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ENERGY RESOURCES IN AUSTRALIA

URANIUM

I In considering what I might emphasize in my talk to you today
| I believe that there a re two particular areas in relation to the value of
i uranium as an energy source in the Australian economy which might be
i > elaborated on. In general I will be quoting extensively from authoritative
[ sources as far as the 1974 Annual Report of the Australian A. E. C. and

|^ ;h the O . E . C . D . / I . A . E . A . report of August 1973.

V<KW Firstly, some figures and then some predictions on the world
i ; " supply-demand position, and secondly, a few figures on the added value

,;•'•"- that can be achieved by processing of uranium.

,'v I would like to begin with a few observations on the world total
* J energy scene over the last two decades, and the changes arising from the

7' increasing awareness of the O . P . E . C . nations of the value of their oil and
>i the dependence of the res t of the world in particular, U .S .A . , Europe, and
\.: Japan, on cheap Middle East crude. This awareness has culminated in the

use of oil and oil prices as a political weapon in the Middle East War last
year . Because of the abundance and low price of Middle East crudes through
the sixties the price of most forms of energy were related to Middle East
crude pr ices . The development of primary energy sources, in particular
fuels, throughout the world depended in one way or another on the ability of
the energy produced to compete with that coming from Middle East crude.

f T Industrial! sed nations were able to produce iron and steel at
"i•"> prices relatively cheap in relation to an average man's earnings, sea

f transportation of world's raw materials was relatively cheap, the cost of
| motor vehicles and running them became cheaper. People of industrialised

"/&;••• nations had incomes to afford cars, subsidize food supplies in their own
k/ • communities, or import them cheaply from producer nations.

' * ..
, is
'" "v

| l Today wi*h the price of crude oils several times what it was
j|f eighteen months ago energy has now become very expensive and the whole
ir economic structure of industrialized nations who were large net importers

• '%-'•

of oil and coal is completely changed. living standards and the economic
bases of these countries which were very much related to the use of energy
are being changed and many elements of these societies such as family cars
and imported foods such as meat will for some time at least tend to become
luxury items. Energy in all forms needs to be husbanded and much of the
waste of energy characteristic of some national economies of the 1960s and
early 1970s will no longer be acceptable.
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My object in mentioning these matters is to indicate that
forecasts of world energy consumption through the next two decades
which still tend to be related to exponential growth rates of the last
decade may be very far from accurate.

Consumption of energy resources and in particular uranium
may be very markedly different from estimates prepared by various
world bodies over the last few years.

It may be two or three years before the trends resulting
from th© relatively high cost of energy, which for a time at least will
be the pattern of the future, become evident.

As mentioned earlier, the figures I use today will be those
produced by various recognised authorities. I will express from time
to time my personal views as to their credibility.

In discussing the world uranium supply-demand situation
I would like to draw to your attention a few matters that need to be
borne in mind when looking at the future projections of the world supply-
demand situation. They are relevant to whatever demand situation
prevails.

g Firstly, though in the present economic circumstances we
search for and extract uranium and then process it through to nuclear
fuel elements - in reality the valuable component we wish to obtain and
concentrate is the fissile uranium isotope U235* It occurs as a minor
component of natural uranium comprising about 0.7%. When uranium
is enriched for use as a nuclear reactor fuel the U235 content is concent-
rated or enriched to between 3 to 5 times its natural state and the U235
content of the residual tailing is reduced to between 0.3% and 0.2% of
total uranium. These tailings are retained and normally remain the
property of the authority who owned the uranium and had it enriched.

It should be recognised that dependent on the availability of
enrichment capacity in the world and the operating cost of enriching,
these tailings can become a potential source of supply in the future if the
cost of new sources of uranium and processing thereof become high enough.

A second point to note concerning uranium supply-demand
balance is that yellow cake UgOg concentrate is a very high value material,
of the order of $25,000 a ton, and as such can be readily stored at low cost
other than interest charged for future use. This means that in times

1
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when inflation is rampant throughout the world, and commonly accepted
forecasts predict that uranium could be in short supply within the next
five to ten years it is reasonable to assume that nations such as the
Arab oil producing states with large balance of trade surpluses might
well endeavour to purchase and stockpile uranium against the possibility
of resale or perhaps use in the mid to late 1980s.

Let us now look at published estimates of world uranium
requirements and resources. First of all requirements :-

SLIDE 1

Looking at these figures it would appear that the needs of what is called
the Western World through to 1990 would be about 2,000,000 tons and
the annual demand in 1990 is about 250,000T. A couple of years slippage
in world nuclear projects either arising from failure of demand to meet
forecasts, or from other reasons would reduce the 2,000,000T estimate
to about 1,600,000T.

Looking at the requirements of these nations that will have
to secure the bulk of their uranium supplies from outside their own
countries which will probably provide the main customers for Australian
uranium we see the following :-

SLIDE 2

These figures are the as yet unsecured demands and do not
include France or the U.K. who have already covered most of their require-

<\ ments, if not all.

To turn now to the known or estimated resources.

|ff i World Uranium Resources

(•• Estimated uranium resources in Western World countries are
4 ; shown in Slide 3. These estimates produced by the O.E.C.D, Nuclear

'•:'•] Energy Agency together with the I. A. E.A. in August 1973 are based on
.• I data available as at January, 1973, and exclude deposits from which uranium
:p i is not readily recoverable for various reasons, or which are unlikely to be
> ; worked in the foreseeable future. By-product uranium, such as uranium
{;,\ present in some phosphate deposits in the U.S.A. and Brazil, is not in general
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included in the resource estimates - with the exception of South Africa
where uranium is a by-product of gold mining operations.

I The resources are divided arbitrarily into two price ranges,
;: ] viz. up to $10/lb UO and $10-15/lb U O . (N.B. All monetary

; figures are in U.S. dollars unless otherwise stated.) At the time of
preparing these estimates (early 1973), current uranium selling prices
were of the order of $6/lb UO , which compares with a price of not

- ; less than $12/lb U O at the present time. Changes in international
: exchange rates ana cost inflation since early 1973 are other factors which

need to be borne in mind when applying these resource estimates to
current and future market requirements.

It is also necessary to understand the two categories used
in dcfining uranium resources in Slide 3. Reasonably Assured Resources
(R.A.R ) refer to uranium which occurs in known ore deposits of such
grade, quantity and configuration that it can, within the given price range,
be profitably recovered using established mining and processing technology.
R.A.R. are equivalent to reserves in the mining sense.

Estimated Additional Resources (E.A.R.), on the other hand,
refer to uranium surmised to occur in unexplored extensions of known
deposits or in undiscovered deposits in known uranium districts, and
which is expected to be discoverable and capable of economic exploitation
in the stipulated price range. The tonnage and grade of these resources are
based mainly on knov/lsd^c o£ the characteristics of deposits within the
same districts.

A significant proportion of the resources in the $10-15/lb U_O
category occurs in the same deposits as the lower cost material.
Estimates of resources falling into the higher price category are considered
conservative since most exploration, at least until the last year or so, has
been aimed at the discovery of lower cost resources. The reliability of
the estimates for the price range below $10/lb U-0 is higher, consequently,
than in the case of the $10-15/lb material.

Slide 3 shows total Western World R.A.R. of 1.126 million
short tons of UgO recoverable at up to $10/lb UqO and 884,000 short
tons recoverable in the $10-15/lb U O price range. Total E.A.R. in
the lower price range amount to 1.191 million short tons, and to 821,000
short tons in the higher range.
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The geographical distribution of these resources is illustrated
in the next two slides (Slides 4 and 5). For simplicity and also because
uranium prices for 1977-78 delivery are currently around the $15/lb U-O
level, the tonnage figures given refer to a single price range of up to
$15/lb.

The U.S.A. and Canada are seen to have the largest proportions
of both R.A.R. and E.A.R. Sweden and South Africa also have substantial
R.A.R. France (including the Niger and Gabon) and Australia both have
significant resources in each category. With the exception of Sweden and
Australia, these countries are also the principal producers of uranium yellow
cake in the Westerr. World. Sweden's R.A.R. occur in bituminous alum
shales which are widely distributed in the the southern part of the country.
These have not been worked on a commercial scale in the past due to the
relatively high cost of extraction.

Since publication of the O.E.C.D. estimates on World uranium
resources, the Australian Atomic Energy Commission has released new
estimates of total Australian resources. These show an increase in R.A.R.
figures up to $15 price to 220,000 tons or about 15%.

Furthermore recent discoveries in the Alligator Rivers area
of the Northern Territory indicate that the above A.A.E.C. figures may be
conservative and that presently known R.A.R. in Australia recoverable at
up to $10/lb UO are probably of the order of 300,000 short tons, or about
22% of the total Western World R.A.R. and 50% above 1973 figures.

: Potential for New Uranium Discoveries

; At a recent Symposium in Greece in May of this year on the
! 4 Formation of Uranium Ore Deposits sponsored by the International Atomic
]• | Energy Agency, Robert Nininger of the U.S. Atomic Energy Commission
|v? reviewed the world uranium supply position and pointed out that total
1 | | reserves plus resources which need to be identified by the year 2000 to
E-j' support production through to the end of the present century and beyond
|^ I amount to about 12 million short tons of U O , or about three times the
•# present estimates of R.A.R. and E.A.R. at $15/lb U_OC.
'• ••'• • * - , . " °

The geological distribution of currently-known reserves up to
$10/lb UgOg are shown in Slide 6. Deposits in sandstones and quartz pebble
conglomerates are seen to be the most important, followed hy vein deposits.
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Slide 7 shows the geological distribution of reserves in the
$10-15/lb price category. Sandstones and quartz pebble conglomerates,
together with substantial uranium resources associated with the black
shales in Sweden, account for most of these reserves.

Nininger considers it unlikely that much larger deposits of
the types now known will be discovered and that either new types of deposits
must be found and mined, or that much larger numbers of the same types of
deposits now being exploited will have to be discovered. The question is
posed : what will be the type and grade range or uranium deposits which
may be the equivalent of the porphyry coppers ?

The minimum grade of ore which is likely to be economically
exploitable in the future for fuelling light water reactors probably lies in
the 100 to 500 parts per million range i. e. 0.2 to 1.0 1b per ton. This limit
will tend to be determined by environmental parameters rather than by
economic factors. Only the Rossing deposit in South-West Africa and the
auriferous conglomerates of South Africa fall into this range at present, but
there are other potential areas. The latter deposit may well be unique, but
the uranium-bearing alaskite intrusive at Rossing, where operations are to
commence in about 1976, or similar deposits may well be repeated elsewhere.

The importance of the less developed countries must not be
overlooked in considering how the immense requirements of uranium are to
be met. Nininger points out that there are large areas of the world yet to
be systematically explored. These areas offer the prospect of finding new
deposits either of conventional type, or of a type which is quite different to
the major resources already identified in traditional areas. The shield and
sedimentary areas of Africa and South America are considered to be such
favourable targets.

During the last two or three years, there have been reports
of promising discoveries of uranium in Brazil and in the Karroo sediments
of South Africa. The Lower Beaufort Formation of the Karroo super-group,
for example, consists of sandstones, mudstones, shales and also conglomerates
in which uranium has been found in the form of thin lenses (up to 1 metre thick)
on bedding planes and joints. Common features associated with the mineral-
ization are erosion channels, washouts, bones and carbon trash. Secondary
minerals are common and uraninite is found below the water table.

The Karroo super-group underlies 40 percent of the Republic of
South Africa, all of Lesotho and much of Swaziland, Mozambique, Rhodesia,
Botswana and South-West Africa. Uranophane occurrences have also been
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observed in Karroo sediments (sandstone) in Malawi, Botswana and Zambia
in the Ecca group. South Africa is certainly an area which has considerable
potential for low grade deposits.

The potential for farther discoveries of economically-
exploitable uranium iu both Australia and Canada must be considered high
also.

-?f-r Other areas whose potential cannot be discounted are, as
mentioned above, Brazil where topography has made exploration difficult.
The drainage areas of the Amazon, and the Precambian shields of N. E.
Brazil could be interesting areas.

The French and various European and Japanese consortia have
i made significant finds in Niger and Gabon - ;t is thought that prospective

areas have by no means been exhausted. In Middle East countries the
>.'• I . A . E . A . has sponsored exploration - but the potential of the U . A . R . ,

Saudi Arabia , the Sudan and Somalia has not been exhaustively tes ted .

j Because of lack of available knowledge the potential of the
x U . S . S . R . , the People ' s Republic of China and some other countries of

; >k'.. Asia must be classified a s simply unknown.

Potential for Developing High Cost Uranium Resources

3 According to Nininger the minimum grade of o re which it is
r reasonable to consider as a future economic source of uranium for use in

•S' light water r e a c t o r s , is o re corresponding to a recovery cost of about
' $100/lb UgO . Such ore would probably have a grade of between 50 and 100

-/ - p a r t s pe r mill ion of uranium. The only la rge deposits of this type known
•: in the U . S . A . a r e the uranium-bear ing shales in the south-eas te rn pa r t of the
# ";. country. These deposits contain severa l mill ion tons of uranium oxide.
. ; "r , Development of these shales in the U . S . A . will be re t a rded by major
^4 environmental problems associated with the mining, t rea tment and disposal

; . '••'' of the huge quantities of ore which would be involved.

: ; ; On the other hand, the Swedish alum shales in the most prospective
I« areas average between 200 and 300 parts per million of uranium.
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In another publication ^imager gives estimates ot United
States uranium resources over a wide range of costs. These are shown
in ^ide 9, In this lU-'.stration, sha1: containing GO '-0 ppm iirar^u ..

\ ---: and v/ith a recovery cost t>f $50/io F_; C>. (presumably on t:ie low side:)
' \-. ' \ represents a potential supply source oi some 5 million tons or l^G...

~'\-' Other resource estimates are given for both shales and granites
[ " of lower grades, through to sea water (0.003 parts per million) which
i represents a potentially unlimited supply but at costs exceeding $200/1 b

"-'."• U . . 0 .
" ' • • • • 3 3 .

• " . ' • = , . • • _ Future exploitation of uranium resources such as those just
., -%'-\_ mentioned will clearly depend on the success r a t e in finding and developing

•^ •;." '.,.: new orebodies of more conventional type and grade, ar well as the
'•'»'";/,', discovery of very large, low grade deposits corresponding to the porphyry
- £ '! copper deposits.

'••j£lJ> •/

> ,fi';:. One a rea which has been receiving considerable attention in
^", / the U . S . A . recently involves the recovery of uranium from Florida phosphate

-•_• * ; 5 - ' v - ,,', r o c k , wh ich i s b e l i e v e d t o c o n t a i n abou t 0 . 2 1b U O / t o n ( abou t 100 p a r t s p e r
':Q. ;';• ',h: million). Gulf Research and Development (a subsidiary of Gulf Oil) is

, ;; . reported to have developed a process capable of recovering uranium from
: . '- wet process phosphoric acid which is profitable at yellow cake prices of
y . }, around $7/lb U O . The Company has estimated that based on current levels
.,£;\; of phosphoric add. production capacity in Florida, where the country's main
:'^::.-\ phosphate deposits are located, some 3,000 short tons of V O., could be
•'<'"-".•/, ' ' produced annually over the next 50 years. The first commercial plant

Ki;:<> ;,., employing Gulf's process is planned to be in operation by late 1975-early 197G.

'?&..:•;"
'T! -'.: I am not aware whether or not large phosphate deposits
, ; ! > v • • • ' , e lsewhere in the world such as the Moroccan deposits contain significant

• _-'* '•';• •. - quantities of uranium.

•i • . ' v ' - ^ r •.' •

•; i.' Slide 10, talcen from the 1974 Aust. A.E.C. report, indicates
; °rV . . t^ia<; requirements of uranium for Western World can be met from known
; • y resources uptil between 1995-2000. I would express a personal belief

.; i f ' following on what I said in the introduction to this address that the exponential
f • ; ; growth in the use of energy could be considerably less than has been estimated
«>< and that presently known resources might well be sufficient through to early

2000 i .e . we have 30 years supply in sight.

' I - - . ' 3 . ' - .

f - i World Uranium Production Capacity

Uranium production capacities in 1973, those planned for 1975,
and those attainable by 1978 in various Western World countries as estimated
by O.E.G.D./LA.E.A,, are shown in Slide 11. The respective total demand
capacity figures have been assessed at 351000j 40,000 and 62,000 short
tonsofU 0 0 0 .

a o _
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The I97B total capacity figure, which assumes favourable
market conditions and adecjuate lead times for construction of the additional
facilities needed, excludes any estimate Tor South Africa. The Rossing
project in South-West Africa, however, is expected, to commence operating
in 1976 with an initial capacity of 2,500 short tons of U O /year, increasing
to 5,000 short tons/year by 1980. The total attainable 1978 figure
published by O.E.C.D./I.A.E.A. should therefore be increased to at least
64,500 short tons /year.

a. bii The level of Australian production capacity likely to be
, | attained towards the end of the present decE.de is uncertain at present.

: Based on current estimates of total Australian reserves of around 300,000
~y short tons of UO recoverable at a cost of up to $10/lb, the private
:j ; mining sector naa plans for at least five new, large scale, mining and
: ; milling facilities in the Northern Territory and Western Australiat with

a total initial production capacity of around 10,000 short tons of U O /year.
Depending on marketing and other factors, these facilities could be in full
production ay about 1980 or perhaps a little later. Assuming a capacity
of at least 1,000 short tons of U_O /year after Mary Kathleen Uranium Mines
has recommissioned its existing mine and processing facilities in Queensland,
total Australian capacity attainable by 1980 is estimated at around 11,000

F short tons of Uo0 /year.
'• :.; '"-*- ''. «J 8

, • - : ' • & '.'•'' "•

'Vv._ Canadian dources have indicated recently that their domestic
r; : uranium industry could attain a total production capacity of 16,000 short

.1 ty?: tons of U O /year by 1980, based on presently known rese rves , and assuming
- ; adequate markets and lead times for construction.

{.:,, The Niger Republic in Central Africa has considerable potential
p :.-? also for expanding its uranium industry. A new project, Compagnie Miniere
jj:? d'Akouta (COMINAK), which is a joint company set up by the French Atomic

.! ;^r Energy Commission, Japan's Overseas Uranium Resources Development
§a> ? Co. and the Niger Government, will establish mining and milling facilities

% west of Arlit (the site of the present SOMAIR uranium operations). The
j | ; ; mill will have a capacity of about 2,600 short tons of U O /year and will be
•V ' in operation by 1979-1980. 3 8

Possible total Western World production capacity attainable by
1980, divided into the main producing countries or groups of countries is
shown in Slide 12.

Estimated Western World demand for uranium on an annual
j . basis through 1985 is shown in Slide 13, together with the estimates of
;] j , planned and attainable production capacities mentioned above. The 1980
I - attainable production capacity (which may be a little optimistic) is seen to

;!> be in balance with annual demand by about 1980-1981). The demand figures
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could likewise be optimistic, so taking all factors into consideration it is
thought that there should be no shortfall in supply.

The existence of large stocks of uranium currently in the
hands of Governments, utilities, producers, etc. tends to complicate the
forward supply-demand picture to some extent. However, it should be
noted that the uranium market is now extremely buoyant and much of the
present planned production capacity in Western World countries (particularly
outside the U.S.A.) is already committed to long term supply contracts
or else reserved for future domestic consumption.

The Nuclear Fuel Cycle and Added Value of Processing

The nuclear fuel cycle is a sequence of operations and
programmes covering the production and reprocessing of the fuel elements
used in nuclear power reactors. The most widely-used type of nuclear
power reactor is the light water-moderated and cooled reactor (LWR).
There are two main types of LWR, viz the Pressurized Water Reactor (PWR)
and the Boiling Water Reactor (BWR). Both these reactors employ
uranium fuels slightly enriched with respect to the fissile isotope, uranium
235 (usually to between 2.0 and 3.5% U-235).

SLIDE 14.

The major steps in the LWR fuel cycle are as follows :

(i) Mining and milling of uranium ore and the production of a
marketable concentrate containing usually between 85 and
95% U O ('yellow cake"). Concentrates are required to
meet converter's specifications with respect to various
impurities, such as boron, vanadium, molybdenum and the
halogens.

(ii) Conversion of ore concentrate to natural uranium hexa-
fluoride (UF ) conforming to the specifications laid down by
the U.S. Atomic Energy Commission.

(iii) Enrichment of the UFfi with respect to the fissile isotope U-235.

(iv) Conversion of enriched UF to fuel material, UO .
o 2

(v) Fabrication of fuel elements or pins consisting of small
sintered compacts of enriched UO contained in Zircalloy
tubes.

(vi) Use of the fuel elements in nuclear power plants.
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(vii) Reprocessing of the spent fuel elements in special
reprocessing plants for the separation of plutonium and
"unburnt" urjtnium from other radioactive waste products.

(viii) Segregationof the various types of radioactive wastes and
their storage and/or disposal according to their levels of
radioactivity (low, medium and high).

(ix) In the longer term, recirculation of plutonium (and also
recovered uranium) for the production of mixed oxide fuels
for insertion in LWR's.

Commercial uranium hexafluoride facilities are available in
the U.S.A., Canada, the United Kingdom and France. The cost of

» ? | "J conversion services depends on the type of commercial arrangement
;;• entered into, but is in the vicinity of $1.35/lb of contained uranium.
|; This represents an added value of about 10% over and above the value of
fv uranium in yellow cake.

• At this time there are plants for conversion of U O concentrates
• to hexafluoride in the U.S.A. , Canada, U.K. and France with annual
v production capabilities approaching 35,000 tons. Most existing plants have
| plans for expansions to meet the increase in demand over the next decade.
: The plants use relatively unsophisticated technology that is readily available.
•I T h e c a p i t a l c o s t w o u l d b e o f t h e o r d e r $ 4 . 5 - 5 m i l l i o n p e r 1 0 0 0 t o n s / y e a r
{I capacity. Most countries where enrichment facilities are being planned
} will undoubtedly install matching conversion plant, it is probable Australia
| will look towards building our own plant at about the same time or before
f an enrichment plant is contemplated.

Enrichment

The main source of commercial enrichment services is the
U.S. Atomic Energy Commission which operates three large gaseous
diffusion plants at Oak Ridge, Tennessee; Paducah, Kentucky; and
Portsmouth, Ohio. The charge for enrichment services under the fixed
commitment type of contract will be US $42.10/kg of separative work units
(SWU) as from December 18, 1974.

The U.S.S.R. also offers enrichment services at charges
slightly below those levied by the U.S. Atomic Energy Commission and a
number of European electric utility companies have contracted with the
U.S.S.R. for part of their future enrichment requirements. Plans have

\ also been announced for the construction of new European enrichment facilities
by Eurodif SA (a French-backed consortium which will build a plant at

• & •



Tricastin in France, using French gaseous diffusion technology) and by
the Urenco-Centec organisation (comprising British, West German and
Dutch interests) which is developing the gaseous centrifuge process.

Several other groups have developed oi are developing processes
and plans for enrichment plants: they include the South African Atomic Energy
Commission who have made substantial claims for a process they have
developed, very little is known of their technology except that it is dependent
on cheap power as power costs are high, and the STEAG group in the
German Federal Republic who have developed the Nozzle process - this
suffers also from high power costs but they hope to achieve considerable
reductions in the relatively near future to levels where their process would
compare more than favourably with the diffusion process.

SLIDE 15

Fuel Elements

Various specialist companies, including nuclear reactor
vendors, are engaged in the production of fuel elements. As with the
conversion and enrichment facilities described above, these companies
are generally located in countries which have substantial commitments to
the development of their own domestic nuclear power industries.

Spent fuel reprocessing and radioactive waste management,
being at the tail-end of the nuclear fuel cycle, have not progressed to quite
the same extent as the other services mentioned above. In the U.S.A.,
for example, all regulatory aspects have yet to be worked out and also a
number of technological problems have yet to be resolved.

British Nuclear Fuel Ltd. and the French CEA have pioneered
these fields and over the last few years have brought into production plants
for extracting plutonium for possible use in LWRs or in fast breeder
reactors.

Slide 16, based on Canadian information, illustrates the
added value concept in processing yellow cake through to finished fuel
elements, using figures for toll conversion and enrichment service costs
similar to those given above.

The value of the enriched uranium product is seen to be almost
exactly twice the price of the initial yellow cake on an equivalent U O basis.
It is worth mentioning that, for the example quoted, approximately six
pounds of equivalent U CL feed would be required to produce one pound of
equivalent U O product enriched to 3% U-235. The difference, i .e. five
pounds is discarded as tails HnTino* <•>«> ̂ «—•~i *
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I The cost make-up of the fuel element itself is illustrated in
1 ,„ the figures given in Slide 17.

Conclusion

It is apparent that with the large resources of low cost black
and brown coal in the Eastern States of Australia that there is little
likelihood of nuclear power playing a significant part in electricity production
in Australia this century. However, in Western Australia, the only
indigenous energy sources available for power production are the limited
low grade coal deposits near Collie in the SW of the State, and the natural

'% gas from offshore in the NW of the State. Personally I would question
| the use of natural gas for base load power, and if government policy follows
I" similar thinking - there is the possibility that W.A. could look to nuclear
| l power for its base load electricity. There is a problem of scale to produce
h low cost power - units should be from 600MW - 1000MW in size. This
| ! size of plant would be disproportionately large for the W.A. system for

'•ft some time.

The value of Australian uranium as an energy resource is
therefore likely to be for export. The Federal Government announcement
concerning the development of uranium resources in the Northern Territory
together with the announcement of agreement with the Japanese Government
for a joint feasibility study on the establishment of an enrichment plant in
Australia is indicative of the pattern of development the government is
planning for the uranium energy resources.

To predict the nature of developments from 1974 through to
the middle of the 1980s - the time when we might expect an enrichment plant
in Australia to come into production is likely to be about as accurate as
predictions made in 1972 related to the future development of the uranium
mining industry in Australia for the rest of the 1970s would have been.

Having said that, let me then in conclusion express a few
thoughts 25 years after I first became involved in the fuel and energy business
at the mining end.

Firstly, don't expect long term predictions as to demand
to be at all accurate when it comes to requirements for the basic form of
primary energy. Long term exponential growth rates have been very high
in recent years. For certain those for energy usage are in for downward
revision.
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Secondly, the flow on from the increase in the price of
Middle East crude through the whoie breadth and depth of extractive
metallurgical and process industries, together with the effect on the
automotive, transport and related industries will not be appreciated for
perhaps a few years yet. The adjustments that follow may increase the
demand for nuclear power or may reduce it.

Thirdly, Australia has at present resources of uranium
of the order of 240,000 tons after a relatively small effort in exploration,
if one takes a 20 year life for the use of current resources and in past
mining standards this is high - we have a present potential to produce
12,000 tons per year if the market was available. A market to absorb
this tonnage is unlikely to be available before early in the 1980s, just when
being to some degree dependent on how the US market develops. This,
however, depends on both demand in the U.S. and limitations on import of
foreign uranium.

Fourthly, Australia should move to process uranium
through to the enriched stage. Several Australian companies had
started to look at the possibilities of this in 1972. It mijht be argued
from consideration of the added value - is it worthwhile ? The same
argument can always be made against processing of minerals particularly
when there is a seller's market for them in the unprocessed stage. When
the market changes - and markets usually do change from time to time -
the seller, who can only offer raw materials and depends on others to
process his product through to its useable stage, will lose out. The
returns on secondary processing of mineral products are a lot less tnan
the rewards of successful exploration and primary processing (perhaps
they are better than unsuccessful exploration and there is plenty of this j
- although the results are not usually highly publicised). However, i
with Australian resources of uranium and a long term potential of many !
tons and possibly hundreds of thousands of tons above present resources
and cheap energy for power - we should establish our own enrichment
facilities.
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F053SA3T 0? '.702LD UBAIilPK Isr.
(excluding Comecon countries and People's Republic of China)

• " 6

U_0n needs in short tons - 0.3£S U__ tailings

3 , .ti •

_ Year

1975
19S0
1985
1990

Cumulative total

197^1990

U.S. Demand

18 200
38 000
71 000
117 500

958 000

Non U.S. Demand

19 700
k2 900
78 600
130 500

1 05k 000

i-y"
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Approximate Uranium requirements for European countries

and Jat̂ an — not yet secured "by lonr term contracts

VJ<>st Germany

Japan

Spain

Sweden

Italy

Switzerland

Argentina)
Brazil )
Chile )

Belgium

Period 1974

•

- 1990

Short tons U,Og

110 000

85 000

50 000

40 000

30 000

20 000

20 000

10 000

365 000
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SLIDE 3

ESTIMATED W3STS?-y V/CHLD R?r OF UKAKIUIT

(Thous . Sho r t t o n

Country

Argentina
Australia
Brazil
C anada
Central African Republic
Denmark (Greenland)
Finland
France
~abon
India
Italy
Japan
"exico
riger
Portugal (Europe)

" (Angola)
South Africa
Spain
Sweden
Turkey
U.S.A.
Yugoslavia
Zaire

TCTAL (rounded)

Price range

Reasonably
Assured
(Reserves)

12
92

241
10.5
7.0

47.5
26
_
1.6
3.6
1.3
52
9.3
-
263
11
-
2.8

337
7.8
2.3

1126

S10/lb U3Og

Estimated
Additional
Resources

102
3.3

247
10.5
13
_
31.5
6.5

—
-
—
26
7.7
-
10.4
—
-
-
700
13
2.2

1191

Price rar.pe SIO-15/lb U,Og

Reasonably
Assured
(Reserves)

10
38.3
0.9

153
—
-
1.7
26
•
3

5.4
1.2
13
1.3
-
80.6
10
351
0.6

183
-
—

884

Estimated
Additional
Resources

30
38
..
284
—
•

32.5
6.5
1

.
13
13
17
33.8
..
52
—
300

—

821
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KNOWN WORLD URANIUM RESOURCES
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Resources (Reserves)

•Short Tone UL&CThomJ



KNOWN! WORLD URANIUM RESOURCES

10-15 k!/ Assureol Resoo<n ês (ffe'Serygs J

SLACK SHAUSS

$80
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SLIDE 8

K1I0WN AUSTRALIAN URANIUM RESOURCES

Short tons U,OQ (thoua)

Price range

310/lb U,Oe

SiO-15/lb t

R.A.R.
(Reserves)

140

83

S.A.R.

48

43

Source: Australian Atomic Energy Commission
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Reasonably assured w«MHieej

Estimated additional resources

•OO OOO

Reasonsablv assured
resoiihcs"

W :*M-^.r

!OO,OOO-
'965 1970 1975 1980 1985 1990 1995 2000

WORLD URANIUM RESOURCES & CUMULATIVE REQUIREMENTS
• Source At!St.A£C.J
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WORLD URANIUM PRODUCTION CAPACITIES
(SHORT TONS UjO/YEAR)

Annual Production Capacities

Countries Attainable

Mexico

Niger

Portugal

South Africa

Spain

Sweden

U.S.A.

Yugoslavia

TOTAL (rounded) 35,000

Slide If
* . . " • •



SLIDE 12

POTENTIAL A-nJAL •..'CRIP PRODUCTION

C? UKAriUK - 1960

U.S.A.

Canada

Australia

South Africa (including
South-Uest Africa)

France (including Niger
and Gabon)

Others

Short tons U-O- / year

34 ooo
1 u 000

11 500

10 000

9 ooo
2 000

TOTAL 82 500
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Source Aust.AEC.)

REDUCTION (UO2)
DEPLETED
URANIUM

(to storage)
\

ENRICHMENT

\

POWER 0

FUEL FABRICATION POWER

URANIUM ORE

NUCLEAR REACTOR
(fission)

REPROCESS FUEL

PLUTONIUM (to recycle)

CONVERSION (UF6) FISSION PRODUCTS
(to storage)

NUCLEAR FUEL CYCLE

SUOE 14
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SLIDE 16

ADD5D VALUS FROM PROCESSING U,QO TO LWR FUSL

(in terms of 1973 $/lo of equivalent U

Stage

Uranium concentrates

Uranium shipped as natural UIg

Uranium shipped as enriched UP^(i)

Uranium shipped as fabricated (2)

Value

12.50

13.60

26.15

30.99

Added value

$

1.10

12.55

4.84

(1) Based on $50/kg SWU, final enrichment of % and 0.25>i tails

(2) Based on fabricated fuel at ̂ 75Ag of contained 3$ enriched
uranium.



URANIUM ENRICHMENT PLANT COSTS

(VALUES IN US $)

Year of Technology

Year estimates made

Capacity mills,
(kg SWU/yr)

Gaseous
Diffusion

Centrifuge

1974 1973

1973 1973

Capital Costs ($'000)

Unit Capital Cost
($/SWU)

Power usage

8.75

1,200

8.75

1,400

137 160

Nozzle Process

1973

1973

2.50

n.a. (1)

1977

1973

2.50

South African
Process

1973

1973

7.00

n.a.

MW

Operating Costs
$milI/year

Operating Costs (2)
($/SWU)

2,400

16

i 1'8

240

90

10.3
1

1,430

15

6

1

n.a. (1)

n.a.

850

13

5.1

825

118

2,00C

n.a.

n.a.

NOTES:

(1) Claimed to be of the same order as that for gaseous diffusion plants.

(2) Operating costs net of power.
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EHTir'AT'D 1?81 FUTX O:"'":ATin: CO"? OF IIGHT '.fATTn REACTOR

J.'UCl/SAR FlT.iL T-CH A 1OOO ITWe FIAT"?

(1Q73 Dollars)

Cost Cor.i or.erit

r i r . ine ei.d millir.£ (S io / lb U C£)

Conversion to I'F^. (31.35/1^ *•*)

Enrichment ($42/k5 S'.JU)

Reconversion and fabr icat ion (370/lW)

Spent fuel shipping ($5As U)

Reprocess ins (S35/k£j U)

V/aste ne.r.agement

Plutonium cred i t (08/5)

Sub-tota l

Fuel inventory c a n y i n g charge (a t 12^)

TOTAL

Cost
Sis/kwh

0.54

0.07

0.76

0.33

0.02

0.14

0.04

(0.22)

1.68

0.82

2.50

Total cost of electricity c.a. $11I'/kwh


