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1. INTRODUCTION

I should like to begin by offering my thanks to the IAEA for the
opportunity of addressing this Conference. As Chairman of the Uranium
Institute I regard this as in some measure a recognition of the
purposes for which the Institute was set up. It exists to provide a
forum where issues affecting both sides of the industry can be
discussed objectively, and with due regard to practical commercial
realities. It is assisted in this task by its membership, which -
unusually for an industrial organisation - includes both producers and
consumers. In what I have to say I shall endeavour to put forward the
views of both sides of the industry as faithfully as I can.

There is a strong community of interest between producers and
consumers of uranium. The producers have no outlet other than nuclear
power stations. Electrical utilities have no other primary source of
nuclear fuel. This symbiotic relationship is strongly reinforced by
the uncertainties under which both sides have to do their forward
planning, and which are implicit in the answers to two simple questions:
First, how much nuclear electricity will be generated by a given date,
assuming that uranium supply is not a constraint? Secondly, are we
justified in assuming that uranium supplies will be adequate for a
sustained programme of nuclear energy production from thermal reactors,
up to the point at which the fast reactor comes into large-scale use,
and so reduces demand to a much lower level?



2. HOW MUCH NUCLEAR ELECTRICITY?

It is now a decade since the IAEA began to collaborate with the
Nuclear Energy Agency of OECD to produce their periodical reviews of
uranium supply and demand. Great efforts have gone into such
publications. Certainly no private body could hope to match the
governmental resources which have been employed. Nevertheless, it is
important that the industry itself should also take a lively interest
in the future, and make some cross-checks of its own.

Its views are inevitably coloured by uneasy memories of the
sixties and early seventies, when various factors led to an over-
supply of uranium. The market was depressed by the ending of military
requirements, at a time when demand from nuclear electricity generating
stations was still at a low level. The market outside the United
States was further depressed by restrictions on the use of. foreign
uranium for its domestic nuclear programme. Many mines were closed.
Australia went out of production. Canada undertook stockpiling at
considerable public expense. The mining industry retains from this
experience a strong sense of the need for realism when making forward
production plans.

It is hardly necessary to stress that forecasts of uranium
requirements have been greatly complicated by the recent economic
turmoil. Prior to 1973 electrical generation in the developed
countries grew in step with Gross Domestic Production. For instance,
in North America a 3j% annual compound growth in real terms was
associated with l\% growth in electrical consumption, and the trend
had remained fairly constant over 30 years. Although there were
differences in the trends in different countries, in general this was
a period of steady growth in the national economies and in energy
production, based on cheap fossil fuels. That era ended in 1973, and
with it the possibility of using relatively straightforward methods
for predicting future energy requirements. With the delayed effects
of the energy crisis still revealing themselves, no-one today is in a
position to say with any confidence what the long-term economic growth
rate is likely to be. This basic uncertainty must therefore underlie
any predictions of future electrical capacity, and thus of future
nuclear requirements.

A whole range of other influences will add their own uncertain-
ties. The increased cost of energy, and the drive for economies in
use, could well modify the historical relationship between electricity
consumption and industrial output. Financing costs will affect the
choice between conventional and nuclear systems, with their different
balance between capital and running costs. So will strategic consid-
erations about diversity of supply, and pressures from the environ-
mental lobby. Some of these factors will tend to reduce the demand
for uranium. Others - like delays in the introduction of the fast
reactor - could work the other way. Changes in tails assay could
introduce uncertainties of up to 30%. Difficulties over fuel reprocess-
ing could add to the demand for uranium (though they will not
necessarily do so, because in some countries - like Germany and Sweden -
authorisation for nuclear power station construction may not be forth-
coming unless there is first a clear policy for treating the resulting
nuclear waste). And, of course there are policies on safeguards. All



of us attending this IAEA conference are aware of their significance;
but their administration inevitably gives rise to further uncertainties.

The uranium producers have to live with these uncertainties as
best they can. Fortunately, the time to open up a new mine is not so
very different from that required to build and commission a nuclear
power station, so we are not wholly without sign-posts. Nevertheless,
it is clear that both sides of the industry need to make great efforts
to improve the accuracy of publicly available market information.

While any discussion of the likely level of installed nuclear
capacity can only be tentative, at least somewhat clearer indications
are now beginning to emerge. It is convenient to focus on the year
1985, not only because that is roughly where the planning horizon
currently lies, but also because it marks something of a watershed
between a period of reasonably adequate uranium supplies and a time
when it could become more difficult to meet world demand. The
reassessments which were made by a number of authorities during 1976
had the effect of reducing estimates of world installed nuclear
capacity for 1985 to something like 75% of the figures which appeared
in the OECD/IAEA compilation published in December 1975. The reduced
figures for 1985 also correspond q',te closely to estimates, made
independently by the Uranium Inst cute in December 1975. These were
based on a number of plausible assumptions, such as 2% reduction over
the next ten years in the historical annual rate of electricity growth;
no increased availability, in real terms, Qf capital for power station
construction; and continued competition, partly for political and
partly for economic reasons, between nuclear and fossil fuels. Wbat
will happen after 1985 is far harder to predict. It is easy to have
doubts about a rate of GDP growth which simply projects forward the
pattern now foreseen for the early eighties. Against this, there will
be a huge increase in world population - doubling in 35 years - and
new potential markets for nuclear power in the developing world.
No-one's predictions can be regarded as reliable in the face of such
enormous imponderables, and the figures given in Table I for the later
years must therefore be treated with due caution.

3. URANIUM REQUIREMENT

Translating the figures for installed nuclear power in Table I
into uranium requirements involves making assumptions about such
factors as the availability of fuel reprocessing, average tails assay,
inventories for enrichment plants, reactor mix, and attainable fuel
burn-up. Taken together these can introduce further substantial
uncertainties. With this proviso the figures in Table II show the
approximate annual and cumulative uranium requirement in the non-
Communist world, on the assumption that the rate of nuclear installa-
tion will fall near the bottom end of the ranges quoted in Table I.

The fast reactor, up to the year 2000, will make relatively
little impact on the overall requirement for natural uranium. What
happens thereafter will be critically dependent on the rate at which
demands for power continue to grow, and on the performance of the
breeding system. If these two factors are in a favourable relationship,
and assuming that all the necessary reprocessing capacity will be
available, the annual demand for uranium could begin to fall around the
year 2010, and reach a low value by about 2030 or 2040. If there were



problems in designing a satisfactory breeder; and if (as is likely)

the demand for power continued to increase because of population

pressures, then the annual demand for uranium would remain at a level

comparable with that in the year 2000 until well after the middle of

the next century - implying a cumulative requirement, over and above

that given for the year 2000 in Table II, for at least several more

million metric tonnes of uranium.

4. URANIUM SUPPLY

Against this background let us consider the second of the two

questions which were posed at the outset: will there be sufficient

uranium, at the right time, and at an acceptable price? This is really

five subsidiary questions rolled into one: Is there likely to be

sufficient uranium in the earth's crust at workable concentrations?

Are we doing enough to find it? Can production be expanded at the

necessary rate - both physically and as regards finance and manpower?

How are the controls exercised by governments likely to affect the

outcome? And will the functioning of the market prove satisfactory?

First, is there sufficient mineable uranium in the world?

Uranium is an abundant mineral, about 10
1
** tonnes U being present in

the earth's crust; but for the most part it occurs in very low

concentrations. The question must therefore be read as referring to

mineable uranium. The December 1975 report published by IAEA (61 and

OECD - based on data available at the beginning of 1975 - quotes the

total resources (reasonably assured resources, and estimated

additional resources mineable at $30/lb. U3O3; plus (in the case 'Л

the U.S. only) possible and speculative resources - all taken

together) as just under 5 million metric tonnes of uranium. Given

that only a part of the land-mass of the earth has so far been

thoroughly explored - half the developing world has hardly been

touched - this is already an encouraging step towards meeting the

requirements estimated above. It should, however, be recognised that

by no means all of these resources are in the category of well-defined

"reserves" in the normal mining sense. Moreover, the total Reasonably

Assured Resources listed in the 1975 IAEA report would only satisfy

the cumulative world requirements up to about the year 1995.

This relatively short period of what might be called "fully

assured supply" is something we are all familiar with in regard to

fossil fuels. Nevertheless, in the case of uranium, it is bound to

be a source of anxiety to the electrical utilities, which will lead

them to exert pressure on the mining industry to expand uranium

resources as fast as possible. This brings us to the next question:

is sufficient exploration now being undertaken?

Given the lead times in the mining industry, for practical

purposes a reasonable definition of "sufficient" would be a level of

activity which was likely to result in new discoveries at a rate which

would satisfy the demand a decade hence. In the immediate future it

would be possible to do with less, because of our knowledge of resources

already discovered; and because there is a sizeable world stock of

uranium, of at least 80,000 tonnes U (6). But it would be undesirable

to hold back on exploration, both because of the need to give confidence

to the nuclear industry on this most essential point, and because of the

fundamental unpredictability of the exploration process.



Most of the known resources were discovered in the early days of
atomic energy, when a great exploration effort was made, and when the
more easily identified deposits were there for the finding. Exploration
activity fell off during the difficult years of the sixties and early
seventies, but has now been re-expanded. The interpretation of the
results now being obtained is complicated in these days of inflation by
the normal convention of stating reserves and resources in terms of a
potential mining cost. Unless constant money values are used - and
this has not been the general practice in the past - the effect of
inflation is then apparently to diminish the size of the reserves
mineable within a given cost ceiling. Indeed, it is quite possible for
the total of reserves and past consumption to appear to fall from one
year to the next, in spite of a vigorous exploration effort - which is
absurd. A better understanding of the true position is obtained when
constant money values are used. A recent ERDA reassessment (7) shows
that US exploration, while becoming more difficult, has nevertheless
remained more effective than had appeared from assessments based on
current dollar costings. While the cost of exploration per pound of
uranium oxide located shows wide variations, depending on the nature of
the rock formation and depth drilled, the ERDA report establishes that
the overall average cost of US exploration has been running at between
one and two dollars per pound of yellow-cake located (using 1975 data
and costs).

Judged by our ten-year forward criterion, and using US data -
which of course may not be wholly typical - the "right" level of world
expenditure on exploration at the present time comes out to be of the
order of 300 million dollars per year. The US would currently need a
total drilling programme of something like 20 million feet par year,
with at least a further doubling required over the following ten years.
For comparison, the estimated US programme for 1975 was 37 million feet,
which on the basis of the latest ERD" assessment (7) appears to meet
our ten-year criterion comfortably. (It also incidentally represents
a very heavy overhead charge for exploration in comparison with the
current level of production - something like 5-6 dollars for every pound
of yellow-cake produced by operational mines). Canada's 1976 exploration
programme was for an expenditure of $50 million, which appears to bear ?.
satisfactory relationship to our estimate of the world exploration
requirement.

The world-wide expansion of exploration now taking place gives
ground for a degree of optimism regarding the ability of the uranium
industry to satisfy demand when the big upturn starts in the second
half of the eighties. Some cautionary remarks need to be made, however.
Most obviously, the "ten-year requirement" will itself be growing
rapidly over the next decade, in line with demand. Then as the easier
orebodies are located, the task is bound to increase progressively in
difficulty, and presumably therefore in cost. We are entering upon a
period when no single exploration technique is going to provide the
answer to all the exploration problems. The major Jabiluka deposits in
Australia were located by analogy with other uranium deposits in the
Alligator Rivers region, not by conventional radiometry. The Jabiluka
orebodies are located under a superficial sandstone cover an^ have
virtually no surface radiometric expression. Jabiluka 2 showed no radon
response even though the sandstone cover is as thin as 20m in places
Drilling is having to go deeper, which adds to the cost. All this



suggests that the going will become tougher. Offsetting this, we have
on our side the developments which are occurring all the time in explor-
ation. New geological concepts and technology combined with traditional
exploration methods should improve the success ratio of uranium explora-
tion programmes. And, of course, we are also aided by the effort put
into exploration for other minerals. So all the factors are not necess-
arily working against us.

Let us now consider the third of our five questions: will
production etpand at the required rate? Table III shows the industry's
expansion potential. Comparing the figures with those in Table II it
is clear that there is no fundamental physical difficulty in expanding
production to roughly the levels needed in 1985, without having to draw
more than marginally on stocks. (Political difficulties are of course
an entirely iifferent matter). Table III shows only information avail-
able today; and as further new projects will certainly be announced
the prospects look good. But a great deal of planning and decision-
making still needs to be done, not least concerning the use of those
stocks. The reasons for their existence are clear: consumers and their
governments sue the need to safeguard their own future energy supplies,
and stockholding is the most obvious way of doing so. But, from a
producer's stimdpoint, there is undoubtedly a need for assurance that
the stocks will not be unloaded in a way which producers will find
seriously damaging. I mention this point again at the end of this paper.

It is difficult to see beyond 1985, except in the general sense
that increasing importance is bound to be placed on' production in
countries which have not, so far, been traditional suppliers of uranium.
Given the total land area which they cover, it seems probable that, on
a 15-20 year timetable, they will come to assume the kind of importance
in uranium markets which is implied by their physical size. If this 1&
to happen it will be necessary for them to import new skills. Some of
the governments concerned have not yet settled their policies for
uranium development. Once the requirement begin* to climb sharply in
the period after 1985, they will need to attract finance, by offering
terms and conditions, and assurances of stability, sufficient to draw
in the necessary resources.

Given the necessary confidence, the scale of the financing needed,
world-wide, does not seem likely to prove a strain on capital markets.
Between now and 1990 the industry will need to invest something of the
order of 10 billion dollars for new mines and production capacity. It
is a large sum, but only a few per cent of the corresponding requirement
for coal and oil. The real problem is the one already mentioned - that
of attracting a flow of capital, in circumstances where entrepreneurs
will be operating in a market dominated by the influence of governments.
To the extent that both mining financiers and the governments of
producing countries wish to optimise the return on their investment
there will be some community of interest. But governments can impose
taxes - up to a marginal rate of 84% in one well-publicised case! -
and can restrict the flow of equity capital for political reasons.

Labour, both for exploration and mining, but particularly for the
latter, could pose a more serious problem. It will be particularly
severe in the more advanced countries, where the life of a miner
contrasts with the easier style of city life. Canada provides a good
illustration. The manpower required in the Canadian Elliot Lake area
will need to increase three-fold by 1983. Expansion is starting in a
social context where the average turnover time of mining labour (18]



is as low as 11 months, and where no less than seven interviews are
needed for every worker replaced. Moreover, an inexperienced workforce
tends to be one with lower productivity. This has been observed in the
United State3, where productivity fell [195 from 27 pounds l^Og per
manshift in 1973 to only 15 pounds in 1975. This difference can be at
least partly explained by the need to bring inexperienced men into the
mines. Falling ore grade may be an additional contributory factor,
since it leads to a lowering of productivity in ways which are beyond
the control of both labour and management. In Canada there is yet
another problem arising from changes in immigration policies, which in
recent years have cut down the supply of young and active labour. To
try to deal with these basically social difficulties substantial improve-
ments in working conditions have been introduced. In one case the
need for a mine townsite, with all its inherent problems, is avoided by
flying in the labour force for an intensive period of work, and
flying them out again for a period of rest with their families. The
importance of such factors will of course vary greatly from country to
country. The type of operation is also bound to have a bearing.
Australia, for instance, may prove (in spite of some labour problems)
to be particularly fortunate, since a substantial proportion of its new
operations are suitable for open-pit operations. Given the very wide
range of possible circumstances it is clearly impossible to make any
general statement on labour difficulties - except that they are likely
to exist, and need to be taken seriously. But it is also worth
remembering that uranium is not unique in this respect: comparable
problems would arise in any plans for large-scale expansion of the
production of deep-mined coal.

The fourth of the five questions relating to supply, on
government influence, can only be answered in the sense that it is
profound. There is nothing normal about uranium. It is not just
another commodity like copper - and even with copper some governments
find it necessary to take a strongly interventionist role. Uranium is
a strategic material, doubly so now that energy supplies can no longer
be taken for granted. Its history is full of examples of government
interventions, and there is no reason to suppose that this will change
in the future. Governments influence demand, through the control they
exercise in most countries over the funds for constructing nuclear
power stations. The choice between nuclear and coal can be decided on
political as well as economic grounds. Governments are the guardians
of the public conscience, wrapped up in the fashionable word
'environment' - which leads to the publication of documents like the
Flowers Report in the United Kingdom. They are equally interventionist
in producer countries, as is shown by the Fox Report (10) in Australia,
the Canadian policy of monitoring export prices and restricting exports,
and the open protectionism of some previous US administrations - the
latter incidentally coexisting with a legal code based on a presumption
of free trade. South African e? ivts are subject to approval by the
Atomic Energy Board: in some cases, contracts for delivery from the
mid-80's provide for mandatory enrichment in South Africa. Transactions
between suppliers and consumers are further regulated by inter-govern-
ment agreements on non-proliferation.



One particularly delicate aspect of Government supervision relates
to communication of market information within the industry. Such
communications are regulated by laws governing competition. Industry
organisations have frequently been accused of behaving like cartels,
and the uranium industry has had its share of such accusations. But
the Uranium Institute is a complete break from the pattern of most
industry associations. It consists of both the industry's producers
and the industry's consumers. In the unique circumstances of our
industry, to which I have already drawn your attention, better
aggregate information about future supply is something the consumers
need, just as similar information about demand is a need of the
producers. For this reason, better information about both future
demand and future supply, widely disseminated to all who need it,
should help the market to function more efficiently and competitively.
Appropriate legal safe-guards exist to protect competitively sensitive
information of individual producers or consumers. The Uranium
Institute, which has made a close study of these safeguards, believes
that it will be able to compile and communicate useful market informa-
tion, while complying with the competition laws of all jurisdictions.

This brings us to the last of our five questions, which was
whether the functioning of the competitive market is likely to prove
satisfactory. Markets function by establishing a market price, which
in the field of mining has a double significance. Besides directly
influencing consumer and producer decisions, it is also fundamental
to mining economics: the higher the price, the lower is the grade of
ore which can be worked, and hence the larger becomes the workable
base of reserves.

The uranium industry, more than most, needs reasonably stable
prices, if only because both producers and consumers have to plan on
a time-scale measured in decades. Stability is not easily achieved
when it depends on successfully superimposing two rapidly rising curves,
one of production and one of demand. In the case of almost every other
commodity even quite minor imbalances between supply and demand cause
violent price swings; and s<, far uranium has been no exception.

There is more than one possible method of working towaras a better
match between supply and demand, and of assisting the price stability
which such a balance should help to create. As I have already said,
one would be through the best possible flow of information, which would
help the competitive market to function more effectively. There is a
goal which the Institute is already trying to achieve, though progress
in that direction is likely to be painstaking rather than rapid.
Another is the accumulation of stocks by individual consumers. Uranium
producers understand the need for electrical utilities to maintain
certain minimum stock levels; but they are also conscious of the
unfortunate history of mishandled stockpiles in some other industries.
Perhaps the most that can be said at the present time is that the
circumstances under which stockpiles of uranium would be helpful - in
the sense that they would promote confidence between producers and
consumers - have yet to be properly explored and defined. Meanwhile -
as the difficulties of matching demand and supply are bound to increase -
the Uranium Institute's view is that the most immediately helpful course
would be to improve the flow of information. That should make the
market function more efficiently and minimise the necessity of accumula-
ting substantial stocks.



In this talk I have spoken at length about uncertainties, and
about the problems of planning. There is no doubt that the uranium
mining and nuclear power industries face a great and continuing
challenge. The purpose of my talk has been to spell out the nature
of that challenge. But I should like to conclude by emphasising that
we are quietly confident that the mining industry has the ability to
provide the uranium on which the whole of the rest of the nuclear
industry depends. The more we can look forward to a constructive
dialogue between all concerned, the easier it will be to communicate
this confidence to others.
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TABLE II. NATURAL URANIUM REQUIREMENTS (x 10
3
 tonnes Ш

US

Outside US

World Total

(rounded)

1976

9

12

21

Annual

1985

27

48

75

2000

68

110

180

Cumulative

from

1985

•i 70

290

460

1.1.76

2000

900

1500

2400

Notes

Figures derived from lower estimates of installed capacity (Table I).

Possible variations in tails assay could introduce uncertainties of

i 10%. The figures assume no recycle of plutonium or uranium. In

the later years annual requirements could be reduced by up to 25%

if full reprocessing were available.

See also definition of "World Total" in Note to Table I.
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TABLE I. ESTIMATES OF INSTALLED NUCLEAR CAPACITY (GW (electrical))

US

(total US

utility

generating

power in

brackets

for com-

parison)

Outside

US

World

Total

(see

notes)

Ref.

(1)

(2)

(3)

(4)

(3)

(3)

(3)

(5)

1975

39

(500)

29

68

1980

82

79

60-71

100

160-170

1985

170

165

127-166

170

Г. 715-740)

230

357-400

350

1990

2 B0

195-290

425

620-715

650

2000

420

300-620

(1200-1600)

1030

1400-1650

1350

Notes

For references see end of paper. Here and elsewhere in the paper
"World Total" refers to the combined programmes of countries other
than those having centrally controlled economies - information on
the latter being generally unavailable.
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TABLE III. ACTUAL AND POTENTIAL URANIUM PRODUCTION (tonnes U)

Australia

Canada

France

Gabon

Niger

s. a sw.
Africa

U.S.A.

Other •

World Total
(rounded)

Ref.

С Э)
(10)

(11)
(12)

(13)
(14)

( В)
(13)

( 6)
(13)

(15)

(16)
(17)

( 6)

1975

0

3,560

1,675

930

1,300

2,400

8,850

30 Q

19,000

1980

2000-3000

10,000

2,500

1,000

3,000

10,000

14,000

2,250

45,000

19B5

12,000-15,000

11.500

3,500

2,000

4,500- 6,000

12,700

17,500-19,000

Up to 5,000

69,000-75,000

Comments

Dependent on
government
policy

Based on
known o*-e-
bodies.
Export
restrictions.

Figures
probably
conservative.

Official
estimates for
1985 are
considerably
higher (36,000
tonnes)

Considerable
uncertainties
implied by
above comments

For references see end of paper. Compare annual requirements (Table II)

"World Total" is defined as for Table I.
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