaissance in the 
Central Belt area as veil as the continuation of the follov-up in the Sok area. 

Exploration expenditures incurred on uranium activities through 1988 
and estimates for 1989 are compiled in the above table. 

URANIUM RESOURCES 

To date there are no reportable uranium resources known in Malaysia. 

Uranium occurrences include: 

a) A thin chloritised radioactive shear zone in granite at Papan 
Quarry, Perak. No specific U mineral has been identified. 

b) Torbernite associated with cassiterite in fractures in granite, in 
the Fraser's Hill area. 

c) Traces of uranium with opaline silica in granite from Templer Park, 
Selangor. 

d) Traces of uraninite in a granite at the Hong Fatt mine near Kuala 
Lumpur, Selangor. 

e) A two-meter wide radioactive quartz vein emplaced in granite in the 
Sok area. It contains U-bearing rhabdophane and florencite. In the 
same area, a radioactive shear zone also in a granite was found 
minalised vith uraninite, molybdenite, pyrite, galena, allanite, 
magnetite and chalcopyrite. 

• Mauretania • 

URANIUM EXPLORATION 

Historical Reviev 

The first uranium exploration project was carried out in 1959 by the 
Commissariat a l'Energie Atomique in the area of the Ogmane anticline. 
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• Mauretania / • Mexico 

Following the discoveries of surficial type uranium deposits in Western 
Australia, uranium exploration was initiated in the R'gueibat range by Total 
Coapagnie Francaise de Petrole, over two permits (A 22 and A 26) covering a 
total of 164 000 km2, divided into four blocks (Chami, Bir Moghrein, 
Nouadhibou and Ghallamane). Subsequently two joint ventures covering the 
permits A 22 and A 26 were formed consisting of the following partners and 
participating interests: 

A 22 A 26 

Total 702 50* 
Societe Hauritanienne de Recherches Minieres 202 20* 
CEA 102 10Z 
Tokyo Uranium Development Company - 20% 

In 1975 the total area was reduced to five blocks totalling 25 000 km2 

in the permit A 22 and one block of 16 000 km2 in the permit A 26 and these 
joint ventures were modified after the foundation of Minatome S.A. and COGEMA 
and tha new partnerships conisted in A 22 of Minatome (90 per cent) and COGEMA 
(10 per cent) and in A 26 of Minatome (70 per cent), COGEMA (10 per cent) and 
Tokyo Uranium Development Corp. (20 per cent). These joint ventures held the 
areas through 1983. 

Actual work on these permits was done between 1972-1975 and again in 
1981 and aimed at the evaluation of surficial type deposits (R'gueibat range) 
and of occurrences in the Precanbrian basement, where radioactive anomalies 
were found associated with syenites and granites (Bir En Nar, Tigismat, 
Tenebdar). In 1983, all uranium exploration activities were suspended. 

Detailed information on incurred exploration expenditures are not 
available. 

• Mexico • 

Mexico did not submit any information on uranium exploration and 
resources to this repo:t. 

For a detailed submission on these areas, reference is made to the Red 
Book 1986. 
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• Mexico I • Morocco 

URANIUM REQUIREMENTS 

URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

YEAR INSTALLED CAPACITY* REACTOR RELATED EXPECTED SAVINGS FROM 
(GVe) REQUIREMENTS RECYCLING OF REPROCESSING 

(TONNES U) PRODUCTS (TONNES 
(NATURAL U EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

-
-
-
0.65 
0.65 
0.65 
0.65 
1.30 
1.30 
1.30 
1.30 
1.30 

-
-
-
145 
112 
98 
98 
268 
211 
223 
216 
216 

-
-
-
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

* Installed capacity at year-end. 

• Morocco • 

URANIUM EXPLORATION 

Historical Reviev 

Exploration was carried out by the French Commissariat a 1' Energie 
Atomique (CEA), and in collaboration with the Department of Mines (BRPM), 
between 1946 and 1953. A joint Moroccan-French company (SOMAREM) carried on 
exploration between 1953 and 1956. In 1970 a radiometric reconnaissance 
survey of 1 800 km2 was conducted by the United Nations and the BRPM. 

After 1974 the BRPM increased its effort. Two areas, were selected for 
further study. A reconnaissance programme was performed over the Permo-
Triassic of the Haute Moulouya and numerous anomalies were found at the base 
of the Triassic, and tested by core drilling. In the Haut Atlas Occidental, a 
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• Morocco 

uraniun-bearing sandstone horizon was discovered in the Cretaceous continental 
sequence of Imin Tanout (Marrakesh Province) and a drilling programme was 
undertaken along the 15 km long outcrops showing radioactive anomalies. 

In 1979 and 1980, exploration activities continued in the Cretaceous of 
the Haut Atlas Occidental, in the Permo-Triassic of the Haute Moulouya and in 
the Precambrian areas of the Anti-Atlas. A geochemical programme to inves
tigate the basement of the Nord Hesetien was carried out with the assistance 
of the IAEA. Another IAEA assisted programme surveyed the area of the 
Boutonniere de Bou Azzer El Graara. 

During 1981 and 1982, exploration in the continental Cretaceous rocks 
of the High Atlas mountains (Marrakesh Province) continued. Elsewhere, pros
pecting was carried out in the Ouarzazate Tertiary Basin, near the middle 
reaches of the Moulouya River, and in the Precambrian areas of the Anti-Atlas. 
Carborne reconnaissance was conducted in north-east Morocco. 

Due to budgetary constraints in 1983 and 1984, a planned aerial spectro
meter survey of the Haut Atlas Occidental was postponed. Instead, some geology, 
radiometrics and drilling were carried out in selected areas in the Anti-Atlas. 

In 1985 a geophysical helicopter survey using magnetometrie, electro
magnetic and spectrometric methods was carried out over an area of 8 000 km2 

in the High Atlas in the search for both uranium and base metals. This 
resulted in the discovery of numerous U and U-Th anomalies. 

IPIANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE 

Metres (m) 

25 300 
-
250 
-
-
_ 
-
-

25 550 

DRILLING 

No. of holes 

201 
-
3 
-
-
_ 
-
-

204 

TOTAL 

In Nationa] 
Currency 

(DH) 

n.a. 
n.a. 
n.a. 

1 800 000 
250 000 
200 000 

-
-

2 250 000 

EXPENDITURE 

.* In US$ 

2 500 000 
n.a. 
n.a. 

200 000 
28 000 
24 000 
-
-

2 752 000 

* Incomplete as regards the number of drillholes and exploration expenditure. 
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• M o r o c c o 

Recent and Ongoing Activities 

The anomalies detected by the 1985 helicopter survey were evaluated in 
1984 and 1987. The results were discouraging as not economic U-concerntation 
vere found, and further work not envisaged. 

URANIUM RESOURCES 

There are no known conventional uranium deposits in Morocco. 

However, numerous uranium occurrences are known in the Anti-Atlas, the 
Haute Atlas Occidental et Central, the Meseta and Moyen Atlas and the Haute 
Molouya. Geologically, these occurrences are mainly associated with 
Precambrian, Cambrian and Palaeozoic granites and sediments ranging in age 
from Cambrian to Cretaceous. 

Speculative Resources estimated by the 1983 IUREP Orientation Phase 
Mission vere in the 70 000 to 180 000 tonnes U range. 

In addition, there are very large resources of uranium contained in 
phosphate deposits, as compiled below: 

UNCONVENTIONAL AND BY-PRODUCT SOURCES 

DEPOSIT NAME 

Oulad Abdoun 

Gantour 

Oued Eddahab 

Meskala 

LOCATION 

Khourigba 

Youssoufia 
Ben Guerir 

Boucraa 

Essaouira 

DEPOSIT TYPE 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

TONNES U 

3 220 000 

966 000 
240 000 

57 000 

2 043 000 

GRADE 

120 g U/t 

130 g U/t 
180 g U/t 

60 g U/t 

100 g U/t 

Currently, there are no firm plans to recover uranium as by-product 
from phosphates. 
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• Namibia** 

URANIUM EXPLORATION 

Historical Review 

The presence of uranium mineralisation, in association with pegmatitic 
granites in the Damara mobile belt, has been known since the turn of the 
century. In particular, uranium mineralisation at the Rossing deposit has been 
known since 1928 and extensive prospecting activities, which commenced in 
1966, culminated in the establishment of a major producing mine in 1976. A 
number of smaller occurrences of uraniferous granite have also been located. 

Since the early 1970' s the potential of the extensive, but lov-grade, 
uraniferous surficial type deposits has been recognised. However, indications 
are that some of these deposits may be viable, should market conditions 
improve. 

URANIUM EXPLORATION DATA* > 

YEAR AERIAL RADIOMETRIC SURFACE TOTAL EXPLORATION 
SURVEYS DRILLING EXPENDITURES 
(km*)") (n) ($) 

Pre-1983 351 848 303 726 15 522 000 
1983 n.a. n.a. n.a. 
1984 n.a. n.a. n.a. 
1985 n.a. n.a. n.a. 
1986 n.a. n.a. n.a. 
1987 n.a. n.a. n.a. 
1988 n.a. n.a. n.a. 

TOTAL 351 848 303 726 15 522 000 

a) 0ECD (NEA)/IAEA: "Uranium Resources, Production and Demand", Paris, 1982. 

b) Airborne Surveys Line Spacing = 1 km. Other surveys include geological 
mapping, ground radiometric, radon and geochemical surveys at line or grid 
spacings varying between 0,02 and 5 km. 

* Prepared by IAEA. 
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• Namibia 

The occurrence of uranium at a few localities underlain by Karoo 
sediments has been known since the early 1970's. In particular, a deposit in 
the Engo Valley has been actively assessed. 

Exploration Activities 

Exploration for uranium in Namibia has been directed mainly at two 
types of deposit, namely alaskitic granites and younger surficial elements 
whiih fill palaeodrainage channels. A summary of exploration activities and 
expenditures through 1983 is shown in the preceding table, more recent 
information is not available. 

URANIUM RESOURCES 

Granitic Deposits 

The geological history leading to the formation of granitic deposits of 
the Rossing type is briefly as follows: arenaceous sediments of the Nosib 
Group were emplaced into an Archaean basement and subsequently overlain by the 
pelitic and chemical sediments of the Svakop Group. These Groups make up the 
Damara Supergroup and were subjected to high-grade metamorphism during the 
500-600 Na Pan African event. Extensive granitisation and granitic intrusion 
occurred. The red granite-gneiss suite, derived from both the basement and 
Nosib rocks, and the Salem granitoid suite, derived from the Swakop rocks, 
were thus formed. Although these granites may contain anomalous concentrations 
of uranium, it is the late phase differentiates of the red granite-gneiss 
suite, viz., alaskitic granites, which host the uranium mineralisation. In all 
cases the deposits are associated with anticlinal or dome-like structures and 
their sizes and grades have largely been controlled by the first marble band 
in the Swakop Group which acted as a trap for the intrusive alaskite^s. 

The uranium concentrations in these deposits are erratic and may range 
from trace amounts to 1.0 per cent U, but with a comparatively low average 
tenor of around 0.03 to 0.04 per cent U. Uraninite is the principal uranium 
mineral. The Rossing deposit is the chief component of the resource estimates 
presented below and to date has accounted for 100 per cent of Namibia's 
uranium production. 

Surficial Deposits 

The granites which developed during the Damara orogeny provide an 
excellent uranium source rock and local conditions provide the right environ
ment for the formation of uranium deposits of the surficial calcrete and 
gypcrete type. Uranium is dissolved during weathering of the granitic and 
gneissic suites, moved by water through the drainage system, and deposited, 
through evaporation and/or chemical means, as carnotite in calcretes and 
gypcretes in paleodrainage channels. 
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• Namibia 

The uranium concentrations in surficial deposits are erratic and may 
range from trace amounts to 10 per cent U. The average grade of these deposits 
is, however, low, generally in the range of 0.05 to 0.30 per cent U. The ura
nium is commonly in disequilibrium. The deposits are shallow, to around 
75 metres deep. 

Karoo Deposits 

The deposits in the Karoo sediments have a lesser significance. A 
deposit of interest occurs in sediments of the basal Dwyka Formation in the 
Engo Valley on the Skeleton Coast. The small size and isolated location of 
this deposit make it uneconomic in present conditions. 

Namibia's resource position subdivided for types of known uranium 
deposits is summarised in the following tables. 

Geologically Favourable Areas 

The geological environments described in the previous sections are 
favourable targets for additional uranium deposits. However, large tracts of 
the Namib desert are covered by a thick layer of aeolian sand which could 
conceal such targets. 

URANIUM RESOURCES RECOVERABLE at $80/kg U and $130/kg U 
AS OF 1ST JANUARY 1981*,** 

(Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Granitic rocks 

Karoo and 
younger 
surficial 
sediments 

TOTAL 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

64 900 

26 000 

90 900 

Recoverable at 
costs between 
$80-130/kg U 

9 000 

7 000 

16 000 

ESTIMATED ADDITIONAL RESOURCES 
CATEGORY I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

15 000 

15 000 

30 000 

Recoverable at 
costs between 
$80-130/kg U 

21 000 

2 000 

23 000 

* 0ECD(NEA)/IAEA: "Uranium Resources, Production and Demand", Paris, 1982. 
** Adjusted for productions and estimated productions 1981-1988. 
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URANIUM RESOURCES RECOVERABLE AT $130-260/kg U - AS OF 1ST JANUARY, 1981* 
(Tonnes U) 

ROCK TYPE 

Granitic rocks 

Karoo and younger 
surficial sediments 

TOTAL 

RAR 
$130-260/kg U 

5 000 

4 000 

9 000 

EAR** 
$130-260/kg U 

7 000 

8 000 

15 000 

TOTAL 

12 000 

12 000 

24 000 

* OECD(NEA)/IAEA: "Uranium Resources, Production and Demand", Paris, 1982. 
** Equals EAR-I. 

URANIUM PRODUCTION 

The Rossing mine, the only uranium producer in Namibia, came on stream 
in mid 1976 but reached its full capacity of about 4 250 tonnes U p.a. in the 
beginning of 1979. The present production is estimated at 3 200 tonnes U p.a., 
or about 8.5 per cent of the W0CA production. The plant with a capacity of 
processing some 40 000 tonnes of ore per day, is the world's largest uranium 
processing plant. 

The production statistics of Namibia from pre-1983 to 1989 are shown in 
the following table. 

YEAR TONNES U IN CONCENTRATE 

Pre-1983* 21 260 
1983** 3 800 
1984** 3 700 
1985** 3 400 
1986** 3 300 
1987** 3 200 
1988** 3 200 
1989** 3 200 

TOTAL 45 060 

* 0ECD(NEA)/IAEA: "Uranium Resources, 
Production and Demand", Paris, 1982. 

** Secretariat estimate. 
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SHORT-TERM PRODUCTION CAPABILITY 

PROJECTION I 
(Tonnes U per year) 

Supported by Resources at up to $80/kg U 

Existing and Committed 
YEAR 

A B Total 
RAR and EAR-I Unconventional Resources 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 

-
-
-
-
-
-
-
-
-
-
-
-

3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 

SHORT-TERM PRODUCTION CAPABILITY 

PROJECTION II 
(Tonnes U per year) 

Supported by Resources at up to $130/kg U 

Existing and Committed 
YEAR 

A B Total 
RAR and EAR-I Unconventional Resources 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
•2000 
2005 

3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
1 500 
3 500 

-
-
-
-
-
-
-
-
-
-
-
-

3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
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Short-term production capability projections, based on RAR and EAR-I 
recoverable at costs of up to US$80/kg U and up to US$130/kg U, were estimated 
by the IAEA Secretariat. 

• Netherlands • 

The Netherlands has no uranium resources and is not currently under
taking any uranium exploration. 

URANIUM REQUIREMENTS 

YEAR INSTALLED CAPACITY* REACTOR RELATED EXPECTED SAVINGS PROM 
(GWe) REQUIREMENTS RECYCLING OF 

(TONNES U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1.993 
1994 
1995 
2000 
2005 

0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
_ 

95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
-

-
-
-
-
-
6 
14 
24 
29 
29 
29 
_ 

* Installed capacity at year-end. 
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URANIUM STOCKPILES 

a) Natural uranium stocks (Tonnes U) 

In concentrate 
(A) 

User stocks 

* UP6 

b) Enriched uraniua stocks 

Tonnes U 

User stocks 2.5 

c) Depleted uraniua stocks 

Tonnes U 

Producer stocks 4 840 

d) Reprocessed uraniua stocks 

Tonnes U 

User stocks 5.8 

• Netherlands 

AND INVENTORIES 

Refined Total 
(B)* (A + B) 

70 70 

X 2 3 5 U Natural U 
Equivalent 

3.29 18 

X 2 3 5 U Natural U 
Equivalent 

0.2-0.3 520 

X 2 3 5 U Natural U 
Equivalent 

2.75 16 
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e) Reprocessed plutoniua stocks 

Kilogram Pu Natural U 
Equivalent 

Reprocessor stocks* 26.9 kg fissile Pu 

* Quantity disengaged after reprocessing of defective fuel assemblies in 
France. 

f) Required utility stock levels 

The Dutch uranium stocks are currently above the required levels of 
approximately 5 years of forward reactor consumption. The stocks would be 
brought down to the levels by about 1996. 

EXPORT AND IMPORT POLICIBS 

Uranium Bxport Policy 

A uranium export policy is relevant only to exports of enriched 
uranium. Such exports are bound by the Netherlands' obligations with respect 
to non-proliferation. 

Uranium Import Policy 

There are no tariff or non-tariff barriers with respect to the import 
of uranium products. Imports are regulated through the Supply Agency of the 
European Community (Euratom). 
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URANIUM EXPLORATION 

Historical Reviev 

Uranium exploration in Niger was started by the French Commissariat a 
l'Energie Atomique (CEA) which first concentrated on the granites of the Air 
Massif but by the end of the 1950s had switched to the sedimentary formations 
of the Tin Mersoi basin. 

Uranium was discovered in the Arlit region in 1965 which led to further 
development work and the formation in 1968 of the Societe des Mines de l'Air 
(SOMAIR) to exploit the deposit discovered. This was followed by an explora
tion programme to the southwest of Arlit and in 1972 the Akouta deposit was 
confirmed. The Compagnie Miniere d' Akouta (COMINAK) was formed in 1974 to 
exploit this deposit and mining started in 1978. 

Following the discovery of these two deposits, several joint ventures 
were formed resulting in the discovery of the Imouraren, Afasto-Ouest, 
Abkrorum Azelik and Ami deposits. The Societe Miniere de Tassa N'Taghalgue 
(SMT) was formed in 1979 to exploit the Ami deposit. 

Prospecting activities slowed down in 1981 and 1982 and some exploration 
concessions were cancelled. Work, however, still continued within the 
Imouraren and Afasto-Ouest joint ventures (COGEMA-CON0CO-0NAREM and 
COGEMA-OURD-ONAREM respectively) and also on the Abkrorum Azelik concession 
(IRSA-ONAREM) and the Sekiret concession (PNC-ONAREM). 

The Afasto-Ouest partners presented a feasibility report in March 1982 
demonstrating the existence of a deposit of 25 000 tonnes of Reasonably 
Assured Resources and 60 000 tonnes of EAR-I. 

Between 1983 and 1986, exploration concentrated on the Abkrorum Azelik 
and Sekiret licence areas. 

Recent and Ongoing Activities 

In 1987 and 1988, exploration activities decreased. Drilling for 
example, declined from over 23.5 km in 1986 to 10 km in 1987 and 2.2 km in 
1988, and exploration licences amount to 5400 km2 in 1988 as compared to 
7 390 km* in 1987. 
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URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

TOTAL 

SURFACE 

Metres (m) 

1 134 302 
20 000 
11 000 
21 765 
23 589 
10 151 
2 248 
n.a. 

1 233 055 

DRILLING 

No. , of holes 

1 647* 
55 
36 
87 
90 
35 
8 

n.a. 

TOTAL EXPENDITURE 

In National* 
Currency 
(million) 

n.a. 
n.a. 
384.2 
956.0 

1 903.0 
1 463.0 

n.a. 
n.a. 

In US$ 

168 589 000 
4 890 000 
879 000 

2 130 000 
5 497 000 
4 870 000 

n.a. 
— 

* Incomplete data. 

URANIUM RESOURCES 

All known uranium deposits are contained in fluvial and fluvial-deltaic 
sandstones ranging in age from Carboniferous to Cretaceous. Mineralisation 
includes both tetravalent and hexavalent uranium minerals. The average grades 
of the deposits are: 

Arlit and Ami 
Akouta 
Imouraren 
Afasto-Ouest 
Abkrorum 

0.25 7. U 
0.42 % U 
0.05 % U 
0.25 % U 
0.20 % U 

The RAR and EAR-I resources recoverable at cost of $130/kg U or less 
are shown in the following table. 

No information regarding the EAR-II and Speculative Resources are 
available. 
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URANIUM RESOURCES - AS OP 1ST JANUARY 1989* 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

173 706 

Recoverable at 
costs between 
$80-130/kg U 

2 200 

ESTIMATED ADDITIONAL RESOURCES 
CATEGORY I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

283 600 

Recoverable at 
costs between 
$80-130/kg U 

16 700 

* In situ. 

URANIUM PRODUCTION 

Present Status of Production 

Uranium production in Niger began in 1971 when the SOMAIR plant at Arlit 
was brought into operation. In 1978, the SOMAIR plant produced 1 710 tonnes 
while the COMINAK plant at Akouta came on stream. At present, the SOMAIR and 
COMINAK production centres have annual nominal capacities of 2 300 tonnes and 
2 000 tonnes U, respectively. In view of the depressed world uranium market, 
however, actual production decreased to approximately 3 000 tonnes U total. 
Details of the uranium production from both centres are given in the following 
table. 

URANIUM PRODUCTION 

Tonnes U (in concentrate) 

SOURCE OF PRODUCTION 
YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Conventional 
Resources 

25 027 
3 426 
3 276 
3 181 
3 110 
2 957 
3 015 
n.a. 

Unconventional 
Resources 

-
-
-
-
-
-
-

TOTAL 

25 027 
3 426 
j 27o 
3 181 
3 110 
2 957 
3 015 
n.a. 

TOTAL 43 992 43 992 
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belov: 
Technical details on the two existing production centres are shown 

EXISTING PRODUCTION CENTRES 

Name SOMAIR COMINAK 

Start-up date 1971 1978 

Operational status in production in production 

Source of ore: 

Deposi* names 
Deposit type(s) 

Arlit 
sandstone 

Akouta 
sandstone 

Mining Operation: 

Type 
Size (Tonnes ore/day) 
Average Mining Recovery 

OP 
3 500 

UG 
2 000 

Processing Plant: 

Type 
Size (Tonnes ore/day) 
Average Ore Processing 

Recovery % 

AL + HL/SX 
1 700 

93 

AL/SX 
2 000 

93 

Nominal Production 
Capacity (Tonnes U/year) 2 000/300* 2 000 

* Production Capacity from pl&nt/heap leaching operation. 

Future Production Centres 

Niger's known uranium resources are sufficient to support additional 
future production centres There are three planned production centres Arni, 
Imouraren and Afasto-Ouest deposits are sufficient to support several future 
production centres. The implementation, however, is delayed due to unfavour
able market conditions. Further details on these centres are shovn below. 

242 



• Niger 

POSSIBLE FUTURE PRODUCTION CENTRES 

Name Arni Imouraren Afasto-Ouest 

Start-up date not determined not determined not determined 

Operational status explored explored explored 

Source of ore: 

Deposit names Tassa N'Taghalgue Imouraren Afasto-Ouest 
Deposit type(s) sandstone sandstone sandstone 

Mining Operation: 

Type OP OP UG 

Nominal Production 
Capacity (Tonnes U/year 2 000 3 000 900 - 1300 

URANIUM STOCKS AND INVENTORIES 

Niger reports natural uranium stocks in concentrates containg 
394 tonnes U as of 1st January 1989. 

NATIONAL POLICIES 

The policy of the Government of Niger related to uranium is based in 
two main objectives: 

1. to diversify the participation in exploration for and production of 
uranium in Niger; 

2. to encourage foreign investments with incentives in the form of 
special tax regimes and waiving of custom duties for imported 
material. 

The national authorities responsible for uranium related activities are 
the Mining Department of the Ministry of Mines and Energy and the National 
Bureau of Mineral Resources (0NAREM). 
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URANIUM EXPLORATION 

Historical Reviev 

Uranium exploration programme was carried out in Peru from 1953 to 1965 
with the co-operation of the United States Atomic Energy Commission. Efforts 
were concentrated on investigating the major known metal deposits, 32 of which 
had radiometric anomalies. Six of the uranium mineralised areas were studied 
in detail but they contained no economic uranium concentrations. 

In 1975, the Nuclear Energy Institute (IPEN), with the support of the 
Government and UNDP/IAEA technical assistance, started prospecting for radio
active minerals. A preliminary geological uranium favourability map was 
prepared outlining some 750 000 km2 of geologically favourable area for 
uranium prospecting. 

In 1977, a carborne radiometric survey located anomalies in the 
Tertiary Quenamari and the Permo-Triassic Mitu formations. 

An airborne survey in 1980, supported by UNDP-IAEA covered approximately 
12 000 km2 in the Department of Puno; this survey revealed anomalies over a 
total of 700 km2. In the same year uranium mineralisation in Huiquiza 
(Macusani) and Huacchane (Picotani) were discovered in acid volcanics. 

Between 1981 and 1984 regional exploration was done in areas of Macusani 
underlain by rhyolites of the Quenamari formation. In a total area of 600 km2, 
over 40 uranium occurrences and over 60 radioactive anomalies were encountered. 
Subsequently, detailed investigation was done in a number of prospects, includ
ing Huiquiza, Tantamaco, Cuychine, Chapi, Cerro Calvario, Cerro Concharrumio 
and Chacaconiza. 

In 1985-1986, exploration concentrated on the prospects Pinocho and 
Chilcuno VI (portions of Huiquiza), Chapi and Cerro Concharrumio. Among other 
techniques, a total of 4 000 m trenches and 175 m tunnels were dug and studied. 

The material from these workings was used for metallurgical lab tests 
with positive results. 

Recent and Ongoing Activities 

In 1987 and 1988, the activities of IPEN continued in the prospects 
Chapi, Cerro Concharrumio and Cerro Calvario. These included some drilling at 
Chapi, trenching at Cerro Concharrumio, as veil as detailed radiometrics at 
Cerro Calvario. 

Plans for 1989 included further trenching and sampling at Chapi as well 
as the radiometric investigation of the Chacaconiza area. 
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URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National* In US$ 
Currency 

15 
-
-
-
-
4 
-
-

n.a 
55 780 000 
157 684 000 
1 230 000 
2 241 000 
8 259 000 
10 847 000 
57 858 000 

3 355 000 
20 970 
54 370 
111 730 
189 000 
300 000 
108 000 
82 600 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

1 500 
-
-
-
-
125 
-
-

TOTAL 1 625 19 4 212 670 

* Through 1984, the national currency was Soles, thereafter Intis. 
** Planned. 

URANIUM RESOURCES 

Conventional Resources 

The uranium district of Macusani is located in the south-east of Peru, 
in the Department of Puno. Geologically, the area is underlain by acid 
volcanics of Mio-Pliocene (17-4 MA) age overlying a Paleozoic basement. 

The mineralisation (pitchblende, gummite, autunite, meta-autunite etc.) 
is located in subvertical and subhorizontal fractures. 

At Chapi, which represents the most important prospect, the mineralised 
subvertical fractures are concentrated over a width of 15-90 m and a thickness 
between 20-30 m. The grades range from 0.03 to 0.75 percent, at an average of 
0.1 per cent U. 

The Chilcuno VI and Pinocho prospects exhibit subhorizontal fractures. 
Grades range between 0.1 and 1.5 per cent averaging 0.25 per cent U. 

At Cerro Concharrumio the mineralised fractures are subvertical, and 
the average is 0.036 percent U. 
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URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
RECOVERABLE RESOURCES* (Tonnes U) 

PRINCIPAL DEPOSITS 
OR DISTRICTS 

Chapi 
Chilcuno VI 
Pinocho 
Co. Concharrumio 

TOTAL 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at costs 
up to between 

$80/kg U $80-130/kg U 

1 670 
80 
40 

1 790* 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 

(EAR - I) 

Recoverable at costs 
up to between 
$80/kg U $80-130/kg U 

1 720 
20 
30 
90 

1 860* 

* In -Uu. 

These resources are located in the volcanic deposit type. Based on 
these resources a "planned or prospective" production center was announced by 
IPEN. Technical details, however, were not submitted. 

Additional conventional resources, including mainly SR were estimated 
for the Macusani district. A compilation of these resources is shown in the 
relevant table. 

ADDITIONAL CONVENTIONAL RESOURCES* - AS OP 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL DEPOSITS 
DISTRICTS OR AREAS 

Chapi 
Chilcuno VI 
Pinocho 
Co. Concharrumio 
Co. Calvario 
Macusani** 

TOTAL 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY II 

(EAR-II) 

Recoverable at costs 
up to between 

$80/kg U $80-130/kg U 

60 

60 

SPECULATIVE RESOURCES 
(SR) 

Recoverable at costs 
up to 130/kg U 

6 600 
400 
130 
50 
195 

19 000 

26 375 

* In situ resources. 
** Refers to the unexplored extensions of the Macusani district. 
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Unconventional and By-product Resources 

Resources of this group include uranium contained in the phosphate 
deposit of Bayovar as well as in metal deposits. A summary of these resources 
is shown in the following table. 

UNCONVENTIONAL AND BY-PRODUCT RESOURCES* 

DEPOSIT 
NAME 

Bayovar 
Turmalina 
Sayapullo 
Colquijirca 

Restauradora 
Vilcabamba 
Mercedes 

DEPOSIT 
LOCATION 

Piura 
Piura 
Cajamarca 
Pasco 

Huancavelica 
Cuzco 
Huancavelica 

TYPE 

Sed. Phosphates 
Breccia pipe (V) 
Vein (Cu - Mo) 
Stratabound 
(Cu-Pb-Zn-A) 
Vein (Pb-As) 
Vein (Ni-Co) 
Vein (Cu) 

TONNES U 

20 000 
10 - 100 
10 - 100 

100 - 1000 
10 - 100 
10 - 100 
0 - 1 0 

GRADE 

30 - 100 ppm 
0.006 - 0.25* 
0.1 - 0.22* 

0.06 - 3.50* 
0.1 - 0.132 
0.05* - 20* 

0.11* 

In situ resources. 

The in situ resources for the different deposit types total 
20 000 tonnes U in phosphates and between 140-1410 tonnes U in metalliferous 
deposits. 

URANIUM PRODUCTION 

As referred to above, IPEN announced a planned and prospective produc
tion centre to be supported by those known resources outlined in the volcanic 
deposits of the Macusani district. Technical details of this production 
centre, however, have not been submitted. 

NATIONAL POLICIES 

IPEN reporting to the Ministry of Energy and Mines is the national 
organisation responsible for all uranium related activities in Peru. 

In 1980, the Government has issued a uranium law (D.L. 23 112) which 
regulates the participation of private domestic and foreign companies in 
uranium exploration, production and marketing. 
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URANIUM EXPLORATION 

Historical Review 

The first steps in the assessment of the uranium potential of the 
Philippines were made in the 1950s by the Bureau of Mines supported by the 
U.S. Atomic Energy Commission. The most important investigation in this period 
vas an airborne radiometric survey carried out by Hunting Geophysics Ltd. in 
1954 over a total area of 5 000 km2 in Luzon, Mindanao and Marinduque. 

In addition, uranium exploration during these years vas done by private 
companies, especially by Philippine Iron Mines Inc., which made the initial 
discovery of the uranium mineralisation in the Larap mine, Camarines Norte, 
Luzon. 

In 1964, on request from the Philippine Government, IAEA cooperated 
with the Bureau of Mines and the Philippine Atomic Energy Commission PAEC in 
the selection of favourable areas for the exploration of uranium and in the 
execution of an exploration programme. 

In 1977, following the establishment of a nuclear pover programme a 
systematic uranium exploration project in Larap, Camarines and Samar vas 
started by the Bureau of Mines (participating only until 1978), the Bureau of 
Energy Development (BED), the PAEC and the Philippine National Oil Company -
Energy Development Corporation (PNOC-EDC) and supported by the IAEA. 

In 1979, two private companies Benguet Corporation in partnership with 
Getty Oil (U.S.A.), and Ultrana Nuclear Minerals with ties to Western Nuclear 
(U.S.A.) acquired exploration permits in Camarines Norte and Central Negros. 

The activities carried out by the government organisations and the two 
private groups during 1979 and 1980 included: 

- a systematic airborne radiometric and magnetic survey over its 
2 500 km2 permit area in Larap folloved by detailed geochemical and 
ground radiometric surveys and diamond drilling were done by the 
Benguet-Getty partnership; 

- radiometric, geochemical and geological ground surveys on its 
1 750 km2 permit area were carried out by Ultrana; 

- integrated reconnaissance and semi-detailed geological investigation 
in areas in Mindoro, Luzon (Ilocos Norte and Sur, Abra, La Union and 
Benguet), by PNOC-EDC. 

In 1981-1982 Benguet-Getty continued its work in Camarines Norte 
(782 km) including the Larap mine. The results, however, were not encouraging: 
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in the Bessemer pit of the Larap mine 41 million tonnes copper-molybdenum ore 
containing 50 ppm U30s were estimated. In October 1982, all exploration activi
ties ceased and the permit areas vere taken over by PNOC-EDC. 

During the same period, Ultrana Nuclear Minerals Corporation prospected 
the Buruanga Peninsula in Aklan discovering only weak geochemical anomalies in 
the south-eastern part of the survey area, apparently related to structural 
features in sandstones of the Buruanga Hetamorphic Complex. Based on these 
discouraging results, Ultrana terminated its activities in 1982. 

PNOC-EDC in 1981 and 1982 continued regional and semi-detailed explora
tion in northwestern Luzon, Mindoro and in the Rorablon group of Islands. A 
total of approximately 2 000 km2 were covered by a number of exploration 
methods, using mainly geochemistry. 

Following the depression of the uranium market and the poor outlook for 
the discovery of uranium, the Uranium Division of PNOC-EDC was dissolved in 
early 1983. Modest exploration efforts on regional scale are, however, being 
maintained by PAEC. The 1983/84 expenditures amounted to $87 000, and allowed 
the coverage by geochemical methods of approximately 25 000 km2. 

In 1985, the regional geochemical programme was continued. Coverage 
amounted to be about 5 000 km2 at an expense of $25 000. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National* In US$ 
Currency 

Pre-1983 34 110 204 n.a. 3 162 000 
1983 - - - 62 000 
1984 - 25 000 
1985 - 25 000 
1986 - - - 25 000 
1987 - 16 050 
1988 - 16 000 
1989* - 16 000 

TOTAL 34 110 204 n.a. 3 347 000 

* Planned. 
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Recent and Ongoing Activities 

Exploration discontinued in 1987, vhile a small reconnaissance 
geochemical programme was carried out in 1988 by the Nuclear Materials Group 
of the Philippine Nuclear Research Institute. The area surveyed amounted to 
1 450 km2 in Central Luzon Island. 

URANIUM RESOURCES 

There have been no uranium resources reported in the Philippines. 

Uranium occurrences were found generally to be associated with pyrometa-
somatic, replacement and hydrothermal deposits related to Middle Miocene acid-
intermediate intrusives. Examples are the lov grade uranium occurrences in the 
Larap, Bagacay, and Samar copper deposits, where grades up to 50 ppm U30a have 
been found. Radioactive anomalies found in medium grained sandstone of the 
Buruanga Metamorphic Complex in the Aklan area yielded grades of only 0.2 to 
1.8 ppm U. 

More recent investigation found that the sedimentary basins in Luzon 
and adjacent volcanic areas are considered geologically favorable host rocks 
of uranium deposits. Other prospective sites are the sedimentary rocks 
derived from granitic masses as well as zones traversed by major structures. 
Pre-Tertiary metamorphic rocks which were believed to be part of continental 
landmasses are also considered favorable for uranium mineralisation. 

URANIUM REQUIREMENTS 

No uranium requirements were reported as the construction of the 
620 MVe nuclear reactor is suspended, which was to commence operation in 
September 1985. 
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URANIUM EXPLORATION 

Historical Review 

Uranium exploration first began in Portugal with the discovery, in 1912, 
of the Urgeirica deposit, where radium was mined until 1944 and uranium since 
7951. Between 1945 and 1962, a foreign-owned private enterprise, Companhia 
Portuguese de Radium Limitada (CPR) carried out ground radiometric surveys, 
detailed geological mapping, trenching and core drilling with gamma-ray 
logging in the granitic formations of the Beiras districts. 

In 1955 the Government started uranium exploration on a systematic basis 
using geological mapping, airborne, carborne and ground radiometric surveys, 
geophysics (resistivity surveys), trenching and diamond and percussion 
drilling. By 1961 the Junta de Energia Nuclear (JEN) had discovered about 
100 deposits in the Hercynian granitic or perigranitic zones in the districts 
of Beiras and Alto Alentejo. The Beiras area with its numerous small deposits 
together with the Urgeirica mill constitute an integrated uranium production 
district. The Alto Alentejo area would support another production centre in 
the future. Since 1976 prospecting has been continued in the crystalline 
regions with known uranium occurrences. 

Exploration in sedimentary regions started in 1971, employing geologi
cal, radiometric, geochemical and emanometric surveys in the western Meso-
Cainozoic fringe of the Portuguese basin. 

Responsibility for uranium mining activities and uranium exploration 
were transferred respectively from JEN to the public enterprise Empresa 
Nacional de Uranio (ENU) in 1977 and to the Direccao-Geral de Geologia e Minas 
(DGGM) in 1978. ENU realized prospecting activities in areas adjacent to 
uranium deposits with their extensions, as veil in the area of prospecting 
permits in the districts of Beiras and Alto Alentejo. 

Portugal has been visited by experts from IAEA technical assistance 
programme, and in 1979 by a team from the International Uranium Resources 
Evaluation Project (IUREP). 

Recent and Ongoing Activities 

During 1987 and 1988 the Direccao-Geral de Geologia e Minas (DGGM) and 
the public company Empresa Nacional de Uranio (ENU) continued their explora
tion activities in Portugal. The DGGM investigated about 650 km2 with radio-
metrical and geochemical exploration techniques. Detailed follow-up work 
consisted of VLF, emanometry and drilling. The ENU exploration permit has 
been reduced to a surface of 1500 km2 centered on the Beiras and Alto Alentejo 
areas. As of the beginning of 1988 the main objectives of exploration will be 
to replace depleted resources. 
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The following table summarises the exploration activities: 

1987 1988 

General exploration - Radiometric 
- Geochemistry 

Detailed exploration - Radiometric 
- VLP 
- Emanometric 

615 km2 

120 km2 

1,7 ha 

47 km2 

866 km2 

1150 ha 
64,5 ha 
63,2 ha 

DGGM's uranium exploration activities will decline over the years while 
ENU will see its activities increase over the same period. 

In the earlier 1980s, the Tras-os-Montes area had attracted a consider
able amount of exploration and drilling. Actually a total area of 3500 km2 

are held by the state owned company ENU. In 1989 ENU concentrates on its 
exploration permits, while DGGM will have a general exploration programme 
covering an area of 1200 km2 and a detailed exploration programme covering 
150 km, including radiometric and VLF surveys. Twelve ore bodies will be 
evaluated by drilling. 

URANIUM EXPLORATION DATA 
GOVERNMENT AND INDUSTRY 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE 

Metres (m) 

516 915 
29 376 
26 212 
26 958 
42 844 
38 842 
45 200 
40 900 

767 247 

DRILLING 

No. . of holes 

14 522 
607 
490 
557 
805 
749 
900 
715 

19 345 

TOTAL EXPENDITURES 

In National 
Currency 
(Escudos) 

n.a. 
n.a. 

102 000 000 
118 000 000 
111 000 000 
112 456 000 
142 486 000 
141 585 000 

n.a. 

In US$ 

9 758 000 
715 000 
705 000 
693 000 
744 000 
798 000 
990 000 
914 000 

15 317 000 

* Planned. 
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URANIUM RESOURCES 

Known uranium deposits are located in the central-Iberian geotectonic 
area. They occur in Hercynian granite batholiths or in exocontact meta-
sediments in structural highs. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U)* 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Beiras 

Alto Alentejo 

Tras-os-Montes 

TOTAL 

REASONABLY ASSURED RESOURCES 
(RAR) 

Recoverable at 
costs up to 
$80/kg U 

3 500 

3 500 

300 

7 300 

Recoverable at 
costs between 
$80-$130/kg U 

400 

1 000 

1 400 

ESTIMATED ADDITIONAL RESOURCES 
CATEGORY I (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

600 

650 

200 

1 450 

Recoverable at 
costs between 
$80-$130/kg U 

-

-

* Mining and milling losses of about 10 per cent have been deducted. 

The granites belong to the calc-alkaline series and are usually post-
tectonic (280 ma) in the form of circumscribed masses and with a Th/U ratio of 
1:4. At the end of the Hercynian orogeny, a dense network of fractures were 
formed with the maximum compression direction being north-south. In the Beiras 
region, the granites are intersected by many basic dyke rocks with an age of 
about 226 ma. The intragranitic vein uranium deposits are classified as jasper 
vein, quartz vein, basic rock vein, granite breccias, and as those associated 
with episyenites. In the Alto Alentejo granites only quartz veins and granite 
breccias are found. In the Jasper type deposits, where pitchblende is the 
main uranium carrier mineral, the following para-genetic association occurs: 
quartz-hematite-blende-pitchblende-pyrite-galena-ankerite-chalcopyrite-
coffinite. Pitchblende indicates late Hercynian age. The mineralisation of 
the other types chiefly consist of hexavalent uranium minerals. 

In the peribatholitic deposits located in the Beiras and Alto Alentejo 
regions, uranium mineralisation occurs in formations of the Upper Precambrian/ 
Lower Cambrian schist-greywacke complex. It consists almost entirely of 
hexavalent uranium minerals and in rare instances of pitchblende. The largest 
deposits of this type are Nisa (Alto Alentejo) and Azere (Beira Alta). 
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Areas Geologically Favourable for Uranium 

A considerable potential for further vein type and Iberian type uranium 
deposits has been amply demonstrated during many years of continued explora
tion. The combined potential for EAR-II and SR of these two types are esti
mated at about 5500 tonnes U. The potential for further resources in non-
metamorphic sedimentary environments has been reduced to 1000 tonnes U to take 
into account the results of last years exploration over sedimentary formations 
in western parts of the country. The additional potential in recent sediments 
of the Tagus basin remains to be appraised. 

ADDITIONAL CONVENTIONAL RESOURCES* 
(Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Beiras, 
Tras-os-Montes & 
Alto Alentejo 

Western fringe 

TOTAL 

ESTIMATED ADDITIONAL RESOURCES 
Category II (EAR-II) 

Recoverable at 
costs up to 

$80/kg U 

1 500 

1 500 

Recoverable at 
costs between 
$80-$130/kg U 

-

-

SPECULATIVE RESOURCES 
(SR) 

Recoverable at 
costs up to 
$130/kg U 

4 000 

1 000 

5 000 

* Estimates are for resources in situ. 

URANIUM PRODUCTION 

Historical Review 

Between 1951 and 1962, the CPR produced from 22 concessions a total of 
1 123 tonnes U, of which 1 058 tonnes U were milled at the Urgeirica plant and 
65 tonnes U were milled at the mines by heap leaching. The uranium at that 
time was precipitated using magnesium oxide. 

During the period 1962 to 1977, the JEN took over the mining and milling 
activities from CPR, introducing organic solvent extraction. A total of 
904 tonnes U were produced from the Urgeirica plant and from the pilot plant 
at Senhora das Fontes. 

Between 1977 and 1984, the ENU produced 1 242 tonnes U. 
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ENU uranium 
exploration areas 

Uranium extraction plant 
Uranium ore deposits 
Azere 
Cunha Baixa 
Freixiosa 
Plnhal do Souto 
Quinta do Bispo 
Cabanas 
Castelejo 
Joao Antao 
Borrega 
Bica 
Nisa 
Maia 
Palheiros Tolosa 
Tarabau 
Tolosa 
Alto do Corgo 
Horta da Vilarica 

50 km 
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URANIUM PRODUCTION 
Tonnes U (in concentrate) 

SOURCE OF PRODUCTION 

YEAR 
Conventional Unconventional TOTAL 
Resources Resources 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

2 536 
104 
115 
119 
110 
141 
144 
150 

536 
104 
115 
119 
110 
141 
144 
150 

TOTAL 3 419 3 419 

Present Status of Production 

At present, the Urgeirica production centre (Beira Alta) is operating, 
the Nisa plant (Alto Alentejo) is at the planning stage. 

There are currently five mines in operation of which four are open pit 
(Quinto do Bispo, tistelejo, Bica and Cunha Baixa). In situ leaching is used 
at Urgeirica, an underground mine where conventional mining ceased in the 
early 1970s. Since 1987 production has been increased by 20-25 per cent as a 
result of capacity expansion at the Urgeirica mill and productivity gains 
through concentration on open pit operations at the expense of all conventional 
underground operations. The contribution of production from in situ leach 
operations has also increased. 
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Employment in the Uranium Mining Industry 

EMPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

PERSON YEARS 

614 
598 
573 
549 
535 
519 
506 
487 
460 
450 

* Estimated. 

Portugese uranium mining companies are 100 per cent government ovned. 

Planned Production Centres 

The Alto Alentejo mining project (NISA mine) in eastern central Portugal 
near the Spanish border has been revised. The technical and economic viability 
study has been completed on the bases of an operation entirely based on heap 
leaching. Production capacity vill be 1 100 tonnes of ore per day or 
160 tonnes U per year. 

URANIUM REQUIREMENTS 

No uranium requirements are presently envisaged. 
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EXISTING AND PLANNED PRODUCTION CENTRES 

Name 

Start-up date 

Operational Status 

Source of Ore 

Deposit names 

Deposit type(s) 

URGEIRICA 

1969 (replacement of equipment) 

In operation 

Axere, Bica, Castelejo, Cunha 

Beixa and Quinta do Bispo 

Vein (including Iberian type) 

NI5A 

Technical and economical viability 

study revised fur total heap leach 

operation 

Alto do Corgo, Maia, Mato do Povoa, 

Heada, Nisa, Palheiros da Tolosa, 

Tarabau, etc. 

Vein {including Iberian type) 

Mining Operation 

Type open pit (100 t) Open pit (100 %> 

Size 

(Tonnes ore/year) 

Average Mining Recovery 

"High grade" ore (0.1 % U): 160 000 

marginal ore (0.03/ % U): 40 000 

100 * 

Ore at average grade of 

0.07S % U : 400 0>0 

100% 

Processing Plant 

Type Chemical treatment plant (CTP): 

CWO, AL, SX 

Heap leaching (HLI: 

AL, preconcentration by IX and 

treatment of liquors by S.: 

Size 

(Tonnes ore/day) 

Average Ore 

Processing Recovery 

CTP! 

HL: 

CTP: 

HL: 

500 
120 

m 
60% 

HL: 

Crush, AL, IX, SX 

HL: 1 100 

HL: SS % 

Nominal Production Capacity CTP: 140 

:Tonnes U/year) ISL: 15 

HL: 15 

HL: 160 

TOTAL 170 TOTAL 160 
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SHORT-TERM PRODUCTION CAPABILITY 

CONVENTIONAL RESOURCES 

(Tonnes U/year) 

PROJECTION I PROJECTION II 

YEAR 

Supported by resources recoverable Supported by resources recoverable 
at costs up to $80/kg U at costs up to $130/kg U 

1990 
1*91 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

Existing 
and 

Committed 
Centres 

160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
150 
150 

Planned 
and 

Prospective 
Centres 

-
-
-
-
160 
160 
160 
160 
160 
180 
150 

Total 

160 
160 
160 
160 
160 
320 
320 
320 
320 
320 
330 
300 

Existing 
and 

Commit ted 
Centres 

160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
150 
150 

Planned 
and 

Prospective 
Centres 

-
-
-
-
160 
160 
160 
160 
160 
180 
150 

Total 

160 
160 
160 
160 
160 
320 
320 
320 
320 
320 
330 
300 

LONGER-TERM PRODUCTION CAPABILITY 

CONVENTIONAL RESOURCES 

(Tonnes U/year) 

PROJECTION I PROJECTION II 

YEAR 

Supported by resources recoverable 
at costs up to $80/kg U 

Supported by resources recoverable 
at costs up to $130/kg U 

2000 
2005 
2010 
2015 
2020 
2025 
2030 

Existing 
and 

Committed 
Centres 

150 
150 
150 
150 
-
_ 
-

Planned 
and 

Prospective 
Centres 

180 
150 
150 
150 
150 
_ 
-

Total 

330 
300 
300 
300 
•iO 

Existing 
and 

Committed 
Centres 

150 
150 
150 
150 
. 
. 
-

Planned 
and 

Prospective 
Centres 

180 
150 
150 
150 
150 
_ 
-

Total 

330 
300 
300 
300 
150 
_ 
-
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NATURAL URANIUM STOCKS 
(Tonnes U) 

Government stocks 
Producer stocks 
User stocks 

TOTAL 

In concentrate 
(A) 

418 
257 

Refined 
(B) 

-

Total 
(A + B) 

418 
257 

675 

Uraniua Stockpile Policy 

In principle, the uranium concentrate production must be reserved to 
meet any possible future domestic requirements. Pending the definition of 
what these requirements will effectively be, production is exported for 
financial support of uranium mining and milling activities. 

NATIONAL POLICIES 

The national authority responsible for national policies concerning 
uranium is the State Secretariat for Energy and the Direccao-Geral de Energia. 

All mining and milling activities are entrusted to the Empresa Nacional 
de Uranio (ENU, EP), a fully state owned company, which also carries out 
uranium exploration in the areas surrounding present and future mining sites. 
The Direccao-Geral de Geologia e Ninas (DGGM) carries out reconnaissance 
surveys. 

Policy on Participation of Private and Foreign Companies 

Under Decree No. 120/80 of 15th May 1980, public or private, national 
or foreign industrial undertakings may conclude agreements with ENU to 
participate in uranium exploration programmes in allocated areas, previously 
negotiated with the Direccao-Geral de Geologia e Minas. For participation in 
mining and milling activities, obtention of mandatory authorisation is 
required prior to any negotiations. 

260 



• Portugal / • Spain 

Uraniua Export Policy 

All exports of uranium concentrates require prior government approval 
and all uranium supplies must comply with the requirements of the Treaty for 
Non-Proliferation of Nuclear Veapons. 

UraniiiB Iaport Policy 

No needs for import of uranium are foreseen, and therefore there are no 
rules or regulations governing the form in which uranium may be imported. 

• Spain • 

URANIUM EXPLORATION 

Historical Reviev 

The Junta de Energia Nuclear (JEN), a public organisation, began uranium 
exploration in western Spain on Hercynian massifs in the late fourties. A 
number of vein type orebodies were discovered in the Andalucia and Extremadura 
regions (La Virgen, Mina Cano, Los Ratones, La Carretona, El Sabio, Engorda, 
Cabra Baja, etc.). 

Uranium exploration was also carried out in Salamanca and Zamora 
provinces and the Galicia region. In 1969 exploration was interrupted in 
Hercynian terrains and was concentrated in sedimentary basins. This activity 
was continued by JEN until 1981 and by the Empresa Nacional del Uranio S.A. 
(ENUSA) until 1984. 

During this period the Molina de Aragdn deposit was discovered (1972) 
and evaluated. 

Exploration in the Salamanca province was started in 1953, initially in 
the Hercynian granites, where a number of orebodies were discovered 
(Valdemascafio, Villar de Peralonso, etc.). The first occurrences in Upper 
Precambrian to Lower Cambrian schists were located in 1975; and the FE 
anomalies in 1958. In 1975 ENUSA took over uranium exploration, concentrating 
the activities on the investigation and evaluation of the most significant 
occurrences such as Mina FE, Alameda and others. 

Exploration methods used include airborne gamma spectrometry and 
magnetometry, car-borne and foot-borne radiometry, track - etch, soil and 
water emanometry, hydrogeochemistry, resistivity profiles and VLF. 
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Recent and Ongoing Activities 

ENUSA has been active in areas of Precambrian to Cambrian schists of the 
Salamanca province, mainly around Hina FE. Evaluation work has been carried 
out on known occurrences. The methods used include detailed radiometry 
(5 km2), resistivity profiles (100 line km), helicopter-borne magnetometry, 
E.M., VLF (190 line km), percussion (22 000 m) and diamond drilling (3 900 m). 
The results obtained include the evaluation of 2 200 tonnes U, RAR recoverable 
at costs between $80-130/kg U, as extensions to the FE, Retortillo and Villares 
orebodies. 

CISA, a private company, has been active in schists and granites from 
the Hercynian Massif (Caceres Province). Exploration work carried out includes 
stream sediment and soil geochemistry, wide spacing and detail radiometry, 
geophysics (VLF), percussion and diamond drilling. 

CISA as operator of a joint venture with Union de Explosivos Riotinto 
has done some exploration in the Cretaceous basin of Segovia, with the 
localisation of some radiometric anomalies (drilling). The project was closed 
at the end of 1988. 

The area currently held for exploration by commercial companies in 
Spain is 300 km2. A further 46 000 kin2 is currently held for exploration by 
Government Agencies. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 

YEAR 
Metres (m) No. of holes In National In US$ 

Currency 

Pre-1983 n.a. 103 629 000 
1983 n.a. 10 000 000 
1984 32 000 210 1 200 000 000 7 000 000 
1985 5 000 47 65 000 000 382 000 
1986 5 500 58 96 000 000 680 000 
1987 11 800 122 125 000 000 990 000 
1988 15 660 198 222 000 000 1 830 000 
1989* 13 500 168 244 000 000 1 963 000 

TOTAL 119 474 000 

* Planned. 
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ENUSA has carried out uranium exploration during the 1976-1981 period 
in the following countries: 

- Canada: participating in a joint venture. 
- South Africa: in the Karoo region. 
- Colombia: as operator associated with the Colombian I.A.N. 

Cumulative exploration expenditures of ENUSA in these countries vere 
$20 400 000. 

URANIUM RESOURCES 

From the total knovn RAR resources in Spain, 3/4 are in the Salamanca 
province, as veil as all the knovn RAR recoverable at up to $80/kg U. 

The main deposits are located in Mina FE, Retortillo and Caridad zones. 

Except Retortillo vhich is hosted in Ordovician carbonaceous schists, 
all the Salamanca deposits are in Upper Precambrian to Lover Cambrian schists. 
Mineralisation is of alpine age (37-57 m.y.) and controlled by fault breccias. 

Changes in the distribution of resources by categories from the last 
report are due to the completion of feasibility and pre-feasibility studies on 
various orebodies. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U)* 

PRINCIPAL DEPOSITS 
OR 

DISTRICTS 

CIUDAD R0DRIG0 

DON BENITO 

CECLAVIN 

MOLINA DE ARAG0N 

TOTAL 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at 
costs up to 
$80/kg U 

16 800 

16 800 

Recoverable at 
costs between 
$80-130/kg U 

9 700 

2 800 

900 

4 800 

18 200 

ESTIMATED ADDITIONAL 
RESOURCES 

CATEGORY I (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

-

-

Recoverable at 
costs between 
$80-130/kg U 

5 000 

2 000 

2 000 

9 000 
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DISTRIBUTION BY GEOLOGIC TYPE 

TYPE OF DEPOSIT 

Vein 
(Iberian type) 

Sandstone 

NUMBER OF 
PRODUCTION 
CENTRES 

2 

RECOVERABLE RESOURCES* 
(Tonnes U) 

RAR 

30 200 

4 800 

EAR-I 

9 000 

EAR-II 

* Milling losses have not been deducted. 

URANIUM PRODUCTION 

Historical Review 

Spanish uranium production first started on a semi-industrial scale 
from 1949 to 1954, using primary ores with a 4 to 20 per cent U30s content. 

URANIUM PRODUCTION 
Tonnes U (in concentrate) 

YEAR 

Pre-1983* 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

Conventional 
Resources 

1 557 
170 
196 
201 
215 
223 
228 
216 

3 006 

SOURCE OF PRODUCTION 

Unconventional 
Resources 

Total 

1 557 
170 
196 
201 
215 
223 
228 
216 

3 006 

* Starting year: 1959. 
** Estimated. 
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EXISTING AND COMMITTED PRODUCTION CENTRES 

Name; 

Start-up date 

Operational status 

Source of ore: 

Deposit names 

Deposit type 

Mining Operation: 

Type 

Size (Tonnes ore/year) 

Average Mining Recovery 

Saelices el Chico 
(Elefante) 
- Salamanca -

May 1975 

Producing 

FE 

Schists 
(Iberian type) 

Open pit 

360 000 

90 X 

La Haba 
(Lobo-G) 
- Badejoz -

February 1983 

Experimental production 

Intermedia - Ml Lozano 

Schists 
(Iberian type) 

Open pit 

50 000 

90 % 

Processing Plant: 

Type 

Size (Tonnes ore/year) 

Average Ore Processing 
Recovery 

Nominal Production 
Capacity (Tonnes U/year) 

Plans for expansion 

Heap Leaching 

360 000 

70 % 

212 

Yes 

Agitated + 
Heap Leaching 

50 000 

60 % 

27 

No 
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On the basis of this experience, the pilot plant at Moncloa (Madrid) 
vas designed. It was based on the alkaline process and operated up to 1959. 

Full-scale industrial production began in 1959 at the General Hernandez 
Vidal uranium plant (conventional process) at Andujar (Jaen). The plant vas 
designed, constructed and operated by the Junta de Energia Nuclear (JEN) to 
process ore from vein-type deposits discovered by JEN in southern Spaii in the 
Cardena (Cordoba) and Santuario de la Virgen de la Cabeza (Jaen) areas. 
Capacity vas 200 tonnes/day. In accordance with the legislation on such ores, 
the annual output totalled some 50 tonnes U. 

The plant was shut down in 1981 on exhaustion of the deposits. 

At the end of 1960s, JEN began treatment tests at a static leaching 
pilot plant (P.ELE) on ore from uranium deposits in Precambrian schists 
discovered in the Ciudad Rodrigo (Salamanca) area. On the basis of the 
results obtained, JEN designed a plant (FE) whose production capacity grew 
from 110 to 150 tonnes U/year, located close to the main deposit in these 
formations. The plant was built by Empresa Nacional del Uranio, S.A. (ENUSA) 
and brought into operation by the same company in May 1975. 

Future Production Centres 

Conventional sources: 

Because of good results in uranium exploration, the following produc
tion centre is planned: 

- In the area of Saelices el Chico (Salamanca) additional production 
capacity totalling 950 t U/year from the deposits FE, D and Alameda is planned. 

PLANNED PRODUCTION CENTRES 

Name: Saelices el Chico (Salamanca) Quercus 

Start-up date January 1992 

Source of ore: 

Deposit names FE and D and Alameda 

Deposit type Schists 
(Iberian type) 
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PLANNED PRODUCTION CENTRES (continued) 

Mining operation; 

Type 

Size (Tonnes ore/year) 

Average Mining Recovery 

Processing plant: 

Type 

Size (Tonnes ore/day) 

Average Ore Processing 
Recovery 

Nominal Production 
capacity (Tonnes U/year) 

Open Pit 

900 000 

90 % 

Acid Leaching (Agitated 

1 000: Agitated Leaching 
2 000: Heap Leaching 

93 % : Agitated Leaching 
60 % : Heap Leaching 

950 

OWNERSHIP OF URANIUM PRODUCTION 

Company: Empresa Nacional del Uranio, S.A. (ENUSA) 

Ownership; 60 per cent Instituto Nacional de Industria (INI) 
40 per cent Centro de Investigaciones Energeticas, 
Medioambientales y Tecnologicas (CIEMAT) 

Production Centres: 

Year Annual Production (Tonnes U) 

Saelices el Chico La Haba 

1975 
1980 
1985 
1988 

73 
118 
183 
202 

18 
27 
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SHORT TERM PRODUCTION CAPABILITY 
(Tonnes U per year) 

YEAR 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2005 

SUPPORTED BY RESOURCES AT UP VO $80/kg U 

EXISTING AND COMMITTED 

A 
RAR AND EAR-I 

225 

205 

510 

850 

850 

850 

850 

850 

850 

850 

850 

850 

B 
UNCONVENTIONAL RESOURCES 

TOTAL 

225 

205 

510 

850 

850 

850 

850 

850 

850 

850 

850 

850 

LONGER TERM PRODUCTION CAPABILITY PROJECTION 
(Tonnes U per year) 

YEAR 

2000 
2005 
2010 
2015 
2020 
2025 
2030 

EXISTING AND 
COMMITTED 

RAR & EAR-I 

850 
850 
850 
850 
850 
850 
850 

PLANNED AND 

RAR & EAR-I 

PROSPECTIVE 

ADDITIONAL 
UNCONVENTIONAL 

TOTAL 

850 
850 
850 
850 
850 
850 
850 
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EMPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

PERSON YEARS 

252 
355 
348 
347 
323 
311 
349 
348 
348 
309 

* Estimated. 

URANIUM REQUIREMENTS 
(Tonnes U) 

YEAR 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 

REACTOR REQUIREMENTS* 

1 019 
1 300 
n.a. 
n.a. 
1 400 
n.a. 
n.a. 
n.a. 
n. a. 
1 400** 
1 670** 

* According to Brown Book 1988. 
** Estimated by NEA Secretariat. 

NATIONAL POLICIES 

As a result of reducing the national nuclear programme, uranium 
supplies have exceeded requirements for some time. However, measures have 
been taken to reduce the over supply as much as feasible. The strategy for 
long-term U-procurements is to substantially increase the portion covered by 
national uranium production. 
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• Spain I • Sv/eden 

Policy on Participation of Private and Foreign Companies 

The Spanish legislation leaves uranium exploration and production open 
to national and foreign private companies. 

Policy on Activities in Foreign Countries 

The public enterprise ENUSA has participated in uranium exploration and 
production in overseas. However, in the future this participation will tend 
to diminish. 

Uraniua Iaport Policy 

The uranium import policy provides for diversification of supply 
sources. 

• Sweden • 

URANIUM EXPLORATION 

Historical Review 

In the 1950s Government financed uranium exploration, with emphasis on 
the alum shales, was carried out by AB Atomenergi. Private mining and forest 
companies did some further exploration. In 1967, the Geological Survey of 
Sweden took over uranium exploration from AB Atomenergi. Exploration budgets 
rapidly increased from $60 000 in 1967 to $2.9 million in 1975, with the 
subsequent participation of other companies under contract. By 1977, through 
regional exploration, airborne radiometric and geochemical coverages were 
136 800 km2 and 123 102 km2 respectively, with 89 943 samples taken. Drilling 
totalled 74 100 m during the period 1967-1977. 

In 1976, the mining company LKAB took over some exploration concessions 
that were located in the Pleutajokk area, northern Sweden, from the Geological 
Survey and financed an extensive drilling programme in that year. From 1977 
to 1981 a second exploration effort with financial assistance from the Swedish 
Nuclear Fuel and Waste Management Company (-SKB) was undertaken by the Company. 

In 1977, the Geological Survey started a five-year uranium exploration 
programme in central Sweden, financed by SKB with $2.6 million annually. 
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• Sweden 

Since 1977 public expenditures for regional uranium exploration has 
been considerably reduced. In 1981, the Swedish Government decided to stop 
its exploration programme. The SKB, however, continued local exploration on 
some of the more promising prospects, earlier held by the Government, but in 
1982 stopped all regional exploration in order to concentrate on detailed 
evaluation. In 1983 SKB had three active uranium exploration projects 
covering a total land area of 50 421 km2. 

The Geological Survey was reorganised in 1982 and exploration work is 
now carried out by a state-owned company, Swedish Geological Co. and financed 
by SKB. 

There are four principal uranium provinces in Sweden. The first is in 
the Upper Cambrian and Lower Ordovician sediments in southern Sweden 
(OstergStland, VSsterg5tland and Narke) and along the border of the Caledonian 
mountain range in central Sweden. The uranium occurrences are stratiform, in 
black (alum) shale in the Peltura zone of the Upper Cambrian or they are 
associated with a phosphate-bearing carboniferous unit of the Lower Ordovician. 
The distribution of uranium in the Upper Cambrian rocks is dependent on their 
lithology which in turn is related to the palaeogeography. Billingen 
(VSstergdtland), where the important Ranstad deposit is located, covers an 
area of more than 500 km2. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

Pre-1983 177 878 1 367 43 000 000 
1983 11 727 130 2 100 000 
1984 9 507 171 10 MSEK 1 200 000 
1985 4 023 38 5 MSEK 570 000 
1986 0 0 0 0 
1987 0 0 0 0 
1988 0 0 0 0 
1989* 0 0 0 0 

TOTAL 203 135 1 706 46 870 000 

* Planned. 
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URANIUM DEPOSITS AND OCCURRENCES IN SWEDEN 

PLEUTAJOKK 

ASELE 

LILUUTHATTEN 

RANSTAD 

300 
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• Sweden 

The second uranium province, (Arjeplog-Arvidsjaur-Sorsele) is immediate
ly south of the Arctic circle. It comprises one deposit, Pleutajokk, and a 
group of more than 20 occurrences with similar characteristics. The individual 
occurrences are mostly high-grade, discordant, of a vein or impregnation type, 
associated with soda-metasomatism. Stratabound "porphyry" type uranium 
mineralisations of lower grade belonging to the same province also occur. 
This province was found in 1962. 

A third province is located north of Ostersund in central Sweden. 
Several high-grade discordant mineralisations have recently been discovered 
in, or adjacent to, a window of Precambrian basement within the metamorphic 
Caledonides. 

A fourth province is located near Asele in northern Sweden. 

Recent and Ongoing Activities 

At the end of 1985, SKB stopped its exploration project. The reason 
was good availability of uranium and low prices in the world market. This 
means that no uranium exploration was going on in Sweden in 1987 and 1988, and 
there are no plans for 1989. 

URANIUM RESOURCES 

In Sweden there are considerable assured resources of uranium in alum 
shales at Ranstad. However, due to the change in money exchange rate from 
1987-01-01 to 1989-01-01 and inflation, the resources at Ranstad are no longer 
recoverable at costs below $130 per kg U. 

As there was no exploration during the last years, there was no new 
discovered deposits. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL 
DEPOSITS OR 
DISTRICTS 

Other districts 
than Ranstad* 

TOTAL 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at 
costs up to 
$80/kg U 

2 000 

2 000 

Recoverable at 
costs between 
$80-130/kg U 

2 000 

2 000 

ESTIMATED ADDITIONAL 
RESOURCES 

CATEGORY I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

1 000 

1 000 

Recoverable at 
costs between 
$80-130/kg U 

5 300 

5 300 

* All resources in other districts than Kanstad are in vein type deposits. 
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• Sweden 

ADDITIONAL HIGH COST RESOURCES 

PRINCIPAL 
DEPOSITS 
OR 
DISTRICTS 

Ranstad 

TOTAL 

RECOVERABLE RESOURCES* (Tonnes U) 

REASONABLY ASSURED 
RESOURCES 

Recoverable at costs 
between $130-$260/kg U 

35 000 

35 000 

ESTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 
Recoverable at costs 
between $130-$260/kg U 

40 000 

40 000 

* Quantities of uranium recoverable from mineable ore. 

URANIUM PRODUCTION 

Although 200 tonnes U were produced prior to 1979, there is at present 
no uranium production in Sweden nor any plans for production. 

URANIUM PEQUIRBMBNTS 
(Tonnes U) 

REACTOR RELATED EXPECTED SAVINGS FROM 
YEAR INSTALLED CAPACITY* REQUIREMENTS RECYCLING OF 

(GVe) (TONNES U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
19C9 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

9,649 
9,649 
9,926 
9,926 
9,926 
9,926 
9,926 
9,926 
9,926 

1 148 
1 325 
1 500 
1 400 
1 500 
1 500 
1 500 
1 500 
1 5J0 
1 300 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, Installed capacity at year-end. 

274 



• Sweden / • Switzerland 

NATIONAL POLICIES 

Uranium Export Policy 

No exports are currently taking place. Government permission is 
necessary. 

Uranium Import Policy 

Buyers are free to negotiate their own purchases. The utilities co
operate in the form of the Swedish Nuclear Fuel and Waste Management Company. 
Government permission is necessary. 

Uranium Stockpile Policy 

A stockpile of enriched uranium, fuel in fabrication and fuel in the 
reactors should enable the reactors to operate 22 months if imports cease. 

• Switzerland 

URANIUM EXPLORATION 

Historical Review 

In June 1979 the Federal Government decided to encourage uranium 
exploration by a grant of 1.5 million francs divided between the years 1980 to 
1984. During 1980 and 1981 aoout 1000 m of galeries were excavated for pro
spect ion by a private company in the Hercynian Massif of Aiguilles Rouges and 
the surrounding gneisses. The limited work so far has not allowed a clear 
picture of the factors controlling the mineralisation which is of low grade 
and disseminated in an area which is geologically very complex. 

In 1982 the Federal Government supported surface prospecting to the 
South of Iserables and drilling at Naters (Valais). 
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• Switzerland 

Between 1982 and 1984, in the framework of the 5-year programme financed 
by the Federal Government, uranium exploration was carried out in the rugged 
region of the Penninic Bernhard nappe in the western Valais. The radiometric 
and chemical investigations concentrated mainly on the detrital deposits of 
Permo-carboniferous and schists of older age (series of Nendaz and the under
lying series of Siviez). Owing to strong alpine tectonism the uranium is 
generally irregularly disseminated in the rock. Radioactive anomalies seem to 
be bound to the carbonatic and chloritic facies of the Nendaz series, but 
their practical value could not be confirmed. 

Recent and Ongoing Activities 

Since 1985 all exploration activities have been halted. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

Pre-1983 502 U 3 610 000 
1983 126 000 
1984 139 1 112 000 
1985 20 000 
1986 
1987 
1988 
1989* 

TOTAL 

Planned^ 

Exploration Programmes in Other Countries 

Since 1983 Swiss participation in uranium exploration has concentrated 
on the South Vest of the USA only. 
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• Switzerland 

EXPLORATION EXPENDITURES IN OTHER COUNTRIES 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

NATIONAL CURRENCY 
OF SPENDING COUNTRY 

US$ 

18 797 OOO 
294 000 
340 000 

2 570 000 
2 400 000 
1 005 000 
1 000 000 
1 500 000 

COUNTRIES 

worldwide 
USA 
USA 
USA 
USA 
USA 
USA 
USA 

Planned. 

URANIUM REQUIREMENTS 
(Tonnes U) 

YEAR INSTALLED CAPACITY* 
(GWe) 

REACTOR RELATED 
REQUIREMENTS 
(TONNES U) 

EXPECTED SAVINGS FROM 
RECYCLING OF 

REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

2996 
2996 
2996 
2996 
2996 
2996 
2996 
2996 
2996 
2996 
3921 
3921 

566 
570 
529 
529 
537 
537 
532 
532 
532 
532 
680 
680 

* Installed capacity at year-end. 
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RATIONAL POLICIBS 

Uranium Bxport Policy 

Switzerland neither produces nor exports uranium. 

Uranium Import Policy 

There is no official import policy as procurement is handled by private 
companies entirely. 

Uranium Stockpiling Policy 

It is the policy of nuclear plant operating companies of maintaining a 
stockpile of fresh fuel assemblies at the reactor site equivalent to the fuel 
requirement for 1 to 2 years. 

• Syrian Arab Republic • 

URANIUM EXPLORATION 

Historical Review 

Uranium exploration, including aerial radiometric surveys and ground 
follow-up work, began in 1959-1960 by an Egyptian organisation. The most 
detailed investigation of the uranium potential of Syria has been done by 
Soviet geologists between 1962 and 1968, during a regional geological mapping 
project at 1:200 000 scale. Numerous secondary uranium mineral occurrences 
partly related to phosphatic sediments were reported from 13 of the 20 .ap 
sheets evaluated by ground radiometric methods, sampling and drilling. 

No uranium exploration vas carried out between 1968 and 1977, although 
some field evaluation and literature research were done in 1975 by Hunting 
Geology and Geophysics within the framework of a consultancy contract reviewing 
all minerals. 

After 1977, radiometric surveys were done in the Palmyran mountains, 
mainly underlain by Upper Cretaceous phosphates and in other regions with 
similar geological environments . This work was supervised by the General 
Establishment of Geology and Mineral Resources until late 1981 when the Syrian 
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• Syrian Arab Republic 

Atomic Energy Commission (SAEC) vas given the responsibility for all activi
ties related to nuclear energy. 

In 1985-86, the Syrian Atomic Energy Commission (SAEC) in co-operation 
vith the IAEA, carried out an uranium exploration programme. Using mainly 
stream sediment and heavy mineral sampling, as well as radiometric carborne 
surveys, emanometry and ground vater geochemistry, a number of areas were 
examined. These included the Daw basin, the Sabhat Huh, the Furqlos and 
Euphrat basins. The target of this project vas the discovery of uranium 
deposits in sedimentary host rocks derived from the Upper Cretaceous phosphate 
deposits in the Palmyride fold belts. 

Since 1986, a large scale effort is underway to evaluate the uranium 
potential of the country. This work included multi-element geochemical 
reconnaissance and radiometric measurements in Central Syria. The results 
included the discovery of uranium occurrences in the following geological 
environments ranging in age from Upper Cretaceous to recent: 

- in phosphorites and phosphatic formations ranging in age from Upper 
Cretaceous (Senonian) to Lower Palaeogene (Eocene) 

- in clayey glauconitic limestone and marls of Lover Eocene age, 

- in faults, and 

- in recent duricrusts (surficial deposits, gypscrete and calcrete). 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1979 
Post-1979 

AERIAL 
RADIOMETRIC 

SURVEYS 
area covered 

(km2) 

10 000 
n.a. 

OTHER 
SURVEYS 

(km2) 

5 000 
n.a. 

SURFACE DRILLING 

Metres No. of 
(m) holes 

2 989 125 
n.a. n.a. 

TOTAL 
EXPLORATION 

EXPENDITURES 
$ 

800 000 
n.a. 

Recent and Ongoing Activities 

In 1987 and 1988 a UNDP financed exploration project was carried out, 
which included 

- an airborne spectrometric survey over more than 40 000 km2, 

- surface exploration over 3 700 km2, and 
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• Syrian Arab Republic / • Republic of Tanzania 

- hydrochemical exploration. 

Presently the airborne anomalies are being evaluated using an 
integrated approach. 

Some exploration statistical data are compiled in the preceding table. 
Hore recent information are not available. 

URANIUM RBSOURCBS 

No conventional uranium resources have been discovered so far in Syria. 

Unconventional resources in Upper Cretaceous phosphate deposits are 
estimated to amount to 80 000 tonnes U. The grades range from 30-140 ppm U, 
the highest grades being reported from the Khneifiss mine. In addition, 
U-grades of about 50 ppm vere determined in the Sawaneh Ash-Sharqueih 
(Eastern) phosphate deposit. 

• Republic of Tanzania • 

URANIUM EXPLORATION 

Historical Review 

Uranium was first discovered om 1953 at the Chiviligo pegmatite in the 
Uluguru mountains. 

Between 1976 and 1979 an airborne geophysical survey was conducted over 
the entire territory of Tanzania, which discovered a number of radiometric 
anomalies. 

These results led to a uranium exploration programme carried out by 
Uranerzbergbau-GmbH from 1978 through 1983. Targets of this survey were 
uranium occurrences in the Karoo (Selous Game Reserve and Mkuju), in younger 
surficial sediments (Itigi area), in phosphatic sediments of Pleistocene age 
(Minjingu) as well as in the carbonatite of Gallapo. 

Detailed information on exploration expenditures incurred in this 
project is not available. It is reported, however, that about 35 drillholes 
totalling 1700 m were drilled. 
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• Thailand • 

URANIUM EXPLORATION 

Historical Review 

The Royal Thai Department of Mineral Resources first conducted a study 
of radioactive ninerals in the late 1950s. Uranium minerals associated with 
cassiterite were found in alluvium along a stream in Uthai Thani province in 
central Thailand in 1958. Saaarskite in placer tin mines vas identified in 
1961, and a small amount of torbernite vas found in altered granite in Soukhla 
province in southern Thailand in 1962. Uranium-copper mineralisation in 
sandstones of the Jurassic Khorat Group vas first found in the Phu Viang 
district of Khon Kaen province, in north-eastern Thailand in 1970. This 
discovery signalled the beginning of serious uranium exploration in Thailand. 

Detailed exploration and evaluation activities vere conducted during 
the 1970s by the Department of Mineral Resources in cooperation vith various 
organizations. From November 1973 to Harch 1974 a study of uranium resources 
vas made as part of a programme to evaluate mineral resources in co-operation 
vith the United States Geological Survey. The Phu Viang district and adjacent 
areas of the Khorat Plateau vere investigated for uranium deposits during the 
period from August 1976 to May 1977 in co-operation vith the IAEA. An airborne 
radiometric survey covering an area of 36 800 km2 in north-eastern Thailand, 
including part of the Phu Viang Basin vas conducted in 1979. 

The airborne survey vas followed by drilling to determine the age of 
known mineralised areas in the Phu Viang basin and by ground radiometric 
surveys to prospect for possible extensions in adjacent ground. Detailed 
spectrometric surveys vere conducted over areas of the Doi Tao batholith, 
in the Chian Mai province in northern Thailand, containing uranium-bearing 
fluorite veins. Granitic areas vere covered by a regional geochemical survey. 

During 1981 and 1982 exploration activities vere carried out mainly in 
the Chaiyaphum and Khon Kaen provinces of north-eastern Thailand by the 
Department of Mineral Resources, vith assistance from the IAEA, and the 
Federal Republic of Germany. A total area of 8 000 km2 vas covered using 
several exploration methods: carborne total-count radiation surveys; system
atic stream sediment geochemical surveys; regional geologic reconnaissance; 
mapping of stratigraphic sections. 

From January to March 1981, an IUREP-Orientation Phase Mission vas 
carried out to Thailand. 

During 1983 the Department of Mineral Resources undertook one uranium 
exploration project in the vestern part of the Khorat Plateau in the Khon 
Kaen-Udon and Nong Kai provinces in northeastern Thailand. The programme 
covered only 8 000 km3 out of the 37 300 km2 reserved for uranium exploration. 
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• Thailand 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Hetres (m) No. of holes In National* In US$ 
Currency 

Pre-1983 4 207 99 n.a. 1 022 950 
1983 - - - 50 000 
1984 - - - 65 000 
1985 - - - 1 966 000 
1986 - - 4 776 750 
1987 - - 2 715 750 
1988 - - - 29 500 
1989* - - n.a. 

TOTAL 4 207 99 n.a. 10 625 950 

* Includes expenditures made between 1980-1982. 

In 1984, the Department of Mineral Resources in cooperation with the 
IAEA conducted uranium exploration in the vestern part of the Khorat Plateau 
covering the Chaiyaphum, Udonthani, Loei and Khon Kaen provinces of north
eastern T'.ailand. 

The Department of Mineral Resources in cooperation with CIDA in 1985 
initiated a nationwide airborne radiometric-magnetic-EM survey. 

Recent and Ongoing Activities 

In 1987 the nationwide airborne survey was completed. The interpreta
tion can be carried out after the production of radiometric maps and other 
information. Plans for 1988 include the groung investigation of the areas 
selected from the airborne survey results. 

URANIUM RESOURCES 

Thailand has no significant uranium resources of the RAR, EAR-I and 
EAR-II categories. 
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• Thailand 

Copper-uranium mineralisation was first found in 1970 in arkosic sand
stones of the Khorat group in the Phu Viang district near the western edge of 
the Khorat Plateau some 70 km northwest of Khon Kaen. The host rocks are 
purplish grey to light greenish grey, arkosic to pebbly sandstones of the Sao 
Khua formation of approximately Upper Jurassic age. Uranium minerals, mainly 
coffinite, with minor autunite and torbernite, occur as replacements associated 
with silicified wood fragments, as disseminations in carbonaceous matter, and 
fracture fillings. Estimated reserves of 4.5 tonnes U30e based on 0.01 par 
cent U,0g or 1.7 tonnes U30a based on 0.05 per cent U308 cut-off grades have 
been calculated. 

The Mesozoic red beds occur in the Khorat Plateau of north-eastern 
Thailand. This plateau, which occupies about 150 000 km2, is structurally and 
stratigraphically siuilar to the Colorado Plateau of the western United States, 
where large resource of uranium in sandstone-type deposits are known. This 
similarity, together with the recent discovery of a uranium-copper occurrence 
in sandstone in the Phu Viang district near the western edge of the Khorat 
Plateau suggest that it may have substantial potential for additional uranium 
resources. 

Small quantities of uranium are also located in fluorite-bearing veins 
at Ooi Tao, in the Chiang Mai province, in northern Thailand. 

The IUREP-Orientation Phase Mission in 1981 estimated the following 
Speculative Resources: 

in Jurassic sandstones of Khorat Platea - 1 000 - 10 000 t U 

in Tertiary sandstones 0 - 2 000 t U 

in or related to fluorite deposits in granites 

or Palaeozoic limestones intruded by granites 0 - 1 000 t U 

in granites 0 - 1 000 t U 

in Palaeozoic sediments, such as black 

shales and graphitic slates 0 - 5 000 t U 

TOTAL 1 000 - 37 000 t U 

as well as unconventional resources in 
phosphates and monazite placers, totalling 500 - 1 500 t U 
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• Turkey • 

URANIUM EXPLORATION 

Historical Review 

Uranium exploration in Turkey began in 1956-1957 and was directed 
towards the discovery of vein type deposits in crystalline terrain, such as 
acidic igneous rocks and metamorphics. As a result of these activities, some 
pitchblende mineralisations were found but they did not form economic deposits. 
Since 1960, studies have been conducted in sedimentary rocks which surround 
the crystalline rocks and some small ore bodies containing autunite and 
torbernite mineralisations have been found in different parts of the country. 
In the mid-1970s the first hidden uranium deposit with black ore, below the 
water table, was found in the KdprQtasi area. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

SURFACE 

Metres (m) 

240 200 
33 641 
30 036 
31 557 
6 600 
885 

3 437 
1 940 

DRILLING 

No. of holes 

2313 
220 
174 
263 
35 
6 
21 
24 

TOTAL EXPENDITURE 

In National 
Currency 

n.a. 
n.a. 

350 000 000 
597 500 000 
700 000 000 
900 000 000 
567 000 000 
340 000 000 

In US$ 

13 940 000 
2 000 000 
1 000 000 
1 000 000 
1 000 000 
1 000 000 
400 000 
160 000 

TOTAL 348 296 3056 3 454 500 000 20 500 000 

Recent and Ongoing Activities 

Prospecting and drilling activities are under way in new areas of 
Middle Anatolia and an airborne radiometric survey has been carried out in 
Central Anatolia. 
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URANIUM DEPOSITS AND OCCURRENCES IN TURKEY 
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• Turkoy 

Plans for 1989 include exploration drilling in Central Anatolia, an 
airborne radiometric survey over northeast Anatolia and ground radiometric 
surveys in west Anatolia. 

URANIUM RESOURCES 

Salihli-Koprubasi; The ore bodies have been fou..U in 10 locations within an 
area of 100 km2. The deposits contain mainly secondary uranium minerals, such 
as autunite and torbernite. Only one of them contains black ore below the 
water table. Many of the deposits are in fluvial Neogene sediments. A few of 
the ore bodies are near the base of lacustrine sediments. The deposits 
contain 2 578 tonnes U at an average grade of 0.04-0.05 per cent U30,. 

Fakili: This deposit is in Neogene lacustrine sediments and consists of a sin-
gle lens. It contains 432 tonnes U at an average grade of 0.05 per cent U30,. 

Kocarli; This deposit is in a very small Neogene basin in augen gneiss. It 
contains 424 tonnes U at an average grade of 0.05 per cent U308. 

Sebinkarahisar: The uranium occurs here in fluvial sediments, at the base of 
marine Eocene sediments overlying Palaeozoic granite. The deposits contain 
254 tonnes U at an average grade of 0.04 per cent U30g. 

Kdciikkuyu: The deposit is in volcanic rocks. It contains 212 tonnes U at an 
average grade of 0.08 per cent U30g. 

Yozgat-Sorgun: The uranium occurs in Eocene deltaic lagoonal sediments. The 
deposits contain 2120 tonnes U at an average grade of 0.1 per cent U30s and is 
classified as EAR. 

Aydin-Demirtepe; The deposit is emplaced in fracture zones in gneiss. It 
contains an estimated 1102 tonnes U at an average grade of 0.08 per cent U30t 

and is classified as EAR. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 
(Tonnes U) 

PRINCIPAL 
DEPOSITS 

OR 
DISTRICTS 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at 
costs up to 
$80/kg U 

-

Recoverable at 
costs between 
$80-130/kg U 

3 900 

ESTIMATED ADDITIONAL 
RESOURCES 

CATEGORY I - (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

-

Recoverable at 
costs between 
$80-130/kg U 

3 222 

Mining and processing losses have not been deducted. 
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• Turkey I • United Kingdom 

DISTRIBUTION BY GEOLOGIC TYPE 
(Tonnes U) 

TYPE OF DEPOSIT 

Vein 

Sandstone 

RECOVERABLE RESOURCES 

RAR 

3 900 

EAR-I 

1 100 

2 100 

URANIUM PRODUCTION DATA 

Production at a pilot plant using uranium ores from the Koprubasi and 
Fakili deposits, amounted to 1.3 tonnes t/30t (with a U3Ot content of 65 per 
cent) during 1975-1982. The product is stored. 

• United Kingdom • 

URANIUM EXPLORATION 

Historical Review 

Despite some uranium mining in Cornwall, as a sideline to other mineral 
mining, especially tin, in the late 1800s, and some systematic exploration in 
the periods 1945-1951, 1957-1960 and 1968-1982, no significant uranium reserves 
were located. 

Recent and Ongoing Activities 

Since 1983 all exploration activities have been halted. 
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• United Kingdom 

URANIUM EXPLORATION DATA 
COMPANY ACTIVITY 

SURFACE DRILLING TOTAL EXPENDITURE 

YEAR 
Metres (m) No. of holes In National In US$ 

Currency 

Pre-1983 1 845 89 - 2 600 000 
1983 0 0 - 0 
1984 0 0 0 
1985 0 0 0 
1986 0 0 0 
1987 0 0 - 0 
1988 0 0 0 
1989* 0 0 0 

TOTAL 1 845 89 - 2 600 000 

* Planned. 

URANIUM EXPLORATION DATA 
GOVERNMENT ACTIVITY 

SURFACE DRILLING TOTAL EXPENDITURE 

YEAR 
Metres (m) No. of holes In National In US$ 

Currency 

Pre-1983 6 800 197 - 1 215 000 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 6 800 197 - 1 215 000 

* Planned. 
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• United Kingdom 

Exploration Progri in Other Countries 

Exploration for uranium in foreign countries is carried out by private 
companies operating through autonomous subsidiary or affiliate organisations 
established in the country concerned (e.g., members of the RTZ group of com
panies). Exploration is also carried out by the British Civil Uranium Procure
ment Organisation (BCUPO), on behalf of the UK civil users of uranium, acting 
through the Central Electricity Generating Board. 

This organisation has established subsidiaries operating from local 
offices in Australia and Canada. Activities either operated independently or 
through joint ventures in USA and Malavi are still controlled from the London 
head office. 

Neither the companies nor the BCUPO receive any financial assistance 
from the UK government for their exploration activities. 

EXPLORATION EXPENDITURES IN OTHER COUNTRIES 
(BCUPO only) 

YEAR 

1975-82/83 
1983/4 
1984/5 
1985/6 
1986/7 
1987/8 
1988/9 
1989/90 

NATIONAL CURRENCY 
OP SPENDING COUNTRY 

£ '000 

7 366 
1 926 
5 891 
8 605 
4 493 
4 027 
3 610 
4 874 

US $ 

'000 

2 875 
7 402 
11 854 
6 705 
6 761 
5 812 

COUNTRIES 

Canada, USA, 
Australia, 
V. Germany, 
Botswana, Kenya, 
Malavi, Bolivia, 
Sudan, Zambia 

URANIUM RESOURCES 

No uranium deposits exist in the UK at present, 
are believed to contain uranium resources. 

However, 2 districts 

Metalliferous Mining Region of SV England (Cornwall and Devon) 

Uranium occurs in veins and stockvorks, often in association with tin 
and other metals, emplaced in Devonian metasediments and volcanics and related 
to the margins of uraniferous Hercynian granites. Mineralisation is locally 
of moderate grade (0.2-1 per cent U) but of sporadic distribution. Resource 
tonnages of individual prospects may be up to several hundred tonnes U. 
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North Scotland including Orkneys 

The Precambrian metamorphic rocks of north Scotland, with intruded 
Caledonian granites, are overlain by a p-Jt-orogenic series of fluviatile and 
lacustrine Devonian sediments. Uranium occurs in phosphatic and carbonaceous 
sediments, disseminated in arkosic sandstone (Ousdale) and in faults both with
in the sediments (Stromness) and in underlying granite (Helmsdale). Resources 
of a fev thousand tonnes of uranium are indicated with an average grade less 
than 0.1 per cent U. 

Geologically Favourable Areas for Uranium 

Additional minor resources outside the districts previously described 
are known in the following areas of the United Kingdom: 

a) Veins cutting Upper Proterozoic metasediments of the Vest Highlands. 

b) Veins cutting hornfelsed Silurian rocks marginal to a Caledonian 
granite of SV Scotland. 

c) As nodules often with associated vanadium related to oxidation -
reduction features in Permian sediments of central and SV England. 

There has been no geological re-appraisal of the UK uranium resources 
since 1980 and all subsequent submissions have been based on modification to 
their original estimate. No exploration or discoveries have occurred since 
that time. In the light of recent economic changes in mining, particularly 
the contraction cf the tin mining industry in the UK, economically recoverable 
resource estimates have been markedly reduced. 

URANIUM STOCKS AND INVENTORIES 

TONNES U U-235 % NATURAL U EQUIVALENT 

n.a. 

n.a. 

12 150 -0.29 2 150 

7 400 -0.43 3 300 

* User stocks. 

a) Natural uranium 

b) Enriched uranium 

c) Depleted uranium* 

d) Reprocessed uranium* 
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URANIUM RESOURCES - AS OF 1ST JANUARY 1989 

PRINCIPAL 
DEPOSITS, 
DISTRICTS 
OR AREAS 

SV England 

N Scotland 

TOTAL 

ESTIMATED ADDITIONAL 
RESOURCES 

Category II (EAR-II) 

Recoverable at 
costs between 
$80-130/kg U 

500* 

500** 

1 000 

Recoverable at 
costs between 
$130-260/kg U 

500* 

500** 

1 000 

SPECULATIVE RESOURCES 

(SR) 

Recoverable at 
costs less than 

$130/kg U 

500* 

500** 

1 000 

Recoverable at 
costs between 
$130-260/kg U 

500* 

500** 

1 000 

* Vein type deposits. 
** Sandstone type deposit. 

In addition, estimates of 1000 tonnes for resources in each of the 
$130-$260 category of EAR-II and SR have been made. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

The UK Atomic Energy Act 1946 gives the Secretary of State wide ranging 
powers in relation to uranium resources in the UK, in particular to obtain 
information (Section 4) to acquire rights to work minerals without compensation 
(Section 7), to acquire uranium mined in the UK on payment of compensation 
(Section 8), and to introduce a licensing procedure to control or condition 
the working of uranium (Section 12A). Exports of uranium are subject to the 
Export of Goods (Control) Order 1970 (SI No. 1288), as amended, made under the 
Import, Export and Customs Powers (Defence) Act 1939. 

There are no restrictions on foreign and private participation in 
uranium exploration, production and marketing in the United Kingdom. 

Policy on Activities in Foreign Countries 

There are no specific policies relating to exploration activities in 
foreign countries. 
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Uraniua Export Policy 

The United Kingdom is not a uranium producer and is unlikely to become 
a uranium exporter in the foreseeable future. 

Uraniua Import Policy 

The British Civil Uranium Procurement Organisation (BCUPO) manages the 
supply and future procurement of uranium for all UK civil uranium users and 
currently receives supplies frcm Australia, Canada and America under long term 
contracts. The UK's uranium requirements are covered until the early to mid 
1990's vhen it is expected that BCUPO's involvement in resource development 
projects in the USA, Canada and Halavi will offer further potential sources of 
supply. 

Uranium Stockpile Policy 

The United Kingdom policy is to maintain a stockpile equivalent to two 
years forward uranium requirements, provided adequate supply diversification 
has been achieved. In addition, it is the policy to hold a minor proportion 
of such stocks in the enriched form. At present, however, stocks are above 
required levels. It is expected that the two years forward reactor cover will 
be reached by the mid 1990s. 

URANIUM REQUIREMENTS 
(Tonnes U) 

YEAR 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

INSTALLED CAPACITY* 
(GVe) 

7.1 
8.8 
10.00 

11.2 

10.8 
12.7 
11.0 

REACTOR RELATED 
REQUIREMENTS 
(TONNES U) 

1 500 
1 550 
1 700 
1 900 
1 900 
1 850 
1 800 
2 200 
1 600 
1 700 
1 700 
1 900 

EXPECTED SAVINGS FROM 
RECYCLING OF 

REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

-
-
-
-
-
300 
300 
300 
300 
300 
-

* Installed capacity at year-end. 
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URANIUM EXPLORATION 

Historical Reviev 

Exploration for uranium in the United States has been under vay since 
late 1940s. Early work was sponsored by the U.S. Atomic Energy Commission 
(AEC). In the 1950s, government exploration vas phased out as industry vork 
accelerated. Although some work has been done in most parts of the country, 
exploration effort (particularly by industry) has concentrated in and around 
the established uranium provinces, such as the Colorado Plateau, the Wyoming 
Basins, and the Gulf Coastal Plain. Uranium exploration in the United States 
involves a mix of geophysical, geochemical, and physical techniques. Drilling 
is the primary method in recognized uranium areas, and drilling footage is a 
good measure of exploration activity. 

Exploration increased rapidly in the 1970s in response to rising ura
nium prices and large projected uranium demand to fuel nuclear power reactors. 
During the period 1948 through 1982, about 138 100 km of exploration and 
development drilling was done in the United States in search of uranium. 
Drilling reached an all-time high in 1978 when 14 700 km were drilled. During 
the first half of the 1980s surface drilling decreased each year to 540 km in 
1985, then increased slightly to about 600 km in 1987 and to 920 km in 1988. 

Uranium exploration in the United States has historically centred 
around the sandstone deposits of the Colorado Plateau, Wyoming Basins, and 
Texas Coastal Plain, while the Colorado Front Range and the Spokane, 
Washington area attracted attention in the past for alternative deposit types 
(vein type, roof pendant, fault coniioiled). The most recent focus of 
interest is the area of northern Arizona with its high-grade, relatively small 
breccia pipes. 

Recent and Ongoing Activities 

During 1988, thirty two companies reported about 920 km of exploration 
and development drilling, land acquisition, and other activities resulting in 
a total expenditure slightly above $20 million. Of the total expenditures, 
foreign participation accounted for about 44 per cent. Preliminary estimates 
are that 1989 expenditures will be less than in 1988. During 1988 exploration 
occurred primarily in Wyoming, Texas and Arizona. 

Only one U.S. company reported exploration in foreign countries in 1988 
and planned expenditures in 1989. 
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The total area of lands held for uranium exploration by domestic and 
foreign companies was 6880 km2 in 1988. No lands are held or reserved by 
government agencies for exploration. 

The United States government does not provide financial assistance to 
explore for uranium. 

URANIUM INDUSTRY EXPLORATION DATA AND EXPENDITURES 

YEAR 

1966-1983 
1983 
1984 
1985 
1986 
1987 
1988 est. 
1989* 

TOTAL 

SURFACE DRILLING 

Metres (m) 
(x 1000) 

116 380 
970 
780 
540 
630 
600 
920 
750 

121 570 

No. of holes 

899 000 
7 300 
5 500 
3 600 
3 800 
3 800 
5 200 
4 200 

932 400 

TOTAL EXPENDITURE 

In National 
Currency 

In US$ 
(x 1000) 

2 080 000 
37 000 
26 500 
20 100 
22 100 
20 000 
20 100 
15 000 

2 240 800 

* Planned. 

UNITED STATES GOVERNMENT URANIUM EXPLORATION DATA AND EXPENDITURES 

YEAR 

1974-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

SURFACE DRILLING 

Metres (m) 

160 170 
0 

3 100 
0 
0 
0 
0 
0 

No. of holes 

367 
0 
9 
0 
0 
0 
0 
0 

TOTAL EXPENDITURE 

In National 
Currency 

In US$ 

324 100 000 
7 200 000 
4 800 000 
5 200 000 
3 100 000 
2 000 000 
2 000 000 
1 800 000 

* Planned. 
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EXPLORATION EXPENDITURES IN OTHER COUNTRIES 

YEAR 

1975-Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

NATIONAL CURRENCY 
OF SIJNDING COUNTRY 

US$ 

222 260 000 
4 680 000 
1 830 000 

n.a. 
n.a. 
n.a. 

COUNTRIES 

n.a. • not available. 

URANIUM RESOURCES 

In the United States, uranium resources in the Reasonably Assured and 
Estimated Additional categories are primarily in stratiform deposits in 
Triassic and Jurassic Sandstones of the Colorado Plateau and in roll-front 
deposits in Tertiary sandstones of the central Wyoming Basins and in the Gulf 
Coastal Plain of Texas. 

URANIUM RESOURCES - AS OF 1ST JANUARY 1989 

PRINCIPAL 
DEPOSITS 
OR 
DISTRICTS 

New Mexico 

Wyoming 

Texas 

Arizona, Colorado, 
Utah 

Others 

TOTAL 

RECOVERABLE RESOURCES* (Tonnes U) 

REASONABLY ASSURED 
RESOURCES 

(RAR) 

Recoverable at 
costs up to 
$80/kg U 

68 100 

26 200 

3 100 

5 400 

8 500 

111 300 

Recoverable at 
costs between 
$80-130/kg U 

103 800 

107 700 

7 700 

30 800 

16 200 

266 200 

ESTIMATED ADDITIONAL 
RESOURCES 

CATEGORY I (EAR-I) 

Recoverable at 
costs up to 
$80/kg U 

NOT AVAILAB1 
FROM EAR-II 

Recoverable at 
costs between 
$80-130/kg U 

,E SEPARATELY 

* Quantities of uranium recoverable from mineable ore. 
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The resource estimates were made utilizing the large amount of data 
developed under the NURE programme, which continued from 1974 through 1981; 
data made available by private uranium companies; and data accumulated since 
the late 1940s, when exploration for uranium was begun by the US Atomic Energy 
Commission. The aggregate resource data base that has contributed to the 
current resource assessment includes results from several hundreds of thousands 
of industry-drilled holes, from aerial radiometric surveys, from geochemical 
sampling and analyses of ground water, stream water and sediments, from 
selective drilling to fill voids in subsurface information, and from extensive 
geologic field examinations. 

Two methodologies are used in uranium resource assessment. Engineering 
calculations for the Reasonably Assured Resources (RAR) are based on sample 
results from drill holes on specific properties. Estimated Additional and 
Speculative Resources are estimated on the basis of geological analogy. 

HIGHER COST RESOURCES 

PRINCIPAL 
DEPOSITS 
OR 
DISTRICTS 

New Mexico 

Wyoming 

Texas 

Arizona, Colorado, 
Utah 

Others 

TOTAL 

RECOVERABLE RESOURCES* (Tonnes U) 

REASONABLY ASSURED 
RESOURCES 

Recoverable at costs 
between $130-$260/kg U 

86 900 

99 200 

10 400 

15 000 

11 200 

222 700 

fSTIMATED ADDITIONAL 
RESOURCES - CATEGORY I 
Recoverable at costs 
between $130-$260/kg U 

NOT AVAILABLE SEPARATELY 
PROM EAR-II 

* Mining losses have been deducted. 

ADDITIONAL HIGHER COST RESOURCES 
(EAR-II and SR) 

TONNES U* 

Recoverable at cost between $130-$260/kg U 

EAR 1 & II 

542 300 

SR 

473 000 

* In situ. 
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ESTIMATED ADDITIONAL (I & II) AND SPECULATIVE RESOURCES 
AS OF 1ST JANUARY 1989 

TONNES U* 

PRINCIPAL 
DEPOSITS, 
DISTRICTS OR 
AREAS 

Colorado Plateau 

Wyoming Basins 

Gulf Coast 

Northern Rockies 

Colorado & 
So. Rockies 

Basin & Range 

Others 

TOTAL 

ESTIMATED ADDITIONAL 
RESOURCES 

Category I & II 
(EAR I & II) 

Recoverable at 
costs up to 
$80/kg U 

169 200 

69 200 

146 200 

7 700 

53 800 

23 000 

46 200 

515 300 

Recoverable at 
costs between 
$80-$130/kg U 

157 700 

80 800 

46 200 

19 200 

15 400 

46 200 

26 900 

388 500 

SPECULATIVE RESOURCES 
(SR) 

Recoverable at costs 
up to $130/kg U 

176 900 

65 400 

69 200 

57 700 

53 800 

73 100 

250 000 

746 100 

* In situ. 

Unconventional or By-product Sources 

The following estimates of uranium producible as a by-product from the 
processing of phosphates and copper ore are not included in the RAR, EAR, or 
SR estimates in preceding tables. 

Deposit 
Name 

Florida 
Phosphates 

Location 

Florida 

Deposit 
Type 

Uraniferous 
Phosphates 

Tonnes U* 

33 000 

Grade 

0.010 X 

Production 
Centre 

Phosphoric Acid 
Plants in South 
East USA 

* Recoverable. 

299 



• United States 

URANIUM PRODUCTION 

Historical Review 

Treatment of old tailings dumps in the Colorado Plateau area supple
mented production of uranium from the Belgium Congo and Canada during the 
early 1940s to meet the military demand. Crude ore milling processes used 
during this period on the Colorado Plateau reflected little change from methods 
used 40 years earlier with uranium recovery from the leach solution based on 
several stages of selective precipitation. With passage of the Atomic Energy 
Act of 1946, prospecting and mining were encouraged through various forms of 
assistance. These incentives led directly to an increase in the known mine
able uranium ore reserves in the western United States from about 1 million 
tonnes in 1946 to 80 million tonnes in 1959. 

URANIUM PRODUCTION 

TONNES U (contained in concentrate) 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

TOTAL 

Conventional 
Resources 

281 800 
6 000 
3 700 
2 300 
3 400 
3 300 
2 700 
2 400 

SOURCE OP PRODUCTION 

Unconventional 
^^Resources 

10 000 
2 200 
2 000 
2 000 
1 800 
1 700 
2 350 
2 200 

Total 

291 800 
8 200 
5 700 
4 300 
5 200 
5 000 
5 050 
4 600 

* Estimated. 

Process development programmes were sponsored by the government through 
contracts with over 20 separate organisations from 1944 through 1958. Many 
private companies also contributed much to the knowledge gained during this 
period. Major developments included the application of resin ion exchange and 
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solvent extraction to the concentration and purification of process leach 
solutions and improvements in chemical flocculants. Improvement in operating 
technique and equipment design contributed to process reliability and to the 
production of final concentrates of high purity. The entire development 
period vas marked by a steady decrease in process costs. 

During the peak production years, from 1960 to 1962, the number of 
mills in operation varied from 24 to 26 vith total annual production exceeding 
13 000 tonnes of U per year from the treatment of 7.25 million tonnes of ore 
per year. The period from 1962 to 1967 saw a considerable reduction in the 
number and production rates of the active uranium mills for several reasons. As 
early as 1957 it vas apparent that very large ore reserves had been developed 
and that expansion of government procurement contracts (the main incentive for 
exploration) vould lead to commitments exceeding government requirements 
through 1966. In 1958, the AEC withdrew its offer to purchase uranfum from any 
ore reserves developed thereafter. This led either to shutdown of mills after 
expiration of contracts or so-called stretchout contracts that were extended 
through 1970. These contracts reduced government purchases and served to ease 
the industry through the transition period when nuclear power growth had not 
progressed sufficiently to create a significant commercial demand. After pro
duction declined substantially in the early 1960s, the industry rebounded in 
the 1970s to a record production in 1980 of nearly 17 000 tonnes of U. On 1st 
January 1981 there were 22 conventional mill operations, 11 solution mining 
and milling facilities, 8 plants to recover uranium from phosphoric acid and 
2 plants to recover uranium from oxide copper leach liquors. When the industry 
began to realise that no more nuclear pover plants were being ordered, and that 
demand for uranium was greatly reduced, production of uranium again drastically 
declined. By the end of 1984 only eight conventional mills were operating and 
14 mills had ceased operating. Many of the unconventional uranium recovery 
plants also were inactive. 

Present Status of Production 

Conventional milling facilities at the end of 1988 consisted of 1£ mills 
active and inactive, with a capacity of 27 750 tonnes per day. At year end 
(1988) only one mill was operating in each of the states of Utah, Texas and 
New Hexico. In addition there were six solution mining plants and five copper 
leach and phosphate by-product operations. One conventional mill ceased opera
tion in Utah during 1988. Chevron-TOTAL started production in 1988 from a new 
open pit mine in Texas; the ore is processed in Chevron's Hobson, Texas mill. 

Employment in the Uranium Mining Industry 

At the start of this decade, the United States mining industry provided 
income for almost 20 000 people. Towards the end of this decade employment in 
this sector has been reduced to roughly 1/10 of what it was in 1980. 
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EMPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989* 

PERSON YEARS 

19 920 
13 680 
8 970 
5 620 
3 600 
2 450 
2 120 
2 000 
2 140 
2 000 

* Estimated. 

Ownership Structure of the Uraniua Industry 

The United States national uranium production can be attributed as 
follows: 

74.3 per cent private domestic (63.7 per cent mining; 7.7 per cent oil; 
2.9 per cent utility) 

20.3 per cent private foreign (Swiss and FRG: 8.9 per cent utility; 
France: 7.5 per cent oil 
Canada & other: 3.9 per cent mining) 

5.4 per cent government foreign (France: 5.4 per cent) 

Future Production Centres 

With no plans for additional nuclear power plants, and the signing of 
the US-Canada Free Trade Agreement, the forecast is for continued low demand 
for US produced uranium. Several conventional mining and milling projects 
have been abandoned and other operations have some times been severely cur
tailed. Major companies leaving the uranium industry include Atlas, Kerr 
McGee, Anaconda and Exxon. Rio Algom closed operations in Utah, but purchased 
Kerr McGee properties in New Mexico and Vyoming. In contrast to conventional 
uranium facilities, several new in situ leach operations havj been constructed 
in Texas, Vyoming and Nebraska. 

302 



URANIUM HILLS AND PLANTS OPERATING AS OP 1ST JANUARY 1989 

Conventional Hills Location 

Chevron Resources 
UMETCO/ENF 
Honestake Mining 

Hobson, Texas 
Blanding, Utah 
Grants, N.M. 

TOTAL (Mills Operating 1/1/89) 

Nominal Capacity 
(tonnes per day) 

2 300 
1 800 
3 100 

7 200 

Start Up 
(year) 

1979 
1980 
1958 

In Situ Leach Plants 1988 

Converse County JV 
Everest Minerals 
Malapai Resources 
Malapai Resources 
TOTAL Minerals 
Uranium Resources 

Highland, Vyo. 
Hobson, Texas 
Irigary, Vyo. 
Holiday, Texas 
Vest Cole, Texas 
Kingsvilie, Texas 

1988 
1988 
1988 
1976 
1987 
1988 

Phosphoric Acid and Copper By-Product 

Energy Fuels Nucl. 
Freeport-McMoran 
IMC Corp. 

Bingham Canyon, Utah 1977 
Uncle Sam, La. and Sunshine Bridge, La. 1978 
New Vales, Fla. and Plant City, Fla. 1978 

URANIUM MILLS NOT OPERATING AS OP 1ST JANUARY 1989 

Cotter Corp 
Dawn Mining Co. 
Quivera Mining 
Minerals EExpl. 
Pathfinder Mines 
Pathfinder Mines 
Plateau Resources 
Rio Algom Corp. 
UMETC0 
UMETC0 
Vestern Nuclear 

TOTAL (Mill 

Canon City, Colo. 
Ford, Vash. 
Grants, N.M. 
Red Desert, Vyo. 
Gas Hills, Vyo. 
Shirley Basin, Vyo. 
Ticaboo, Utah 
La Sal, Utah 
Natrona Cty., Vyo. 
Uravan, Colo. 
Vellpinit, Vash. 

s Not Operating 1/1/89) 

1 100 
400 

6 350 
2 700 
2 500 
1 600 
900 
700 

1 300 
1 200 
1 800 

20 550 

1958 
1957 
1958 
1980 
1958 
1971 
1982 
1972 
1958 
1948 
1978 
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SHORT-TERM PRODUCTION CAPABILITY 

A: CONVENTIONAL RESOURCES 
(Tonnes U/year) 

YEAR 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

PROJECTION I 

Supported by Resources Recoverable 
at Costs Up to $80/kg U 

Existing 
and 

Committed 
Centres 

4 300 

2 100 

1 000 
1 000 

Planned 
and 

Prospective 
Centres 

_ 

1 200 

1 200 
1 200 

Total 

4 300 

3 300 

2 200 
2 200 

PROJECTION II 

Supported by Resources Recoverable 
at Costs Up to $130/kg U 

Existing 
and 

Committed 
Centres 

10 800 

5 700 

2 500 
2 000 

Planned 
and 

Prospective 
Centres 

200 

2 800 

2 400 
1 600 

Total 

11 000 

8 500 

4 900 
3 600 

B: UNCONVENTIONAL RESOURCES 
(Tonnes U/year) 

YFAR 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

PROJECTION I 

Supported by Resources Recoverable 
at Costs Up to $80/kg U 

Existing 
and 

Committed 
Centres 

3 300 

2 500 

2 100 
1 800 

Planned 
and 

Prospective 
Centres 

_ 

1 400 

1 400 
700 

Total 

3 300 

3 900 

3 500 
2 500 

PROJECTION I] 

Supported by Resources 

[ 

Recoverable 
at Costs Up to $130/kg U 

Existing 
and 

Committed 
Centres 

3 500 

2 600 

2 100 
1 800 

Planned 
and 

Prospective 
Centres 

100 

3 100 

3 500 
1 800 

Total 

3 600 

5 700 

5 600 
3 600 
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URANIUM STOCKS AND INVENTORIES 

a) Natural uraniua stocks (Tonnes U) 

United States 

"3°, 
(A) 

Government Stocks*-
Producer Stocks 
User Stocks 

30 800 
7 400 
31 300 

UPS 
(B) 

Total 
(A + B) 

TOTAL 69 500 

b) Bnriched uraniua stocks (Tonnes U) 

Tonnes U 

Government Stocks* * - * * * 
Producer Stocks 
User Stocks 

U 2 3 5 X Natural U 
Equivalent 

14 100 
40 

16 650 

TOTAL 30 790 

c) Depleted uraniua stocks'* (Tonnes U) 
(Enrichment plant tails) 

Tonnes U U 2 J 5 X 

Government Stocks 
} 

34 000 
104 600 

0.30 } 
0.25 } 

Natural 
Equivalent 

16 900 

UF6. Excludes customer supplied uranium. 
As of 30ih September 1988. 
Includes in-processed and high assay government ovned uranium. Excludes 
customer uranium. 
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URANIUM REQUIREMENTS 
(Tonnes U) 

YEAR 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

INSTALLED CAPACITY* 
(GWe) 

85 
94 
95 
97 
97 
102 
102 
102 
102 
102 
103 
103 

REACTOR RELATED 
REQUIREMENTS 
(TONNES U) 

11 850** 
11 150** 
14 190 
13 350 
13 420 
13 350 
12 540 
13 500 
12 770 
12 770 
14 080 
13 620 

EXPECTED SAVINGS FROM 
RECYCLING OF 

REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

NO RECYCLE PLANNED 

* Installed capacity at year-end. 
** Historical reactor requirements are actual enrichment feed deliveries. 

NATIONAL POLICIES 

Policy on Participation of Private and Foreign Companies 

The U.S. Government does not explore for, produce, or market natural 
uranium; however, the government does provide enrichment services for both 
domestic and foreign customers. There are no restrictions on the exploration 
for, production, or marketing of uranium by private companies, either domestic 
or foreign. Currently, several foreign companies have an interest in US 
uranium properties. 

Policy on Activities in Foreign Countries 

The U.S. Government does not carry out any uranium activities in foreign 
countries. There are no U.S. policy restrictions on private domestic companies 
exploring or producing uranium in foreign countries. 

In support of the defense programmes during the late 1940's and 1950's 
the US Government contracted for the purchase of uranium in a number of foreign 
countries, especially Canada, Australia, the Congo, and South Africa, but all 
contracts were phased out after defense needs had been filled. 
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Uranium Export Policy 

A specific Nuclear Regulatory Commission (NRC) license is required for 
export of natural uranium, except for quantities which are less than one kilo
gram of natural uranium pev shipment of 100 kg of natural uranium per year to 
any one country. A specific license is also required before enriched uranium 
can be exported from the United States. Criteria applied to the licensing 
include: that the export not be inimical to the U.S. common defense and 
security and that the export (when intended for eventual nuclear use) be 
pursuant to the terms and conditions of an agreement for co-operation. Such 
terms and conditions include: guarantees that safeguards be applied; that 
there vill be no use for nuclear explosives or for research on any nuclear 
explosive device; and that adequate physical security will be maintained. 
Except as specifically provided in an agreement for co-operation, no uranium 
exported from the U.S., without prior U.S. approval, may be: (1) altered in 
form or content by enrichment or reprocessing or (2) retransferred from one 
agreement for co-operation to another agreement for co-operation. 

Uranium Import Policy 

There are currently no restrictions on the import of natural uranium 
into the United States, except for material from South Africa. In late 1986, 
the United States Congress passed the "Comprehensive Anti-Apartheid Act of 
1986" which forbade the import into the United States of uranium ore and ura
nium oxide (U,0() from South Africa and Namibia as of 1st January 1987. On 
10th March 1987 the U.S. Treasury issued a final rule providing that uranium 
ore or uranium oxide substantially transformed outside the United States into 
UF6 or enriched uranium is not covered by the import sanctions and can be 
brought into the United States. 

Except for South Africa there are currently no United States Government 
limitations on the amount of natural uranium from other foreign countries that 
can be enriched for domestic end-use. However, there is increasing concern 
that excessive reliance on foreign materials can possibly have a detrimental 
impact on the viability of the domestic uranium industry and that the national 
security might be impaired by reducing the ability of the United States to 
meet adequately its future energy needs. To help alleviate such concern, the 
Secretary of Energy vill continuously monitor the domestic uranium mining and 
milling industry, its viability, and assess any negative developments. 

Uranium Stockpile Policy 

The United States has no specific policy regarding the maintenance of 
national strategic stockpiles of uranium. A large stockpile does exist which 
vill be used to meet needs for the toll enrichment operation of the Government 
uranium enrichment plants, other Government uses, and as an emergency source 
of supply for industry. 
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The U.S. Government will maintain working inventories at its enrichment 
plants to ensure that enriched uranium product is delivered on time. A 45-day 
working inventory of natural uranium is needed to assure the smooth operation 
of the enrichment plants. V'hen the enrichment plants are operating at their 
future steady-state output, about 3 000 tonnes of uranium as UF( will be 
required. A 120-day enriched uranium working inventory is required to assure 
enrichment service customers that their deliveries can be met on contracted 
schedules. When the US enrichment plants are operating at their future steady-
state output, enriched uranium containing about 5 to 6 million Separative Work 
Units will be needed which will require the equivalent of about 7 to 8 thousand 
tonnes of natural uranium. 

It should be noted that at present, the U.S. Government stockpile of 
enriched uranium contains about 11 million Separative Work Units. However, 
within one year, it is expected that the enriched uranium stockpile will be 
reduced to about 5 million Separate Work Units. 

• Uruguay 

URANIUM EXPLORATION 

Historical Review 

Prospecting for uranium began in Uruguay in the 1950s and has always 
been carried out by state-owned organisations such of the work until the 
mid-1960s was based on carborne radiometric surveys. 

During 1968-69 various anomalies in the sedimentary formations of Permo-
Carboniferous age in the Department of Cerro Largo were investigated. Limited 
drilling revealed a limonitic, fine-grained sandstone bed containing an average 
of 700 ppm of mobile uranium. Rough estimates indicated the presence of some 
2 000 tonnes of uranium. 

From 1971-1975 the Uruguayan Atomic Energy Agency (CNEA) undertook a 
series of carborne radiometric surveys in various regions. This work was re
viewed by an IAEA mission in 1975, which recommended a work programme including 
aerial prospecting of areas bordering Permo-Carboniferous and Devonian basins. 

In 1977 aerial prospecting began over a wide area of Uruguay with the 
aim of defining zones for detailed exploration. Over a 3-year period, an area 
of 24 435 km2 was covered by 37 900 km of flight lines along a basic grid of 
500 x 500 m. The areas flovn were in the Departments of Cerro Largo, 
Tucuarembo, Durazno, Treinta-y-Tres, Lavallejo, Rocha, Maldonado and Florida. 
Various anomalies meriting more detailed investigations were detected. 
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Some detailed follov-up work was performed in the Cerro Largo and Las 
Canas districts. Work consisted of mapping, geochemical sampling, radiometric 
and emanometric surveys, and limited drilling. 

In April 1981 a nationwide mineral exploration project was started 
under the framework of a contract between the Government of Uruguay and the 
BRGM. The methods applied include radiometrics, geochemistry, geophysics and 
drilling. The first phase of this project was completed in August 1983. 
Favourable areas have been defined and uranium occurrences have been found. 

A second phase of the BRGM-project which ended in early 1985 included a 
drilling programme to test the Permo-Carboniferous sedimentary basin in North
east Uruguay. Personnel of the National Directorate of Mining and Geology 
(DNMG) provided the geological support for the drilling programme. In addi
tion, prospects in the crystalline basement of upper Proterozoic age were 
evaluated by the DNMG. This work continued in 1986. 

URANIUM EXPLORATION DATA 

SURFACE DRILLING TOTAL EXPENDITURE 
YEAR 

Metres (m) No. of holes In National In US$ 
Currency 

Pre-1983 n.a. n.a. n.a. n.a. 
1983 1 077 12 - 31 500 
1984 1 662 8 - 52 300 
1985 33 600 
1986 28 800 
1987 27 200 
1988 28 300 
1989* 30 000 

TOTAL 2 739 20 n.a. 231 700 

* Planned. 

Recent and Ongoing Activities 

In 1987 and 1988 the assessment of four large areas, totalling 1 200 km2 

continued. The investigations included radiometrics, rock geochemistry, 
geo-electric geophysical methods, detailed mapping as well as some trenching, 
pitting and tunnelling. This work resulted in a better definition of three 
prospects which will be further evaluated in 1989. 
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At present some 70 000 km2 are reserved for uranium exploration done by 
the DNMG, which is government funded. 

• Yugoslavia • 

URANIUM EXPLORATION 

Historical Review 

Regional exploration in the area of the Zirovski vrh uranium deposit 
started approximately in 1960. The Geoinstitute of Belgrade carried out 
geological prospection using geological, geochemical and radiometric methods. 
In 1961, this programme was followed up by surface drilling and underground 
exploration. 

URANIUM EXPLORATION DATA 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989** 

TOTAL 

Metres 

n.a. 
n.a. 
970 

1 230 
1 210 
500 
900 
500 

5 310 

SURFACE 

(m) 

DRILLING 

No. of holes 

n.a. 
n.a. 
3 
4 
4 
1 
2 
1 

15 

TOTAL EXPENDITURE 

In National* 
Currency 

n.a. 
n.a. 
25 
50 
125 
25 
200 
450 

875 

In US$ 

n.a. 
n.a. 
75 000 
175 000 
295 000 
40 000 
85 000 
25 000 

795 000 

* Refers to the exploration at the Zirovski vrh deposit. 
* Planned. 
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After 1970, the continuation of this exploration project was done by 
the Geological Survey of Slovenia, and after the establishing of a mine 
geological department in 1978 by its staff. Surface drilling, hovever, 
remained the responsibility of the Geological Survey. 

Recent and Ongoing Activities 

At present, surface drilling down to a depth of 600 m continues on a 
grid 400 x 200 m over a total area of 3 km2 in the surroundings of the 
deposit. 

URANIUM RESOURCES 

No information on uranium resources are available. 

URANIUM PRODUCTION 

The Zirovski vrh mine in Slovenia is the only uranium producer of 
Yugoslavia. It mines a uranium deposit hosted in folded grey sandstones of 
the Permian Groeden formation. Mine production commenced in 1982, and the 
mill started operation in 1984. Present production capability is 102 tonnes U 
per year. 

The deposit is developed as an underground mine by an haulage tunnel 
and ventilation shaft. The ore, separated into numerous smaller bodies in the 
mineralised coarse grained sandstone, is mined selectively by room and pillar 
and cut and fill methods. 

Technical details of the plant are summarised in the table "Existing 
Production Center": 

Name Zirovski vrh 

Start-up date 1985 

Operational status Operating 

Source of ore: 

Deposit names Zirovski vrh 
Deposit type(s) sandstone 

311 



• Yugoslavia 

Mining Operation: 

Type 
Size (Tonnes ore/year) 
Average Mining Recovery X 

UG 
160 000 
65 

Processing Plant: 

Type 
Size (Tonnes ore/day) 
Average Ore Processing Recovery X 

2 AL/SX 
600 
90 

Nominal Production Capacity (Tonnes U/year) 102 

Plans for expansion none 

Other remarks none 

URANIUM PRODUCTION 

Tonnes U (contained in concentrate) 

YEAR 

1985 
1986 
1987 
1988 
1989* 

TOTAL 

* Estimated. 

Conventional 
Resources 

30 
59 
72 
80 
85 

326 

Source of Production 

Unconventional 
Resources 

_ 

-
-
-
— 

-

Total 

30 
59 
72 
80 
85 

326 
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EMPLOYMENT IN EXISTING PRODUCTION CENTRES 

YEAR PERSON YEARS 

1985 420 
1986 460 
1987 470 
1988 490 
1989* 490 

* Estimated. 

The uranium mine Zirovski vrh is 100 per cent owned by the Socialist 
Republic of Slovenia. 

The short term production capability for Zirovski vrh through 2005 is 
compiled in the following table. 

SHORT-TERM PRODUCTION CAPABILITY PROJECTION 
(Tonnes U per year) 

Supported by Resources at up to $130/kg U 

Existing and Committed 
YEAR 

A B Total 
RAR and EAR-I Unconventional Resources 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 

102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 

-
-
-
-
-
-
-
-
_ 
-
-
-

102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 

313 



• Yugoslavia 

Similarly, the longer term production capability based on the existing 
production centre at Zirovski vrh is detailed in the following table. 

LONGER TERM PRODUCTION CAPABILITY PROJECTION 
(Tonnes U per year) 

Supported by Resources at up to $130/kg U 

YEAR 
Existing and Committed 
Production Centre 

A B 
RAR and EAR-I Unconventional Resources 

Total 
A + B 

2000 
2005 
2010 
2015 
2020 
2025 
2030 

102 
102 
102 
102 
102 
102 
102 

102 
102 
102 
102 
102 
102 
102 

URANIUM STOCKS AND INVENTORIES 

a) Natural uranium stocks 

(Tonnes Natural U) 

In concentrate 
(A) 

Refined 
(B) 

Total 
(A + B) 

Producer Stocks 85 85 

TOTAL 85 
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b) Enriched uranium stocks 

Enriched 

Tonnes U X 2 3 5 U Natural U 
Equivalent 

Producer Stocks 7.8 4.3 

TOTAL 

76 

76 

The required utility stock level is 10.6 tonnes enriched U (4.3 per cent 
3 3 5 U ) . At present, existing stocks are below this level. It is expected that 
the required level will be reached in 1991. 

URANIUM REQUIREMENTS 

The natural uranium requirements for the NPP Krsko, a 632 MV(e) capacity 
PVR which began commercial operation in January 1983, are shown in the follow
ing table. 

URANIUM REQUIREMENTS AND INSTALLED CAPACITY 

YEAR INSTALLED CAPACITY REACTOR RELATED EXPECTED SAVINGS FROM 
(GVe) REQUIREMENTS RECYCLING OF 

(Tonnes U) REPROCESSING PRODUCTS 
(TONNES NATURAL U 

EQUIVALENT) 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
2000 
2005 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
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NATIONAL POLICIES 

There is a moratorium in force forbidding the construction of additional 
nuclear pover plants in Yugoslavia. 

As regards uranium imports, they are necessary until the Zirovski vrh 
mine can produce the annual requirements of 102 tonnes U per year. 

• Zambia • 

URANIUM EXPLORATION 

Historical Review 

Uranium was first observed at the site of the Nindola copper mine in 
Kitwe in the 1940's. The deposit was mined out between 1957 and 1959. This 
deposit was found in the lower parts of the Proterozoic Katanga supergroup. 
Carborne radiometric surveys by the Geological Survey Department revealed ura
nium anomalies in the Karoo sediments (Carboniferous to Jurassic). Mwinilunga 
Mines undertook an airborne radiometric survey in the North-western Province 
and it led to another uranium discovery in the Katangan metasediments of the 
Domes area. During the period 1967-1976, the Government undertook an airborne 
radiometric survey which was countrywide, except for the western province 
which is an area dominantly underlain by Quaternary sands. The objectives 
were to speed up mineral explorations in both Karoo and pre-Karoo rocks, to 
attract uranium explorationists, and to diversify mining activities from the 
Copperbelt to other parts of the country. 

Private companies have been exploring for uranium, in the counry for 
several years now. These are Agip SpA since 1970, the Power Reactor and 
Nuclear Fuel Development Corporation (PNC) since 1973 and Saarberg Interplan 
Uran GmbH since 1980. Agip SpA holds prospecting licences in the Mid-Zambezi 
Valley (North of the Lake Kariba) and in the Mid-Zambezi Valley (North of the 
Lake Kariba) and in the North-western Province. PNC was holding only a pro
specting licence in the Mid-Zambezi Valley, but has since terminated its 
exploration work in Zambia. Saarberg Interplan Uran GmbH holds prospecting 
licences in the Mid-Zambezi Valley, the Luangwa district and the Copperbelt 
extending into the North-western Province. In 1982, Cogema joined Agip in a 
joint venture exploration programme for uranium. Work in the Mid-Zambezi 
Valley and North-western Province (Domes area), which has involved intensive 
drilling, shows the existence of uranium anomalies/occurrences which are 
located in the upper Karoo sediments while in the Domes area, they are found 
in the lower parts of the Katanga succession. PNC's work in the Lundazi 

316 



• Zambia 

licence has apparently only revealed insignificant uranium mineralisation in 
the upper Karoo-basement contact. 

In viev of the increased activity in uranium exploration during the 
1970's an Act of Parliament was passed which led to the formation of the Pre
scribed Minerals and Materials Commission (PMMC). The Commission was charged 
with regulating and controlling radioactive mineral exploration, mining and 
marketing radioactive materials and with the disposal of radioactive wastes in 
a way beneficial to the country, yet acceptable to the international community. 

In 1981, an Orientation Phase mission of the International Uranium 
Resources Evaluation Project (IUREP) had been carried out. 

Recent and Ongoing Activities 

During 1987 and 1988, the only exploration activities in the country 
were done by Government organisations as the foreign companies PNC, Agip, 
Cogema and Saarberg had either terminated or suspended their projects. 

PMMC and the Geological Survey Department with assistance from IAEA 
have been analysing geological, radiometric and geochemical data to define 
target areas where uranium mineralisation might be encountered. This pro
gramme has focussed upon basement and granitic areas which have received 
little or no attention from private companies in the past. 

URANIUM EXPLORATION DATA* 

YEAR 

Pre-1983 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

TOTAL 

SURFACE 

Metres (m) 

171 273 
13 569 
55 321 
2 793 
n.a. 
n.a. 
n.a. 
n.a. 

242 956 

DRILLING 

No. of holes 

993 
26 
81 
14 
n.a. 
n.a. 
n.a. 
n.a. 

1 114 

TOTAL EXPENDITURE 

In National 
Currency 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

n.a. 

In US$ 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

n.a. 

Based on data in Red Books 1986 and 1988. 
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In 1989 a new programme has been initiated whose objective is to pro
duce a uranium geochemical atlas by plotting gcochemical results of existing 
stream sediment samples. This data in connection with geological and geo
physical maps is planned to be used for the preparation of promotional dossiers 
to encourage and help uranium exploration companies select areas vith the 
greatest uranium potential. 

URANIUM RBSOURCBS 

Uranium mineralisation is known within the Precambrian metasediments of 
Katanga age and in the upper Karoo elastics of Permo-Triassic age. Although a 
small deposit occuring vithin the copper-bearing sediments in the Mindola area 
of the Copperbelt has been mined out, the potential for other such deposits on 
the Copperbelt cannot be overlooked. Active exploration for uranium, by pri
vate companies, vithin the Katanga metasediments revealed small isolated but 
medium grade deposits within the Dome areas of North-vestern Province. The 
Karoo sediments which were also prospected by some private companies, revealed 
some small deposits of low grade though at shallow depths. 

In addition to the Karoo elastics and Katangan metasediments, other 
favourable target areas include the surficial duricrusts (Calcrete) of western 
Zambia, the granitic terrains, the swamp sediments of the Lake region and the 
Mporokoso/basement unconformity. 

There are indications that Zambia has a modest uranium potential. How
ever, nv estimates of known resources are available. 

Extensive areas of the country still remain to be evaluated. Specula
tive Resources are estimated at 35 000 tonnes U. 

URANIUM PRODUCTION 

The only uranium production was done in the early 1950's at the Nkana 
copper mine, Kitwe, in the copperbelt. From about 100 000 tonnes of uranium 
ore mined at a grade of 0.19 per cent U, about 100 tonnes U were produced. 
The uranium mineralisation occurred in a 'barren' zone of the stratabound 
copper deposit in the lover Roan formation of the upper Proterozoic Katangan 
metasediments. 

NATIONAL POLICIES 

Foreign companies are free to undertake exploration activities which also 
entitle them to the mining rights, provided they have concluded an agreement 
with the PMNC. However, PMMC is entitled to mine and export uranium and/or to 
convey this right to any company which has concluded an agreement with the PMMC. 
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VII 

HAPS 

National reports in Part VI only exceptionally contain maps for 
reference. 

In this part of the report, however, information on the location of the 
principal uranium deposits and occurrences is shown for the entire continents 
of Australia, Africa, Latin America, North America (including Greenland) and 
Europe outside the CPE-Area. 
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URANIUM DEPOSITS AND PROSPECTS IN AUSTRALIA 
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PRINCIPAL URANIUM DEPOSITS OR AREAS IN AFRICA 
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PRINCIPAL URANIUM DEPOSITS AND OCCURRENCES IN WESTERN EUROPE 
(WITH RESPECT TO TECTONIC ZONES) 
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URANIUM DEPOSITS AND OCCURRENCES IN LATIN AMERICA 

La Sierrita 

Los Amoles 

Pena Blanca 

Tayata-
Sn. Juan Mixtepec 

/COLOMBIA 

.PERU, 

Za pat oca -Contratacion 

/ 

BRAZIL 

Itataia 

'Espinharas 

Macusani • 

Los Frarles 

BOLIVIA' 
• Amorinopolis 

-Lagoa Peal 

Don Otto 

Sierra Pintada 

Malargue -

Los Adobes 

/ 
AT 

& 

Pocos de Caidas 

Figueira 

Rodolfo 

Los Gigantes 

La Estela 

324 



PRINCIPAL URANIUM DEPOSITS OR AREAS IN NORTH AMERICA 
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MEMBERS OF THE NBA URANIUM GROUP 

Australia Mr. G.C. BATTEY 

Dr. P. MOORE 

Mineral Project Evaluation 
Branch, Bureau of Mineral 
Resources, Canberra, N.S.V. 

Australian High Commission, 
London, United Kingdom 

Belgium Mr. J. PYPE Synatom, Brussels 

Canada (Chairman) Mr. R.M. WILLIAMS 

Dr. V. RUZICKA 

Uranium & Nuclear Energy Branch 
Energy, Mines and Resources, 
Ottawa 

Geological Survey of Canada, 
Energy, Mines and Resources, 
Ottawa 

Prance Mr. J.-L. BALLERY 

Mrs. E. BERTEL 

Mr. J. DARDEL 

Commissariat a l'Energie 
Atomique, Paris 

Commissariat A l'Energie 
Atomique, Paris 

Commissariat a l'Energie 
Atomique, Paris 

Federal Republic 
of Germany 

Dr. P. BARTHEL 

Dr. E. BUDDE 

Bundesanstalt fOr Geowissens-
chaften und Rohstoffe, Hannover 

Bundesministerium fUr Forschung 
und Technology, Bonn 
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Greece Mr. D.A.M. GALANOS Institute of Geology and Mineral 
Exploration, Athens 

Japan Mr. A. ISHIDO 

Mr. T. TOMISHIGE 

PNC Office, Paris 

Power Reactor and Nuclear Fuel 
Development Corporation, Tokyo 

Netherlands Mr. L. BUYS Ministry of Economic Affairs, 
The Hague 

Sweden Mr. I. LINDHOLM Swedish Nuclear Fuel & Waste 
Management (SKB), Stockholm 

Switzerland Mr. H. BAY Nordostschweizerische 
Kraftverke AG, Baden 

United Kingdom Mr. J. ROWLAND British Civil Uranium 
Procurement Organisation, 
CEGB, London 

United States Dr. W.I. FINCH 

Mr. J.C. GEIDL 

USGS, Denver 

Energy Information 
Administration, Department of 
Energy, Washington 

CEC Dr. D.M. TAYLOR Directorate General for Energy, 
DG XVII, Brussels 

IAEA (Secretariat) Dr. E. MULLER-KAHLE Division of Nuclear Fuel Cycle 
and Waste Management, Vienna 
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OECD/NEA Mr. G.H. STEVENS Nuclear Development Division 

(Secretary) Dr. V. GEHRISCH Nuclear Development Division 

Mr. R.T. WHILLANS Uranium & Nuclear Energy Branch 
Energy, Mines and Resources, 
Ottawa, Canada (Consultant) 

328 



Annex 2 

LIST OF REPORTING ORGANISATIONS 

Argentina: Comision Nacional de Energia Nuclear, Direccion de 
Suministros Nucleares, Av. Libertador 8250, 1429 Capital 
Federal, Buenos Aires 

Australia: Department of Resources and Energy, G.P.O. Box 858, 
Canberra, Act 2600 

Belgium: Ministere des Affaires Economiques, Service des 

Applications Nucleaires, 30 rue de Mot, 1040 Brussels 

Service geologique de Belgique, 13 rue Jenner, 1040 Brussels 

Synatom S.A., 13 avenue Narnix, 1050 Brussels 

Benin: Office Bennois des Mines, B.P. 249, Cotonou 

Bulgaria: Geological Committee of Bulgaria, Bid. G. Dimitrov 22, Sofia 

Canada: Department of Energy, Mines and Resources, Uranium and 
Nuclear Energy Branch, 580 Booth Street, Ottava, Ontario 
K1A 0E4 

China: China National Nuclear Corporation, Bureau of Geology, 
P.O. Box 1436, Beijing 100013 

Colombia: Instituto de Asuntos Nucleares, Apartado Aereo 8595, 
Bogota, D.E. 

Costa Rica: Minera Nacional S.A., Apartado 5298, 1000 San Jose 

Czechoslovakia: Czechoslovak Atomic Energy Commission, Slezska 9, Prague 

Egypt: Nuclear Materials Corporation, Maadi-Kattamiza Road, P.O. 

Box 530, Maadi, Cairo 

Finland: Geological Survey of Finland, 1 Kivimiehentie, 02150 Espoo 

France: Commissariat a l'Energie Atomique, Direction de 
l'approvisionnement en matieres nucleaires, 31-33 rue de la 
Federation, 75752 Paris Cedex 15 

Germany, FR of: Bundesanstalt fUr Geowissenschaften und Rohstoffe, P.O. Box 
51 01 53, 3000 Hannover 51 
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Greece: 

India: 

Indonesia: 

Ireland: 

Japan: 

Jordan: 

Korea Rep.of: 

Malaysia: 

Mauretania: 

Mexico: 

Morocco: 

Netherlands: 

Niger: 

Peru: 

Philippines: 

Institute of Geology and Mineral Exploration (I.G.M.E.) 
70, Messoghion Str., Athens 115 27 

Atomic Minerals Division, Department of Atomic Energy, 
Government of India, 1 - 10 - 153/156 Begumpet, Hyderabad 
500016 

Nuclear Minerals Development Centre, National Atomic Energy 
Agency, P.O.Box 11, Kbyb, Jakarta Selatan 

Department of Energy, Petroleum and Minerals Branch, Nassau 
House, Dublin 2 

Science and Technology Agency, 2-2-1 Kasumigaseki, 
Chiyoda-ku, Tokyo 

Ministry of International Trade and Industry, 
1-3-1 Kasumigaseki, Chiyoda-ku, Tokyo 

Jordan Phosphate Mines Co., Ltd., P.O. Box 30, Amman 

Natural Resources Authority, Ministry of Energy and Mineral 
Resources, P.O. Box 7, Amman 

Korea Institute of Energy and Resources, P.O. Box 98, 
Guro-ku, Seoul 

Korea Electric Power Corp., 167 Samson-Dong, Kangnam-Gu, 
Seoul 135 

Geological Survey of Malaysia. Ting Kat 20, Bangunan Tabung 
Haji, Jalan Tun Razak, Peti Surat 11110, 50736 Kuala Lumpur 

Direction des Mines et de la Geologie, B.P. 199, Nouakchott 

Instituto Nacional de Investigaciones Nucleares, Salazar, 
Edificio de Mexico 

Bureau de Recherches et de Participations Minieres, 
Division de l'Exploration Miniere, 5-7 Charia Moulay 
Al Hassan, B.P. 99, Rabat 

Office Cherifien des Phosphates (0CP), Route d'El Jadida et 
Boulevard de la Grande Ceinture, Casablanca 02 

Ministry of Economic Affairs, Directorate-General for 
Energy, Electricity and Nuclear Energy Department, 
P.O. Box 20101, 2500 EC The Hague 

Ministere des Mines et de l'Energie, B.P. 11700, Niamey 

Instituto Peruano de Energia Nuclear, Apartado 1687, Lima 

Philippine Nuclear Research Institute, P.O. Box 932, 
Diliman, Quezon City, Manila 
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Portugal: Direccao-Geral de Geologia e Ninas, Rua Antonio Enes, 
P-1097 Lisbon Codex 

Spain: Empresa Nacional del Uranium, S.A., Santiago Rusinol 12, 
28040 Madrid 

Sri Lanka: Geological Survey Department, 48 Sri Jinaratana Road, 
Colombo 2 

Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB), 

Box 5864, 102 48 Stockholm 

Switzerland: Bundesamt fur Energiewirtschaft (BEV), 3003 Bern 

Nordostschweizerische Kraftwerke (NOK), 5401 Baden 

Syria: Atomic Energy Commission, P.O. Box 6091, Damascus 

Tanzania: Geological Survey Department, P.O. Box 903, Dodoma 

Thailand: Department of Mineral Resources, Strategic and Radioactive 
Minerals Section, Rama VI Road, Bangkok 10400 

Turkey: Turkish Atomic Energy Authority, Karanfil Sok. 67, Ankara, 
Balanliklar 

United Kingdom: British Civil Uranium Procurement Organisation, 
c/o CEGB, Sudbury House, 15 Newgate Street, London ECIA 7AU 

United States: Energy Information Administration, U.S. Department of 
Energy, Washington, D.C. 20585 

Uruguay: Direccion Nacional de Mineria y Geologia, Hervidero 2861, 
Montevideo 

Zambia: Geological Survey Department 

Prescribed Minerals and Materials Commission, 
P.O. Box 50135, Lusaka 

Yugoslavia: Rudnik Urana Zirovski vrh, Todraz 1, Y-64224 Gorenja vas 
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Annex 3 

GEOLOGIC SETTING OF URANIUM DEPOSITS 

The major uranium resources of the world can be assigned on the basis 
of their geological setting to the following eight categories of ore types: 

1. Quartz-Pebble Conglomerate Deposits, 

2. Unconformity-Related Deposits, 

3. Breccia Complex Deposits 

4. Disseminated, Magmatic, Pegmatitic and Contact Deposits in Igneous 
and Metamorphic Rocks, 

5. Vein Deposits, 

6. Sandstone Deposits, 

7. Surficial Deposits, 

8. Other Types of Deposits. 

The main features of these deposits are described below: 

1. Quartz-Pebble Conglomerate Deposits 

Known quartz-pebble conglomerate ores are restricted to a specific 
period of geologic time. They occur in basal Lover Proterozoic beds uncon-
formably situated above Archaean basement rocks composed of granitic and 
metamorphic strata. Commercial deposits are located in Canada and South 
Africa, and sub-economic occurrences are reported in Brazil. 

2. Unconforaity-Related Deposits 

Deposits of the unconformity-related type occur spatially close to 
major erosional unconfor'nities. Such deposits most commonly developed during 
a generally world-wide orogenic period about 1,800-1,600 my ago. They are 
represented by the ore bodies at Cluff Lake, Key Lake and Rabbit Lake in 
northern Saskatchewan, Canada, and those in the Alligator Rivers area in 
northern Australia. 
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3. Breccia Complex Deposits 

Deposits of this group were developed in Proterozoic continental regimes 
during anorogenic periods. The host rocks include felsic volcaniclastics and 
sedimentary rocks. The uranium mineralisation occurs in rock sequences imme
diately overlying granitoid basement complexes. The ores generally contain 
two phases of mineralisation, an earlier stratabound and a later transgressive 
one. The main representative of this type is the Roxby Downs Deposit in South 
Australia. Deposits in Zambia, Zaire and the Aillik Group - Labrador, may also 
belong to this category. 

4. Disseminated, Magaatic, Pegsatitic and Contact Deposits in Igneous and 
Metaaorphic Rocks 

The deposits included in this grouping are those associated with 
granites, magmatites, syenites, pegmatites, carbonatites and volcanic rocks. 
The largest known deposit in this grouping is Rossing, in Namibia, which is 
associated with pegmatitic granite and alaskite. 

5. Vein Deposits 

The vein deposits of uranium are those in which uranium minerals fill 
cavities such as cracks, fissures, pore spaces, breccias and stockworks. The 
dimensions of the openings have a wide range, from the massive veins of pitch
blende at Jachymov, Shinkolobwe and Port Radium to the narrow pitchblende 
filled cracks, faults and fissures in some of the ore bodies in Europe, Canada 
and Australia. 

6. Sandstone Deposits 

Most of the ore deposits of this type are contained in rocks that were 
deposited under fluvial or marginal marine conditions. Lacustrine and eolian 
sandstones are also mineralised, but uranium deposits are much less common in 
these rocks. The host rocks are almost always medium to coarse-grained poorly 
sorted sandstones containing pyrite and organic matter of plant origin. The 
sediments are commonly associated with tuffs. Unoxidized deposits of this type 
consist of pitchblende and coffinite in arkosic and quartzitic sandstones. 
Upon weathering, secondary minerals such as carnotite, tyuyamunite and 
uranophane are formed. 

The Tertiary, Jurassic and Triassic sandstones of the western cordillera 
of the United States account for most of the uranium production in that coun
try. Cretaceous and Permian sandstones are important host rocks in Argentina. 
Other important uranium deposits are found in Carboniferous deltaic sandstones 
in Niger; in Permian lacustrine siltstones in France; and in Permian sand
stones of the Alpine region. The deposits in Precambrian marginal marine 
sandstones in Gabon have also been classified as sandstone deposits by some 
authors. 
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7. Surficial Deposits 

Uraniferous surficial deposits may be broadly defined as uraniferous 
sediments, usually of Tertiary to Recent age which have not been subjected to 
deep burial and may or may not have been calcified to some degree. Uranium 
deposits, associated with calcrete, which occur in Australia, Namibia and 
Somalia in semi-arid areas where water movement is chiefly subterranean are 
included in this type. 

8. Other Types of Deposits 

Included in this grouping are deposits that cannot readily be classified 
with the ore types already mentioned. These include uranium deposits which 
occur in limestone and limestone karst terrain as phosphatized fractions of the 
limestono. Uranium which occurs at low concentrations in marine phosphorites, 
bituminous shales and lignites is also included here. 
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Annex A 

INDEX OF NATIONAL REPORTS IN 
RED BOOKS 1965-1988* 

The following index lists all national reports and the Red Book 
editions where these reports are published. 

Algeria 1975, 1977, 1979, 1982 
Argentina 1967, 1969, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
Australia 1967, 1969, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
Austria 1977 
Bangladesh 1986, 1988 
Belgium 1982, 1983, 1986, 1988 
Bolivia 1977, 1979, 1982, 1983, 1986 
Botswana 1979, 1983, 1986, 1988 
Brazil 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986 
Cameroon 1977, 1982, 1983 
Canada 1965, 1967, 1969, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
Central African Rep. 1970, 1973, 1977, 1979, 1986 
Chile 1977, 1979, 1982, 1983, 1986, 1988 
Colombia 1977, 1979, 1982, 1983, 1986, 1988 
Costa Rica 1982, 1983, 1986, 1988 
Cote d'lvoire 1982 
Cuba 1988 
Denmark (Greenland) 1965, 1967, 1969, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986 
Dominican Republic 1982 
Ecuador 1977, 1982, 1983, 1986, 1988 
Egypt 1977, 1979, 1986, 1988 
El Salvador 1983, 1986 
Ethiopia 1979, 1983, 1986 
Finland 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
France 1965, 1967, 1969, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
Gabon 1967, 1970, 1973, 1982, 1983, 1986 
Germany, F.R. of 1970, 1975, 1977, 1979, 1982, 1983, 1986, 1988 
Ghana 1977, 1983 
Greece 1977, 1979, 1982, 1983,- 1986, 1988 
Guatemala 1986, 1988 
Guyana 1979, 1982, 1983, 1986 
India 1965, 1967, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986 
Indonesia 1977, 1986, 1988 
Iran 1977 
Ireland 1979, 1982, 1983, 1986 
Italy 1967, 1970, 1973, 1975, 1977, 1979, 1982, 1983, 1986, 1988 

* Red Book edition; a detailed l i s t ing of a l l Red Book editions is shown at 
the end of this Index. 
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Jamaica 
Japan 
Jordan 
Korea, Rep. of 
Lesotho 
Liberia 
Libyan Arab Jamahi 
Madagascar 
Malaysia 
Hali 
Mexico 
Morocco 
Namibia 
Netherlands 
Nev Zealand 
Niger 
Nigeria 
Norvay 
Pakistan 
Panama 
Paraguay 
Peru 
Philippines 
Portugal 
Rwanda 
Senegal 
Somalia 
South Africa 
Spain 
Sri Lanka 
Sudan 
Suriname 
Sweden 
Switzerland 
Syria 
Thailand 
Togo 
Turkey 
United Kingdom. 
United States of 
America 

Uruguay 
Yugoslavia 
Venezuela 
Zaire 
Zambia 
Zimbabwe 

1965, 

ciya 

1965, 

1965, 

1965, 
1965, 

1965, 

1965, 

1967, 

1967, 

1967, 
1967, 

1967 

1967, 

1967, 
1967, 

1967, 

1967, 

1967, 

1969, 

1969, 
1969, 

1969, 

1969, 

1970, 

1970, 

1970, 

1970, 

1970, 
1970, 

1970, 

1970, 

1973, 

1973, 

1973, 

1973, 

1973, 
1973, 

1973, 

1973, 

1973, 

1973, 

1973, 

1975, 

1975, 

1975, 

1975, 
1975, 

1975, 

1975, 
1975, 

1975, 
1975, 

1975, 
1975, 

1975, 

1975, 

1977, 
1977, 
1977, 

1977, 

1977, 

1977, 
1977, 

1977, 
1977, 

1977, 
1977, 
1977, 

1977, 
1977, 
1977, 
1977, 
1977 

1977, 
1977, 

1977, 

1977, 
1977, 

1977, 
1977, 
1977, 

1977, 

1979, 

1979, 

1979, 

1979, 
1979, 
1979, 

1979 

1979 
1979, 

1979, 

1979, 

1979 
1979, 
1979, 

1979, 
1979, 

1979, 
1979 
1979, 
1979, 

1979, 

1982, 
1982, 

1982, 

1982, 

1982, 
1982, 
1982, 
1982, 

1982, 

1982, 
1982, 

1982 

1982, 
1982, 
1982, 

1982, 
1982, 
1982, 
1982, 
1982, 

1982, 
1982, 

1982, 
1982, 
1982 

1982, 

1983 
1983, 

1983, 

1983 
1983 
1983, 
1983, 

1983, 
1983, 
1983, 

1983 

1983, 
1983, 
1983, 
1983, 
1983, 

1983, 
1983, 
1983, 

1983 
1983, 
1983, 
1983, 
1983, 

1983, 
1983, 

1983, 
1983, 

1986, 
1986, 
1986, 

1986, 
1986, 
1986, 
1986 
1986, 
1986, 
1986 

1986, 

1986 
1986, 
1986 
1986, 
1986 

1986 
1986, 
1986, 

1986, 
1986, 
1986, 
1986, 

1986, 
1986, 

1986, 
1986, 

1986, 

1986, 

1988 
1988 
1988 
19B8 

1988 
1988 
1988 

1988 
1988 

1988 

1988 

1988 

1988 

1988 
1988 

1988 
1988 
1988 
1988 

1988 
1988 

1988 
1988 

1988 
1988 
1988 
1988 

SUCCESSIVE RED BOOK EDITIONS SINCE 1965 

OECD(ENEA): 
OECD(ENEA): 
0ECD(ENEA)/IAEA: 
0ECD(ENEA)/IAEA: 
0ECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 
OECD(NEA)/IAEA: 
0ECD(NEA)/IAEA: 

Vorld Uranium and Thorium Resources, Par 
Uranium Resources, Revised Estimates, Pa 
Uranium Production and Short Term Demand 

Production and Dt and 
Production and Demand 
Production and Demand 
Production and Demand 
Production and Demand 
Production and Demand 
Production and Demand 
Production and Demand 

Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, 
Uranium Resources, Production and Demand 

is, 1965 
ris, 19(.7 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 
, Paris, 

1969 
1970 
1973 
1975 
1977 
1979 
1982 
1983 
1986 
1988 
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Annex 5 

ENERGY CONVERSION FACTORS 

The need to establish a set of factors to convert quantities of uranium 
into common units of energy appeared during recent years with the increasing 
frequency of requests for such factors applying to the various reactor types. 

The NBA has therefore asked organisations of its member countries to 
provide such factors to be published in this report. 

The contributions of these organisations are presented in the following 
table. 
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ENERGY VALUES Tot. URANIUM USED IN VARIOUS REACTOR TYPES 
(1 TONNE NATURAL URANIUM > « 1015 Joule*) 

COUNTRY 

REACTOR TIPS 

Burn-Up (HHdl 

•) Natural Uraniua 
or Nat. Uran. Equiv. 

b) Enriched Uraniua 

Uraniua Enrichaont I* 23SU) 

Tails Assay I* 2J5U1 

Efficiency of converting 

Theraal Energy into 

Electricity 

Theraal Energy Equivalent of 
1 Tonn* of Natural Uraniua 
in (1015 Joules] , I ) 

Electrical Enarqy Equivalent 
of 1 Tonn* Natural Uraniua 
in |1015 Joules) {i) 

CANADA 

CANDU 

S 000 

-

-

30 % 

0.691 

0.207 

TRANCE 

-
1300 KW* PVR 

5 64C 

32 000 

3.1 

0.2 

33.3 % 

0.4(1 

0.162 

GERMANY, F.R. 

BWR PWR 

5 (55 S 931 

27 500 32 500 

2.6 3.0 

0.2 0.2 

n.a. n.a. 

0.S06 0.513 

n.a. n.a. 

SWEDEN 

BWR PWR 

6 370 5 674 

38 000 40 000 

3.0 3.S 

0.25 0.25 

34 % 34.5 % 

0.55 0.490 

0.1(7 0.169 

JAPAN 

BWR PWR 

S 3(4 5 621 

29 500 33 000 

3.0«« 3.2 

0.2"« 0.2" 

33 l 34 t 

0.46S 0.4(6 

0.154 0.165 

UNITES 

MAGNOX 

5 900 

-

-

26 % 

0.S12 

0.133 

KINGDOM 

AGR 

n.a. 

24 000 

2.9 

n.a. 

40 4 

0.36 

0.144 

UNITED 

BWR 

4 342 

24 000 

2.76 

0.25 

31.57 \ 

0.375 

0.1K 

STATES 

PWR 

4 616 

30 700 

1.27 

0.25 

31.57 % 

0.399 

0.126 

(1) Doos not inciudo Pu and U recyclo. Doos not tak« into account tha requirement of an initial coro load which would raduco tho equivalence by about *S %, 
if >>ased on a plant life of about 30 yoars with a 70 % capacity factor. 

(2) Doos not tako into account tho onorgy consuaod for l>235 •<**ichaent in LW* *hd AGR fuol. Tha factor to bo applied to tho energy equivalent under tho 

conditions of 3 % " j 3 5 onrichaont and 0.2 * tails asiay should bo aultiplied by 0.957. 

Assumed. 



CONVERSION FACTORS AND ENERGY EQUIVALENCES FOR FOSSIL FUEL 
(for comparison) 

1 cal 

1 J 

4.196 J 

0.239 cal 

1 tonne of oil equivalent (net, 
low heat value) 

1 tonne of coal equivalent (standard, LHV) 

1000 m3 of natural gas (standard, LRV) 

1 tonne of LNG 

1000 kVh (primary energy) 

1 TOE 

1 TCE 

1000 in3 natural gas 

1 tonne LNG 

1000 kWh (primary energy) 

1 TCE 

1000 m3 natural gas 

1 tonne LNG 

1000 kVh (primary energy) 

1 tonne of fuelvood 

1 tonne of uranium (light water reactors, 
open cycle) 

= 42 GJ* = 1 TOE 

= 29.3 GJ* - 1 TCE 

= 36 GJ 

= 46 GJ 

= 9.36 GJ 

= 10 034 Meal 

= 7 000 Meal 

= 8 600 Meal 

= 11 000 Meal 

= 2 236 Meal** 

- 0.697 TOE 

= 0.857 TOE 

- 1.096 TOE 

- 0.223 TOE 

« 0.380 TOE 

10 000-16 000 TOE 
14 000-23 000 TCE 

* World Energy Conference standards conversion factors (from Standards 
Circular No. 1, 11/83). 

** With 1000 kWh (final consumption) - 860 Meal as WEC conversion factor. 
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ex 

UNDERSTANDING URANIUM RESOURCES 

There has been a great deal of discussion - and a corresponding great 
deal of misunderstanding - about the categories used for uranium resources in 
the Red Book. The concept itself is simple. Resource categories are described 
graphically in a two dimensional grid on the basis of the confidence (geologi
cal assurance) one can have as to their existence (horizontal-axis) and their 
costs of recovery (vertical-axis). This is shown in Figure 2 of the main text. 
Resources in vhich one has the highest confidence and which can be produced at 
low costs* (which, for the purpose of this Red Book, are defined as less than 
$80/kg U) will fall in the "Reasonably Assured Resources" box at the bottom 
left hand side of the diagram. Similar resources in which one has less con
fidence will be more to the right until, at some moment, they will cross the 
border into the "Estimated Additional Resources" Category-I. It is the loca
tion of this border - and the other borders to the right - which is very 
difficult to define**. 

In the simplest terms, Reasonably Assured Resources (RAR) are those 
contained in the best known part or parts of a deposit. Estimated Additional 
Resources - Category I (EAR-I) refer to less well-known material. This is 
often associated with the same deposits containing the RAR but they can be in 
separate bodies. The two remaining resource categories - Estimated Additional 
Resources - Category II (EAR-II) and Speculative Resources (SR) are essentiall 
undiscovered. The difference between them is that we can better define the 
location of the EAR-II resources and have correspondingly greater confidence 
in our estimates as to their size. An estimate of Speculative Resources can 
be assigned to an area which does not contain any discovered deposits - or 
even any known mineralisation. On the other hand, there are cases when a 
single deposit can be described as containing resources belonging to several 
categories. 

* The subject of cost categories - or categories of economic attractiveness 
is of great importance in the resource classification. However, for the sake 
of simplicity, it is not covered further in this Annex but will be treated 
separately at a future date. 

** The resources referred to in this Annex do not normally include "unconven
tional" resources such as those which may be recovered as by-products of the 
production of other metals or marine phosphates. Nor do they include the very 
low grade (and therefore high cost) resources such as granites or sea water. 
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It is important to appreciate that the distinctions between these dif
ferent categories are not precise and that the geological assurance of exis
tence criteria used by the different estimators may vary. The purpose of this 
Annex is to provide the reader with some insight into how estimators distin
guish between the different resource categories. 

Attempts have been made to define levels of confidence for the resource 
categories using geostatistical methods. The different categories would be 
related to different levels of probability and different error limits on the 
estimates. For example, one method defined RAR as having a probability of 
existence of 90 per cent and an upper limit on the reported tonnage of +/-20 
per cent. Such a method can be useful if adequate technical and economic data 
are available, including detailed drill hole and assay data. This is sometimes 
the case at the national level. However, sufficient technical data are not 
available in many countries to determine geostatistical confidence levels. 
Such methods are therefore much less useful for international comparisons. 

The most common method of defining resource categories is to define the 
boundaries between them on the basis of the type and quality of the geological 
data required/available. This is basically the method used for the Red Books. 
The following descriptions of the different resource categories expand a 
littJ ' «yond the definitions of the resource categories in the Definitions 
and '--*•? .nology section of the main report. These descriptions rely heavily 
on the guidelines employed by Energy, Mines and Resources Canada's Uranium 
Resource Appraisal Group (URAG). They should be read in conjunction with the 
Definitions. Comments and suggestions by the reader are most welcome and 
should be addressed to the NEA or the IAEA. 

Reasonably Assured Resources (RAR) 

RAR occur in deposits for which there is a detailed three dimensional 
picture of the geology and a knowledge of tonnages, grades, densities and 
metallurgical properties of the ores in each part or "block". A block is the 
name given to a specific volume of a deposit, which contains a certain tonnage 
of ore usually at a certain cut-off grade. The sizes of individual blocks may 
vary within and between deposits, often depending on the spacing of the drill 
holes*. Furthermore the ores must be amenable to mining and processing by 
proven technology for the resources to be classed as RAR. 

RAR represents the highest level of confidence of known resources of a 
region. The computed tonnage and grade are usually judged to be within limits 
of +/-20 per cent error. 

Estimated Additional Resources - Category I (EAR-I) 

A prerequisite for the estimation of EAR-I must be specific geological 
evidence of the presence of the mineralisation. They are confined either to 
extensions of the RAR or to separate deposits within a mineralised district. 

* See for example "IAEA, Methods for the Estimation of Uranium Ore Reserves, 
An Instruction Manual", TRS N° 255, IAEA, Vienna, 1985. 
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EAR-I that are in extensions of RAR are, at their inner edges, bordered 
by the boundaries of the blocks of Reasonably Assured Resources. Their outer 
edges are determined by the assumed boundaries of the deposit (based on the 
"zone of influence" of the peripheral samples* or by the distribution and 
density of the samples (if this distribution and density is insufficient for 
estimation of RAR). In case of the absence of sufficient sample data, the 
outer boundaries of the EAR-I can be determined arbitrarily, by taking into 
account geological factors supporting evidence of the nature of the 
mineralisation. 

Estimates of EAR-I that are confined to separate deposits are based on 
a broad knowledge of the geological character of deposits of the same, or 
similar, type. For example, the initial assessment of the potential of 
Canada's Pronto deposit, near Blind River, Ontario, was by comparison with the 
similar deposit type in the Witwatersrand Basin, South Africa. The initial 
assessment of the deposits in the Quirke syncline was, in turn, based on a 
comparison with the Pronto deposit and on intersections of only a fev drill 
holes. Most resources are assigned to the EAR-I category because the density 
of sampling or measurement data or knowledge of the geology of the deposit or 
knowledge of the applicability of currently proven mining and processing 
technologies is insufficient for the estimation of the resources as RAR. The 
estimates of the EAR-I should be qualified by a statement of specific grade 
limits and conditions under which they are inferred. 

Estimated Additional Resources - Category II (EAR-II) 

EAR-II are essentially undiscovered resources spatially located beyond 
the geographical limits of RAR and EAR-I, but within the boundaries of well-
established geological trends in areas with identified uranium resources**. 

A crucial part of the definition of EAR-II is the restriction to "well-
defined geological trends or to areas of mineralisation with known deposits". 
The definition of a "well-defined geological trend" is very difficult. This 
is because the attributes and delineation of the trend may vary depending on 
specific geological situations and degrees of knowledge of the geological 
environments. For example, Canada's Blind River - Elliot Lake Basin, repre
sents an area with known deposits, on one hand, and the distribution of the 
Matinenda Formation within the Basin characterises the well-defined geological 
trend, on the other hand. Similarly, the Athabasca Basin in Saskatchewan 
represents the area with known deposits, but the altered interface of the 
Athabasca Group rocks with the Aphebian basement rocks (i.e., the vicinity of 
the sub-Athabasca unconformity) is an example of a well-defined geological 
trend. 

* The zone of influence of a sample is an estimate of how representative a 
single sample is of the surrounding rocks. Experience elsewhere in the 
deposit is needed to determine the size of this zone. 

** Because of the uncertainties associated with defining a border between 
EAR-I and EAR-II resources, some countries (in particular the USA) do not 
distinguish between the two categories of Estimated Additional Resources. 
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As a rule, the well-defined geological trends are delineated tor certain 
deposit types, i.e., for geological environments (lithological and structural) 
that control the localisation of specific kinds of mineralisation and distribu
tion of certain types of mineral deposits. Evidence for the presence of the 
pertinent geological environment may be based upon analyses of regional and de
tailed geological maps, complemented by reconnaissance geological, geochemical 
and geophysical surveys, or by information gained from drilling. 

The quantification of EAR-II takes into account more detailed factors 
that are parts of the conceptual genetic models for the respective types of 
deposits. For instance, the presence, extent and location of conductive 
horizons is an important component in the quantification of uranium resources 
associated with the unconformities in the Athabasca Basin. 

Speculative Resources 

Between 1976 and 1978 the Steering Group on Uranium Resources of the 
OECD Nuclear Energy Agency (OECD/NEA) and the International Atomic Energy 
Agency (IAEA) prepared the report "World Uranium Potential: An International 
Evaluation" (OECD, 1978)*. 

For this study, areas were identified which were believed to be favour
able for the discovery of uranium resources in addition to those Reasonably 
Assured Resources and Estimated Additional Resources reported on in "Uranium 
Resources, Production and Demand, December 1977". For each country a judge
ment was made of the order of magnitude of this additional potential, based on 
the geological favourability for the existence of uranium deposits that could 
be exploited at costs less than $130/kg U. 

To facilitate the process of judging the relative favourability of each 
country, the Steering Group devised a ranking scheme. Potential for new 
discoveries was ranked as low, moderate, moderate to high, high, high to very 
high or very high. For the purpose of obtaining an aggregate measure of this 
potential the Group also applied ranges of tonnages to the rankings. Given 
the subjective nature of the exercise the applied tonnage ranges were broad 
and defined as Speculative Resources (i.e., undiscovered resources in addition 
to RAR and EAR, which are thought to exist mostly on the basis of indirect in
dications and geological extrapolation in deposits discoverable with existing 
techniques). They were restricted to resources which would, if discovered at 
that time, be exploitable at up to $130/kg U. (The Steering Group reviewed 
and updated their estimates in 1983)**. 

This however is only one approach. Others are possible. The one 
closest to this method is that used in the USA during the National Uranium 
Resource Evaluation (NURE) exercise in the 1970s which divided undiscovered 

* This was done as part of the International Uranium Resources Evaluation 
Project (IUREP). 

** IAEA, World Speculative Uranium Resources Revised Estimates 1983, 
unpublished internal report, IAEA, Vienna, 1984. 
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resources into probable, possible and speculative categories*. This "geologi
cal" approach takes into account selected regions favourable for individual 
deposit types. Another method - known as modified MIMIC method - takes into 
account a block of continental crust to a certain depth (e.g., 1000 m) and 
factors simulating the processes participating in the concentration of uranium. 

The NEA/IAEA definition for Speculative Resources states that "as the 
name implies, the existence and size of such resources are speculative". It 
is important to emphasize that the uncertainty associated with these resources 
does not relate to confidence that some resources exist. The uncertainty 
concerns their geographical location and their total tonnage (usually within a 
given range). 

A comprehensive manual on the different methods for the estimation and 
economic assessment of undiscovered uranium resources is being prepared by a 
group of consultants for the IAEA**. 

* US Department of Energy: An Assessment Report on Uranium in the United 
States of America, GJ0-111(80) (Grand Junction, Colorado, October 1980), 
pp. 21-30 and Energy Information Administration: Uranium Industry Annual 
1988, D0E/EIA-0478(88), (Washington D.C., August 1989), p. 67. 

** IAEA, Methods for the Estimation and Economic Evaluation of Undiscovered 
Uranium Endowment and Resources, An Instruction Manual, IAEA (in preparation). 
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Annex 7 

LONG TERM PROJECTION OF DBNAND FOR URANIUM 

In response to the Uranium Group's request for assistance in narrowing 
down the range of values for uranium demand by 2030 it was decided to project 
two possible paths for the development of nuclear electricity generation. 
These would not cover extreme circumstances but would be intended to envelop 
the most likely range of developments. These paths, when combined in a second 
step with a number of scenarios for using different reactor types, would yield 
the projections of uranium demand. 

The previous long-term projections had been based on the Yellow Book'1' 
which itself made use of the TUV computer model to establish predictions of 
demand for nuclear power. Consideration was given to updating the parameters 
used in the model but this proved difficult. To do so would have required a 
great deal of effort which was scarcely warranted at a time when political 
decisions appeared likely to have considerable effect on the growth of nuclear 
electricity. Instead a specialist Vorking Group on Long Term Electricity 
Forecasting (VGLTF) agreed to use simple mathematical formulae to calculate 
electricity consumption in OECD and in the non-OECD countries outside centrally 
planned economies (NOCPE). In each case electricity consumption would grow in 
accordance with GOP modified by an elasticity factor. For OECD the GDP growth 
rate was 2.6 per cent a year and the electricity/economic growth elasticity 
would decline smoothly from 0.7 in 2000 to 0.5 in 2030. This decline was to 
take account of increasing efficiency of electricity use, a trend which cannot 
last for ever but was believed likely to hold until 2030. For R0V0CA the GDP 
growth rate was 3.2X with an elasticity of 1. 

The VGLTF then considered the factors which would affect penetration of 
nuclear technology into electricity generation and identified qualitatively 
two scenarios which could reasonably be expected to cover the range of most 
likely possibilities. Thus they excluded from consideration a widespread 
moratorium or the use of nuclear power and the possibility of a major swing to 
nuclear power as a result of concern over the environmental impacts of lossil 
fuel use. In the "Low" scenario most current users of nuclear power in the 
OECD maintain a commitment to a mix of fuels for electricity production. In 
the earlier years of the period much use is made of natural gas and clean-coal 
technologies. Continuing public concerns over nuclear safety and radioactive 
waste management retard the introduction of nuclear power but do not prevent 
it. In the "Low" scenario for NOCPE only highly committed users, such as the 
Republic of Korea, India, etc. progress throughout that period, with additional 
industrialising countries adopting nuclear energy in the second half of it. 
The "High" scenario for OECD takes advantage of presumed continued good oper
ating performance, streamlined licensing procedures, availability of standard
ised, less expensive nuclear reactors and demonstrated ability to manage 
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radioactive wastes. These factors coupled with concerns for security of energy 
supply and increasingly stringent environmental protection regulations lead to 
increasing use of nuclear power in the USA, an approach towards saturation in 
countries currently committed to nuclear power, and to further reliance on nu
clear electricity in countries where currently there is a de facto moratorium. 
For the NOCPE, while most developing countries remain non-nuclear, the majority 
of industrialising and populous countries will use nuclear power to some 
extent, the more generally favourable climate for nuclear power leading to 
enhanced technology and financial aid transfers. 

For the OECD these scenarios were modelled using a logistics function, 
in which a value was set for the asymptotic penetration of nuclear electricity 
generation technology together with a time for halving the gap between the 
current and the asymptotic value. The parameters for OECD North America were 
made different in recognition of the weight of the USA in that region's 
statistics and of the current and expected future circumstances varying from 
those in the rest of the OECD. The adopted parameters were: 

OECD-NORTH AMERICA 

OECD-EUROPE 
& PACIFIC 

"LOW" ! 

Asymptotic 
Nuclear 
Share 

20X 

40% 

SCENARIO 

Halving 
time 

20 years 

20 years 

"HIGH" 

Asymptotic 
Nuclear 
Share 

25* 

60% 

SCENARIO 

Halving 
time 

17 years 

20 years 

Further calculation, using load factors increasing over the period from 
68 pe cent to 75 per cent for OECD-North America, and from 70 per cent to 
78 per cent for OECD-Europe and Pacific generated estimates fo the amount of 
nuclear capacity required. 

For NOCPE assessments were made for each country on the basis of the 
scenarios of the likely rate of construction of additional nuclear power sta
tions at 10-year intervals; 2000, 2010, 2020 and 2030. The capacities for 
the intermittent years were obtained by a smoothing function. Assuming a load 
factor of 70 per cent, a given installed nuclear generating capacity would 
then produce a proportional amount of electricity. 

The results of these calculations are set out in Tables 1 to 6 and 
Figure 1. 

A second Working Group on Reactor Strategies and Their Uranium Require
ments (VGRSU) took these estimates as their basis for elaborating scenarios 
for the use of different types of nuclear reactor. They decided to restrict 
themselves to reactor systems which have already reached an advanced stage of 
development worldwide. Previous experience in preparing the Yellow Book'1' 
together with further approximate evaluation of the characteristics for a 
wider range of reactor systems now under development (such as High Temperature 
Reactors (HTRs), Advanced Heavy-Water Reactors and the Japanese ATR) indicated 
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this restriction would not distort the estimation of uranium requirements up 
to 2030. 

The reference strategy chosen is illustrated in Figure 2a. Reactors 
would be introduced in accordance with national plans, as would the use of MOX 
fuel. Therafter Heavy-Water Reactors (HVRs) would be replaced with HWRs. All 
other capacity additions would be Light-Water Reactors (LUKs) with one third 
being Boiling-Water Reactors, two thirds Pressurised-Water Reactors. The use 
of MOX fuel in LWRs would be maintained at the level reached in 2000. Some 
increase in the use of HWRs or HTRs was foreseen but this would have very 
little effect on the estimate of uranium requirements. 

Two variant strategies were established, both relating solely to coun
tries or regions where plutonium is expected to be available, i.e. to OECD-
Europe and Pacific (E+P). As for OECD-North America and N0CPE it was assumed 
that a decision to reprocess spent-fuel would not be taken early enough to 
allow plutonium recycling within the time frame considered. In the LWR MOX 
variant (see Figure 2b), MOX fuel is introduced according to plutonium avail
ability, assuming after 2000 a reprocessing capacity of 5700 t HM/year, corre
sponding to member countries' responses to the Brown Book questionnaire. Over 
the entire period, only one third of the MOX LWR core is mixed oxide fuelled; 
although 100 per cent MOX fuelled LWRs should be technically feasible before 
2030, they are unlikely to be commercially deployed before that date due to 
delays through safety inquiries and licensing procedures. 

The FBR variant, limited to OECD-Europe and Pacific, is described in 
Figure 2c. The present programmes contemplated by member states were taken 
into account by the Working Party and 2020 was chosen as a starting point to 
launch FBR industrial and commercial deployment. Before this date, the plu
tonium available will be recycled in MOX LWRs; however, sufficient plutonium 
inventories will be reserved to allow breeder deployment after 2020. The FBR 
penetration rate is guided by a logistic curve, assuming that by 2030 breeders 
will capture the whole market of new reactor orders. By that time installed 
capacity in E+P would be 63 GWe of LWR (MOX-fuelled) and 55 GWe of FBR, in the 
"Low" scenario and 31 GWe and 65 GWe respectively in the "High" scenario. 

Reactor characteristics and parameters of the fuel cycle such as lead 
and lag times were derived from the Yellow Book'1' and the study on plutonium 
use in MOX fuel'2'. The experts updated some of the reactor data to take 
account of recent developments. For the reference LWR a fuel burn-up of 
41 000 MWd/t was assumed. 

The main results are set out in tables and illustrated in Figures in 
Chapter V. Annual uranium requirements corresponding to this strategy grow 
from 41 600 tonnes U in 1990 to 72 800 tonnes in 2030, in the reference LWR 
low scenario and to 108 700 tonnes in the high scenario. In 2000 requirements 
are about 10 per cent higher in the high case than in the low case. This dif
ference increases to some 50 per cent in 2030. Cumulative uranium requirements 
from 1990 to 2030 would be 2.4 million tonnes U in the low scenario and 
3.1 million tonnes U* in the high scenario, a 29 per cent increase over the low 
scenario. 
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If HOX fuel is introduced as described in Figure 4 in OECD E+P, annual 
uranium requirements will be reduced throughout the period, recycling account
ing for about 4 per cent by 2030 for the low or high nuclear scenarios. Thus 
uranium savings associated with plutonium recycling on a larger scale appear 
limited taking account of the constraints imposed. For the total World outside 
Communist area (VOCA), the impact is even more modest, as HOX LVRs will not be 
implemented in OECD-North America nor in NOCPE. The reduction of annual ura
nium requirements for VOCA will thus not exceed 2 per cent by 2030. For the 
HOX variant, E+P cumulative uranium requirements from 1990 to 2030 would be 
6 per cent lower in the low scenario and 5 per cent lower in the high scenario 
than for the LVR reference strategy. For VOCA total requirements, cumulative 
savings would be reduced to 4 and 2 1/2 per cent respectively. 

The introduction of FBRs in OECD E+P from 2020 onwards will lower annual 
uranium requirements of this region by some 25 per cent in 2030. However, it 
should be noted that by 2000, this strategy entails higher uranium requirements 
than if HOX were only used in LVRs, since some plutonium needs to be retained 
in order to fuel FBRs when they are commissioned. For VOCA total the annual 
uranium savings associated with FBR strategy amount to some 12 per cent by 
2030. Cumulative uranium requirements for the FBR strategy in Europe and 
Pacific are almost identical to those for the HOX strategy with additional 
savings over the projected period of only 2 per cent in the low scenario and 
1 1/2 per cent in the high scenario. For VOCA total, these additional savings 
would be reduced to 1 per cent in the high scenario and less than 1 per cent 
in the low scenario. 
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Table 1 

OECD-NORTH AMERICA - LOW SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Nuclear 
Share 

(Z> 

17.4 

17.8 

18.1 

18.4 

18.7 

18.9 

19.1 

Elasticity 
Factor 

0.70 

0.63 

0.59 

0.55 

0.53 

0.51 

0.50 

Electricity 
Generation 

(TWh/y) 

4076 

4445 

4810 

5178 

5551 

5936 

6337 

Nuclear 
Electricity 
Generation 
(TWh/y) 

709 

791 

873 

955 

1038 

1123 

1210 

Nuclear 
Generation 
Capacity 
(GWe) 

119 

132 

145 

162 

174 

186 

196 

Table 2 

OECD-EUROPE + PACIFIC - LOW SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Nuclear 
Share 

(*) 

29.7 

31.2 

32.6 

33.8 

34.8 

35.7 

36.5 

Elasticity 
Factor 

0.70 

0.63 

0.59 

0.55 

0.53 

0.51 

0.50 

Electricity 
Generation 

(TWh/y) 

3764 

4105 

4442 

4781 

5126 

5482 

5852 

Nuclear 
Electricity 
Generation 
(TWh/y) 

1118 

1282 

1449 

1617 

1786 

1959 

2135 

Nuclear 
Generation 
Capacity 
(GWe) 

179 

202 

227 

256 

286 

319 

348 

349 



Taole 3 

OBCD-NORTH AMERICA - HIGH SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Nuclear 
Share 

(Z) 

17. 

18, 

20. 

20, 

21, 

22, 

22 

.4 

.7 

.0 

.9 

.7 

.4 

.9 

Elasticity 
Factor 

0.70 

0.63 

0.59 

0.55 

0.53 

0.51 

0.50 

Electricity 
Generation 

(TWh/y) 

4076 

4445 

4810 

5178 

5551 

5936 

6337 

Nuclear 
Electricity 
Generation 
(TWh/y) 

709 

832 

955 

1080 

1203 

1328 

1452 

Nuclear 
Generation 
Capacity 
(GWe) 

119 

138 

162 

182 

201 

221 

238 

Table 4 

OECD-EUROPE 4- PACIFIC - HIGH SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Nuclear 
Share 

(%) 

29.7 

33.8 

37.8 

41.5 

44.9 

47.8 

50.2 

Elasticity 
Factor 

0.70 

0.63 

0.59 

0.55 

0.53 

0.51 

0.50 

Electricity 
Generation 

(TWh/y) 

3764 

4105 

4442 

4781 

5126 

5482 

5852 

Nuclear 
Electricity 
Generation 

(TWh/y) 

1118 

1388 

1679 

1985 

2299 

2618 

2940 

Nuclear 
Generation 
Capacity 
(GWe) 

179 

220 

287 

332 

381 

431 

480 
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Tabled 

DEVELOPING COUNTRIES - LOW SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Electricity 
Generation 

(TWh/y) 

2360 

2763 

3234 

3785 

4431 

5187 

6072 

Nuclear 
Generation 
Capacity 
(GWe) 

30 

34 

38 

43 

48 

53 

58 

Nuclear 
Electricity 
Generation 
(TWh/y) 

184 

209 

235 

264 

293 

324 

356 

Table 6 

DEVELOPING COUNTRIES - HIGH SCENARIO 

Year 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

Electricity 
Generation 

(TWh/y) 

2360 

2763 

3234 

3785 

4431 

5187 

6072 

Nuclear 
Generation 
Capacity 
(GWe) 

32 

46 

63 

84 

106 

126 

144 

Nuclear 
Electricity 
Generation 
(TWh/y) 

193 

279 

388 

515 

649 

776 

885 
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Table 7 

ANNUAL URANIUM REQUIREMENTS 

OECD NA 

OECD E+P 

D VOCA 

WOCA TOTAL 

1990 

16.7 

21.2 

3.7 

41.6 

Reference LVR STRATEGY 
I1000 tonnes U] 

2000 

LOV 

20.2 

26.2 

6.3 

52.7 

HIGH 

20.9 

29.A 

8.1 

58.4 

2010 

LOU 

22.3 

29.9 

7.5 

59.7 

HIGH 

24.8 

39.3 

12.8 

76.9 

2020 

LOU 

23.5 

31.9 

8.1 

63.5 

HIGH 

27.7 

46.0 

16.9 

90.6 

2030 

LOU HIGH 

26.4 32.7 

37.3 54.99 

9.1 21.1 

72.8 108.7 

LWR-MOX STRATEGY 
[1000 tonnes U] 

1990 2000 2010 2020 2030 

OECD NA 

OECD E+P 

D WOCA 

WOCA TOTAL 

16.7 

21.2 

3.7 

41.6 

LOU 

20.2 

25.5 

6.3 

52.0 

HIGH 

20.9 

28.5 

8.1 

57.5 

LOU 

22.3 

26.7 

7.5 

56.5 

HIGH 

24.8 

36.1 

12.8 

73.7 

LOU 

23.5 

29.4 

8.1 

61.0 

HIGH 

27.7 

43.3 

16.9 

87.9 

LOU 

26.4 

35.7 

9.1 

71.2 

HIGH 

32.7 

52.6 

21.1 

106.4 

OECD NA 

OECD E+P 

D WOCA 

UOCA TOTAL 

1990 

16.7 

21.2 

3.7 

41.6 

LUR-MOX + FBR STRATEGY 
[1000 tonnes UJ 

2000 

LOU 

20.2 

2!>.9 

6.3 

52.4 

HIGH 

20.9 

29.3 

8.1 

58.3 

2010 

LOU 

22.3 

28.7 

7.5 

58.5 

HIGH 

24.8 

38.8 

12.8 

76.4 

2020 

LOU 

23.5 

29.0 

8.1 

60.4 

HIGH 

27.7 

42.4 

16.9 

87.0 

2030 

LOU HIGH 

26.4 32.7 

28.2 41.2 

9.1 21.1 

63.7 95.0 
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Table 8 

CUMULATIVE URANIUM REQUIREMENTS 

OECD NA 

OECD E+P 

D VOCA 

WOCA TOTAL 

1990 

17 

21 

4 

42 

Reference 
11000 

2000 

LOV 

201 

261 

58 

520 

HIGH 

204 

272 

64 

540 

LWR STRATEGY 
tonnes U] 

2010 

LOW 

416 

546 

127 

1090 

HIGH 

437 

627 

171 

1235 

2020 

LOW 

648 

856 

206 

1710 

HIGH 

703 

1053 

322 

2078 

2030 

LOW HIGH 

898 1007 

1212 1569 

293 515 

2403 3091 

LWR-MOX STRATEGY 
[1000 tonnes U] 

OECD NA 

OECD E+P 

D WOCA 

WOCA TOTAL 

1990 

17 

21 

4 

42 

2000 

LOW 

201 

259 

58 

518 

HIGH 

204 

269 

64 

537 

2010 

LOW 

416 

522 

127 

1065 

i 

HIGH 

437 

601 

171 

1209 

2020 

LOW 

648 

802 

206 

1656 

i 

HIGH 

703 

997 

322 

2022 

2030 

LOW HIGH 

898 1007 

1137 1488 

293 515 

2328 3010 

OECD NA 

OECD E+P 

D WOCA 

WOCA TOTAL 

1990 

17 

21 

4 

42 

LWR-MOX + 
[1000 

2000 

LOW 

201 

260 

58 

519 

HIGH 

204 

271 

64 

539 

FBR STRATEGY 
tonnes U] 

2010 

LOW 

416 

537 

127 

1080 

HIGH 

437 

622 

171 

1230 

2020 

LOW 

648 

830 

206 

1684 

HIGH 

703 

1035 

322 

2060 

2030 

LOW HIGH 

898 1007 

1112 1462 

293 515 

2303 2984 
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Figure 2a - REFERENCE LWR STRATEGY 

1985 2000 2010 2020 2030 

LWR HVR GCR 
AGR FBR HTR 
etc. introduced 
in accordance 
with national 
plans. 

Existing HVRs replaced with HVRS. 
All other capacity additions and 
replacements are LVRs* 

MOX refuelling of LVRs according to national plans 

Figure 2b - L¥R MOX STRATEGY 

LVR HVR GCR 
AGR FBR HTR 
etc. introduced 
in accordance 
with national 
plans. 

Existing HVRs replaced with HVRs 
All other capacity additions and 
replacements are LVRs* 

MOX refuelling of LVRs limited by Pu availability or by the 
condition that MOX fuelled capacity shall not exceed 10% installed 
capacity by 2000; from 2001 onwards the MOX capacity is defined 
so that the Pu stockpile is consumed by 2030. Reprocessing 
capacity is according to national plans up to 2000. Beyond 2000 
assume the reprocessing capacity continues at the level at that 
date. 

Figure 2c - FBR STRATEGY 

LVR HVR GCR 
AGR FBR HTR 
etc. introduced 
in accordance 
with national 
plans 

Existing HVRs replaced with HVRs 

All other capacity 
additions and 
replacements are 
LVRs* 

FBRs 
introduced 
on S-curve 
in 0ECD-
Europe & 
Japan 

MOX refuelling of LVRs limited by Pu availability or by the 
condition that MOX fuelled capacity shall not exceed 10% installed 
capacity by 2000; from 2001 onwards the MOX capacity is defined so 
that the Pu stockpile is consumed by 2030, having made sufficient 
allowance for FBR requirements. Reprocessing capacity is according 
to national plans up to 2000. Beyond 2000 assume the reprocessing 
capacity continues at the level at that date. 

* And some HVRs + HTRs 
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An update of the main statistical data will be prepared as well, based 
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Statistical Update will be available in September, 1990 and can be 
obtained free of charge. 

If you would like to receive the 1990 Statistical Update, please 
complete the form and return it to the address below. 

The Secretariat 
Nuclear Development Division 
0ECD Nuclear Energy Agency 
38, boulevard Suchet 
F-75016 Paris (France) 
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Nuclear power generating capacity can continue to expand only if there is 
confidence in an adequate supply of uranium. This report presents compilations of 
uranium resource and production data, established in early 1989. It also presents 
projections of the nuclear industry's future natural uranium requirements and 
reviews the status of uranium exploration, resources and production in over forty 
countries. 
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