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COMPARATIVE SUMMARY - MAJOR AUSTRALIAN? URAJ

ISSUED SHARES

DEPOSIT

RESERVES

AV. GRADE

MINING METHOD

E Z INDUSTRIES

50,400,000

Ranger (25%)

110,000s.tons

6-71bs/s.ton

Open. Cut

PROCESSING METHOD Acid Leach

EST. START

FULL PRODUCTION

PROD. RATE
SHORT TONS U O

EPS BASED ON
US$15/lb PROFIT

1979

1980

(1980)(1982)
3300 /6600

MARY KATHLEEN PEKO-WALLSEND PANCONTINE

73,887,814 23,827,000 7,026,404

Mary Kathleen Ranger (25%)

10,800 s.tons 110,000s.tons

6-71bs/s.ton

Open Cut

Acid Leach

1979

1980

2.31bs/s.ton

Open Cut

Acid Leach

1975

1976

Jabiluka i (

228,600s.t

7.8 lbs/sit

Open Cut :

Acid Leach

1980

1980

1000
(1980)(1982)
3300 /6600

$0.21
$0.43

(1980)
(1985)

NET PRESENT VALUE* $0.90-$1.75
USING 15% DISCOUNT

Contracts a l - $0.45 (1980)
ready wr i t t en $0.91 (1985)

a t low p r i ce s $1.90-$3.70

(1980)(198
3300 / 660

$4.00 (19
$12.00 (19

$l6.30-$38

COMMENTS First to com- Operations havs First to com- Largest hi
mence operations recommenced mence operations deposit in

Excellent other contracts for High grade Small issu
mineral prospects 5225 s. tons deposit

High issued
capital

Low U_0o
J o

prices

Low production high issued
level per share capital

-,--—, AAEC selling
i out

Guaranteed

Site inqui

High EPS p

Favourable
tion with

Early cash
gold

*u_3°o prices US$25-30, 10-20% royalties, all financing repaid before earni
cohsffervative depreciation. - Peko, E Z, and WMC values for uranium onl
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PEKO-WALLSEND

23,827,000

Ranger (25%)

110,000s.tons

5-71bs/s.ton

Dpen Cut

Acid Leach

1979

1980

(1980)(1982)
3300 /6600

.;0.45 (1980)
50.91 (1985)

U.90-$3.70

°irst to com-
lence operations

.ligh grade
1 eposit

PANCONTINENTAL

7,026,404

Jabiluka (65%)

228,600s.tons

7.81bs/s.ton

Open Cut

Acid Leach

1980

1980

(1980)(1982)(1984)
3300 /6600 /9900

$4.00 (1980)
$12.00 (1985)

$16.30-$38.00

Largest high grade
deposit in the world

Small issued capital

Guaranteed financing

Site inquiry likely

High EPS potential

Favourable associa-
tion with Getty Oil

Early cash flow from
gold

QUEENSLAND MINES

11,531,386

Narbarlek (100%)

10,500 s.tons

471bs/s.ton

Open Cut

Acid Leach

1981

1981

1000

$1.14 (1981)
$1.14 (1985)

$3.30-$5.30

Highest grade deposit
in the world

Small tonnages by Aust-
ralian standards

Site enquiry liKely

High EPS potential

High production level
^•» ^» b B ^U ^LH * ^ ^4* ^ ^

per snare

Has other uranium res-

erves in Queensland

WMC

181,618,596

Yeelirrie (200$

52,800s.tons

31bs/s.ton

Open Cut

Carbonate Leach

1981

1981

(1981) (1983)
2000/3300 i

$0.14 (1981) ^
$0.24 (1985) i

$0.10-$0.25

Potentially
larger re selves

lower grade
deposit by
Aust. standards

Large issued
capital

Possibly no
site enquiry
necessary

.cing repaid before earnings to shareholders, Interest rates
MC values for uranium only.

13%



- 1 -

RIVKIN AND COMPANY

PREFACE

This report was started in late December with the aim
of presenting a studied view of the world uranium scene
and an evaluation of the individual prospective uranium
producers in Australia. In the last few months there
have been conflicting viewpoints expressed by market
analysts as to the worth of the uranium stocks with
phrases such as "another Poseidon" used on one hand
and "extraordinary earnings" estimations made on the
other. The surge in uranium stock prices in late January
this year confirmed our estimation that several of the
Australian uranium stocks were undervalued. While the
recent high prices preclude our making any strong recom-
mendations at this stage, we do believe in the fundamental
value of such stocks as Pancontinental.

The report covers the basic issues of the coming uranium
era discussing the world supply and demand situation, the
trend in uranium prices and the continuing move to nuclear
power as the world's primary source of electrical energy.
In Australia, unknowns such as future contract prices and
quantities? production start dates, royalties and the
outcome of the environmental inquiry create the specul-
ative image of the uranium stocks. This speculative side
certainly detracts from the underlying fundamental strengths
of the prospective uranium producers in Australia. We hope
that the coverage in these pages will provide a better
understanding of the uranium industry, and an appreciation
of the relative merits of the individual Australian stocks.

The first section of the report discusses the technical
aspects of the nuclear industry but is necessarily brief
because the real story is the world trend to nuclear
power for economic and political reasons and the old
story of supply and demand (discussed in section two).
Within Australia some companies are better placed than
others to benefit from the uranium era. Section three
looks at prices and section four reviews the individual
companies involved in the uranium industry in Australia.

Catalogue Number I.S.B.N.-0-9597060-2-X
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SUMMARY AND CONCLUSIONS

The demand for uranium will continue to grow as it becomes
increasingly more important as a basic energy source for
electricity generation. It is estimated that nuclear
power will supply 50-60 per cent of the world's electrical
energy by 2000. The swing to nuclear power for economic
and strategic reasons was pushed along by the 1973 oil
crisis. A study of the economics of oil, coal and nuclear
power reveals that ever, if the price of oil dropped to
50% of present levels, nuclear power would still retain
its economic advantage. Already 42 countries have nuclear
programmes and a declining number of utilities are pre-
pared tr build new power plants which are committed to
oil or o-jl supplies for the next 20 to 30 years.

The supply of uranium is insufficient to meet demand in
the late 1970[s and early 1980's and it is this shortfall
which has caused the quadrupling of uranium oxide prices
in the last two years. A cumulative demand/supply world
map is presented on page 20 and highlights areas of demand
and supply to the mid 1980's. The united States, Europe
and Jap'an will be the major importers of uranium and Aust-
ralia, Canada and Africa will be the major exporters.
Although the United States will be the largest producer
of uranium in the world, it will not be able to satisfy
domestic demand and will be a net importer.

Canada and Africa have already committed a large portion
of their presently planned 1980's production. Further
expansion in these two countries is tempered by the Can-
adian's new uranium export policy and by Africa's political
uncertainties which detract from its reliability as a
long term supplier. Australia is ideally suited as a
reliable long term supplier of uranium to the world market.
The new Government's policy is very much in favour of
development of the uranium resources. By international
standards the deposits are very large and high grade, and
are close to the surface. The ore can be mined by open
cut and is readily processed by conventional techniques.

Though prices for uranium oxide (U 0 or "yellowcake")
have increased dramatically in the last few years, they
are in line with increases in the other energy sectors
and should continue firm for the deliveries in the 1980's.
Demand for U3Og is fairly insensitive to U O prices and
will not be appreciably affected by the recent price
increases. The importance of reliable fuel supplies to
the highly capital intensive nuclear power plants is
forcing utilities to write longer term contracts, diver-
sify supplies and plan for large overstock positions.
Such factors will continue to put pressure on supplies
and maintain prices at over US$30.00 per pound of U O
for deliveries in the early 1980's.
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Prom an investment point of view, Pancontinental Mining
Limited is by far the best of the Australian prospects.
It has a 65% share in the largest high grade deposit
in the world. By international and domestic standards, its
uncommitted low cost reserves are undervalued. Its assoc-
iation with Getty Oil of the US is uniquely favourable
for financial, marketing and technical reasons. Gold
mining operations at jabiluka Two will generate an early
cash flow and on a most conservative basis we estimate
the net present value at between A$16.30 and A$38.00.
(On a similar basis, WMC's Yeelirrie project with large
reserves, average grade and shallow deposit is barely
profitable). It must be recognized that though Pancont-
inental1 s potential earrings are large, there would be
no actual returns to shareholders before 1982-3. This
is reflected in our estimations of the net present value.
Tfs table below illustrates the basic resource advantage
of Pancontinental, the comparative market undervaluation
of the reserves, and the high production rate per share.

COMPARISON OF AUSTRALIAN URANIUM RESOURCES

Company

E Z Inds.

M K U
Pancontinenta1
Peko-Wallsend

Qld. Mines
W M C

Recent
Share
Price

$A

3.80
(1.90)*
0.90
17.00
4.60
(2.30)*
2.65
1.50
(0.78)*

Estimated Annual
U 3O 8 Production
in lbs

1980

0.03

0.03
0.61
0.07

0.17
0.02

per share

1985

0.07

0.03
1.84
0.14

0.17
0.03

Market*
Value
of
Reserves

A$/lb U3O8

$1.73

$3.33
$0.40
$1.00

$1.46
$1.34

u3o8
Reserves
per share

lbs U 3O 8

per share

1.1

0.27
42.3
2.3

1.82
0.58

* These compand.es have other interests. It is estimated
that uranium prospects account for 50% of the underlying
share prices,.

Queensland Mines has a small but extremely rich deposit
which is mineable by open cut and would require relatively
little capital to bring to production. Plans to spread
the production ont over 8-10 years detracts from the ec-
onomics of the project, however the low issued capital and
early returns result in fairly high earnings per share.
With our conservative parameters, we estimate the net
present value is between A$3.30 and A$5.30.

Peko-Wallsend and .5 z Industries trail Pancontinental and
Queensland Mines in terms of potential earnings per share
because of their present arrangement with the AAEC and
their relatively higher levels of issued capital. It now
appears that the Government may withdraw the AAEC from
the Ranger agreement and this would increase the revenue
to Peko and E Z. Assuming the agreement still stands we
estimate that the net present values of Peko and E Z's
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uranium interests are between A$1.90-A$3.70 for Peko 'and
A$0.90-A$1.75 for E Z Industries. Both these companies
have substantial other interests.

Mary Kathleen Uranium is producing at present, though
high issued capital and low contract prices result in
low earnings per share. The Government recently an-
nounced its intention to sell AAEC's 41.6% equity interest
in MKU.

Western Mining Corporation's large issued capital (181
million shares) and relatively lower grade of ore result
in low earnings per share. Uranium will contribute little
to this company's per share earnings.

This report was prepared by r\j. Trumbull.
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1. THE NUCLEAR INDUSTRY

1-1. NUCLEAR POWER

A nuclear power system converts the energy of nuclear
fission into electricity. Isotopes of certain heavy
elements (uranium and plutonium) can undergo fissionf
releasing heat energy. The fission process is control-
led in a reactor so as to provide a steady source of
heat which is used to boil water and generate steam.
This steam then drives a turbo-generator to produce
electricity- A nuclear power reactor in effect repla-
ces the boiler of conventional oil or coal burning
power stations. A tonne of the element uranium occur-
ring in a mineral deposit is capable of producing heat
energy equivalent to that from 12,500 tonnes of coal.

1.1.1. The Uranium Fuel cycle
The processes needed to generate commercial power from
uranium are termed the uranium fuel cycle and a simpli-
fied schematic outline is shown in the figure 1.1.1.
below

1 Mining |— Ore—^ Mi 1 ling

I

—u_c

"igure 1.1.1.

) -—a Conversion 1— UF€ —^ Enrichment-!-

Plutonium and Uranium

waste^J Reprocessing ]g_ Spent
Fuel

I
Nuclear
Reactor

C U O T
" pellets

Fabrication ̂ -UOj
Fuel j

I
Power

—rI
UF6

i
Reduction

Mining
Uranium is typically mined as low grade ore containing
usually less than 21bs of U,OR per short ton. It can
be mined for itself, or (when it occurs in very low
grade) as a by-product of other minerals such as gold
or copper. In the U.S. it is hoped to recover some
uranium from very low grade deposits by in-situ leach-
ing. This is a process whereby the uranium is dissol-
ved from the ore without actually mining the deposit.
An acidic solution is introduced into the ore throtigh
drill holes, allowed to percolate through the deposit
and the pregnant solution is returned to the surface
for treatment. Actual recovery cost estimates for in-
situ leaching vary from US$3.50 to US$6.50/lb D O . 1

It is estimated that actual production by this meinod
will reach about 1500-2000 short tons of U O by 1980,
increasing to 6-7000 short tons by 1985. Tonnages
mined by in-situ leaching are still relatively small.

Nuexco Monthly Bulletin No 83, June 1975
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1.1.1. The Uranium Fuel Cycle continued

Processing
The ore is processed at the mine site to yellowcake, a
powder containing over 90% of an oxide of uranium (U308).
The process generally involves grinding the ore and mix-
ing it with sulphuric acid which reacts with and leaches
the uranium from the ore. The uranium is extracted from
this solution by mixing in an organic compound and then
by adding ammonia, a yellow, uranium rich precipitate is
formed. The uranium contains a very small portion (0.7%)
of the fissile u 2 3 5 isotope while the remaining 99.3% of
the uranium is the non fissile u 2 3 8 isotope.

Conversion
For enrichment processes, the uranium has to be in the
form of a gas. The crude yellowcake (from the mine) is
converted into pure uranium hexafluoride (UF6) which can
be vapourised readily by heating. A typical process
first purifies the yellowcake by redisolving and then
precipitating ammonium diuranate. This is then heated
and reacted with a series of gases in fluid beds to pro-
duce the uranium hexafluoride.

There are five commerical uranium conversion plants in
the Western world; two in the U.S. and one each in Can-
ada, France and the U.K. Present capacity is 36,000
tonnes of uranium, and planned increases are as follows.

Table 1.1.1.(a)

Country

U.S.
i

i U.S.
I

1 Canada

! France

U.K.

Company

Allied chemical

Kerr McGee

Eldorado Nuclear

Comurhex

British NUclear

I
Location 1 Capacity Tonnes of U_0Q

!Present iProjected 1980

Illinois | 140001
Oklahoma | 5000

Ontario j 4500

France ! 7500
1

Lancashire '] 5000

14000

10000

11300

12000

10000

Total ' 36000 57300

Source: Basically OECD/NEA (NOV 1975)

The South African Government and Brazil both have plans
for conversion facilities around the mid 1980's

Enrichment
In the enrichment processes the proportion of u 2 3 5 isot-
opes in the uranium is increased from 1 in 140,to 1 in 30,
ie. the U 2 3 5 is enriched from 0.7% to 3% of the uranium.
The two main methods of enriching uranium are gaseous
diffusion and gas centrifuge. The first involves diffus-
ing the vaporised uranium hexafluoride (UF6 or "hex")
through a porous barrier. The slightly higher speed of
the lighter U 2 3 5 isotopes enhances their ability to pass
through the barrier and by repeating the process many
times (in some cases over 1000 times) the "hex" is grad-



- 9 -

RIVKIN AND COMPANY

ually enriched. The gas centrifuge method of separating
U^3^ is nov? under intensive development and is expected
to become more important. The gaseous UF6 is introduced
into a rapidly spinning tube, centrifugal forces cause a
higher concentration of heavy molecules (u238) towards
the outside with a corresponding increased concentration
of light molecules near the tube axis. Enriched and
depleted fractions are then withdrawn at opposite ends.

There are at present three enrichment plants in operation
and all are in the U.S. The Netherlands/Germany/ U.K.
consortium's URENCO plants and the French/ltalian/Belgian/
Spanish EURODIF plant are under construction and will be
on stream in the late 1970's.

Table 1.1.1.(b)

Ownership

U S A

URENCO
Netherlands/UK/
Germany

EURODIF
France/Italy/
Belgium/Spain

UCOR

Location

Oak Ridge
Portsmouth
Paducah

Capenhurst
(U.K.)
Ameldo
(Netherlands)

France

South
Africa

Type

Diffusion
ii

Centrifuge

Diffusion

Modified
Centrifuge

Enrichment capacity
Million SWU's *

Present 1980 1985

17.2 27.7 27.7

1.0 10.0

6.5 10.8

5.0

Source: OECD/NEA Nov.1975.

*SWU- Separative Work unit is the practical unit of measu-
rement of enriched plant capacity. It takes 1 SWU to
change 2.4kgm of natural uranium into lkg of uranium en-
riched to 1.4% u 2 3 5 (double the concentration found in
natural uranium) .

A number of countries have indicated possible enrichment
capacities in the future. These include Japan, Brazil,
Canada, W. Germany, and Australia.

Reduction and Fuel Fabrication
The enriched UF6 is reduced to a ceramic oxide UO2 which
is then pressed and sintered into fuel pellets. The
pellets are then loaded and sealed into metallic tubes,
which are assembled into a precise mechanical array to
form the fuel element ready for loading into the reactor.
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Reprocess ing
The discharged fuel assemblies are reprocessed to separate
and recover uranium (containing residual u^35)r plutonium
bred during the nuclear reaction;and the fission product
waste materials

- - - - - - The Pros and Cons of Nuclear Power
Among the main advantages of nuclear pov"--<- are the favour-
able operating costs compared to oil and coal; the rela-
tive low quantities of material involved, which requires
lass storage and transportation infrastructure; minim"1
environmental problems associated with smolce and noise
and the small mining operations required to supply fuel.

The main disadvantages of nuclear power are the high
capital costs; non standardization of processes; short
terra supplies of uranium; radiation problems associated
with waste management and the possible i l l i c i t use of
fission materials.
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1.2 OTHER ENERGY SOURCES

The following bar chart illustrates the historical and
predicted future contributions of the various energy
sources to world energy production.
Figure 1.2

Contribution of Primary Energy Sources
to Total Energy Production

• : , • SOUOFUFL5

D LIQUID FUELS

• NATURAL GAS

• NUCLEAR

• HYDRO

o 20

2 '0
5 n 1,1 In

Source: IAEA,Steps to Nuclear Power.

Coal contributed over 60% in the 1920's and has been
declining in percentage terms ever since. The chart shows
the increasing importance of nuclear energy which becomes
only second to oil by the year 2000. It is estimated that
nuclear power generation will contribute over half of the
total electrical energy requirements by this time, of the
other primary energy sources only coal offers a real alter-
native to meet the growing energy requirements.

Cost comparisons of the various energy sources are discus-
sed in section 3.2.2.

Coal The world reserves of coal are sufficiently large
to supply the increasing energy requirements but there are
problems. One short ton of yellowcake from the mine site
can produce as much heat energy as 10,000 short tons of
coal - so coal transportation becomes a major factor. It
is estimated that if coal were to fill the 1985 energy gap
in the us it would require over 200 new mines, 100,000 new
miners and massive equipment expenditures. Where the coal
deposits are situated close to energy demand centres the
logistics improve, and in some cases there are plans to
build the power stations at the mine site and transport
the electricity.

In coal resource-poor countries, the supply difficulties
and economics mitigate against coal energy programmes.
The contribution of coal to total energy production is
estimated to drop from over 30% at present to under 20%
by 2000.

Oil Because of the historical low prices and convenience,
oil has been an increasing source of primary energy, grow-
ing from 25 per cent in 1950 to 40 per cent in 1970.
Three major factors have influenced the swing away from
oil as an energy source. The oil crisis, recognition of
the finite reserves and the increasing value of the oil
hydrocarbons as a source of raw materials for the chemical
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industries. Because of the price and political aspects,
few new oil-burning power stations are being built.

Natural Gas
Gas has become of great importance in some areas and
globally its contribution is about 20%. Like oil, it
is a finite resource and its value as raw material for
the chemical industries mitigates against burning it
for energy. The contribution of natural gas to total
primary energy is expected to decrease from the 1980's
to around 15% by 2000.

Water
Natural water reservoirs have served to establish the
major electric power grids of the modern world. In
many countries expansion of hydro-electric power has
been limited by the high capital costs, iracoassability
and environmental aspects. With generally increasing
energy costs however, this source will continue to be
important in many countries in the 1980"s and should
be producing 5-6% of primary energy between 1980 and
2000.

Lignite, Tar Sands and oil shales
Lignite has high water and ash content and thus high
transportation costs. While total petroleum reserves
in tar sands and oil shale on a global basis are far
greater than in the oil fields, both are difficult to
recover economically with present techniques.

Solar, Wind and Tidal Power
Solar energy has a gigantic potential, but the major
problems are large areas (due to low conversion effic-
iencies) and very high capital investments required
with present techniques, wind generators have been
built for a long time but the present largest projected
sets have capacities of only about 5 MW(e) or 2% of a
medium size conventional power plant. Both these energy
sources have the disadvantages of uneven production and
would require energy storage facilities. Tidal power is
a demonstrated source but has a low overall potential,
of the order of a few per cent of the available hydro
electric power potential.

Fusion
Energy from fusion of light atoms offers tremendous
potential for the future but the first fusion reactor
has yet to be built. It is estimated that fusion tech-
niques will not be used for commercial power production
until after 2000.
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1.3 NUCLEAR REACTORS

A number of power reactor types have been developed and
brought at least to prototype production. The prolif-
eration of designs has led to the high capital costs
normally associated with non standardization though the
general dominance of light water reactors in most nuclear
programmes will result in significant savings from stan-
dardization and "mass" production in the future. The
latest OECD/NEA report on distribution of reactor types
indicates, that of the estimated generating capacity in
2000, the light water reactors (LWR) will account for 74%;
the heavy water reactors (HWR) 7%; and the high tempera-
ture reactors (HTR) 5%. The fast breeder reactors should
account for roughly 10% of reactor capacity.

1.3.1 Reactor Types

Reactor types vary in three main aspects. The type of
fuel used (natural uranium or slightly enriched uranium),
the moderating material which surrounds the fuel (gra-
phite, heavy water or light water), and the way in which
the heat is removed from the reactor (gas, light water
or heavy water). Other important design variables are
temperature and pressure.

The reactor types can be broadly divided into
a) Gas cooled systems
b) Heavy water moderated systems
c) Light water systems.

a) Gas Cooled Systems

Magnox Used in the first stages of the UK and French
programmes. Natural uranium fuelled, graphite
moderated and gas cooled. Although these reac-
tors have been successful they have been super-
seded for economic reasons.

AGR Advanced gas cooled reactor. This is a develop-
ment of the Magnox which uses slightly enriched
uranium.

HTGR High temperature, gas cooled, graphite moderated
reactor. This is the third generation of gas
cooled reactors.
interest in the HTGR exists mainly in the USA,
the UK and the Federal Republic of Germany.
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b) Heavy Water Systems

PHWR Pressurized heavy water reactors. Natural
or uranium fuelled, moderated and cooled by heavy
CANDU water. (The Canadian design is called CANDU)

The ability of these reactors to operate on
natural uranium and the fact that they require
no large pressure vessel have made them attrac-
tive to many developing countries; especially
those with resources of natural uranium.

HWLWR Heavy water moderated, boiling light water cooled
or reactor. (UK design is called SGHWR - steam
SGHWR generating heavy water reactor) . The UK has

announced it will base its future nuclear power
programme on the SGHWR.

c) Light Water Systems

LWR Light water reactors. Light water is both the
moderator and the coolant, and enriched uranium
is the fuel. There are two basic,types.

(I) BWR Boiling water reactor. The coolant
boils inside the reactor vessel.

(II) PWR Pressurized water reactor. The cool-
ant does not boil inside the reactor
vessel.

The LWR reactors will dominate future programmes
and of these, the pressurized water reactor (PWR)
will account for about two thirds.

1.3.2. Reactor Requirements

Since LWR1s are the most common reactor types planned,
their fuel requirements will essentially determine the
demand for uranium.

A 1000 MW(e) PWR requires on average about. 434 tonnes of
natural uranium converted to enriched uranium (2.03% u 2 3 5 )
for the initial charge, and thereafter 165 tonnes of nat-
ural uranium converted to 2.73% enriched uranium per year.
A similar BWR requires on average 365 tonnes of natural
uranium converted to enriched uranium (2.26% U 2 3 5) for
the initial charge and thereafter 173 tonnes annually of
natural uranium converted to 3.20% enriched uranium.
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1.4 THE ENVIRONMENTAL ISSUES

If all goes well for the Australian producers there should
be six or seven uranium operations in Australia around the
early 1980's. As far as the Australian people are concer-
ned there are some vital issues relating to uranium mining
that must, be cleared up before this massive industry gets
under full steam. The issues are both site specific and
of a much broader nature.

1. Are there health hazards to those involved in the
mining and milling operations?

2. Will the mining and milling operations harm the
environment ?

3. Is it morally right for Australia to export uranium
knowing that:
a) it will aid the world wide move to nuclear

energy and the proliferation of potentially
dangerous nuclear reactors.

b) it will end up as nuclear waste which can
remain harmful for thousands of years.

c) it can provide a source of plutonium which
can be used in nuclear bombs.

To clear up these uncertainties, the Ranger Inquiry com-
menced in September 1975 to investigate all aspects of the
uranium industry. The future of the Australian uranium
projects depends very much on the outcome of this inquiry,
and though the results are not legally binding, a recom-
mendation advising against mining operations would cert-
ainly hurt the prospects of the potential Australian
producers. It is expected that the inquiry will conclude
around April, and a result is expected mid year.

We believe that the Ranger Inquiry will be in favour of
uranium mining in Australia with strict conditions gov-
erning the safety, social, and environmental aspects. We
also feel that Pancontinental, Queensland Mines and Noranda
will have to submit to public inquiries. Western Mining
Corporation may find that the mandatory impact statement
will be sufficient.

1.4.1. Hazards of Mining and Milling

The potential hazards in uranium mining concern radon gas,
external radiation, and inhalation of dust containing
uranium decay products. During the mining of uranium, the
ore is broken up and radon escapes. The level of radon gas
in underground mines can reach dangerous levels where ven-
tilation is bad, but in open cut operations the radon and
decay products are less likely to be a problem. It is
believed that radon gas inhalation can cause lung cancer,
though at present there is no internationally accepted
limit for radon or radon daughter exposures for miners.
In general the control of gamma exposure is not a problem,
though dose rates may be quite high close to deposits of
massive pitchblende such as occur at Narbarlek. The time
miners spend in such areas must be limited. A uranium
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mine atmosphere will contain dust particles incorporating
uranium-238 and its early daughters, uranium-234, thorum-230
and radium-226. Levels of these isotopes are usually
found to be well below the maximum permissable concentrat-
ions recommended by the International Commission on
Radiological Protection.

In the milling process only uranium is dissolved from the
ore leaving almost all of its decay products in the res-
idue of sand like material (tailings) which is fed to a
waste retention system or tailings dam. The end product
(yellowcake) is only mildly radioactive.

Radon and dust levels within the plant are controlled by
ventilating the operations that are a source of these
materials and scrubbing and filtering the efficients
before release to the atmosphere through a stack.

The radioactivity in the tailings will remain indefinitely
on any human time scale, because the long half life of
thorium-230 (80,000 years) will ensure a supply of radium-226
which in turn ensures a supply of radon. The danger then
is escaping radon gas, and gamma radiation from radon
daughter products. It is estimated that the radon emission
from an unprotected tailings pile will be 200-300 times
the natural emission rates in non uranium areas, but of
the same order as that occuring over uranium orebodies.
Gamma radiation from a pile of tailings is in general
not a serious problem, though as with radon emission,
higher surface dose rates are to be expected over the
tailings from higher grade ores.

R M Pry (AAEC) in his study on radiation hazards
of uranium mining and milling concludes his findings
as follows:
"The radiation standards that should be applied and
the procedures that should be adopted to minimize
radiation exposure of workers and members of the
public living in the vicinity of the mine and mill
are set down in the Australian 'Code of Practice
on Radiation Protection in the Mining and Milling
of Radioactive Ores 1975.' If the requirements of
this code are adhered to, the radiological safety
of miners, mill workers and members of the public
can be assured. •'

1.4.2 Environmental Aspects

The environmental impact of uranium operations include
the normal disturbances (egc dust, clearing for operat-
ions, SO production) and those aspects associated with
radiation damage via contaminated water, dust, radon and
airborne radionuclides and tailings disposal. All these
radiation sources can and must be reduced to acceptable
minimums through design and removal scheduling. Plans
for the removal of contaminated water from the area

R M Fry Radiation Hazards of Uranium Mining and Milling,
Sept 1975
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involve release into the wet season floods. Dust in the
mining operations will be kept to a minimum at the mine
by spraying and in the plant by collection.

1.4.3. Should Australia contribute to the spread of Nuclear
Power?

The many arguments for and against nuclear power are far
too voluminous to consider in detail in this report. Those
against, basically argue that reactors are dangerous, waste
material is dangerous and plutonium is dangerous. Those
arguing for, spend most of their time countering with pre-
cedent and probabilities and the comparative danger and
environmental rosts of other energy sources.

Included in the appendix are two articles that illustrate
the relative safety of nuclear power generation and the
environmental advantages. These articles are:

a) a summary of the Rasmussen study on accident prob-
abilities and consequences for commercial nuclear
power systems (appendix 1)

b) 700 Swedish Scientists support Nuclear Power
(appendix 1(a))

A study by the AAEC on the illicit diversion of nuclear
materials concluded that the preventive measures of
national safeguards systems, coupled with the practical
difficulties of using nuclear material, would make the
diversion and illegal use of nuclear material unattrac-
tive in comparison with other avenues open to those
groups to attain their ends. Despite this conclusion,
one feels that if it can be done.... it will be done.
Illicit use of nuclear materials for terrorist purposes
must remain one of the most dangerous aspects of the
world wide move to nuclear power. It must also be rea-
lised that so many other nations have no alternative but
nuclear power (due to their special circumstances) and the
overall availability of nuclear material for illicit use
will not be greatly affected by Australia's decision on
whether or not to export uranium.

F L Bett Illicit Diversion of Nuclear Materials AAFC
August 1975
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2. URANIUM SUPPLY AND DEMAND

2.1 THE RUSH TO NUCLEAR ENERGY

Following the oil crisis, the major industrial nations
renewed efforts to develop nuclear power capabilities
to offset the quadrupled oil costs and their dependence
on the oil producing nations. At present nuclear
energy supplies over 80 GW or 8% of the free world's
energy requirements. The International Atomic Energy
Agency estimates that free world nuclear energy gen-
eration will increase about sevenfold by 1985 and
nearly fortyfold by the year 2000! (See Table 2.1).
Australia's large high grade surface deposits have
assured markets even at a much more modest level than
these projections.

TABLE 2.1 Estimated Nuclear Power Growth*

Installed Nuclear capacity
1000 MW(e)

1975 1980 1985 1990

2.1.1

2000

EEC
OECD Europe (including EEC'
North America
Japan and Other
Total OECD
Developing Countries
Subtotal
Countries with Centrally
Planned Economias

TOTAL

20.6
25.8
49.8
4.6
80.2
2.0

82.2

9.5

91.7

Nuclear Programmes throughout the

51.7
75.7
108.6
22
206.3
10.5
216.8

38.4

255.2

World

129
175
275
. 62
512
47
559

104

663

264
345
531
107
983
126
1109

246

1355

i
I

2600
360

2960

640

3600

In their 74/75 Annual Report, the AAEC listed the nuclear
programmes for the various countries and an updated version
is presented on page 18. At present 42 countries have
nuclear programmes (including plans for reactors). There
are 164 reactors in operation, 183 under construction, 135
on order and 256 in the planning stages. America has 54
in operation, the UK 29, USSR 18, Frances 10, Japan 10 and
Canada 6. Twenty-five countries account for the rest.

Recently there has been an easing off in the American
nuclear programme. Ninety units totalling almost 100 GWe
have been delayed or deferred and 8 units have been can-
celled due to financing problems, lower expected power
demands, construction delays and environmental problems.
Offsetting this slackening in the American programme to
some extent is the increased interest of other countries
in nuclear programmes. Egypt, Luxembourg and Poland have

* Does not include mainland china for which no information
is available. Source IAEA Bulletin, June 1975 (Table 5)
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TABLE 2.1.1

NUCLEAR POWER UNITS ABOVE 20MW

IN OPERATION., UNDER CONSTRUCTION OR ON ORDER

AS AT 6 JAN 1976

C o u n t r y

Argentina
Austria
Belgium
Brazil
Bulgaria
Canada
Cz e cho slovak i a
Egypt
Finalnd
France
East Germany
West Germany
Hungary
India
Itdly
Japan
Korea
Luxembourg
Mexico
Netherlands
Pakistan
Poland
Romania
Spain
Sweden
Switzerland
Taiwan
U K

U S A

U S S R

Yugoslavia

TOTAL

I n f,i
Operatior

N o .

1
-
3
-

2
6
1
-
-
10
3
7
-

3

3
10
-
-
-
2
1
-
-
3
5
3
-
29
54
18
-

164

GWK K )

0 . 3
-

1 .7
-

0 . 8
2 . 5
0 . 1

-
-

2 . 9

0 . 9
3 . 3

-
0 . 6
0 . 5
5 . 0

•
-
-

0 . 5
0 . 1

-
-

1 . 1
3 . 2
1.0

-
5 . 6

36.3
5 . 3

-

71.8

Under con-
struction

U)
NO.

_

1
-
1
2
6
4
-
3
13
2
13
2
5
2
15
1
-
-
-
-
-
-
7
5
3
2
10
68
18
-

183

GW^>

0 . 7
-

0 . 6
0 . 8
4 . 2
1 .5

-
1 .5

12.0
0 . 8

12.2
0 . 8
1 . 1
0 . 9

11.7
0 . 6

-
-
-
-
-
-

6 . 3
4 . 2
2 . 7
1 .2
6 . 2

67,9
14.1

-

151.9

Dn W J

Order

N o .

1
-
4
-
-
4
-
1
1
5
-
6
-
-
4
4
1
1
2
-
-
1
2
3
1
-
4
-

88
1
1

L35

GW l > v>

0 . 6
-

3 . 9
-
-

2 . 0
-

0 . 6
0 . 6
4 . 6

-
7 . 7

-
-

3 . 9
3 . 2
0 . 6
1.2
1 .3

_
-

0 . 4
0 . 9
2 . 9
0 . 6

-

3 . 9
-

98.9
0 . 4
0 . 6

L39.1

Total

No.

2
1
7
1
4
16
5
1
4
28
5
26
2
8
9
29
2
1
2
2
1
1
2
13
11
6
6

! 39
2 1 0
37
1

482

GW i

0.9!,
0.7.
5 . 5
0 . 6
1 . 6
8 . 7
1.61
0.6!
2 . 1

19.5
1 . 7

23.2
0 . 3
1 . 7
5 . 3

19.9
1.2
1.2
1.3
0 . 5
0 . 1
0 . 4
0 o 9

10.3
8 - 0
3 . 7
5 . 1

11.8
203.1
19.8

0 . 6

362.8

(1) In Operation - Commercial operation approved
(2) Under construction - Finance Available and Construction

Permit issued
(3) On Order - Firm Order Placed
(4) GW - Capacity in net e lec t r ica l gigawatts (109 Watts)
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recently signed orders to commence their nuclear pro-
grammes, while Spain, Romania and Italy are reportedly
stepping up their nuclear plans.

2.2 WORLD DEMAND AND SUPPLY OF URANIUM

The future prospects for the Australian uranium producers
are directly linked to their ability to market their pro-
duction. They have the ore, it is easily mined and pro-
cessed and finance is available (leaving aside at this
stage the'environmental hurdle). The world map below
illustrates the world demand and supply situation for
the next decade.

WORLD CUMULATIVE,SUPPLY AND DEMAND FOR URANIUM OXIDE TO 1985

1976-85 Cum. Demand '000 s.tons U.,0
3^8

1976-85 Cum. Supply '000 s.tons

Recent delays in the American nuclear programme have red-
uced U.S. cumulative demand for the decade to 1985, how-
ever the Westinghouse crisis* has left many utilities
without uranium contracts from 1978 onwards and these
utilities will be determined buyers of reliable uranium
supplies. Thus the main importers of uranium will be

* discussed in para 3.2.2
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the U.S., Europe and Japan, while the main exporters will
be Canada, Africa, and Australia. Demand for uranium from
these three main sources should continue to expand through
to the next century.

The U.S. nuclear programme has a large bearing on the
demand/supply situation for U 0 and the slowdown in the
U.S. programme is of great interest to potential suppliers
of U 0 . It appears however, that the slowdown is more
of a temporary phenomsrm reflecting reassessment of normal
development problems. Authorative sources estimate that
the present slowdown is an adjustment phase and will even-
tually make little difference to planned capacities in
the 1980's. The latest HRDA estimates of cumulative U.S.
U 0 requirements reflect these delays in the U.S. reactor
programmes. The Ford administration still plans for over
200 nuclear reactors in operation by 1985.

2.2.1. world Demand for U.0o
J Q

World demand for uranium is closely geared to the growth
in world nuclear programmes. However several other fac-
tors will influence the actual U,0 demand over and above
a basic U 0 - MWe (electrical output) relationship.

3 o
These factors are: - Reactor characteristics

- Reactor capacity factor
- Enrichment tails assay
- Fuel reprocessing
- Plutonium recycie

The majority of present reactors are light water reactors
and these will continue to dominate the scene for the
next fifteen to twenty years. The net annual requirements
for large reactors is estimated by OECD-NEA to be 165 kilo-
grams of natural uranium per megawatt.capacity per year
for the BWR, and 173 kg nat U/MWe Yr~ for the pressurised
light water (PWR) reactor. Uranium is only consumed when
the reactor is generating electricity, so that the lower
the actual operating time for the world's generators, the
lower the net fuel usage. World capacity factors are pres-
ently around 0.7. In the enrichment process, the amount
of enriched uranium produced can be increased by allowing
a higher tails U 2 3 5 assay and this requires increased nat-
ural uranium feed. The USA is presently scheduled to
increase tails assays from 0.2% to 0.3% U 2 3 5 in the period
1977-81 to meet present enrichment requirements. The int-
roduction of fuel reprocessing reduces the net U,0 demand
as does plutonium recycle. The latter is being delayed
in the U.S. due to safety requirement problems.

Using the known status of these variables plus the latest
nuclear power growth estimates, ERDA has developed sched-
ules of world uranium requirements. The cumulative non U.S.
demand to 1985 (based on moderate growth and U and Pu
recycle) is estimated at 483,000 short tons U 00 0. U.S.
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requirements are estimated at 284,000 short tons. These
recent predictions are lower than previous estimates due
to the delay in a number of reactor programmes, particu-
larly in the U.S. (para 2.1.1.). Recently the Australian
Producers Forum developed a list of non U.S. U3Og requi-
rements for the western world countries. Their 1985
cumulative estimates agreed very closely with ERDA est-
imates and are used in the supply/demand world map on
page 20 . The lower ERDA estimates are used for the U.S.
demand position.

For various reasons we feel that these demand figures may
be conservative. For strategic/political reasons utili-
ties may wish to contract more than their needs from var-
ious sources to guard against termination of supply from
any one source. For economic reasons it makes sense to
over-stock because of the relative low cost of fuel com-
pared to total operating costs, and the tremendous cost
of downtime. In Japan, for example, while some utilities
have no contracts for U O in the early 1980's, others
are in over-supply situations till well after 1985. The
experience of U.S. utilities with westinghouse Corpora-
tion will serve to drive home the wisdom of over ordering
from diversified sources (see section 3.2.2.)

2.2.2. World Supplies of U_.0D
J Q

It is estimated that total production of uranium in 197 5
was equivalent to 28,000 short tons of U O . By 1985 it
is estimated that total production will have to reach
some 155,000 short tons per year. This will require trem-
endous production increases in a very short time. Plan-
ned production capacities of the uranium producing count-
ries have been collected and the following table is an
estimate of the cumulative production achievable to 1985.

Table 2.2.2.

Uo0_ Production capacity of Major World Suppliers3 8

Australia
Canada
France
Niger
Gabon
S W Africa
South Africa
USA
Others

TOTALS

Existing capacity
S. tons of U3O8

1^75

-
6000
2300
1000
1000
-
3500

18000
600

32400

P]amed
S. tons

1980

6300
13000
3900
5200
1600

10000
5000

30000
2300

77300

Capacity
of U3O8

1985

29400
15000
3900
7800
1600

10000
8000

45000
6000

121700

Cumulative*
Production

1976-85

105000
110000
30000
38000
13000
68000
49000

284000
26000

723000

*Cumulative production incorporates a 90% capacity factor
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Table 2.2.2. on the previour page is based on information
in the latest OECD-NEA report on "Uranium Resources,
Production and Demand"1 with the following modifications.
Various sources have indicated that the 50,000 short tons

i'n"tKe"
Production and Demand"1 with the following modifications.
Various sources have indicated that the 50,000 short tons
USA production estimate for 1985 is optimistic and this
has been cut back to 45,000. OECD1s estimates of S.W.
Africa have been increased as Rossing has reported inc-
reased production plans. OECD1s estimate of Australian
production plans is far too conservative and has been
upgraded according to the schedule in the following sec-
tion.

2.2.3. Australian Production Schedule

Table 2.2.3.

M K U
Ranger
Pancont
W M C
Q M L
Noranda
Others

Planned

1976
to
1979

1000

1000

Capacity of
short

1980

1000
3300
2000

6300

tons t

1981

1000
3300
3300
2000
1000

10600

Australian Producers*
J3Og per year)

1982

1000
6600
6600
2000
1000
1000

18200

1983

1000
6600
6600
3300
1000
2200
1000

22800

1984

1000
6600
9900
3300
1000
2200
1000

26100

1985

1000
6600
9900
3300
1000
6600
1000

29400

Cum.
Prod.
1977-85

9000
29700
34500
12500
4500

128(J0
2700

105700

*Subject to environmental inquiries
+cumulative production figures incorporate a 90% capacity
utilization factor (75% in 1974 and 197 5). It is assumed
that with the higher prices the capacity utilization
figures will improve on the average.

**MKU recommenced operations in late 1975.

17/11/76 This report is in draft form only
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2.3. WORLD URANIUM RESERVES

The map on page 25 shows the location of the major world
deposits of uranium. The classification of reserves has
traditionally been by cost of production, though inflation
has tended to continually move reserves into higher class-
ifications. Recent practice has been to consolidate the
various groupings into those reserves recoverable at less
than US$15/lb U 0 p and reserves recoverable at between
US$15-30/lb U3O8- Recent ERDA estimates of world reser-
ves are shown in Table 2.3. below.

Table 2.3.

World Reserves of U3O8 ('000 short tons)

Recoverable at US$15/lb U3O8 Recoverable at US$30/lb U3O8

Reasonably Estimated .
Assured Additional j

Reasonably Estimated
Assured Additional

Australia
S & SW Africa
Canada
Niger
France
Algeria
Gabon
Others

Total non US
U S
World Total

475
260
190
50
55
40
30
80

1175
420
1595

100
10
420
30
30
-
10
60

660
1620
2280

Australia
Sweden
S & SW Africa
Canada
Spain
France
• Niger
! Others

Total non US
U S
World Total

505
390
340
240
130

. 80
70
160

1885
600
2485

1

80
-
40
550
140
70
40
210

1090
2920
4010

Source: ERDA, Grand Junction Conference Oct. 197 5, Updated for
recent PancontinentaI/Getty announcement

Recent work by the AAEC1 on uranium resources and require-
ments indicates that the world uranium requirements by the
year 2000 will be in the region of 3.1-3.8 million tonnes
(4-5 million short tons U 3O 8). This sort of tonnage will
require that a great deal of reserves,classified as est-
imated additional,will have to be proven up. Generally the
move to lower grade deposits which are more difficult to
prove up and extract, will continue to maintain pressure
on the price of U3O8.

Uranium Resources and Requirements by J M Silver and
W J Wright, AAEC Paper IP5, August 1975.
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2.3.1 Uranium Reserves of US, Canada, Africa, Europe and
South America

America

The US has the largest proven reserves of U_0a and the
largest indicated potential for further proven reserves.
However, major new discoveries will have to be made to
meet the foreseeable domestic demand for nuclear energy.
A National Uranium Resource Evaluation (NURE) programme
has been established to fully explore US uranium reserves
and potential and comprehensive results are expected in
1976. The major part of American uranium reserves are
located in the Colorado Plateau (New Mexico, Utah and
Colorado) area and the Wyoming Basin. New Mexico alone,
appears to have the greatest potential reserves and a
great deal of activity is centred in this area.

The American estimates (ERDA) of potential are reserves
(listed as "estimated addition" in Table 2.3) include
large tonnages that have not actually been drilled, ie.
there is only a "good chance" that the uranium is there.
Most of these reserves can only be considered while the
price of U_00 remains high.

Canada

The reasonably assured reserves are 190,000 short tons
recoverable at under $15/lb U30_ and include the proven
and probable classifications. The main uranium provinces
are the Elliot Lake region of Ontario (the most important)
and the Rabbit Lake/Beaverlodge region of Saskatchewan.
As indicated in Table 2.3 Canada has good prospects of
significantly improving reserves with 550,000 short tons
of estimated addition reserves at under $30/lb U_0R.
Exploration activity in areas of Canada have been namp-
ered by the actions of some of the Provincial Governments
applying very high royalty levels on mineral product;^n.
Recently the Canadian Government has stipulated that
uranium can only be exported subject to definition of
sufficient reserves to meet Canadian nuclear requirements.
Also the Government is keen to export the uranium in the
converted HF6 form rather than U,O_ (yellowcake).

3 o

Africa

The main uranium reserves on the African continent are
in South and South west Africa. There are also signifi-
cant deposits in Niger, Gabon, central African Republic
and Algeria. The South African deposits are essentially
low grade and recoverable as a by-product of the gold
mining operations. There are large quantities of untreated
slimes (from the gold processing) which should enable the
uranium plants to run at full capacity. Future u 0 output
will thus be restricted by the low U3O8 grades. Exploration
in the Karoo Area in cape Province has indicated the exist-
ence of potential high grade orebodies.

In south west Africa a major lowgrade porphory deposit will
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be mined at Rossing. Production will commence in 1977
and it is believed that Rossing will be producing around
10,000 short tons of U3O8 per year by the early 1980's.
There are indications of other low grade deposits in
this area. This large planned production could be
optimistic in view of the political uncertainties
associated with long term supply.

The main areas of interest are France and Sweden. France's
deposits are essentially limited and recent concerted
exploration efforts have met with little success. The
deposits are roughly 70% vien type and 30% sedimentary,
and most production is from underground operations. Al-
though reserves are around 60,000 short tons of U-OR,
Franca will be depending on production from its interests
in Niger and Gabon to meet its nuclear requirements.
Sweden has negligible high grade uranium reserves but
does have vast amounts of very low grade uranium bearing
shales. Recent reports indicate that the Swedish State

| mining company LKAK plans to begin commercial production
from the Billingin shales in 1981.

South America

This area is not likely to become a major supplier to
the world market for some time. Small deposits have
been found in Argentina and Brazil and Chile has some
low grade uranium associated with its copper deposits.
The potential for uranium reserves in Brazil is consid-
ered good.
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2.4. THE AUSTRALIAN DEPOSITS

The lower map on page 29 illustrates just how widely-
distributed uranium occurrence is throughout Australia,
and shows the location of the major Australian deposits.
Of the six important areas of mineralization. The All-
igator Rivers area is by far the most important. The
(upper) map on page 29 shows the geology of this area
and location of the major discoveries.

During the last year or so there has been very little
further reserve drilling by the companies with establi-
shed reserves. Pancontinental is the exception, and
Jabiluka's proven reserves have been growing as work
continues. The present status of the Australian reser-
ves is summarised in Table 2.4 below.

Table 2.4.

Deposit

Ranger
(NT)

Jabiluka
(NT)

Nabarlek
(NT)

Koongarra
(NT)

Yeelirrie
(WA)

Beverley
(SA)

Mary Kath-
leen (QLD)

TOTALS

Reserves of

Participation

EZI - 25%
Peko - 2 5%
AAEC - 50%

Pancont. - 6 5%
Getty Oil - 35%

Queensland
Mines - 100%

Noranda - 100%

WMC - 100%

Oilmin
Transoil -50%
Petromin **
Western Uranium- 50%

CRA - 51%
AAEC - 41/6%
Public - 7.4%

Major Australian

Total Reserves
Short tons U3O8

110,

228,

10,

44

52

17

10

47 5

600

600

500

000++

,800

, 500

,800

,000

Deposits

Average
Grade

UE/S . ton

6-7

7.8

47

6.5

3

5

2.3

7.5

Comments

Ranger 1
9.41b/ton

Announced
increased
reserves in
Jan 1976

Ca has other
reserves in
Queensland*

Reserves not
published

Grades up to
81bs/ton

Operations
reconnenced
197 5

* Stated grades 3-51bs/ton; est tonnages 14,000 s.tons U 3 0 8

** A subsidiary of Phelps Dodge Corp of USA
++ This tonnage was reported in a paper by ERDA "The Search for

Uranium - a Perspective" presented at the National Western
Mining conference, Denver, Colarado, Jan 1975.
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There are several other smaller deposits which were defined
prior to the discoveries of the Alligator Rivers region.
Queensland Mines Limited have announced 4,600 short tons of
U3O8 contained in three lenses at Westmoreland, in Queens-
land and some 5,500 (probable) and 5,600 (possible) short
tons of contained U3O8 in three deposits in the Mount Isa
area, also in Queensland.

2.4.1. Description of Australia's New Uranium Provinces

Alligator Rivers Region
The Alligator Rivers area is dominated by two large magma-
tic intrusions known as the Nanambu and Nimbuwah Complexes.
Metamorphose bands of lower protenozoic rock form a mantle
round these intrusions and it is these bands which are the
host material for uranium which h?.s migrated from some
primary source. The geological map on page 28 shows the
three major deposits of jabiluka. Ranger and Koongarra
which lie adjacent to one side of the Nanambu Complex.

The fourth major discovery in this area is that of Queens-
land Mines Limited at Nabarlek. This deposit consists cf
two high grade lensoid lodes of very rich ore surrounded
by a zone of lower grade ore 230m long and up to 20m wide.
The host rock for this lode is the (guartz-chlorite-musco-
vite) schist of the Koolpin Formation Equivalent which in
turn overlays a mass of the Oenpelli Dolerite. There are
signs of granite well below this (about 500m below the
surface).

The relationship of the Jabiluka, Ranger and Koongarra
deposits to the Nanambu Complex has prompted further ex-
plorations in areas overlain with sedimentary material,
by first locating the boundaries of these granitic masses,
then probing in the adjacent areas. The extensive sand-
stone which covers most of the eastern portion of the
Alligator Rivers area may well be covering other signifi-
cant uranium occurrences.

Yeelirrie (Western Australia)
This type of deposit was formed by uranium bearing solu-
tions settling in river beds. The Yeelirrie deposits are
quite hard and well defined and as they are close to the
surface, will be readily mineable by open cut. Though
the average grade is around 31b/short ton there are higher
concentrations within the deposit. It is understood that
the deposit is still open ended, so that further drilling
in this deposit, and other potential sites in the area,
could result in significant upgrading of reserves.

Lake Fromme Area (South Australia)
In the Beverley deposits three small sedimentary uranium
lodes have been defined and will be mined by open cut
(average overburden depth of around 400.)
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3. URANIUM PRICES

Much of the present interest and excitement in the Aust-
ralian uranium stocks has been generated by the signifi-
cant price increases for uranium oxide, particularly in
the past year. If contracts can be written at these high
levels, the profit potential for the low cost Australian
producers is substantial. Assuming U_0_ delivery costs
of around US$10/lb, the economic gains improve tremend-
ously if the revenue increases from US$15/lb to US$30/lb,
ie. profit increases from US$5/lb to US$20/lb of U-jOg.

Are the present high prices due solely to panic buying in
the us? We think not. A fundamental under-supply posit-
ion exists and will tend to be exacerbated by the buyers
moving to longer term contracts and over-stock positions
where possible (due to the relatively low costs of uranium
in the power generation costs).

3.1 HISTORY OF URANIUM PRICES

In the last two years the price for immediate delivery of
U_Og has more than quadrupled to over US$30/lb while at
tne same time prices for delivery in 1980 have trebled
to US$41.00/lb U O . Although these are very large in-
creases, they are not out of line with other energy
source price rises. (Oil prices have quintripled and
coal prices have trebled.)

The two U Og price graphs on page 32 are taken from the
monthly Nuclear Exchange (NUEXCO) Bulletin (Nov 1975)
and while it is recognised that to some extent these are
panic prices there is reasonable evidence to conclude that
the general trend of prices for U,0g will continue ?t
these high levels and probably increase.

3.2 FACTORS INFLUENCING FUTURE PRICES OF U,0o_ t __̂ ^ 3 o

3.2.1 Supply and Demand

The widening gap between demand and supply was covered in
section 2.2. The general shortage of supply should continue
to keep U Og prices at a high level. As an example of the
position m the mid 1980's, the sui-ply/demand map on page
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shows cumulative requirements and supplies to 1985.
Europe and Japan will be major importers of uranium.
While the US shows a demand supply balance, there are
indications that the supply estimations are optimistic.
The chart of unfilled demand-uncommitted supply in
Appendix 2 illustrates that there will be supply problems
and that the US will be a net importer of uranium in the
1980's. In the US unfilled-demand over uncommitted-supply
increases from 2,500 s. tons of U 0 g in 1978 to 9,000
s. tons in 1980 and to 20,000 s. tons in 1984. in total,
there is a cumulative unfilled demand over uncommitted
supply gap of 75,000 s. tons of U 0_ in the domestic US
scene.

Other factors likely to increase demand even further are
the trend to longer term contracts and the diversification
of sources of supply coupled with over-ordering to ensure
continuous supply.

The demand for uranium is relatively insensitive to U^Og
prices and this means that recent price increases should
not in themselves greatly affect the demand for UoOg.
The price of U^Oo represents about 10 per cent of tne
total nuclear generating costs. The price of natural
uranium is about 40 per cent of the total fuel cost which
in turn is a small proportion of the total generating
costs. AAEC* recently estimated the share of final fuel
costs (based on U_0o price of US$25.00 per 1b) as follows:-

Table 3.2.1

Breakdown of Uranium Fuel Costs

Cost of natural uranium = 39%
Cost of conversion to UF = 2%
Cost of enrichment = 38%
Cost of fuel fabrication = 9%
Cost of reprocessing = 12%
(including waste handling)

Total fuel costs 100%

A doubling of the U O prices to US$50/lb would lift the
cost of U3Og from 40% to 56% of the total uranium fuel
costs and from 9% to 12% of the total generating costs.

3.2.2 The Westinghouse Problem

The Westinghouse Electric corporation is the largest
producer of commercial nuclear reactors in the world.
Much of this success was due to their marketing a nuclear
package which included the reactor, steam turbine and fuel

* "Costs and Added Value in the Uranium Fuel Cycle."
Dr J.M. Costello, AAEC, December 1975
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(the fuel being contracted at a base price plus minor
escalation.) The recent surge in uranium prices had
caught the company in a very expensive short position
with possible costs of over US$1 billion to honour
contracts totalling 40-70 million pounds of U 0g.
On September 8th 1975, Westinghouse announced that
the economic impact of fulfilling the base priced
uranium contracts was too severe and stated that the
company would not honour the contracts beyond 1978.
Massive litigation and renegotiation aside, the move
has left many utilities short of supplies after 1978
and thrust them onto the uranium market.

3.2.3 Economics of Nuclear Power

Data from the UK and US indicates that nuclear power
has significant economic advantages over coal and oil-
fired electrical generation.

Last year. Fortune Magazine published a series of "pos-
ition papers" on nuclear energy. The second paper in
this series discussed the economics of oil, coal and
nuclear power. Table 3.2.2 is a summary of the various
energy source power costs and it shows the clear advan-
tage of nuclear power which at 24.7 mills per KWH*is 75%
of coal and 60% of oil-fired electrical energy costs.
Nuclear power maintains its economic advantage over oil
even with a 50% reduction in oil prices. Cost comparisons
for the UK and Canada differ in totals but have the same
general relationship.

Table 3.2.2

PROJECTED TYPICAL LBVELIZBD POWER COSTS in mills/KWH *

Oil
Coal
Nuclear

Fuel Costs

29.0 (68%)
17.3 (52%)
5.4 (22%)

Capital Costs

11.6 (27%)
12.9 (39%)
16.8 (68%)

Other

2.0
3.0
2.5

Total Cost

42.6
33.2
24.7

Source: Fortune, February 1975

The relative advantage of nuclear power should improve as
the design and construction of reactors becomes more
standardized and operating experience increases overall
utilization.

3.2 A Minimum Prices Dictated by US Economic Reserves

US uranium requirements to the end of the century far
exceed the present proved reserves in the under US$15
category (and the planned production from this category.)
The shortfall in domestic supplies will have to come from
the higher cost reserves and new discoveries. For these
reserves to be located, drilled, proved, studied and dev-
eloped (by private industry) the U.,0_ price will have to
remain sufficiently high to encourage exploration. Any

*mills per KWH= tenths of a cent per kilowatt hour
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significant low price contracts written by non-US countries
could be viewed by the US as deliberate price cutting
given the present prices and the general demand situation.

3.3 U_00 PRICE FORECASTJ o

Prices for delivery of U 0 in 1980 have climbed to over
US$40 per 1b and we expect that prices will remain at
these high levels. The cutback in many nuclear programmes
and the recent extended delivery dates for U,Op to the
US enrichment plants (announced by ERDA) would tend to
ease demand. However, these factors will be offset by
the many utilities suddenly thrown onto the market (due
to the Westinghouse crisis); the basic underlying demand/
supply gap; and the trend to longer term contracts.

The exact price m^rements would be difficult to predict.
However, we feel that over the next year (when Australian
producers will be writing contracts) the prices for early
1980's delivery will not fall below US$30 and could
possibly remain over US$40 per 1b of U^0o.

3 o
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4. AUSTRALIAN URANIUM COMPANIES

4.1. AUSTRALIA'S URANIUM POLICY

The change of Government in December 197 5 has greatly
improve;, -'en.? prospects for the Australian uranium producers.
While wr.i .fining tha 50% Australian equity requirement the
new Govor: merit is keen to get the projects started with a
minimum of interference by Government Authorities. The
Government has indicated that benefits to the Australian
people will flow from high royalty payments rather than
direct ; • ciJiparicn. In tne last few days ths Minister
for Min<.r-.ls and Energy has announced ths AAEC:s withdrawal
from u •. _:.:;i .j.-p.lor...tion and development in the Northern

TeCiif ;-.-i the i j;.sion to sail its 42% ir.';~r^zt in
F~T;r : .i (/>!•"•:.-. lia's cniy operating urnniira mine).
TI'.J _ • oztrirt frcrr. tr.a Minister's sts-iiwiint on
ths I,, i _ ..rr'v-.ry 1S375, clearly illustrates the Governments
inrentions with regard to uranium mining in Australia.

"The Government has decided that its long-term objective
is that crrpdr.ies be relatively free to plan the develop-
ment cf tr.eir deposits and to negotiate sales contracts
susicct x.o any requirements of ejroort controls plus appro-
priate safeguards and environmental requirements and the
protection of Aboriginal interests.

In the short term however it accepts the need fcr involve-
msnr as it is essential that the industry become establi-
shed on an orderly basis.

Consequently the Government is examining ways by which
there can be an orderly progression of individual producers
to the development stage.

Further discussions will be held with industry on these
matters".
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4 . 2 EVALUATION OF PROSPECTIVE AUSTRALIAN OPERATIONS

There is great difficulty in evaluating the worth of
stocks with earnings commencing well into the future
and the exercise is certainly made no easier when these
particular stocks happen to be uranium. The level of
royalties; contract prices, quantities and schedules,
and financing costs are just a feT. of the many unknowns.

The following evaluation techniques can be utilized in
evaluating various alternatives:

(a) Estimate of earnings potential
(b) Net present value of estimated future earnings

stream
(c) Comparison of basic resources and prospects

Due to the lack of definitive parameters, the individual
stocks are discussed in broad comparative terms with emp-
hasis placed on ranges of values and underlying strengths
(and weaknesses) rather than pin-pointing specific earn-
ings expectations.

4.2.1. Comparative Analysis

The earnings per share and net present value estimations
have questionable intrinsic value as the final parameters
for the individual projects are so uncertain and earnings
are so far in the future. For this reason they are inc-
luded in a comparative form in which price, royalties,
financing mix,and charges are assumed common and individ-
ual strength and weaknesses highlighted.

The prospective Australian producers are analysed in the
following comparative aspects:

(a) Basic resources and production capabilities
(b) Earnings potential
(c) Net present values
(d) International comparisons

In all aspects Pancontinental stands out as being under-
valued compared to the other prospective Australian
producers.
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4.2.1.1 Comparison of Basic Resources

Table 4.2.1.1 compares the main prospective Australian
uranium producers in terms of reserves per share, market
value of reserves and annual production per share.

Table 4.2.1.1

COMPARISON OF AUSTRALIAN URANIUM RESOURCES

company Recent Estimated Annual
Share U3O8 Production
Price in lbs per share

Market*
Value
of
Reserves

Reserves
per share

$A 1980 1985 A $ A b U 3 0 8 l b s U3O8

per share

1 . 1

0.27
42.3

2.3

1.82
0.58

E Z Inds.

M K U
Pancont inenta1
Peko-wa-llsend

Qld. Mines
W M C

3.80
(1.90)*
0.90
17.00
4.60
(2.30)*
2.65
1.50

0.03

0.03
0.61
0.07

0.17
0.02

0.07

0.03
1.84
0.14

0.17
0.03

$1.73

$3.33
$0.40
$1.00

$1.46
$1.34

(0.78)*

Compared to the other Australian prospects, Pancontinental
is well undervalued in terms of reserves and production
rates per share. At present the Jabiluka reserves are
capitalized at A$180M compared to Ranger's A$220+ (roughly
half jabiluka's reserves) and Queensland Mines' $30M (5%
of Jabiluka reserves). The Ranger, WMC, and Queensland
Mines' reserves are all approximately equally valued. Pan-
continental's estimated production rate of 0.61 lbs per
share rising to 1.84 lbs per share is very much "higher
than the other producers.

* These companies have other interests. It is estimated
that uranium prospects account for 50% of the underlying
share prices.
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4.2.1.2. Comparison of Earnings Potential

Table 4.2.1.2. summarises the estimated future earnings
per share for the main prospective producers based on
a conservative US$15/lb U3O8 profit and anticipated
production rates.

Table 4.2.1.2.

E Z Industries
Mary Kathleen
Pancontinental
Peko Wallsend
Queenslaid Mines
W M C

25%
100%

65%
25%

100%
100%

Est. Prod-
uction rate

In i t . 1985
'000 short tons

u3o8

3300
1000
3300
3300
1000
2000

6600
1000
9900
6600
3 000
3300

Profit
US$/lb

15
15*
15
15
15
15

E s t . Annual
Earnings/^hare

init.

$0.21
$0.18
$4.00
$0.45
$1.14
$0.14

1985

$0.43
$0.18
$12.00
$0.91
$1.14
$0.24

*unlikely as contracts have already been written at
low prices.

It is quite clear that the future earnings per share
potential of Pancontinental ($4.00) is well ahead of
other stocks. This is due to the high production rate
and relatively low issued capital.

Queensland Mines shows up well on this earnings per
share comparison, but the relatively high, issued cap-
ital of WMC and MKU results in quite low earnings per
share gains for these stocks. . MKU profits will be
well below US$15.00 per lb as most of the output h.-s
been contracted at comparatively low prices.
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4.2.1.3. Estimated Net Present Values

Table 4.2.1.3. is a summary of the estimated net present
value of the future earnings from uranium sales. Due to
the wide range of possible parameters we have taken a
most pessimistic set of parameters and a most probable
set to indicate the range of present worth of these
stocks. It must be recognized that the ultimate pes-
simistic net worth for all future uranium earnings is
zero, ie. that case where no uranium mining is allowed.

The pessimistic set of parameters includes low U 30 g prices
of US$25 per lb (see para 3.3), delayed expansions, public
environmental hearings, high capital cost estimates and
straight line depreciation, royalties of 20% of gross
revenue and all borrowings repaid before any returns to
shareholders.

The probable set of parameters includes U3O8 prices of
US$30 per lb (still conservative), public hearings,
double straight line depreciation, royalties at 10% of
gross revenue and again, all borrowings repaid before
any returns to shareholders.

Table 4.2.1.3.

NET PRESENT VALUE OF URftNIUM OPERATIONS

Company

Pancontinental
QML
Peko-Wallsend
E Z Industries
W M C

*discounted at

Present share
Prices A$

17.00
2.65
2.30**
1.90**
0.7 5**

15%
** assuming half actual share

Net Present
Pessimistic

$16.30
$ 3.30
$ 1.90
$ 0.90
$ 0.10

price applies to

Value*
Probable

$38.00
$ 5.30
$ 3.70
$ 1.75
$ 0.25

uranium

A measure of the conservative nature of the parameters
used is the result for WMC which indicates that the
Yeelirrie operation is barely profitable, yet by world
standards the deposit is average grade, and easily
mineable £>y open cut methods.

The net present value approach used indicates that
Pancontinental and Queensland Mines are still undervalued
A conservative present value for Pancontinental lies
between A$16.00 and A$40.00 indicating that the present
value of A$17.00 offers room to improve with little down-
side risk. To a lesser extent Queensland Mines appears
undervalued at A$2.65.
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4.2.1.4 international Comparison of Uranium Projects

The Australian deposits are among the best in the
•world. They are large, high grade, uncommitted and
close to the surface. The table 4.2.1.4 below compares
two Australian projects with some North American uranium
mines and highlights the relative undervalued status of
Pancontinenta1.

Table 4.2.1.4

INTERNATIONAL COMPARISON OF SELECTED URANIUM COMPANIES

Company Recent Reserves Initial/ Market Production
(issued Share per share Maximum Value of Status
shares) Price Production Reserves

Pancont-
inental
(7.026m)
Q M L
(11.53m)
Denison
(4.568m)
Rio
Algam
(12.26m)
Ranchers
(1.54m)
United
Nuclear
(4.93m)

A$17.OO

A$ 2.65

CAN?5.00

CAN$33.30

US$16.20

US$22.40

1b n oa/
share

42.3

1.82

54.7

22.8

3.9

15.7

s. tons/yr

3300/9900

1000/1000

2000/4000

2500/5000

350/350

2200/4000

US$/lb
U3°8

0.51

1.83

1.12

1.46

4.15*

1.43

1980

1981

operating

operating

1976

operating

* This value is inflated because of Ranchers1 substantial
copper and uranium royalties' income.

The North American examples differ from the Australian
prospects in that they are in operation (one is due to
start this year) and have a cash flow to finance expansion.
On the other hand, they have committed output at relatively
low prices and profitability is minimal. The two Canadian
mines each have contracts for around 50,000 short tons of
U3°8 an(J t h e t w o U S e x a m P l e s have contracts between US$8.00
and US$12.00 per pound. When these prices are compared to
the US$25-30 which the Australian producers should obtain,
the profit margin per pound of U 0 for the Australian ore
is many times higher. On the basis of the very much higher
profit margins obtainable, the Australian reserves should
be as highly valued as the American reserves. Tvhile the
per pound reserves of Queensland Mines, Peko, EZ and WMC
are presently valued at US$1.20-US$2.00, Pancontinental
is well under valued at around US$0.50 per pound, when
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profit margin is expected to be at least US$15.00
before royalties and taxes.

Pancontinental's Jabiluka deposit is the largest in
the world at 228,000 short tons of contained uranium.
Rossing in S.W. Africa is close to this tonnage but the
ore grade is very low. The two Canadian companies in
Table 4.2.1.4 (Rio Algam and Denison) are the only other
companies with recognized reserves well over 100,000
short tons of U 0 .

The United States at present accounts for about 70 percent
of the Free World's annual U_0R production and of this
amount, roughly two thirds comes from underground mining
operations. The fact that the Australian deposits are
close to the surface and mineable by open cut is a signif-
icant cost advantage which adds to the worth of the Aust-
ralian reserves.

The average grade of uranium ore produced in the US is
about 3.61bs U30g/short ton. The high Australian grades
of around 7-8 lbs/short ton (up to 180 lbs/short ton at
Narbarlek) mean substantial savings in mining and milling
costs per 1b of yellowcake produced.

The low "cost, high production, high profit margin advant-
ages of the Australian deposits are offset to some extent
by the three to four years lead time to production, and
the remaining uncertainties associated with the Ranger
Inquiry and the Government's attitudes to scheduling of
exports. Nevertheless the tremendous earnings potential
and fundamental value of the top Australian deposits
to the fact that Pancontinental (at least) is undervaJ
by international standards.
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4.3.1 E Z INDUSTRIES LIMITED

Issued Share Capital: 50,400,000 ordinary $1.00 shares.

DividendShare Price Range
Low High Recent

Earnings
per share per share

1972
1973
1974
1975
1976

$1
$2
$3

.32

.00

.05

$3
$3
$3

.00

.90

.75 $3.75

9
15
26
20

.7*

.1*

.4*

.7*

7.1*
9.3*
12.9*
11.0*

Because of the large capital, expected
earnings per share from i t s 25% interest
in the Ranger operation will be relatively
low (compared to Pancontinenta1 and Queens-
land Mines). The stock should continue to
rise in the longer term because of i t s
lead-zinc base, new ore discoveries and
uranium interests.

Participation

The company is a joint venture partner in the ^^.rrer
Project with Peko-Wallsend Limited and the Aust .,1'an
Atomic Energy Commission (AAEC) . E Z and Peko wixl
each receive 25% of the net proceeds from the sale of
yellowcake and the AAEC, 50%. Financing for the project
will be E Z and Peko - 13.75% each, and the AAEC - 72.5%.
The Ranger venture participation is currently under review
and renegotiation. The Agreement may change because the
Federal Government has indicated i t does not desire equity
participation. However the Ranger Partners may prefer the
present arrangement because of the favourable financing
agreement, if enforceable.

Ranger Inquiry

The Ranger Environmental Inquiry which is covering al l
aspects of the uranium industry in Australia is due to
finish around April and a recommendation is expected
mid year. We feel that mining will be allowed subject
to str ict environmental safety and export conditions.

The Deposit

Ranger's ore reserves are stated to be 100,700 short
tons of contained U 0 at average grade of 6-7 lbs/s.ton.
The reserves are in two well-defined basins, ideally
shaped for open pit operations. Number One Anomaly has
the highest average grade (9.4 lbs/ton) and will be mined
firs t . The ore is irregularly disseminated throughout the
deposit with plenty of waste material. The rock will be
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blasted, and mined in small benches with shovels Uaiing
into trucks for delivery to the plant. Gamma raj c "-.ec-
tion units will analyse each truckload as it lea\ 3 che pit
so that the ore can be dumped at specific stockpixes accord-
ing to grade. Plant feed will then be a calculated blend
of the ore. It is understood that the plant has been desig-
ned for a feed grade of 51bs/short ton.

Schedule

Ranger will be the first of the Northern Territory opera-
tions to commence operations. It will require one dry
season plus two years for construction and we estimate
that production will commence in 1979 with full production
beginning in 1980,

Earnings Estimation

P,= sed on a profit of US$15/lb U3O , initial estimated
T.rnings per share will be approximately 20$, growing to
40<= when production doubles to 6,600 short tons UoOg per
I/ear. This is relatively low when compared to Pancon-
• mental's $4.00, and Queensland Mines $1.14 (based on
the same profit/lb.)

Marketing

Marketing of the Ranger ore is under the control of the
AAEC although as mentioned previously, the joint venture
arrangement with the AAEC could be modified under the new
Government.

Other Interests

The company's main sources of revenue are its lead-zinc
copper mines, and the large Risdon electrolytic zinc
smelter in Tasmania. It has recently discovered a very
rich lead-zinc deposit at Elura near cobar in N.S.W.,
and a copper deposit at Golden Grove in Western Australia.
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4.3.2 MARY KATHLEEN URANIUM LIMITED

Issued Share Capital:

1974
1975
1976

73,887,814 Ordinary 25* shares
(Includes 68.2m paid to 20£)

Share
Low

Price
High

Range
Recent

$0.31 $0.91
$0.40 $1.12
$0.88 $1.00 $0.96

MKU has a low grade deposit by Australian
standards and over half the reserves are
committed to low price contracts. The
recent rehabilitation cost $26m which will
have to be repaid from potentially low
profits. The large issued capital dilutes
earnings per share which are estimated at
under IOC.

Participation
MKU is owned 51% by CRA, 41.6% by the AAEC and 7.4% of
the shares are held directly by the public. Recently
the Government has just announced that it plans to sell
the AAEC's 41.6% share in Mary Kathleen. Because of the
high overseas ownership in CRA, the buyer of AAEC's share
will have to be essentially Australian owned.

The Deposit and contracts
The uranium mineralization is in the form of irregularly
shaped bodies of various sizes. Open cut mining is sel-
ective to keep the grade of ore for treatment as high as
possible. Reserves are 10,800 short tons of contained
U30g at an average grade of 2.3 lbs per short ton (includ-
ing a small stockpile). contracts have been written for
the supply of 5,225 short tons of U.0o.

j o

History
Since its discovery in July 1954, the mine has passed
through five years of U30 production (1958-63); 11 years
of care and maintenance (to 1974) and 18 months of rehab-
ilitation (at a cost of $26 million). Mining commenced
late 1975 and all being well, production will continue
for 8-10 years until reserves are exhausted.

Earnings
The company's present low price contracts may be renegot-
iated, however, even based on average prices of US$25 per
lb the earnings would amount to only 18 cents per share.
Under the current contracts it is unlikely that the real
net earnings will be over 10 cents per share.
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4.3.3 PANCONTINENTAL MINING LIMITED

Issued Share Capital:

1974
1975
1976

5,828,563 Ordinary 25* shares
1,197,841 Options

Share Price Range ($A)
Low High

$1.32 $3.00
$2.28 $9.40
$9.00 $20.50

Recent

$17.00

Pancontinental owns 65% of the largest uranium
deposit in the world. The ore body is high
graci<= ^"r1 ~inse to the surf ace, enabling open
cut operations. Production costs should be
under US$10 per lb and plans are for initial
production of 6.6 million pounds rising to
20 ,— ̂.J-J.̂ !! pounds by the mid 1980 's. By com-
parj-aon with Australian and international
uranium projects, the company should be valued
)r excess of A$20.00. we predict earnings of

. . 9-4.00 per share in 1980, trebling by
the mid 1980's. Our net present value (15%
'-count) range for this stock is A$l6.00-

Reserves
Pancontinental recently announced doubling of reserves to
228,000 snort tons of contained uranium, grading 7.8 lbs
U,0o per short ton of ore.

J O

Published reserves are:

Uranium

Measured and)
indicated)

Inferred
Total

Gold

Indicated
Inferred

Ore
short tons

48.6m

10.2m
58.8m

Grade
lbsU,0o/short tono o

Contained u 0
short tons

7.8

7.6
7.8

Tonnes of ore

410,000
120,000

189,600

39,000
228,600

Grade (gms/tonne)

16.1
12.5

The Deposit
The deposit consists of four distinct layers (separated
vertically) sweeping under the area in flat curves towards
the South. The uranium mineralization occurs in all four
sequences and although grades vary a great deal, the min-
eralization appears to be continuous (in a general sense).
The Jabiluka partners have continued drilling to prove up
the reserves, investigating the open ended south and east
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areas of Jabiluka Two. They have also deepened some
original Jabiluka Two holes, (previous drilling had not
been deep enough to pick up the lower two sequences) .
Announced increased reserves include additional ore at
depth in Jabiluka Two plus extensions to the south and
south east.

On November 20th 1975, the company announced significant
gold reserves in the lower portion of the top sequence
(the graphite sequence) and the upper portion of the
second top sequence (the mine sequence). They have loc-
ated about half a million tons of 0.5 to 0.75 ounces/ton
and indications are that this amount could easily be
doubled.

Mining and Milling
The gold will be mined by underground methods (room and
pillar) and processed in a separate plant from the pro-
posed uranium mill. Tests indicate that the gold recovery
is high and technically simple.

The uranium will be mined initially by open cut. The
overburden to ore ratio is three or four times higher
than at Ranger, so the preproduction and mining costs per
ton of ore will be higher. The milling process to obtain
yellowcake is conventional acid leach and should present
no problems.

Getty Association
Pancontinenta1's Association with Getty Oil Development *
is a significant advantage. Getty has been closely in-
volved in the reserves estimation work and will guarantee
PancontinentaI1s financing and marketing arrangements. As
Getty is involved in the uranium industry in America, the
association will be of immense benefit on the technical
side.

Environmental Aspects
The company will have to submit an environmental impact
statement to the Minister of the Environment, who then
decides if a public enquiry is required. We feel that
because of Jabiluka's proximity to the proposed National
Park, the project may have to submit to a pvblic environ-
mental enquiry (site specific).

Potential Earnings
The earnings potential for this company is appreciable
due to low issued capital, likely high contract prices,
high level of production and low unit costs. Earnings
per share is estimated at around $4.00 per share by 1980,
based on the conservative figures of US$15 per lb profit,
and a production rate of 3,300 short tons of U oa per
year. Earnings should rise to over $12.00 per IB U O
when production reaches 9,900 short tons in the mid 1980's.

Net Present Value
We estimate that the net present value of Pancontinental
shares is between A$16.30 and A$38.00 based on a pessimistic
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and most probable range of parameters. The future
earnings are discounted at 15% after allowing for full
repayment of capital, conservative depreciation allow-
ance and high royalty levels.



- 49 -

RIVKIN AND COMPANY

4.3.4. PEKO WALLSEND LIMITED

Issued share capital: 23,827,000 ordinary 50* shares

With its smaller issued capital, Peko1s uranium
earnings per share will be double those of
E Z Industries'. We estimate 1980 EPS in the
vicinity of 45 cents rising to 90 cents when
production doubles. Peko management has in-
dicated it intends cutting unprofitable op-
erations and although we expect 197 5/6 earnings
to be down on last years, the uranium potential
coupled with the streamlining of operations
point to increased earnings in the future.

Share Price

1972
1973
1974
1975
1976

Low

$1.75
$2.65
$4.20

High

$6.80
$4.70
$4.80

Recent per share

43*
41*
45*
30*

per share

15*
15*
15*
15*

$4.7 5

Ranger
Peko has a 25% joint interest in the Ranger venture along
with E Z industries. The AAEC has the other 50%. A
discussion on the Ranger deposit, mining, financing and
marketing is presented in section 4.3.1. (EZ Industries
Limited)

Other Interests
Peko's main operations are copper, gold, silver and wolfram
at Tennant creek, and coal, copper, scheelite and beach
sands in other parts of Australia. Recently copper prod-
uction was suspended at the Peko and warrego mines and
remodifications to the copper-bismuth flash smelter were
undertaken, in late December 1975, the company announ-
ced the closing down of the very high cost copper prod-
ucer. Mount Morgan Limited.

Estimated Earnings
Based on a US$15 /lb U,Og profit, initial earnings per
share will be around 45 cents, doubling to 90 cents when
production lifts to 6,600 short tons of U_0o per year.

3 8
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4.3.5. QUEENSLAND MINES LIMITED

Issued Share Capital: 11,531,386 ordinary 50* shares

Share Price Range(A$)

1974
1975
1976

LOW

0.30
0.65
2.15

Hi

1 .
2 .
2 .

ah

4 5
3 8
70

Recent

2.65

Narbarlek is the richest deposit in
the world, averaging 471bs/short ton
with higher grades of 1801bs/short ton.
The reserves are small by Australian
standards. Low unit costs and low
issued capital will result in good
earnings per share potential of
around $1.14 per share in 1981. Net
present value is conservatively
estimated at between $3.30 - $5.30.

Reserves
Queensland Mines has the richest deposit in the world
with high grade lenses around 1801bs/short ton and
average grades of 47lbs/short ton. These tremendously
high grades mean that for a given output,the size of
the operation,and thus capital requirements will be
very small. Published reserves are 443,000 short tons
of ore at 47.4 lbs per short ton (10,500 short tons
contained tUOp).

Mining
The deposit will be readily mineable by open cut methods
and the mining schedule will most probably include iritial
mining of the very high grade lenses. It is probable
that the mine will produce at 1000 short tons of U,0n

per year for 8 - 1 0 years rather than at a higher rate
for a shorter period.

Previous contracts
Contracts for 3270 short tons of U,0fl were signed by
the company and Japanese utilities prior to the Labor
Government prohibiting export of yellowcake.

Processing
Because of the low tonnages involved it may be economically
feasible to transport the ore to other processing sites
to enable early production, however this may not be env-
ironmentally satisfactory. Due to the high grade, process
facilities at Narbarlek will be relatively inexpensive
and this operation could possibly be the first to produce
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yellowcake in the Alligator Rivers Area.

Management
Queensland Mines recently announced that Poseidon
Limited would take over management of the Narbarlek
project.

Earnings Estimation
The issued capital is relatively small and based on a
profit of US$15/lb U30g» earnings per share would be
approximately A$1.14. The low financing requirements
would allow earlier returns to shareholders than for
the other projects.

Net Present Value
We estimate that the net present value of Queensland Mines
shares is between A$3.30 and A$5.30. The future earnings
are discounted at 15% after all financing has been re-
payed. Royalties are estimated at 10% and 20% of gross
revenue. Interest charges are taken as 13% and conser-
vative depreciation allowances are used.
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4.3.6. WESTERN MINING CORPORATION LIMITED (WMC)

Issued Share capital: 181,618,596 ordinary 50* shares.

1972
1973
1974
1975
1976

Share Price Range

Low High Recent

$2.2 5
$1.20
$0.33
$1.38
$1.47

$4.20
$3.82
$1.93
$2.04
$1.56

Earnings
per share

8.
9.
8.
8.

.1*

.1*

.8*

.0*

Dividends
per

5

8.
8.
5.

share

0*
.0*
.0*
.0*

$1.53

The contribution to group earnings from the
Yeelirrie uranium project will be minimal due
to the relatively low grade of the ore body
and high capital costs. WMCs prospects are
very much tied to the outlook for nickel

The Deposit
The yeelirrie deposit is low grade by Australian stan-
dards. The announced reserves are 52,800 short tons of
contained U O at 31bs per short ton, though grades are
as high as 815s per short ton in places. In comparison
with the Ranger deposit, the WMC operation will be
approximately the same size though producing only half
the output. The deposit is close to the surface, hard
and readily mineable by open cut. The full extent of the
deposit is not known, so that renewed drilling may lead
to increased reserves.

Processing
The process will involve carbonate (rather than acid)
leaching and although there were some early experimental
problems the processing should be conventional.

Uranium's Contribution to Earnings
Because of the lower grade ore and thus higher capital
costs it is not expected that returns from the uranium
operations will contribute significantly to total earn-
ings. On a straight earnings per share basis, initial
earnings should be around 14 cents rising to over 20
cents, however, the large financing requirements may
delay actual returns to shareholders till the mid 1980"s,
reducing the present value of these earnings to between
10 and 2 5 cents per share.

Other Interests
The company's other main interests are in nickel, gold,
aluminium, beachsands and iron ore. Most of its revenue
is derived from nickel (Kambalda and 50% interest with
Poseidon at windarra). WMC recently withdrew from The
Hail creek Coal project due to rising infrastructure
costs. It acquired Black Sands Ltd, in December 1974,
but profits from the mineral sands operations may be
limited by the intense competition of the West coast
producers and minimum contract prices set by the Govern-
ment.
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4.3.7. OTHER AUSTRALIAN URANIUM PROSPECTS

Central Pacific Minerals and Magellan Petroleum Aust. Ltd

A joint venture agreement concerning uranium exploration
in the Ngalia Basin region of the Northern Territory was
executed in June 197 5 between the Australian Atomic Energy
Commission, Central Pacific Minerals N.L., Magellan Pet-
roleum Australia Ltd., Agip Nucleare Australia .y Ltd.,
and Urangesellschaft MBH and Co. KG. A number of radio-
metric anomalies have been located in a sandstone type
environment and follow up drilling is being undertaken
to test these areas. A recent announcement by the Gov-
ernment stated that the AAEC would be withdrawing from
uranium exploration in the Northern Territory.

Noranda

Noranda discovered the Koongarra deposit (South of Ranger)
which is associated with the same outer band of material
surrounding the Nanambu complex,as the Jabiluka deposit.
The reserves have not been officially published, however
an ERDA conference paper has indicated that the reserves
are around 44,000 short tons of U O • As the company is
foreign owned and the reserves are inside the proposed
National Park, there are several hurdles to early exploi-
tation of the deposit.

Oilmin N.L., Petromin N.L., and Transoil N.L.
These three companies share equally in a 50% interest
in the Beverley deposits in the Lake Prome district of
South Australia with Western Uranium Ltd., a subsidiary
of Phelps Dodge Corp. Three separate sedimentary uran-
ium deposits amenable to open cut mining have been out-
lined and reserves are stated to be 17,500 short tons
of contained U3O . The three companies have various
joint interests in copper and coal prospects throughout
Australia. Large shareholdings (contributing status)
tend to dilute the per share value of the uranium res-
erves, eg. Oilmin has 0.2 lbs U O per share; Petrolmin

and Transoil each have 0.5 lbs u 0 per share.
3 8

Ocean Resources
The company has a 50% interest in promising prospects
near Pancontinental's Jabiluka deposit. The association
of uranium mineralization wit* the intrusive massives
(see para 2.5.1.) has prompted the venture to locate
with respect to the massive intrusion (Nanambu Complex)
and probe for mineralization.
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THISEVALUA TION OF ACCIDENT PROBABILITIES AND CONSEQUENCES
FOR COMMERCIAL NUCLEAR POWER SYSTEMS
Mas prepared by Karl R. Evjns. Sludent Chapter American Nuclear Society,
University of Missouri-Columbia, USA.

Wliat are the chances for death or injury resulting from a nuclear power plant accident?

A study made in 1957 (WASH-740) assumed, in fact, impossible conditions and arrived
at 3 400 deaths and 43 000 acute illnesses due to a major nuclear power plant
accident. However, a study completd in August of 7974 (WASH-14QQ, the Rasmussen
study/ re-evaluatad the accident described in WASH-740, using more realistic
zszurr.ptions, and found that this type of accident would be more likely to cause 92
deaths and 200 acute illnesses. The Rasmussen study also indicated that the probability
of t'"'s accident is about one incident per million reactor years of operation, which
is about equal to the probability of a falling meteor producing that number of deaths.

The most dsvasting reactor accident is considered to be a core melt-down. The
Flasmussen study indicates that the probability of a core melt causing measurable health
effects, is one in 170 00 per reactor year, with the chance of death or serious illness
being less. When these figures are compared with other risks in our society, the risk of
nuclear power is equivalent to driving one extra mile per year in your automobile,
or taking one puff on a cigarette per year.

RISK OF FATALITY BY VARIOUS CAUSES

BULLETIN
1975.1
59 '

AWL'AL FATALITIES AND INJURliS LAPl CTLD AMONG ).'• MILLION
Fi'OPLF. LIVING WITHIN 20 MILES OF U.S. REACTOR SITES

Accident Type

Motor Vehicle
Falls
Fires end Hot Substances
Crowing
Firearms
Air Travel
Falling Object
Electrocution
Lightning
Tornadoes
Hurricanes
All Accidents
Nuclear Reactor Accidents
1100 plants)

Total Number

55 791
17827
7451
6181
2309
1778
1 271
1 148

160
91
93

111992

0

individual Chance
Per Year

1 in 4 000
1 in 10 000
1 in 25 000
1in30000
tin 100000
1 in 100000
1 in 160000
1 in 160000
1 in 2 000 000
1 in 2 500 000
1 in 2 500 000
1 in 1600

1 in 300 000 000

Considering the 15 million people who live within 20 miles of current of planned U.S.
reactor sites, and based on current accident rates in the U.S., WASH 1400 shows that
teh annual number of fatalities and injuries expected from various sources are:

An,.loot Type

A uunobile

Electrocution
Lightning
Reactors (100 plants)

Futilities

4 200
1 500

560
90

8
0.3

Injuries

375 000
75 000
22000

Critics of nuclear power have for several years implied that a core melt-down (melting
of the reactor core following a loss-of-coolant accident) with release of the fission
products would certainly produce a catastrophic accident. In fact WASH 1400 shows
that a core melt accident is similar to many other types of major accidents such as
fires, explosions, dam failures, etc., in thjta wide range of consequences in possible
depending on the exact conditions under which the accident occurs. In the case of a
core melt, the consequences depend mainly on three factors: the amount of
radioactivity released, the way it is dispersed by prevailing weather conditions and
the number of people exposed to the radiation. With these three factors known it is
possible to make a reasonable estimate of the consequences. The following are
the most likely consequences of a core melt accident (an accident which would occur
with a probability of once every 17000 years per plant):

CONSEQUENCES OF THE MOST LIKELY CORE MEL T ACCIDENT

Fatalities less than 1
Inuries less than 1
Latent Fatalities less than 1
Thyroid Nodules -4
Genetic Defects less than 1
Property Damage * $100 000

' This dons not Include damiga that might occur to tht pltnt.

INSURANCE POOLS

Two U.S. nuclear insurance pools. Nuclear Energy Liability/Property Insurance
Association and Mutal Atomic Energy Liability Underwriters, have announced in
Hartfor, Conn., that: "The exceptional safety record compiled by all nuclear power
reactors in the United States is the basis for the reduction in premiums for nuclear
liability insurance." The premium for nuclear liability insurance in excess of
$100'million will be reduced by 20percent retroactive to 1 January, 1975, a spokeman
for the pools said.

The nuclear insurance pools, which provide up to $125 million of nuclear liability
insurance on a reactor, insure every utility-operated power reactor in the U.S. and
virtually all privately-operated research and development reactors. The pools have
not received a claim for injury or damage to the public arising from the operation
of a nuclear reactor since the inception of pool operation in 1957.
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700 SWEDISH SCIENTISTS SUPPORT NUCLEAR POWER

In a lengthy and detailed petition recently presented to Prime Minister Olof Palme,
700 Swedish scien tists and technicians strongly suppci led nuclear power and
attacked the Swedish mass media for creating among the public a widvsprvad negative
attitude toward continued nuclear expansion. Asa result of this attitude, the
petitioners said they douhted whether the Parliament could make an objective decision
on such a technicilly complex matter without in-depth hearings in time for the 1978
parliamentary decision on nuclear energy.

The signers of the petition, all active in research and technology relating to nuclear
pew-T, si'id: "We consider that a large amount of the experience and knowledge
about nuclear power collected at research institutions, in the manufacturing and power
industries, and by the supervising authorities has been described erroneously and in
a distorted manner in the mass media. This, in our judgment, is the main reason for
The negative attitude to continued nuclear development that is so widespread among
the general public. To the best of our knowledge, no serious research worker or
technician in the field of nuclear power in Sweden has rejected nuclear power on the
grounds of any hazard to personnel or to the general public."

The petition said: "Nuclear power has been developed to a stage at which it is, today,
superior to other types of energy (with the possible exception of hydroelectric
power) when one weighs together the factors of economy, reliability of supply,
environmental effects and safety." The petition also emphasized the following points:

• The biological effects of radioactivity have been thoroughly studied since the
beginning of the century, and are much better known than the effects of most other
factors that can disrupt the environment. It is a widespread misconception that
cancer and genetic injuries are specific consequences of radioactivity. In actual fact,
they can equally well be caused by chemical substances, including the kind of
substances disseminated without control in the combustion of fossil fuels.

• In-depth nuclear plant accident analyses show that the risks to the community and
the individual from accidents at nuclear power stations are much less than many

risks which are today entirely accepted. "To the best of our knowledge," the petition
read, "no one has in fact ever sustained acute injuries by reason of ionizing radiation
from a nuclear plant. It should be emphasized that the total risk situation of
alternative energy production has not been analyzed in a correspondingly thorough
manner."

• The amounts of waste from nuclear power plants are many orders of magnitude
smaller than from fossil energy. It is impossible with fossil energy to avoid large
discharges of combustion gases, among which carbon dioxide, for example, can have
serious long-term injurious effects. "The argument that nuclear will burden future
generations to a greater extent than the available alternatives is thus unfounded," the
scientists said.

• Plutonium is not a waste product in nuclear power technology, but rather i
material that can and should be reused in reactors. Plutonium has been handled
safely since the 1940s.

• Nuclear power plants and fuel transports are extremely inaccessible for sabotage,
compared with other potential objects of such activity. Technical and
administrative measures are available to reduce these risks still further.

The petition concluded: "We are convinced that we in Sweden with our high level <jf
technology can achieve a safe, i ivironmentally favorable and economic nuclee;
energy program. Any rational decision must be based on careful and objective
considerations by the government and Parliament of all the essential aspects, technical,
economical, and social. Such an objective judgment, however, has now been
jeopardized by the misleading picture of nuclear power presented to the general public
in the mass media. In this situation, and in viewof the manifested lack of trust in the
expertise available in the field of nuclear power, the only possibility is that
members of Parliament themselves should penetrate more deeply into the factual
issues than has previously been the case. This should be possible by means of detailed
hearings on the issues."
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COMPARATIVE SUMMARY - MAJOR AUSTRALIAN URANIUM COMP

ISSUED SHARES

DEPOSIT

RESERVES

AV. GRADE

MINING METHOD

E Z INDUSTRIES

50,400,000

Ranger (25%)

110,000s-tons

6-71bs/s.ton

Open Cut

PROCESSING METHOD Acid Leach

EST. START

FULL PRODUCTION

PROD. RATE
SHORT TONS U 0

EPS BASED ON
US$15/lb PROFIT

1979

1980

(1980)(1982)
3300 /6600

$0.21 (1980)
$0.43 (1985)

NET PRESENT VALUE* $0.90-$1.75

MARY KATHLEEN

73,887,814

Mary Kathleen

10,800 s.tons

2.31bs/s.ton

Open Cut

Acid Leach

1975

1976

1000

Contracts al-
ready written

at low prices

PEKO-WALLSEND

23,827,000

Ranger (25%)

110,000s.tons

6-71bs/s.ton

Open cut

Acid Leach

1979

1980

(1980) (1982)
3300 /6600

$0.45 (1980)
$0.91 (1985)

$1.90-$3.70

PANCONTINENTAL

7,026,404

Jabiluka (65%)

228,600s.tons

7.81bs/s.ton

Open cut

Acid Leach

1980

1980

(1980) (1982) (1984)
3300 /6600 /9900

$4.00 (1980)
$12.00 (1985)

$16.30-$38.00
USING 15% DISCOUNT

COMMENTS First to com- Operations ha've First to com- Largest high grade
mence operations recommenced mence operations deposit in the wor

Excellent other Contracts for High grade
mineral projects 5225 s. tons deposit

High issued Low U.O-
capital prices

Low production high issued
level per share capital

s AAEC selling
out

Small issued capit

Guaranteed financi

Site inquiry likel

High EPS potential

Favourable associa
tion with Getty oi

Early cash flow f
gold

*U-1°S.prices US$25-30, 10-20% royalties, all financing repaid before earnings to s
conservative depreciation. - Peko, E Z, and WMC values for uranium only.



CARY - MAJOR AUSTRALIAN URANIUM COMPANIES

PEKO-WALLSEND

23,827,000

Ranger (25%)

110,000s.tons

6-71bs/s.ton

Open cut

Acid Leach

1979

1980

(1980)(1982)
3300 /6600

$0.45
$0.91

(1980)
(1985)

$1.90-$3.70

PANCONTINENTAL

7,026,404

Jabiluka (65%)

228,600s.tons

7.81bs/s.ton

Open cut

Acid Leach

1980

1980

(1980) (1982) (1984)
3300 /6600 /9900

$4.00 (1980)
$12.00 (1985)

$16.3O-$38.OO

QUEENSLAND MINES

11,531 ,386

Narba r l ek (100%)

10,500 s.tons

471bs/s.ton

Open cut

Acid Leach

1981

1981

1000

$1.14
$1.14

(1981)
(1985)

WMC

181,618,596

Yeelirrie (100%)

52,800s.tons

3Ibs/s.ton

Open Cut

Carbonate Leach

1981

1981

(1981)(1983)
2000 / 3300 I

$3.30-$5.30

$0.14 (1981)
$0.24 (1985)

$0.10-$0.25

First to com- Largest high grade
mence operations deposit in the world

High grade
deposit

Small issued capital

Guaranteed financing

Site inquiry likely

High EPS potential

Favourable associa-
tion with Getty Oil

Early cash flow from
gold

Highest grade deposit
in the world

Small tonnages by Aust-
ralian standards

Site enquiry likely

High EPS potential

High production level
per share

Has other uranium res-
erves in Queensland

Potentially
larger resenres

lower grade
deposit by
Aust. standards

Large issued
capital

Possibly no
site enquiry
necessary

.ancing repaid before earnings to shareholders. Interest rates
WMC values for uranium only. T~ ^vCr^ZiZZ^T^"'

13%
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GLOSSARY

Breeder

Coolant

Daughter
Product

Enrichment

..J

Fission

Half Life

Hexafluoride

Isotopes

Megawatt

Moderator

Natural
Uranium

A breeder reactor produces more fissile material than
it consumes. Common usage is the FBR or Fast Breeder
Reactor which converts the non fissile U isotope
to plutonium during the fission process. This plu-
tonium is fissile and can be used as reactor fuel.

The substance which circulates through the reactor and
removes the heat (generated by the fission process.)

An atom reyulting from the decay of another specified
atom ie. the next in line in a decay series.

Natural uranium contains only a small part of the fiss-
ile isotope U23^. The enrichment process physically
increases the proportion of the fissile U from 0.7%
to usually around 3%. The two main enrichment processes
are gaseous diffusion and gaseous centrafuge.

The splitting, of a heavy atom (eg. uranium) into two
smaller atoms. The process is accompanied by the re-
lease of energy and neutrons (which go on to split
other atoms).

The time taken for the activity of a radioactive sub-
stance to decay to half its original value.

The gaseous compound (IIF6) used in enrichment plants.

Varieties of the same element having different masses.

The normal practical unit of power station capacity
(one million watts). A gigowatt is one thousand
megawatts or.one thousand million watts.

This is the material that surrounds the fuel and re-
duces the speed of the neutrons, enabling the reactor
to operate smoothly.

The uranium content of uraniferous ores usually grades
less than 0.25% or 51bs per short ton of ore. The
uranium contains 139 parts of non-fissile U 2 3^ isotope,
one part of fissile U235(and a trace of u 2 3 4 isotope)
which undergoes fission (releasing energy in the reac.-:

i " •-- ._.,t- in1 140 "' f-natu al ' ] ' . • '



Half Life

Hexafluoride

Isotopes

Megawatt

Modera tor

Natural
Uranium

t- .

r«o

t.. „

Radon

Yellowcake

AAEC

BNFL

ERDA

EURODIF

IAEA

UK AEA

URENCO

The time taken for the activity of a radioactive sub-
stance to decay to half its original value.

The gaseous compound (UF6) used in enrichment plants.

Varieties of the same element having different masses.

The normal practical unit of power station capacity
(one million watts). A gigowatt is one thousand
megawatts or one thousand million watts.

This is the material that surrounds the fuel and re-
duces the speed of the neutrons, enabling the reactor
to operate smoothly.

The uranium content of uraniferous ores usually grades
less than 0.25% or 5lbs per short ton of ore. The
uranium contains 139 parts of non-fissile u 2 3^ isotope,
one part of fissile U^35 (and a trace of 11̂ 34 isotope)
which undergoes fission (releasing energy in the reac-
tor) . As it represents only 1 part in 140 of natural
uranium, it is slightly enriched to 1 in 33 for use in
most modern reactors.

A gaseous product of the disintegration of radium.

The uranium oxide concentrate produced by a uranium
treatment plant (usually at the minesite).

Australian Atomic Energy commission.

British Nuclear Fuels Limited. Manufactures nuclear
fuels and reprocesses spent rods. It is owned by UKAEA.

The Energy Research and Development Administration, which
has taken over from the US Atomic Energy commission (AEC).

The French-led European Diffusion Consortium which expects
to be a major producer of enriched uranium.

International Atomic Energy Authority.

The UK Atomic Energy Authority,

The European Uranium Enrichment Company in which BNFL,
Dutch and German shareholders each have equal interests.

(D
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We estimate that the net present value of Pancontinental
shares is between A$16.30 and A$38.00 based on a pessimistic
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INFORMATION SOURCES

1 Australian Atomic Energy commission (AAEC) - Information
Papers , August/September 197 5.

(1) perspectives in Energy Requirements of Mankind
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(AAEC/1P7)
(6) Radiation Hazards of Uranium Mining and Milling

(AAEC/IP9)

2 AAEC Annual Report 1974/7 5.

3 Company Annual Reports and Statements.

4 IAEA "Steps to Nuclear Power - A Guidebook", Vienna 1975.

5 IAEA "Formation of Uranium Ore Deposits" - The Proceedings
of a Symposium organized by the IAEA and held in Athens,
Greece, 6-10 May, 1974.

6 Nuexco - Monthly Reports to the Nuclear Industry.
Specifically No. 88, November 1975.

7 Papers from Uranium Industry Seminar organized by ERDA and
held at Grand junction, Colorado, USA, October 197 5.
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(1) Domestic and Foreign Uranium Requirements, 197 5-2000
(2) Foreign Resources and Production capability
(3) uranium Supply and Associated Economics: A fifteen

year outlook
(4) Future Relationship of Uranium Supply and Enrichment

8 "Nuclear Power Growth and Fuel Requirements 197 5-2000: IAEA
Bulletin", volume 17 No. 3, June 1975.

9 "Nuclear Energy and the Future - Position Paper No 2"
(Nuclear Fission: its Uses and Economics) Fortune
Magazine, February 197 5.

10 "Uranium Resources, Production and Demands", OECD/Nuclear
Energy Agency, Paris 17th November 1975.

Discussions with Senior Executives of AAEC, Pancontinental
Mines Limited, and Ranger Uranium Mines Pty Limited.
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Whilst we believe that the statements contained herein
are based on accurate and reliable information, no
liability can be accepted for any errors or omissions,
whether of fact or judgement.

Section 20J interest in uranium stocks mentioned in this
report is limited to 500 Pancontinental, 600 Queensland
Mines and 11000 Ocean Resources held by the firm, partners
and employees (as at 10.2.76).
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