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Why Australia Should Mine and Export Its Uranium
Resources for Peaceful Purposes

This document has been compiled to bring together in summary form the major
reasons why Australia should mine and export its uranium resources for peaceful
purposes - the generation of electricity.

Brief descriptions of various aspects of the uranium industry have been included to
assist understanding of the issues. However, i t is not possible to include all details
or points of debate.

The major points in support of the mining and export of Australia's uranium deposits
are:

1. Uranium is used in 26 countries, spanning a wide spectrum of populations and
political philosophies, to produce more than 10% of the world's needs for
electricity. Increasing demand created by future reactor completions offers
an opportunity for Australia to earn billions of dollars in export sales.

2. Uranium is a relatively common mineral occurring in economic deposits in
other countries willing to supply it under less stringent conditions and controls
than those imposed by Australia.

3. Appropriate safety standards and procedures have been developed for all
phases of the uranium fuel cycle.

k. Uranium has significant advantages over fossil fuels in terms of effects on the
environment.

5. As a significant exporter of uranium, Australia is able to take an active role in
international discussions relating to safeguards and to add its influence
towards a further strengthening of the non-proliferation regime.

6. Methods have been developed for the effective management of wastes arising
from the use of uranium.

7. The military applications of uranium are not directly linked with its peaceful
uses, and cessation of Australia's uranium exports would not curtail either the
civil or military uses of nuclear energy.

8. Uranium exports are presently worth about $350 million per year in export
income to Australia. Development of additional uranium projects would
create substantial investment, employment and associated economic activity
in wide areas of the Australian economy.

Australia's uranium resources should be developed to the maximum possible extent
through sales contracts with countries which accept Australia's strict conditions on
safeguards.

Australia's current uranium policy inhibits the expansion of existing uranium mines
and prevents the development of a number of commercially viable new uranium
projects. If the Government does not allow expansion of the mining and export of
uranium it will be out of step with world-wide acceptance of the use of uranium to
produce electricity. Consequently Australia will miss the opportunity for significant
economic development and substantial earnings from exports, and will lose its
potential to influence the strengthening of international activity in support of
non-proliferation and the safeguards system.



0)

TABLE OF CONTENTS PAGE

1. WORLD STATISTICS ON ELECTRICITY FROM URANIUM

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Electricity
Uranium Consumption
Electric Power and International Trade
Uranium Supply and Demand
Cancellations and Orders
Economics Relative to Other Fuels
Conclusions

SOURCES OF URANIUM

2.1
2.2
2.3
2.4
2.5

Extent of Uranium Resources
Stockpiles
Market Restructuring
Competitors
Conclusions

3. FUEL CYCLE STAGES AND RELATED SAFETY ISSUES 11

3.1 Stages in the Fuel Cycle
3.2 Safety Philosophy
3.3 Uranium Mining and Milling
3.4 Conversion to Hexafluoride
3.5 Enrichment
3.6 Fuel Fabrication
3.7 Reactors
3.8 Spent Fuel Storage and/or Reprocessing
3.9 Transport of Radioactive Materials
3.10 Expert Report on Safety
3.11 Conclusions

4. ENVIRONMENTAL ASPECTS OF THE URANIUM FUEL CYCLE 25

4.1
4.2
4.3
4.4
4.5
4.6

Land Use
Transportation
Wastes
Power Station Effluents
Spent Fuel Reprocessing
Conclusions



(ii)

PAGE

5. SAFEGUARDS 33

5.1 Importance of Continuing Australian Involvement
5.2 What are Safeguards?
5.3 How Did Safeguards Develop?
5.4 How Much of the World's Nuclear Activity is

Covered by Safeguards?
5.5 How are Safeguards Applied?
5.6 Safeguards Deter the Development of Nuclear

Weapons
5.7 How Much do Safeguards Cost?
5.Z Conclusions

6. HIGH LEVEL WASTE MANAGEMENT 38

6.1 Categories of Waste
6.2 Initial Storage
6.3 Reprocessing and Conditioning
6.4 Intermediate Storage
6.5 Disposal
6.6 Synroc
6.7 Decommissioning
6.8 Conclusions

7. NUCLEAR POWER AND NUCLEAR WEAPONS 46

7.1 Is There a Connection?
7.2 Proliferation
7.3 Weapons Material
7.4 What Is Plutonium and How Is It Made?
7.5 Civil Uses of Plutonium
7.6 Military Uses of Plutonium
7.7 Some Expert Opinions
7.Z Conclusions

8. ECONOMIC BENEFITS TO AUSTRALIA FROM URANIUM 51

8.1 General
8.2 Potential for Further Development
8.3 Forms of Economic Benefits
8.4 Construction Activities
8.5 Investments
8.6 Export Earnings
8.7 New "Wealth" or "VaJue" Creation
8.8 Employment Creation
8.9 Government Revenues
8.10 Community Infrastructure and Facilities
8.11 Special Advantages to Aboriginal Groups
8.12 Conclusions



(iii)

TABLES PAGE

J. Generating Costs - Per Kilowatt Hour (kWh) 6

2. Cost Per KiJowatt (kWe) of Installed Generating Capacity
Uranium Power Stations 6

3. IAEA/NEA's Latest Assessment of World Uranium
Resources 8

4. Annual Fuel Requirements for Different Types of
Power Station 25

5. Typical Land Areas Used for Uranium Fuel Cycle
Facilities 26

6. Quantities of Waste Produced by Various Fossil
Fuels 30

7. Distribution of Trace Elements in Coal Combustion
Residues 31

FIGURES

1. Western World Uranium Supply and Demand 3

2. Fuel Sources for Electricity Generation k

3. Major Stages in the Uranium Fuel Cycle 12

4. Centrifuge Principle Showing Gas Flow 15

5. Schematic Diagram of the Principle of Fuel Element

Fabrication 16

6. Schematic Diagram of a Steam Power Plant 17

7. Schematic Diagram of a Light Water Reactor (LWR)

and Electricity Generating System 18

8. Spent Fuel Transport Casks 23

9. High Level Waste Initial Storage Tank 40

10. Schematic Diagram of a Deep Geological Disposal
Repository System 42

11. Cross Section of Barriers in High Level Waste
Disposal 43



Chapter 1

WORLD STATISTICS ON ELECTRICITY FROM URANIUM

Summary

Uranium is already being used to generate more than 10% of electricity around
the world. A high proportion of Australian trade, both imports and exports, is
with countries which are already using electricity from uranium to process
Australian raw materials or for manufacture of articles for export to Australia.

The United States has the world's largest number of power stations producing
electricity from uranium. 86 had operating licenses and 52 were under
construction as at December 1983. The operating stations have a capacity of
70,000 megawatts and generated 12.6% of total electricity consumption during
the f irst ten months of 1983. Reduced demand for electricity and regulatory
problems have led to the cancellation or deferment of a number of uranium
power stations in the USA. In Japan and Western Europe efficient and safe
nuclear power programmes are leading to an expanded use of uranium for
electricity generation and are achieving cost advantages over fossil fuel
stations.

In 1984 Australia wi l l export about 4,000 tonnes of uranium to the USA,
Western Europe and South East Asia, sufficient for the annual fuel
requirements of a generating capacity of 22,000 megawatts of electricity.
The value of these exports wil l be about $350 million, making i t the f i f th
largest mineral export from Australia in terms of value.
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1. WORLD STATISTICS ON ELECTRICITY FROM URANIUM

Some participants in the current debate on uranium mining appear to be
unaware of the extent to which many countries are already using uranium as a
significant energy source for electricity generation. The following points are
based on data published by the International Atomic Energy Agency (IAEA) of
the United Nations, by the Australian Bureau of Statistics, by the Uranium
Institute (London) and by various governmental agencies in other countries.

1.1 Electricity

* Electricity is now generated from uranium in 25 countries with a total
population of over 1,700 million people.

* More than 10% of all electricity used around the world is generated
from uranium.

* New uranium power stations are being built in 27 countries.

* 6 countries with 181 million people are building their first uranium
power stations.

* 19 countries, currently without uranium power stations, have
expressed interest in building such stations.

* New uranium power stations with electrical generating capacity of
18,000 megawatts (MWe) came on line in 12 countries during 1982. By
comparison total Australian electricity generating capacity (mostly
coal-fired) islXfiOO MWe.

* By 1990/1992, 31 countries will be generating electricity from uranium
in over 500 power stations, with total capacity of 370,000 MWe, more
than 12.5 times total Australian (coal-fired) capacity.

* Electricity generated from uranium in the European Economic
Community (EEC) during 1982 was 12.5% more than in 1981 - use of
coal and oil for electricity dropped by 3% over the same period.

* The Organisation for Economic Co-Operation and Development
(OECD) forecasts for its member countries that electricity generated
from uranium will grow by 1990 to 26 % of the total from all sources,
compared with the present 11.5%.

1.2 Uranium Consumption

* In 1984 35,000 tonnes of uranium will be used in power stations in the
Western World. By 1992, over 50,000 tonnes will be required.

* Western Europe will use 20,000 tonnes of uranium in 1992 to generate
electricity - about 14,000 tonnes will be used in 1984.

* In 1984 the USA will use twice as much uranium as it produces
domestically and will become, for the first time, a net importer of
uranium.
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* USA will use about 15,000 tonnes of uranium for electricity generation
in 1988; - estimates of the amount not yet secured by contract range
from 3,000 to 6,000 tonnes.

* South Africa could produce 7,000 tonnes per year of uranium by 1987 -
less than 3,000 tonnes per year are committed to sales at present. The
additional quantity will be in direct competition with potential
Australian sales, as will the considerable output of Namibia and most
Oi the Canadian production.

1.3 Electric Power and International Trade

* A significant part of Australia's general trade is with countries using
uranium as a major source of electricity generatio9n. The iigures
below illustrate the relevance of uranium to Australia's trading
relationships.

* In countries to which Australia exported over $9,000 million worth of
goods in 1981 more than 500 million people depended on uranium to
generate from 10 to 40% of their total electricity supply.

* In 1982, uranium was used to generate 19% of the electricity
consumed in the EEC, from which Australia imported $5,000 million
worth of goods.

* In 1982, 39% of electricity was generated from uranium in France. (In
1982 France bought over $400 million worth of goods from Australia.)
In the latter half of 1983, France consistently generated over 50% of
its electricity from uranium.

* India, a developing nation, has 4 uranium power stations and is building
6 more. It has sufficient domestic deposits of uranium to meet its
requirements - Australia sold $300 million worth of goods to India in
1982.

* 12% of total electricity generated in the USA in 1982 was generated
from uranium. Australian imports worth over $5,000 million included
many articles made with this electricity.

* In 1981/82 Australia imported $U,500 million worth of goods from
Japan, a country which already has 25 power stations producing
electricity from uranium, and which will have 35 by 1990.

* In 1981/82 Australia exported over $5,000 million worth of goods to
Japan, a country with 105 million people depending on uranium to
generate nearly one fifth of their electricity.

* In 1984 Australia will export about 4,000 tonnes of uranium to the
USA, Western Europe and South East Asia, sufficient for the annual
fuel requirements of a generating capacity of 22,000 MWe. The value
of these exports, will be about $400 million.

* If all current Australian uranium projects are allowed to proceed and
their output sold the annual value of exports in the early 1990s,
expressed in today's prices, could be well in excess of $1,200 million,
which is comparable with the current revenue from the export of
wheat, meat, vt ool, or iron ore.
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Uranium Supply and Demand

As for other metals, the uranium market has experienced fluctuations in
demand and supply. Currently the market is moving towards a balanced
position from recent over-supply. Many utilities have yet to contract for
uranium supplies which will be needed for existing power stations later in this
decade.

Figure 1 shows typical examples of estimates for supply and demand from two
different uranium brokers. The demand curves do not coincide since the
methodology for their preparation varies.

Figure 1 Western World uranium supply and demand
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The increasing contribution of uranium to world electricity supplies is
demonstrated in the fuel source graphs shown in Figure 2, derived from
International Energy Agency (IE A) statistics.
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1.5 Cancellations and Orders

A commonly used argument against the viability of mining Australia's uranium
is the cancellation of orders for new uranium electricity generating stations as
well as reduced numbers of orders for new stations. Many statistics are being
used incorrectly or out of context.

In the United States there have been no new reactor orders since 197$ whilst
24 projects in various stages of construction with a total capacity of 26,000
MWe were cancelled up to the end of 1983. Other cancellations in the USA
were of projects which had not proceeded beyond an advanced stage of
planning. In 1984, 1* plants are expected to receive operating licences, equal
to the record number of licences issued in 1974.

The main causes of cancellations are:-

Falling demand for power due to reduced economic activity and
greater energy conservation;

Reduced expectation of growth in energy consumption - lower
forecasts of power requirements have resulted in cancellation of
coal power stations also ;

Increased cost of construction and longer lead times caused by
regulatory requirements and obstruction by legal and other
processes by anti-nuclear groups.

Further information is set out in the US Department of Energy (DOE) study
"Nuclear Plant Cancellations: Causes, Costs and Consequences" (April 1983)
(DOE/EIA - 0392)

Despite reactor cancellations and deferrals, US uranium consumption is
forecast to rise from about 12,000 tonnes in 1983 to 18,000 tonnes in 1995.
Many countries committed to the use of uranium for electrical generation are
without practical alternatives for domestic energy sources.

There have been no cancellations in France, merely some replacements of
sites with alternative locations and some slowing down in the programme due
to reduced demand. The situation in Japan is similar with some reduction in
anticipated demand.

Russia ranks third in uranium electricity generating capacity behind USA and
France and is reported to be planning to double its uranium electricity
generating capacity every 5 years to the year 2000.

1.6 Economics Relative To Other Fuels

Another major argument advanced against the use of uranium for electricity
generation is a claim that the cost per unit generated is higher for uranium
power stations than other conventional generating stations.

Obviously this depends upon the particular economics of each location,
determined by the availability and geographical location (and therefore costs)
of other sources of energy, e.g. coal, oil, LNG.

For example, if a coal power station in the United States is located on a coal
field, its fuel costs win be relatively low.
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This may be contrasted with Japan and France, which do not have any
significant domestic sources of energy.

I Some comparative cost figures are as follows:

Table 1
Generating Costs - Per Kilowatt Hour (kWh)
(Including amortisation of capital charges)

Japan USA Italy Finland* France
(Yen) (Cents) (Lira) (Markka) (Franc)

OIL 19.2 7.0 56 - 0.412
LNG 18.4 . . -
COAL 13.5 3.5 32 0.165 0.257
NUCLEAR 11.3 3.1 11 0.121 0.189

* 1977-1982 Average. All others 1982

The percentage contribution of fuel to total generating cost is of fundamental
significance and offsets the generally higher capital cost of uranium power
stations. In the Japanese generating costs shown above, the percentage
contribution of individual fuels to total generating costs is:

Oil
LNG
Coal
Nuclear

80%
72%
51%
25%

For Europe and Japan, i t can be concluded that uranium will have a cost
advantage over coal stations commissioned in 1990, ranging from 30% to 75%,
based upon a simpie set of standardized assumptions and national estimates for
future plant performance, capital and fuel costs. Indeed, in many countries
the total cost of electricity generated from uranium will be less than or
comparable to the fuel costs of a coal-fired station operating in the same base
load mode.

Thus, for Europe and Japan, increases of 50% in capital costs, a two to three
fold increase in uranium fuel cycle costs, or a drop in uranium power station
load factor to below 50%, will not eliminate the advantage of uranium over a
coal station operating at 70% load factor with a median set of capital and coal
prices.

The variation in construction costs is shovn by recent statistics issued by the
OECD Nuclear Energy Agency:-

Table 2
Cost Per Kilowatt (kWe) of Installed Generating Capacity

Uranium Power Stations

US$ per kWe

France $680
Italy $212
Belgium $876
West Germany $1,213
Britain $1,298
United States $1,434
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As an indicative figure, recent estimates put the cost of Loy Yang A & B in
Victoria at $A1,325 per kWe installed.

In the United States and Canada, uranium and coal competitiveness depends on
the region considered. Uranium will have a clear economic advantage in
Central and Atlantic Canada and retain a small advantage (between 5% and
\0%) in the north-eastern and south-eastern parts of the United States. On
present assumptions, however, a coal plant, in close proximity to the major
North American coal fields, is likely to be the cheaper route for new plants
even when equipped with flue gas desulphurization systems.

Further statistics are contained in "The Costs of Generating Electricity in
Nuclear and Coal Fired Power Stations. A report by an Expert Group."
NEA/OECD 1983. ISBN 92-64-12514-O.

This report gives the following overall conclusion:

"No uniform set of input data exists for nuclear and coal
fired power stations and assumptions on basic reactor
parameters differ from country to country. Despite these
differences, nuclear energy is found to be cheaper than
coal in all participating countries except some parts of the
United States and Canada."

1.7 Conclusions

Uranium is already being used to generate more than 10% of electricity around
the world. A high proportion of Australian trade, both imports and exports, is
with countries which are already using electricity from uranium to process
Australian raw materials or for manufacture of articles for export to Australia.

The United States has the world's largest number of power stations producing
electricity from uranium. 86 had operating licenses and 52 were under
construction as at December 1983. The operating stations have a capacity of
70,000 megawatts and generated 12.6% of total electricity consumption during
the first ten months of 1983. Reduced demand for electricity and regulatory
problems have led to the cancellation or deferment of a number of uranium
power stations in the USA. In Japan and Western Europe efficient and safe
nuclear power programmes are leading to an expanded use of uranium for
electricity generation and are achieving cost advantages over fossil fuel
stations.

In 1984 Australia will export about 4,000 tonnes of uranium to the USA,
Western Europe and South East Asia, sufficient for the annual fuel
requirements of a generating capacity of 22,000 megawatts of electricity.
The value of these exports will be about $350 million, making it the fifth
largest mineral export from Australia in terms of value.
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Summary
I
I
( Uranium is a relatively common mineral in the earth's crust. Deposits capable

of commercial development occur in many countries, some of which have not
fully committed themselves to international efforts in support of

I non-proliferation. If Australia were to withdraw its supplies of uranium, there

are many alternative sources eager to market their product with less strict
conditions.

I There has been a substantial shake-out in the uranium market over the past
few years, as a result of international economic and energy trends. Prices
have recovered from the low values attained in 1982, but many high cost

I mines, notably in the USA, have ceased production and are unlikely to start up

again in the foreseeable future. Australia has low-cost deposits which enable
it to compete on the world market.
There are large quantities of uranium yet to be contracted for existing power
stations, especially in the USA. Australian mines wil l have excellent
opportunities for securing some of these contracts, with deliveries beginning
later in the decade.
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2. SOURCES OF URANIUM

2.1 Extent of Uranium Resources

Uranium is a widely distributed element in the earth's crust. In fact, Japan
has demonstrated that it is possible to extract uranium from sea water, but at
a high cost. Significant resources of uranium exist in at least 2J other
countries. Of vhese 7 are significant producers and exporters. These
conditions wiJl prevail regardless of the export poJicy adopted by Australia.
Countries in the Western World with uranium resources (as published in the
OECD (NEA) "Red Book" published in December 1983) are as follows-

Tabl« 3 lAEA/NEA's latest assessment off world uranium resources

Cost category:
Algeria
Argentina
Australia
Austria
Brazil
Cameroon, Republic of
Canada
Central African Republic
Chile*
Denmark
Egypt
Finland
France
Gabon
Germany (Federal Republic)
Greece
India
Italy
Japan
Korea
Mexico
Namibia
Niger
Peru
Portugal
Somalia
South Africa
Spain
Sweden
Turkey
U.S.
Zaire

Reasonably assured resources

<$80/kgU

26
18.8

314

0
163.3

0
176

18
0
0
0
0

S6.2
18.7
0.9
0.4

31.7
2.9
7.7
0
2.9

119
160

0.5
6.7
0

191
15.7
2
2.5

131.3
1.8

(thousands of MTU)
S80-S130/kgU

—
4.5

22
0.3
—

0
9
—
2.3

27
0
3.4

11.3
4.7
4.2
0

10.9
—
—
10
—

16
—
—

1.5
6.6

122
4.5

37
2.1

275.9
—

Total

26 (2J)
233(2)

336
0.3 (5)

163.3
0

185
18 (1.4)
2.3 (1)

27
0
3.4/7/

67.5
23.3
5.1
0.4

42.6
2.9
7.7

10
2.9/7/

135 (5)
160 (2,3)

0.5 (1)
8.2
6.6 (1,4)

313
20.2
39 (7)
4.6(7/

407.2
IS (2,3)

Estimated additional resources —

<$80/kgU
—
7

369
0.7

92.4
0

181
—
0
0
0
—

26.6
1.3
1.3
6
4.8
—

3.5
30
53
—
1
0

99
5
0.3
—

30.4
1.7

(thousands of MTU)
S8O-$13O/kgU

—

25
1.0

—
1.2

48
—
2.3

16
5

—
6.25
8.3
6.9
0

14.6
1

2.6
23
—
—
—
3.4

48
—

43
—

52.2
—

Cateforyl

Total
—

7 (2)
394

1.7(5)
92 A (1)

1.2
229

—
2.3 (1)

16
5 (2,4)

— m
32.9
9.6
8.2
6

19f3
1

. 6.1 (1)
53 (5)
53 (2,3)

1
3.4(1.4)

147
5

43.3 (6)

~-(D
82.6
1.7(2,3)

Reported tonnages refer to quantities of uranium recoverable from minable ore, except where noted.
* Assigned cost category by Secretariat.
(1) Uranium contained in-situ.
(2) Uranium contained in minable ore.
(3) OECD(NEA)/1AEA: "Uranium Resources, Production and Demand, "Paris, 1977.
(41 OECD(NEA)/IAEA. "Uranium Resources, Production and Demand, "Paris, 1979.
(5) OECD(NEA )/IAEA: "Uranium Resources, Production and Demand," Paris 1982.
(6) Includes 40.000 MTU in the Ranstad deposit from which no uranium productio . is allowed due to a veto by local authorities for

environmental reasons.
(7) Includes 35,000 MTU in the Ranstad deposit from which no uranium production is allowed due to a veto by local authorities for

environmental reasons.

NOTE; The figures for Australia do not include Olympic Dam.
MTU signifies 'Metric Tonnes Uranium1
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2.2 Stockpiles

Whilst varying estimates have been made, the range of quantities held in
Western World inventories of uranium in various forms (e.g. natural, uranium
hexafluoride (UF6), enriched) is from 160,000 to 180,000 tonnes uranium
oxide (U308) equivalent including material in process. This excludes
strategic stockpiles and is equivalent to 5 years forward supply at present
rates of consumption.

Whilst this may appear excessive the following factors must be borne in mind s-

the long lead time between the production of yellowcake and the
manufacture of fuel rods ;

the desire of consumers to have reasonably secure stockpiles on
hand.

This has to be viewed in terms of the length of the fuel cycle and the security
aspects of stockpiles. The stockpile level is expected to decrease over the
next few years.

«• 2.3 Market Restructuring

The uranium price most commonly published is the Nuexco Exchange Value

f
which is effectively the spot price. (Nuexco is a prominent US brokerage

firm). However, only 5 to 10% of uranium is traded on the spot market
throughout the world. Most uranium is sold under long term contracts with
prices which are set at an initial level and adjusted according to an agreed
formula.

I
I
r
i

I
Many examples exist today of uranium being sold on long term contracts at

I
prices which are double the current spot price. All current sales of Australian

uranium are at contract prices significantly in excess of the spot price.
Therefore the current spot price, although it has some influence, should not be
taken as representative of values which may be obtained for uranium exported
from Australia.I

I
t
I
I
I
I
I

In recent years, the slower rate of economic growth and consequent reduced
growth in electricity demand has resulted in slowing down, cancellation or
delay in building nuclear stations. This has caused some utilities to sell off
stockpiles on the spot market thereby forcing down the spot price.

New long term contracts entered into during this period were affected by the
lower spot price. This caused many higher cost mines in the United States to
become uneconomic and production has consequently declined over the past 2
or 3 years to a level where current production is well below domestic
consumption. The mines which hc've ceased production are unlikely to be
re-opened until uranium spot prices have risen significantly (perhaps 50 -
100%) from current levels.

As a result Australia has the opportunity to secure long term contracts in the
United States, as evidenced by recent new sales contracts. Negotiations to
secure further contracts must be commenced as soon as possible or other
suppliers will obtain these sales.
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2.4 Competitors

Australia's major competitors in uranium export markets are

Canada
South Africa

I Namibia

Niger

I These countries have available significant tonnages of identical uranium

product, and are actively seeking new contracts. They have established
themselves as commercially competitive and reliable suppliers.

I As Table 3 shows, there are other sources from which uranium can be
• purchased. Some of these countries require less strict conditions and

obligations than those attached to Australian uranium.

I 2.5 Conclusions

I Uranium is a relatively common mineral in the earth's crust. Deposits capable

of commercial development occur in many countries, some of which have not
fully committed themselves to international efforts in support of
non-proliferation. If Australia were to withdraw its supplies of uranium, there
are many alternative sources eager to market their product with less strict
conditions.

I There has been a substantial shake-out in the uranium market over the past

few years, as a result of international economic and energy trends. Prices
have recovered from the low values attained in 1982, but many high cost

I mines, notably in the USA, have ceased production and are unlikely to start up

again in the foreseeable future. Australia has low-cost deposits which enable
it to compete on the world market.There are large quantities of uranium yet to be contracted for existing power
stations, especially in the USA. Australian mines will have excellent
opportunities for securing some of these contracts, with deliveries beginning
later in the decade.

I



Chapter 3

FUEL CYCLE STAGES AND RELATED SAFETY ISSUES

Summary

Unfortunately many sensational myths persist in relation to the use of uranium
to generate electricity, such as the belief that a nuclear reactor can explode
as an atom bomb. The aim of this chapter is to correct such
misunderstandings.

Many uranium fuel cycle safety issues are common to those in other
industries. There are also some which are peculiar to the nuclear industry,
namely radioactive contamination and exposure to radiation.

Adequate safety assessment methods and procedures have been developed for
all phases of the uranium fuel cycle - mining and mill ing, conversion,
enrichment, fuel fabrication, use in reactors, storage and reprocessing. In
some areas essential principles wil l need gradual improvement and adaptation
in order to match developing technologies and licensing requirements.

Safety evaluations and precautions are based on conservative assumptions and
therefore tend to overestimate hypothetical accident consequences. In t ime, a
growing data base wil l help to refine these studies and should lead finally to
more realistic accident assessments, possibly using quantitative risk estimates.
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3. FUEL CYCLE STAGES AND RELATED SAFETY ISSUES

3.1 Stages in the Fuel Cycle

The uranium fuel cycle comprises a number of stages. In sequence they are:

uranium mining and milling;

uranium refining and conversion to hexafluoride;

uranium enrichment;

fuel fabrication;

reactor operation;

spent fuel storage and/or reprocessing;

radioactive waste management.

The fuel cycle also involves the transportation of radioactive material
between each stage.

A schematic diagram of the uranium fuel cycle is set out in Figure 3.

Safety issue.? associated with the uranium fuel cycle fall into two broad
groups. There are those which are involved in many industrial activities and
those which are largely peculiar to the nuclear industry, namely radioactive
contamination and exposure to radiation. This chapter is concerned mainly
with the latter group.

3.2 Safety Philosophy

Countries which have received or are likely to receive uranium from Australia
have adopted nuclear safety regulations which must be ccmplied with by
nuclear fuel cycle plant designers, engineers and operators. As far as
radiation protection is concerned, these regulations generally c'erive from the
Recommendations of the International Commission on Radiological Protection
(ICRP), which rest on three basic principles

". no practice shall be adopted unless its introduction produces a
positive net benefit (justification);

all exposures shall be kept As Low As Reasonably Achievable
(ALARA), economic and social factors being taken into account
(optimisation);

the dose equivalent to individuals shall not exceed the limits
recommended for the appropriate circumstances by the
Commission."



Figure 3 Major stages in tha uranium fuel cycle.
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3.3 Uranium Mining and Milling

(i) Process

Uranium ores are most commonly mined by open-cut or underground mining.
In special situations in-situ leaching (solution mining) methods may be used.
Factors which determine the method to be employed include the size and
depth of the orebody, the ore grade, and the ground conditions in the area.

Uranium is extracted from the ore in the milling stage, using mainly
hydrometallurgical techniques in the following steps :-

crushing and grinding the ore to small particle size ;
leaching the resultant slurry ;
solid-liquid separation and washing ;
solvent extraction or ion exchange ;
yellowcake precipitation and drying ;
packaging.

(ii) Safety

Uranium mining and milling involves dealing with the naturally occurring
radioactive decay products of uranium Safety procedures are designed to
control the release of radioactive materials and the exposure of worker? to
radiation.

One of the daughter products of uranium is radium, which in turn decays into
radon, a noble gas. The daughter products of radon may then attach
themselves to dust particles which can be inhaled. Exposure to the radon
daughters, which have relatively short half-lives, may be controlled by
ensuring adequate ventilation.

In practice the need to provide suitable ventilation for the control of dusts and
diesel fumes in underground uranium mines results in the potential exposure to
radon daughters being maintained at levels which are substantially less than
those considered acceptable.

Stringent and comprehensive safety regulations have been prescribed in
Australia by Codes of Practice issued under the Environment Protection
(Nuclear Codes) Act 1978. These Codes cover detailed practice in all aspects
of the mining and milling of uranium as well as the transport of radioactive
materials. The Codes take into account research and development in other
countries and their provisions are essentially similar to those adopted
internationally.

3.4 Conversion to Hexafluoride

(i) Process

Uranium is normally traded both within and between countries in the form of
yellowcake, a powder usually having the chemical formula U30g. Before
it is suitable for use as feedstock for a uranium enrichment plant, yellowcake
has to be converted to uranium hexafluoride,

Conversion takes place in a chemical plant in which the inputs are yellowcake
plus certain chemical reagents. The product is UFg contained in steel
cylinders specifically designed for both storage and transport.



Uranium hexafluoride has been manufactured in the USA since the early
since 1952 in the UK and France, and later in Canada. These plants normally
operate on long-term contracts to the ultimate consumers of uranium.

(ii)

There are basically two processes, the 'wet' process and the 'dry1 process, for
refining and conversion of uranium to hexafluoride. Neither process gives rise
to any significant radioactive hazards. The safety aspects of both processes
and the handling of UFg are essentially those of a conventional chemical
industry dealir/g with toxic materials. Uranium hexafluoride handling is
common to several stages of the fuel cycle.

3.5 Enrichment

(i) Process

About 90% of all power reactors installed at the present time, and likely to be
installed in the next few decades, are Light Water Reactors (LWR). The t
uranium fuel for such reactors must be enriched from the natural form. The
process of enrichment consists of increasing the concentration of the isotope
U-235 from its natural value of about 0.7% to about 3%. Enrichment is
essentially a physical process in which the two principal uranium isotopes
(U-235 and U-238) are sorted as a result of their slightly differing atomic
mass.

The first commercial uranium enrichment plants were built in the USA. These
are still in operation, although at a very much reduced throughput as a result
of the current excess of stocks and consequent reduced demand. The process
used in the US plants is called diffusion. Another diffusion plant (Eurodif) was
built in France by a group of European countries. This plant, which was only
completed within the last few years, has also been forced to operate well
below its rated capacity. Diffusion plants are characterised by being
economic only in rather large capacities and also by their need for large
quantities of electrical power.

A different enrichment technology, the centrifuge process, is used by the
Urenco group, consisting of organisations from West Germany, Holland and the
UK. This process not only uses less than 10% of the electric power required
for diffusion for an equivalent capacity, but is also economic in relatively
small modules. Thus the Urenco partners have only built capacity in the three
countries to meet firm demand, but are able to expand as additional orders are
acquired. The US is also currently building a centrifuge plant, but using a
somewhat different technology from the European one.

It is likely that the US will close some or all of its diffusion plants in years to
come as a result of the better economics of the centrifuge process. The US is
also working on more advanced methods of uranium enrichment but i t is
unlikely that these will reach a commercial stage before the mid 1990s. The
input to enrichment plants using either diffusion and centrifuge processes is
UFg. The output, both enriched and depleted, is chemically identical and is
still UF6 but with the U-235 concentration altered.



Figure 4 Centrifuge principle showing gas flow.
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Safety aspects of enrichment are quite different to those associated with
nuclear reactors, fuel reprocessing or radioactive waste disposal.

It is important to remember the enrichment process involves only natural
radioactive materials, and there is no irradiation of materials as in a reactor.

Uranium is only weakly radioactive and its chemical toxicity is more
significant than its radioactive toxicity. The protective measures required for
an enrichment plant are therefore similar to those taken by other chemical
industries concerned with the production of fiuorinated chemicals. Exposure
of the UFg gas to the atmosphere can lead to the formation of other
compounds, but any effects remain essentially chemical.

The three gaseous diffusion plants in the US have operated for a combined
total of 80 years, and have handled large quantities of UFg during that time
without significant environmental or personnel health detriment. Although
experience of centrifuge enrichment plants is much Jess extensive, their safety
record is also very encouraging.
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3.6 Fuel Fabrication

(i) Process

The enriched UFg from the enrichment plant is then converted into another
oxide of uranium, UO2 > which is made into ceramic pellets. The actual
reactor fuel consists of sealed tubes commonly of zirconium alloy filled with
the uranium oxide pellets. These tubes are then assembled in clusters, with
hardware for handling purposes attached at top and bottom.

Figure 5 Schematic diagram of the principle of fuel element fabrication

chemistry
supporting tube

structural part production

oxide powder

fuel rod
spring

00
fuel pellets

pellet ~ £
production

0
) insulating end \ i 1 / control bottom piece

U" tablet caP ^ J ^ B rod guiderod guide
tubes

fuel element

fuel red skeleton

hull construction
assembly



-17-

Gi) Safety

No major incident involving radiological hazards or release of radioactivity
has been reported from the nuclear fuel fabrication industry. The record
supports the conclusion that nuclear fuel fabrication is one of the safest stages
of the fuel cycle. The main reasons for this are the well defined processing
and handling operations and associated safety procedures, and the chemically
stable solid state of the radioactive materials involved. The only significant
exceptions to the latter are UFg reconversion and scrap recovery phases
which require liquid processing. Due to the low radio-toxicity of slightly
enriched uranium, off-site environmental consequences could be only of a
limited nature in the event of an accident.

3.7

0)

Reactors

Process

A Light Water Reactor (LWR) may be directly compared with a coal or
oil-fired power station. In the latter the iuel is burned to produce heat which
creates steam from water; the steam drives a turbine which in turn drives an
electric generator. Heat is. generated in an LWR from the energy released in
the fission process taking place in the uranium oxide fuel. The remaining
operations, production of steam for the turbine and electricity generation, are
essentially identical in all power stations. (See Figure 6 below.)

Figure 6 Schematic diagram of a steam power plant.
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The core of an LWR basicaJJy consists of the fueJ elements (clusters of
zirconium alloy tubes containing ceramic uranium oxide pellets), control rods
(neutron absorbing materials used to control the fission process), moderator
and cooiant (water) and instrumentation (continuous measurement of operating
levels, temperatures, etc). Although the practical engineering implementation
of an LWR is vastly more complex than this, in its essentials every nuclear
reactor consists of these items.

Figure 7 Schematic diagram of a Light Water Reactor (LWR)
and Electricity Generating System
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A significant difference between an LWR and a coal- or oil-fired power station
is that all fuel consumed in the latter stations is reduced to ash and gases.
These have to be disposed of on a continuous basis and have substantial
environmental and health impacts. The LWR fuel is removed from the reactor
core at the end of its useful life (approximately three years) in exactly the
same physical form as when it was first loaded. All of the uranium and its
fission products remain within the fuel tubes and are able to be removed
elsewhere for storage and subsequent treatment.

Gi) Safety

It is a matter of concern that many people still appear to believe a nuclear
reactor can explode like an atom bomb. The persistence of this incorrect
belief is a major stumbling block for any rational discussion on reactor safety.
It is therefore necessary to begin by stressing that there is no way in which a
nuclear reactor can explode like a bomb. The reason for this is quite
fundamental: the content of fissile material in the core of a reactor is far too
dilute and diffuse.

The accumulated operating experience of civilian nuclear power plants is
currently approaching 3000 reactor-years. The safety record of the nuclear
industry is of a very high standard. Even the highly publicised accident at
Three Mile Island resulted in additional radiation exposure to the general
public of only a small fraction of that received in one year from natural
sources to which everyone is exposed.

"From the small amounts that did escape, no one
received as much as one year's dose of natural
radioactivity, and the average received within 5 miles of
the reactor was only as much as one month's natural
dose. The public was not physically harmed by Three
Mile Island."

Sir Alan Cottrell, F.R.S., formerly Chief Scientific Adviser to the
U.K. Government, in his book "How Safe is Nuclear Energy?" (19SI)

In designing reactors, a philosophy usually described as "Defence in Depth" is
adopted. This means in effect that an appropriate number of alternative ways
should be available to prevent, indicate and control potential fault situations.

The nuclear industry does not claim that nothing will ever go wrong. Human
failures and plant troubles are bound to occur but the design approach is such
that there are always sufficient layers of protection to contain any incident
and limit its effect.
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In a paper 'Realistic Estimates of the Consequences of Nuclear Accidents', M.
Levenson and F. Rahn, of the Electric Power Research Institute, Palo Alto,
California, say:

I
I

"The lethal content of a physical system is not a measure
I of its risk. For example, a swimming pool contains
• enough water to fill the lungs and thereby drown about

100 ftOQ people, but no one considers this a true measure

( of the hazard of swimming pools. Similarly, the air_ in
any small office, injected 50cc at a time into people's
veins, is capable of killing over 500,000 people but the

I
air represents no real hazard. The same is true of the

radioactivity in a nuclear power plant - widely dispersed
it could cause a catastrophe, but no such dispersal
mechanism exists, accident or not."
They go on to say :

"Simply stated, the ultimate safety of a nuclear power
plant does not depend on the engineering features of the
plant. These features determine the plant reliability and
frequency of failures and accidents. However, it is
natural processes (chemical reactions, aerosol settling,
effects of moisture, etc) that prevent a public
catastrophe from occurring. This simple fact is often

I lost sight of in discussions on the safety of nuclear power
plants."

Two staff members of the U.K. Health & Safety Executive, in a paper -
Comparative Risks of Electricity Production Systems: A Critical Survey of

the Literature', published in July 1980 say after studying in detail a number of
reports on the subject:

"We agree with the general conclusion of the authors
that suitably sited, constructed, and maintained nuclear
systems of the types reviewed involve no more, and
probably less, risk than oil or coal-burning systems,
taking account in each case of the whole fuel cycle. We
doubt if further comparative studies would greatly refine
this conclusion."

3.8 Spent Fuel Storage and/or Reprocessing

(i) What is Spent Fuel?

When the fuel is removed from the reactor, it is highly radioactive, and is put
in suitably shielded and cooled storage for a period of time.
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It is possible to keep the spent fuel from LW Rs in storage indefinitely, as there
is very litt le corrosion problem with the zircalloy tubes. However, only about
3% of the spent fuel consists of actual waste products. There remains some

I 96% of the original uranium, although its U-235 content has now been reduced
to somewhat below 1 %, and about 1 % of plutonium which was produced while
the fuel was in the reactor.

(ii) Storage

I
Although the quantity of radioactivity in the fuel is high, dispersion and

release of any significant proportion of i t cannot take place either rapidly or
readily. The zircalloy (or sometime stainless steel) cladding of the fuel rods is
an efficient barrier against fission product release during handling and storage
of spent fuel bundles.
Experience with spent fuel storage has been reviewed extensively in recent

I years and relates essentially to storage at reactor sites. Visual examination

and radiation monitoring have revealed no evidence of any degradation in
stainless steel or zircalloy clad uranium oxide fuel which has been stored for

I periods of 10-20 years. The situation is less favourable with magnox clad

metallic uranium fuel, used in older established reactors in the UK and
France. Corrosion properties make i t undesirable to store magnox fuel for
lengthy periods.

I (iii) Options for Spent Fuel

m There are two options for handling spent fuel:

. One is to reprocess it by a series of chemical operations.. The other is long term storage and final disposal (see Chapter 6 on
waste management).

(iv) Reprocessing

Reprocessing has been carried out on a small scale in many countries, but at

I
the present time only France and the UK are operating commercial

reprocessing plants. Additional plants are being built in these countries, but
the proposed capacity will be less than the amount of spent fuel expected to
arise during the next few decades. The end result of reprocessing is the

I production of a small amount of very radioactive high level waste (HLW),

plutonium (Pu) which may be recycled for further use as a reactor fuel, and
uranium with lower concentration of U-235.

I The HLW can be safely stored, as i t already is in a number of countries, in
liquid form in suitably shielded tanks. (See Figure 9). For the longer term it is

I preferable to immobilise i t in one or other of various possible wasteforms.

The wasteform most favoured in Europe and the USA is borosilicate glass, into
u/hi/^h ie inrv>rnr\M+*»rl a nrnnrtr+inn nf HI W

which is incorporated a proportion of HLW.
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I The HLW, converted to a powder, is mixed with glass-making material and is
poured into cylindrical containers, usually stainless steel, to solidify. These
cylinders may then be encased in additional cladding such as lead, titanium or

I
concrete, and placed in suitable surface or sub-surface storage. A demonstration

plant has beer, operating at Marcoule (France) since 1977, producing glass
cylinders containing HLW.

( Another possible material for the immobilisation of HLW currently under
development is the synthetic rock, Synroc. Invented by Professor A.E. Ringwood
in Australia, Synroc is claimed to have some technical and economic advantages

I over glass. Its early stage of development means that most of these advantages

and particularly the overall cost of using the material have yet to be established.
(v)

I
I

I
I
I
I
I

I
I

Spent fuel reprocessing has been carried out on a commercial or
semi-commercial scale for about twenty years. The experience gained relates
primcirily to the reprocessing of spent uranium metal fuels, but is to a large
extont relevant to the evaluation of the safety of plants reprocessing oxide fuels.

I As in all operations involving radioactive materials, the uncontrolled dispersion

of radioactive substances to the environment from accidents in a reprocessing
plant can only occur i f the successive containment barriers separating these

I substances from the environment are all breached. Several barriers are

provided, the number depending on the assessed hazards. In some cases as many
as three may be considered appropriate. At least two are necessary, one of
which is the minimum required to be intrinsically safe.The first containment barrier consists of the process equipment and piping.
Consequently the construction materials must be carefully selected. The
integrity of the process equipment is checked by periodic inspection using
television cameras, intrascopes, fibre-optic equipment or by conventional
pressure testing. Almost all this equipment is contained in thick-walled concrete
cells which form a second barrier, while the plant building constitutes a third
barrier against release into the environment.

These barriers are constructed so that the containment is not impaired by
natural phenomena of low probability such as earthquakes, floods or tornadoes,
or by accidental external impacts such as airplane crashes, explosions, etc.

3.9 Transport of Radioactive Materials

There are over 20 years of experience in the transport of radioactive materials
in countries engaged in the commercial nuclear industry and a great deal of

( statistical data already exists on the subject. In Britain for example, between
1962 and 1980 there were more than 6000 journeys of spent nuclear fuel without
any accident involving the release of radioactivity.

I Spent fuels together with high level solidified wastes represent the largest
quantities of highly radioactive materials which need to be transported and

_ require the most sophisticated shipping containers.
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I

I

Specific safety regulations are well-developed and harmonised internationally
since they are all based on the IAEA recommendations. The possibility of an
accident occurring has been taken into account from the beginning and transport
regulations framed so that unacceptable radiation exposures should not occur
from radioactivity release even in the event of severe accidents. Test
procedures verify that actual designs comply with these regulations.

Vitrified high level wastes have not yet been transported in large quantities.
Nevertheless, i t is considered that their transport would be safer than the
transport of spent fuel because they are free from fissile material, contain no
volatile fission products, have had a long cooling time, form a solid glass matrix
and are clad with stainless steel.

The transport of other radioactive materials is unlikely to give rise to safety
problems more significant than those which arise in spent fuel transportation.

Figure 8
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3.10 Expert Report on Safety

I
One of the most comprehensive reports on the safety of the nuclear fuel cycle

(Safety of the Nuclear Fuel Cycle. A State-of-the-art report by a group of
pxrvrts of thp NEA C.nmmittpp on th*» Safftv of Murlear Installations) was

experts of the NEA Committee on the Safety of Nuclear Installations) was
published in May 1981 by the NEA/OECD (ISBN 92-64-12213-3).

In the report the group concluded

I
a) Adequate safety assessment methodology and procedures

already exist either in detail or in their essential principles and
will only need gradual improvement and adaptation in order to
match developing technologies and licensing requirements.

b) Safety evaluations tend to overestimate accident consequences,
because they are based on conservative assumptions. In time, a

I growing data base will help to refine these studies and should

lead finally to more realistic accident assessments, possibly
using quantitative risk estimates.

I c) In many cases, those accidents which could, in theory, lead to
• releases of radioactive materials to the environment, do not do

so because the conditions to breach the containment barrier are
I absent.

3.11 Conclusions

I Unfortunately many sensational myths persist in relation to the use of uranium
to generate electricity, such as the belief that a nuclear reactor can explode
as an atom bomb. The aim of this chapter is to correct such

I misunderstandings.

Many uranium fuel cycle safety issues are common to those in other
industries. There are also some which are peculiar to the nuclear industry,
namely radioactive contamination and exposure to radiation.

Adequate safety assessment methods and procedures have been developed for
all phases of the uranium fuel cycle - mining and milling, conversion,
enrichment, fuel fabrication, use in reactors, storage and reprocessing. In
some areas essential principles will need gradual improvement and adaptation
in order to match developing technologies and licensing requirements.

Safety evaluations and precautions are based on conservative assumptions and

I therefore tend to overestimate hypothetical accident consequences. In time, a

growing data base will help to refine these studies and should lead finally to
more realistic accident assessments, possibly using quantitative risk estimates.
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I Chapter 4
I ENVIRONMENTAL ASPECTS OF THE URANIUM FUEL CYCLE

I
I

Summary

There is a striking difference between the quantities of fuel and wastes
associated with electricity generation from uranium and those for fossil fuels.
For equivalent generating capacity using fossil fuels, many thousand times
greater volume of material is required for fuelling. A significant amount of
this volume appears as waste.

This difference has a marked influence on the relative magnitudes of land use,
transportation and the global effects of wastes from the two kinds of fueh.
Installations for the various stages of the uranium fuel cycle are commonly
similar to many conventional industrial plants, and the rigid application of
safety standards has resulted in an impressive record of industrial and
radiation safety.
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k. ENVIRONMENTAL ASPECTS OF THE URANIUM FUEL CYCLE

All industrial and mining activities involve some influence on or disturbance to
the pre-existing environment, as does human habitation itself. The mining and
subsequent processing of uranium is directed towards the generation of
electricity in power stations, and it is therefore relevant to assess the effect
on the environment of the uranium fuel cycle by comparison with that of other
fuels such as coal, oil and natural gas.

A primary comparison involves the annual quantities of various fuels required
for power stations having an electrical generating capacity of 1,000 MWe. The
quantities are shown below.

Table <i

Annual Fuel Requirements for Different Types of Power Station

(70% load factor)

Coal Fuel Oil Natural Gas Uranium
Black Brown

2.0 million t 5.5 million t 1.3 million t 1.1 million t 180t*

•Before enrichment

It is now normal practice in most developed countries for mining companies to
be required to prepare an Environmental Impact Statement (EIS) prior to
receiving approval to develop a mining project. An EIS covers specific details
of the ore to be mined, the surface installations and methods of operation, and
of the region in which the project is located. There can be very great
differences between projects, e.g. between open-pit and underground mining
for uranium, or strip and underground mining for coal. It is thus impracticable
to give an "average" value for the environmental impact of a mining
operation. This chapter will be restricted to such environmental aspects as
give a comparative and realistic view of the energy fuel industries.

4.1 Land Use

For the reasons just given, no useful general data are available for the area of
land disturbed in mining operations. However, the quantities listed above may
be used to give an idea of the size of operations, and their energy significance.
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For example, the Callide open-cut coal mine in Central Queensland can
produce 2 million tonnes per year of black coal, a quantity which is adequate
for fuelling the Cailide 700 MWe power station. The proposed Kingston lignite
strip mine in South Australia is planned to produce up to 7 million tonnes per
year to fuel an adjacent 1,000 MWe power station. The Ranger uranium mine
in the Northern Territory produces 2,500 tonnes per year of uranium as
yellowcake, provides fuel for nearly 14/J00 MWe of generating capacity and
requires the mining of 1.15 million tonnes of ore.

Additional land use at the mine (or mill) site may include stockpiles or storage
tanks (to ensure continuity of deliveries in the event of any interruption to
production), dumps for overburden or other waste rock, a mill and a tailings
storage area in the case of a uranium mine. The area proposed for the mill at
Olympic Dam is about 25 hectares, with about 400 hectares provided for
tailings storage, sufficient for a minimum of 30 years. For comparison, actual
areas at the Ranger mine site are 46 hectares for the open cut at No. 1
orebody, 42 hectares for the mill and 111 hectares for tailings storage.

The area occupied by the end-user, i.e. the power station with its various
ancillaries, will not be greatly different for the various fuels, since the bulk of
the equipment is similar in each case (e.g. turbines, alternators, switchyard,
cooling water supply, etc.). In the case of coal, however, for stations without
direct access to mine sites there is a need to stockpile up to 3 months supply,
occupying about 5 hectares. After combustion a significant portion of the fuel
remains as ash, which is normally dumped near to the power station. A typical
value for a black coal fired station (1,000 MWe) is 3l&,000 tonnes per year,
which would cover an area of 5 hectares to a depth of 10 metres. Sludge from
stack-gas scrubbers for the same station would amount to 114,000 tonnes per
year and cover an area of 4 hectares to a depth of 4 metres.. The spent
uranium fuel from a uranium power station will be stored on site for some
time after use, but the storage area required is negligible.

Other processing facilities are required for the stages in the uranium fuel
cycle listed in the previous chapter. These are essentially industrial plants,
which may be located in any convenient area, either adjacent to a city or
further away if preferred. Areas required for typical examples are given
below.

Table 5

Typical Land Areas Used for Uranium Fuel Cycle Facilities

Capacity Area Electric Capacity
(hectares) Supported (MWe)

Conversion 5,000 tU/year 560 28,000

Enrichment 10.5 million SWU/year 600 S7,500

Fuel Fabrication 900 tU/year 40 5,000

Reprocessing 900 tU/year 800 5,000
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4.2 Transportation

(i) Uranium

Yeiiowcake is produced in a mil l which is normally adjacent to the mine site
(the only exceptions to this are some very small mines in the USA which share
a regional mill).

Yeiiowcake is transported in standard 205 l i tre drums, which can each hold up
to 400 kg U3O25 (340 kg U). Hence the annual shipping requirements for
yeiiowcake for a 1,000 MWe power station are provided by about 600 drums,
which can be packed into seventeen 20 foot ISO containers. In terms of truck
journeys, this represent rather less than one truck journey every three weeks
from mil l to conversion plant.

The same quantity of uranium is transported from the conversion plant to the
enrichment plant, only this time the UFg is held in mild steel cylinders each
containing typically 20 tonnes of UF5 (13.6 tonnes U). The annual
requirement for 1,000 MWe is now about 13 cylinders, or just over one truck
journey per month

The enriched UFg leaving the enrichment plant is only about one-sixth of
this quantity, and clearly transport requirements at this stage, and for
fabricated fuel, are insignificant. The depleted uranium which remains is
stored indefinitely on the enrichment plant site.

Spent fuel wi l l be stored at the power station site for some years, after which
it may be moved to storage elsewhere and possible reprocessing. The fuel
itself sti l l has a similar weight to that before use, but due to its high levei of
radioactivity, i t now has to be transported in heavy shielded containers. The
annual transportation requirements for these containers amount only to a
small number of truck journeys, or the equivalent by rai l .

(ii) Coal

It is economically feasible for black coal to be transported over very Jong
distances for power station use, as evidenced by international trade in
steaming coal. The more dilute energy content of brown coal, however,
enables it only to be used in power stations close to the mine site, preferably
with direct and continuous conveyor transport between mine and power
station. Transport of 2 million tonnes per year of black coal in terms of 50
tonne trucks amounts to 40,000 journeys, about 110 per day, or 20 shiploads on
100,000 tonne bulk carriers.

Over 90% of the world's coal occurs in 10 countries. Therefore massive
international trade involving construction of railways, loading and discharging
facilities and building of ships is necessary, each of which has a significant
effect on the environment.
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Large scale supply of natural gas around the world is by fixed pipeline direct

I to end-users. This requires a corridor of land sufficient to carry the pipeline

with access for maintenance and repairs. For example, the Dampier to
Kwinana (W.A.) line consists of 660 mm diameter pipe, with an ultimate
maximum throughput of 3.6 million tonnes per year. In other areas gas may be

I transported in specially designed road or marine tankers.

I
I
I
I
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(iii) Fuel Oil

Shipment by 100,000 tonne bulk tanker would require 13 shiploads per year to
supply a 1,000 MWe power station, equivalent to 26,000 journeys by 50 tonne
road tankers (70 per day).

(iv) Natural Gas

4.3 Wastes

(i) Fossil FuelsI
I

There are no major quantities of waste materials arising during the production

and distribution of oil and gas.
Overburden and waste rock from open-cut or underground mining are the

I major wastes associated with production of coal. In some cases quantities of

groundwater may have to be removed from the mine site to avoid flooding of
the working areas.

I (ii) Uranium
There are wastes produced at each stage of the uranium fuel cycle, and

I modern practice for their treatment and disposal is designed to ensure that

any impact on the environment is minimised, is acceptable, and meets
governmental requirements.

| Solid waste, produced when uranium ores are mined, consist of waste rock
(from underground mining), or overburden (open-cut mining). Depending on the

(
mining method, these materials may later be replaced in the mined-out areas.
Average ratios of waste to ore vary considerably, values from k to 30 having
been reported.

I Material which is below ore grade may also be brought out of the mine and
stockpiled nearby. This may either be processed or returned to the mine at a
later date, depending on the evolution of the uranium market and prices.

Liquid effluent from uranium mining consists of surface water run-off from
the waste rock and ore stockpiles, water seepage through the waste rock and
stockpiled ore, and water seepage into the mine. This effluent may contain
suspended solids and dissolved minerals, including uranium and its decay
products.
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Treatment practices can involve impoundment in retention ponds for settling
of solids and surface evaporation of some water, use of mine drainage water as

( a process feed to the uranium mill, and controlled dilution and discharge after
treatment of some impounded water during periods of heavy rainfall.

I
Airborne effluents from uranium mining consist of dusts containing uranium

and its decay products, radon-222 released to atmosphere during exposure and
breakup of the orebody, and the combustion products of petroleum fuels used
by the mining equipment. Radon emanation from the mine and solid wastes

I will continue after the mining operation has ceased.
The tailings slurry is the major chemical and radiological waste from the

( milling process. The slurry consists of leached solid ore and waste solutions
from the grinding, leaching, uranium purification, precipitation and washing
circuits of the mill. The solid tailings, which are usually neutralised, consist
of unleached rock and precipitated mineral hydroxides.
With little of the parent uranium remaining, the short-lived radioactive
daughters are quickly lost by decay from the mill wastes. 70% of the
radioactivity originally present in the ore remains in the waste. Depending on
the process used, yellowcake may contain a few per cent of the thorium and
radium originally present in the ore.

I The tailings slurry is pumped into a system designed to retain all solids.
* Management of liquid wastes is very dependent on climate and ranges from

treatment prior to discharge to almost total retention.

Radioactive airborne effluents from milling include dust and radon gas
released into the air from ore stockpiles, the process operations and from the

I tailings retention system. The dust produced in these operations is controlled

by the use of water sprays and reduced by ventilation extract scrubbers.
Tailings piles are a source of radon and radioactive dust both during and after
the milling operation. Suitable mitigating measures (e.g. covering with water
and ultimately with earth) are taken to minimise the release of radon and dust
to the environment.

I
I Effluents from the conversion stage depend on the particular process

employed. In one case most of the impurities are rejected in a liquid effluent

( stream, while in another most are contained in solid wastes. Liquid wastes
may be neutralised and impounded in a retention pond, from where the excess
water may be evaporated and the sludge buried, or may go to a tailings
retention system. Solid wastes are amenable to chemical treatment, with a

I low-activity solid residue suitable for packaging and burial.

Enrichment operations, which do not involve any chemical processing, do not

I produce any significant quantity of waste. The depleted uranium, or tails, is

stored in the form of UFg in steel cylinders.

I
I
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The effluents from fuel manufacture and fabrication are chemical in nature.
The gaseous wastes generated are removed from the air stream by scrubbing
and filtration systems. The liquid effluents are treated and solid residues
filtered out and stored on site. The waste production from fuel fabrication is
negligible compared with that from mining and milling. All the foregoing
practices are common to the mining and chemical industries.

bA Power Station Effluents

(i) Fossil Fuel Stations

Combustion of coal, oil or natural gas results in the generation of large
quantities of gaseous effluents. Typical quantities for a 1,000 MWe station
are as follows:

Table 6

Quantities of Waste Produced by Various Fossil Fuels

Effluent Coal Fuel Oil Natural Gas

Carbon dioxide
(t/year)

Sulphur dioxide
(t/year)

Particulates
(t/year)

7 million

24,000

2,000

1 million

21,000

150

3.3 million

720

The above quantities of sulphur dioxide and particulates apply to stations
which have already installed equipment to reduce these emissions.

I Concern has been expressed for a number of years about the effects on the
environment and the atmosphere generally of carbon and sulphur dioxides.

( Carbon dioxide is believed to accumulate in the upper atmosphere where it
may give rise to the "greenhouse effect", which (if it occurs) could lead to a
raising of the earth's temperature and consequent melting of the polar ice

{
caps. No conclusive proof of the existence of this phenomenon has as yet been
obtained.

Sulphur dioxide, which may precipitate as sulphuric acid, has been blamed for

I many years for the occurrence of "acid rain", which has not only acidified

lakes in Europe and North America, but is now thought to be the cause of
severe damage to forests in Western Europe.
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Other poisonous gases discharged by coal burning power plants are nitrogen
oxides NOX, the principal pollutants in automobile exhausts. A large

(
coal-fired power plant releases a quantity of NOX at the same rate as
200,000 automobiles.

Coal fired power stations also release radioactive materials with their gaseous
1 emissions, as most coals contain quantities of thorium and uranium. Various

United Nations agencies have quantified the effect by comparing i t with
natural sources of radioactivity and with the effects of nuclear power
stations. On average, both types of power station have comparable effects but
both are sti l l negligible compared to natural sources.

Coal-fired power stations, however, also emit a wide range of other pollutants
to the environment which are potentially harmful.

Table 7

Distribution of Trace Elements in Coal Combustion Residues

Equally distributed in bottom ash and f ly ash

Barium
Chromium
Cerium
Cobalt
Europium
Hafnium
Lanthanum

Arsenic
Beryllium
Cadmium
Copper
Gallium
Molybdenum
Nickel

Chlorine
Fluorine

(Ba)
(Cr)
(Ce)
(Co)
(Eu)
(Hf)
(La)

Manganese
Rubidium
Scandium
Samarium
Strontium
Tantalum
Thorium

Preferentially concentrated in f ly ash

(As)
(Be)
(Cd)
(Cu)
(Ga)
(Mo)
(Ni)

Lead
Antimony
Selenium
Uranium
Vanadium
Zinc

Discharged as vapors

(CD
(F)

Mercury
i

(Mn)
(Rb)
(Sc)
(Sm)
(Sr)
(Ta)
(Th)

(Pb)
(Sn)
(Se)
(U)
(V)

(Zn)

(Hg)

Extracted from report 'The Direct Use of Coal: Prospects and Problems
of Production and Combustion' by the Office of Technology Assessment
to the US Congress, April 1979.
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(ii) Nuclear Stations

Almost all the fission products formed during the production of electricity by
a uranium power plant are retained in the fuel elements. A small fraction
can, however, escape into the coolant through defective fuel cladding and add
to radionuclides produced by neutron activation of structural material,
corrosion products and impurities. Most of the radionuclides carried by the
coolant are removed by gaseous or liquid processing systems.

As mentioned above, the effects on workers and the public from these small
discharges are negligible when compared with natural sources of radiation.

4.5 Spent Fuel Reprocessing

Spent fuel elements removed from a reactor are stored under water and left
until short-lived isotopes have decayed to insignificant amounts. All the
radioactive gases are trapped physically or chemically in the fuel matrix
itself, in the zirconium cladding, or in spaces provided in the fuel pin. The
gases released in the early stages of reprocessing, when this takes place, are
largely trapped and recovered by high integrity filtration systems at the plant.

United Nations estimates of the effect on populations of the small quantities
of gases which might be released show that these are again negligible in
comparison with natural sources - see 'Nuclear Power, the Environment and
Man1; IAEA/WHO, August 1982. ISBN 92-0-129 082-9.

4.6 Conclusions

There is a striking difference between the quantities of fuel and wastes
associated with electricity generation from uranium and those for fossil fuels.
For equivalent generating capacity using fossil fuels, many thousand times
greater volume of material is required for fuelling. A significant amount of
this volume appears as waste.

This difference has a marked influence on the relative magnitudes of land use,
transportation and the global effects of wastes from the two kinds of fuels.
Installations for the various stages of the uranium fuel cycle are commonly
similar to many conventional industrial plants, and the rigid application of
safety standards has resulted in an impressive record of industrial and
radiation safety.

General References on Environmental Aspects of the Uranium Fuel Cycle

'Nuclear Power and Its Environmental Effects' Glasstone & Jordan
American Nuclear Society. ISBN. 0-89448-024-3

'Nuclear Power, the Environment and Man'
IAEA/WHO August 1982. ISBN 92-0-129082-9



Chapter 5

SAFEGUARDS

Summary

As an exporter of uranium with a significant share of known high grade
deposits, Australia is able to exert considerable influence at an international
level. Firstly, i t can and does apply very strict conditions on the use of its
uranium. Secondly, i t can be active in the further strengthening and
application of controls and safeguards over the use of nuclear materials and
technology. Conversely, Australia's withdrawal from the uranium industry
would seriously weaken its effectiveness in these areas.

An international system of safeguards has evolved which has the objectives of

. assuring the international community that each participating
country is complying with its commitments under bilateral and/or
multilateral agreements or treaties;

. deterring a participating country from diverting safeguarded
material to an unauthorised use.

The safeguards system is administered by the International Atomic Energy
Agency (IAEA) and is applied to the peaceful nuclear activities of all
signatories to the Treaty on the Non-proliferation of Nuclear Weapons (NPT)
by the provisions of the Treaty. Safeguards are also accepted voluntarily by
most countries which are not parties to the NPT.

Since the safeguards system has been in operation, there have been no
confirmed instances of safeguarded material being diverted to an unauthorised
use. The safeguards system is not applied to military uses of uranium in
nuclear weapons states.
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5. SAFEGUARDS

5A Importance of Continuing Australian Involvement

Among uranium exporting countries Australia has some of the strictest, if not
the strictest, conditions relating to the use of its uranium. If Australia is to
exert any international influence on existing controls and safeguards, it must
actively participate in the uranium industry and support all measures designed
to ensure the proper control and use of nuclear materials and technology.
Australia's ability to influence international safeguards deliberations will be
directly related to its level of involvement. Any reduction in Australia's
participation will diminish its influence.

5.2 What are Safeguards?

Safeguards are a means of accounting for nuclear materials and the
surveillance of their use to verify that the nuclear activities of a country are
consistent with its international commitments. For example, to verify that
safeguarded material has not been diverted for any unauthorised use.

Safeguards serve a dual role. The 118 non-nuclear-weapon states (NNWS)
which are now parties to the Treaty on the Non-Proliferation of Nuclear
Weapons (NPT) have agreed not to acquire nuclear explosives (horizontal
proliferation). The accompanying NPT safeguards are designed:

to assure the international community that each country is
complying with its Treaty undertaking;

to deter any such country from secretly using safeguarded nuclear
material to make a nuclear explosive. This deterrent effect is
achieved by the expectation that safeguards will detect any-such
diversion.

In countries which have nuclear facilities but which are not parties to the NPT
(12 at present) a similar system of safeguards (IAEA safeguards) is applied to
assure supplying countries (as well as the international community) that
nuclear plants or material they have supplied are used only for peaceful
purposes.

Safeguards (both NPT and IAEA) are applied by the International Atomic
Energy Agency (IAEA) only to peaceful nuclear activities and are not designed
to deal with the problem of controlling or reducing the nuclear arsenals of the
nuclear-weapon states (vertical proliferation).

5.3 How Did Safeguards Develop?

I Since the early 1950s when states began to trade in nuclear materials and

equipment for peaceful purposes, it has been the practice for international
agreements dealing with the use of nuclear energy to specify a set of

• "safeguards" to verify systematically that the state or states concerned would
I not use the relevant nuclear materials or equipment for purposes or in a

manner prohibited by the agreement.
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The first IAEA safeguards agreement was signed in relation to a small
Japanese research reactor in 1960. Since then revision and extension of the

{
safeguards system has expanded to cover all types and sizes of nuclear plants.
During the 1960s as the Agency gained experience in the application of
safeguards, it developed, extended and revised its safeguards system.

This development culminated in the system finally approved by the IAEA in
1968 which covers all types of nuclear facilities.
('The Agency's Safeguards System (1965, as provisionally extended in 1966 and
1968)', INFCIRC/66/Rev.2, IAEA)

In 1970 the NPT entered into force, requiring each NNWS party to the Treaty
to conclude safeguards agreements with IAEA covering all nuclear materials in

I all their nuclear activities.

To carry out the safeguards functions allocated to the IAEA by the NPT, it
was necessary for the Agency to devise a safeguards approach appropriate for
the entire fuel cycle of the countries that were expected to join the Treaty.
Delegates from 48 Member States of the IAEA participated in the negotiation
of the NPT approach, which was drawn up during 1970 and approved by the
IAEA in the same year. ('The Structure and Content of Agreements Between
the Agency and States Required in Connection with the Treaty on the
Non-Proliferation of Nuclear Weapons', INFCIRC/153 (Corrected), IAEA).

A country which is not party to the NPT or which is a nuclear weapons state
(NWS) may also voluntarily accept IAEA safeguards which may cover
individual nuclear facilities or nuclear material, or may extend to the entire
nuclear fuel cycle of the state. The first of many countries to submit all its
nuclear activities to IAEA safeguards was Mexico in 1968, in fulfilment of its
obligations under the Tlatelolco Treaty, which seeks to create a
nuclear-weapon-free zone in Latin America.

5.4 How Much of the World's Nuclear Activity is Covered by Safeguards?

While the number of states technically capable of producing nuclear materials
suitable for nuclear weapons is already large and likely to increase,

( approximately 98% of the nuclear activities in all NWS (both party and
non-party to the NPT) are presently under safeguards.

Apart from the three NWS parties to the Treaty (UK, USSR and USA), up to
now 118 NNWS have adhered to the NPT and have thus entered into an
international legal commitment not to acquire nuclear weapons or other
nuclear explosive devices in any manner whatsoever. Thirty-seven of these
states have substantial nuclear activities and have concluded the required
safeguards agreement with the IAEA. Twenty-two Latin American states have
also ratified and brought into force the Treaty for the Prohibition of Nuclear
Arms in Latin America (the Tlatelolco Treaty). All but two of these states are
also parties to the NPT.
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Voluntary offers were also made by two of the NWS (UK and USA) for the
Agency to apply safeguards to all their civilian nuclear installations, except
those related to national security. France, a nuclear-weapons state not party
to the NPT, has offered to submit selected facilities of the nuclear fuel cycle
to IAE A safeguards. All three agreements are now in force. At the Second
UN Special Session Devoted to Disarmament in 3une 1982, the USSR also
indicated its willingness to put under the control of the IAEA a part of its
peaceful nuclear installations - nuclear power plants and research reactors.

There are 12 NNWS not party to the NPT operating nuclear facilities. In 8 of
these states all substantial nuclear activities known to the Agency are covered
by provisions of existing IAEA safeguards agreements. In the other four only
some installations are under safeguards and there are other nuclear facilities
in operation or under construction which are able to produce weapons-usable
material but which still remain unsafeguarded.

The Peoples' Republic of China has recently joined the IAE A, and although an
NWS not party to the NPT, has expressed some interest in putting certain of
its installations under safeguards.

Australia has concluded comprehensive bilateral safeguards agreements with 9
countries and with Euratom (covering an additional 8 countries). If Australian
uranium is to be supplied to an NNWS, Australia requires that country to be a
party to the NPT. This in turn requires full scope safeguards to be in force in
that country. Australia's bilateral agreement with France, an NWS not party
to the NPT, requires that Australian uranium supplied to France be
safeguarded by the IAE A.

5.5 How are the Safeguards Applied?

For the safe and economic operation of a nuclear plant, the operator must
keep accurate accounts of the movement of nuclear material into and out of
his plant as well as through various plant processes. Much of the IAEA's
verification consists of checking and auditing these accounts. For instance,
countries are required to report periodically to the IAEA Headquarters on
every change in the quantities of nuclear material in their various nuclear
plants. The IAEA checks, analyses and compares these reports both at
Headquarters and during inspections. IAEA inspectors regularly visit the
plants to check plant records for correctness and compare these records with
the reports sent to the IAE A.

They also verify, by measurements and other means, whether the amounts of

( nuclear material actually in the plants, and the increases or decreases since
the last inspection, agree with the amounts shown or calculated from records
and reports. To make inspections more effective the IAEA is increasingly

• using measurement and surveillance instruments designed to be tamper-proof.

These instruments survey and record any movements of nuclear material in the
plant between each inspection - e.g. by automatic cameras that run for several

( months and take pictures at short intervals and by similarly programmed TV
cameras and recorders. The IAEA also makes use of tamper-proof seals to
seal off stores of nuclear material between inspections or to seal the cores of
the reactors themselves (i.e. the fuel in the reactor). More advancedI

I
surveillance systems are being developed.
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5.6 Safeguards Deter the Development of Nuclear Weapons

Safeguards are a means of verifying the fulfilment of political obligations
undertaken by states. Legal force is given through international agreements
relating to the peaceful uses of nuclear energy.

Today most of these obligations flow from the NPT and similar agreements.
According to agreements of this type, the objectives of safeguards are:

"the timely detection of diversion of significant quantities of nuclear
material from peaceful nuclear activities to the manufacture of
nuclear weapons or of other explosive devices or for purposes
unknown, and deterrence of such diversion by the risk of early
detection."

The same concepts apply essentially today for non- NPT type agreements as
well.

A related political objective of safeguards is to provide, through their
application, assurance to the international community that states are
complying with their non-proliferation and other "peaceful use" undertakings,
and that any diversion would be promptly detected.

An incentive for countries to join and remain as a party to the NPT is the
assistance provided to member countries with their peaceful nuclear
programmes - Article IV.2.

Those States which are not party to the NPT may conclude safeguards
agreements voluntarily with the IAE A which has no authority to apply
safeguards unless the state concerned so requests (as it is obliged to do if it is
a party to a legal instrument such as the NPT). In view of the voluntary
nature of the acceptance of safeguards, it is reasonable to expect that the
normal results of applying safeguards will be to confirm that there has in fact
not been any diversion.

It should be clear that no international safeguards system can physically
prevent diversion. The IAEA safeguards system, which is basically a
verification measure, is designed to prove the absence of diversion and is not
designed in a way that would enable it to physically prevent a government
from diverting nuclear material to the production of nuclear weapons.

It should be remembered that the system is limited to the verification of the
safeguarded nuclear activities of the states which have invited the IAEA to do

I so and is based on agreements with them. The IAEA's system is therefore
limited to detecting diversion of safeguarded material or misuse of
safeguarded plant, and then triggering international action.

I The IAEA cannot itself take direct preventive action in a state if it detects
* that nuclear material is no longer being used in accordance with safeguards

undertakings. The IAEA Statute and Safeguards agreements only specify a

I smail number of limited and formal sanctions against the breach of safeguards
agreement. The IAEA must report the matter to the UN Security Council and
the General Assembly. It may withdraw its assistance and suspend the

• privileges and rights of IAE A Membership.



-37-

5.7 How Much do Safeguards Cost?

Safeguards costs have been rising as more nuclear plants are verified by the
IAEA. Their total costs in 1982 were about $26 million and in 1983 will be
about $31 million.

This expenditure pays the salaries and costs of 150 inspectors together with a
research, development, information handling and supporting staff of a further
215 persons at IAEA Headquarters and the specialised safeguards instruments
which the inspectors use in the field. The contribution that IAE A safeguards
make to international security and peaceful nuclear trade and development
represents exceptional value for money.

5.8 Conclusions

As an exporter of uranium with a significant share of known high grade
deposits, Australia is able to exert considerable influence at an international
level, firstly, it can and does apply very strict conditions on the use of its
uranium. Secondly, it can be active in the further strengthening and
application of controls and safeguards over the use of nuclear materials and
technology. Conversely, Australia's withdrawal from the uranium industry
would seriously weaken its effectiveness in these areas.

An international system of safeguards has evolved which has the objectives of

assuring the international community that each participating
country is complying with its commitments under bilateral and/or
multilateral agreements or treaties;

deterring a participating country from diverting safeguarded
material to an unauthorised use.

The safeguards system is administered by the International Atomic Energy
Agency (IAEA) and is applied to the peaceful nuclear activities of all
signatories to the Treaty on the Non-proliferation of Nuclear Weapons (NPT)
by the provisions of the Treaty. Safeguards are also accepted voluntarily by
most countries which are not parties to the NPT.

Since the safeguards system has been in operation, there have been no
confirmed instances of safeguarded material being diverted to an unauthorised
use. The safeguards system is not applied to military uses of uranium in
nuclear weapons states.



Chapter 6

HIGH LEVEL WASTE MANAGEMENT

Summary

High level radioactive waste (Hl'V) only arises from spent reactor fuel. HL'V
may be separated from other constituents of spent fuel during reprocessing, or
the spent fuel may remain in indefinite storage.

Separated HL\V can be immobilised by incorporation in a solid wasteform.
Borosilicate glass has already been extensively used overseas as a wasteform.
Other materials, including a synthetic mineral, Synroc, invented in Australia.
are under development and could ultimately offer technical and economic
advantages over glass.

The wasteform, commonly in the form of a cylinder, may be encased in a
metallic container and surrounded by highly absorbent buffer materials when
being placed in underground storage. Detailed technical evaluation of options
for shallow or deep disposal is proceeding, but i t is not anticipated that any
new technology wil l be reauired for disposal under well-known geological
conditions.

Spent fuel from light water reactors is stable when in storage, and a relatively
small quantity of spent fuel is currently in existence. There is therefore no
pressing need to proceed at present to final disposal of spent fuel or HL/-V,
while the opportunity stil l exists to optimise the methods of disposal.
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6. HIGH LEVEL WASTE MANAGEMENT

The generation of electricity by the use of uranium produces far less waste
throughout the fuel cycle than any other form of base load electricity
generation, with the exception of natural gas and hydroelectricity. Although a
percentage of the wastes from the uranium fuel cycle are highly radioactive,
the quantity per unit of electricity produced is extremely small. The wastes
can be separated, thus reducing their volume even further and facil itating
their handling.

"Al l the highly active liquid waste so far produced as a result of
Britain's nuclear power programme would scarcely f i l l a
four-bedroomed house."

"The CEGB and Nuclear Power: Questions and Answers". February,
1981.

This Chapter deals solely with wastes from civil uses of uranium.

6.1 Categories of W aste *

Several kinds of waste arise in the course of generating electricity from
uranium.

The main categories are :

(a) mining and milling wastes - the residues left from processing
uranium ore, where the radioactivity occurs naturally ;

(b) materials and equipment such as protective clothing, cleaning
materials, f i l ters etc, which become contaminated during the
operation of nuclear facilities. These wastes, generally of low
activity, contain minute amounts of short-lived isotopes j

(c) wastes that wil l result from the eventual dismantling of nuclear
reactors, where the radioactivity wil l be of low and intermediate
level, and relatively short-lived ; and

(d) wastes arising from the fuel after i t has been used in a reactor.
These are either the wastes resulting from the reprocessing of
the used fuel, or if reprocessing is not intended, the used fuel
itself. These are the only high-level radioactive wastes.

The high level wastes, which appear to cause most public concern, account for
the overwhelming proportion (99%) of the radioactivity produced during
nuclear electricity generation. These are highly contained and controlled at
every stage.

*The terms high-level, intermediate-level and low-level wastes are used here
for wastes which have high, intermediate and low rates of emission of
radiation respectively.
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The three principles of any form of radioactive waste management are:

Concentrate and Contain

Delay and Decay

Dilute and Disperse

The waste components of used uranium fuel are not unique among industrial
wastes, in that they are not the only toxic or long-lived wastes produced.
Indeed, several hazardous wastes routinely produced by society never decay.
By contrast, after 100 years the radioactivity emanating from used fuel is only
1 % of what it was one year after discharge from the reactor.

6.2 Initial Storage

When used fuel is removed from a reactor, about $6% is still uranium, the
remainder being "fission products" and "transuranic elements". Initially some
of these fission products are highly radioactive but virtually decay away in less
than 1000 years. A few, together with the transuranic elements, contain
low-intensity but longer-lived radioactivity. Radioactive decay also produces
heat, so the fuel needs to be cooled. The reduction in radioactivity and heat
production is initially rapid and the fuel is usually stored and cooled at the
reactor site for at least some months.

Two storage technologies have been developed :

wet storage in pools with the water acting as both coolant and
radiation barrier;

dry air-cooled storage with cast iron or concrete providing the
radiation barrier.

Wet storage has been practised for 25 years and dry storage of some kinds of
reactor fuel for over a decade.
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6.3 Reprocessing and Conditioning

After the init ial storage, which can be for a number of years, the used fuel
may be processed, stored for later reprocessing, or kept in storage for final
disposal.

If the fuel is eventually reprocessed, uranium and plutonium amounting to
96-98% of the original fuel are extracted and recycled to generate more
electricity. The remaining liquid residues are the waste which, after a further
cooling period of several years, can be incorporated in a suitable solid host
material or wasteform.

Currently the most favoured wasteform for high-level, long-lived waste is
glass, but several other stable materials, including various ceramics and the
Australian Synroc process, are being developed.
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6A Intermediate Storage

Following solidification, the wastes are kept in monitored surface, or
near-surface, storage facilities. At least 20 years of intermediate storage are
desirable to allow the heat and radiation output of the waste to decrease further,
thereby simplifying the design of the eventual waste repository. Most countries
however are planning for considerably longer periods. Even if the used fuel is
not reprocessed it will need to be stored for a similar period and for the same
reasons prior to disposal.

6.5 Disposal

Several options are being studied for the final disposal of high level waste.
Given the desirability of decay heat and radiation levels to be as low as possible
before final storage, there is no rush to commit to any one option. Most studies
have concentrated on deep, land-based disposal in carefully selected, stable
geological formations. Sufficient knowledge has now been accumulated to draw
well-founded conclusions about the effectiveness of this disposal method which
does not require the prior development of any new technology.

Protection of mankind and the environment would be provided by appropriate
combinations of the following barriers

the solid form of the waste;

the layers of encasing material such as copper, lead or titanium
making up the containment;

the buffer and backfill materials such as bentonite surrounding the
waste packages and the materials used to seal the repository.

These comprise the man-made barriers. In addition to this, there is a geological
barrier, which consists of a substantial depth of the earth's crust between the
repository and the surface.
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Figure 1O Schematic diagram of a deep geological disposal repository system.
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The main purpose of a deep, geological repository is to isolate the radioactive
material from the environment. Protection against direct radiation can be
provided by less than 10 metres of solid material.

The only plausible way that radioactive waste materials could reach the
environment would be via groundwater and food chains. The barriers are
therefore engineered to be of high durability and to minimize contact between
groundwater and wastes. There is now strong evidence that these engineered
barriers can be made to remain effective long enough for the highly
radioactive fission products to decay to levels of radioactivity comparable to
those occurring naturally.
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Figure 11 Cross section of barriers in high level waste disposal.
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The geological barrier will provide the basic protection against the
longer-lived, but lower intensity, radioactive elements. Good evidence of the
effectiveness of the geological barrier has been provided by a
naturally-occurring reactor that operated at Oklo, in Gabon, West Africa from
I ,800 million years ago. ("The Oklo Reactors: Natural Analogues to Nuclear
Waste Repositories" - J.R. de Laeter.)

Assessments carried out in various countries, notably Sweden, have concluded
that future exposure to radiation due to the migration of radioactive waste
from a deep geological repository would be negligible.

Because of the small volumes of wastes involved, the cost of this method of
disposal is calculated to be only a few percent of the overall cost of producing
electricity, and is already provided for in the electricity rates in a number of
countries.

6.6 Synroc

Australian research in the area of high-level waste disposal has concentrated
on the development of Synroc, a synthetic rock formed from naturally
occurring minerals. Synroc was invented by Professor A.E. Ringwood of the
Australian National University and it is expected to display good resistance to
leaching by groundwater, even at elevated temperatures. For the moment,
however, glass is the wasteform preferred by most countries.



As already stated, 99% of the radioactivity produced by the commercial
nuclear industry arises from spent fuel from reactors. Low-level and
intermediate-level wastes are not peculiar to the operation of reactors and
occur in medicine, agriculture, research and industry where they have been
safely handled and disposed of for many years.

6.7 Decommissioning

The purpose of decommissioning of a uranium fuel cycle facil ity is the return
of the site to unrestricted use or access by the public. This may be achieved
in several ways.

The site may be returned to the "green f ield" state or the plant left in a
condition that wil l not cause harm to anyone.

It is preferable for decommissioning to be considered at the design stage
before the plant is built. Provisions may then be made in the design to
facil i tate both decontamination and dismantling operations. Decommissioning
can be achieved by stages and be stopped temporarily after any of them.
Decisions and timescales have to be based on many technical, environmental
and economic factors. An IAEA/NEA Symposium in Vienna in 197S and an
NEA specialist meeting in March 1980 reviewed al l aspects of
decommissioning nuclear facilities. The main potential problems appear to be
the radiation protection of the people involved in the decommissioning work
and the radioactive and other wastes produced. Experience reported at these
meetings shows that heavily contaminated plants can be decommissioned
without significant hazard to the public or the workers involved.

Broadly speaking there are three levels of decommissioning.

Many reactors have already been taken to "Stage 1 decommissioning" which
means that all easily accessible radioactive materials are removed, but
machinery, components and structures are left intact. This stage is generally
considered to be suitable only as an interim measure prior to final
decommissioning and a maintenance and monitoring staff remains on duty at
the station.

Stage 2 decommissioning involves sealing off those parts of the plant where
the highest radioactivity level remains and allowing i t to decay further. The
less radioactive parts are decontaminated and removed. At this stage only
l i t t le surveillance is required at fairly low costs.

Stage 3 decommissioning involves removing all radioactive material above
acceptable levels set by national regulatory authorities, usually comparable to
those existing before the reactor was built. Thus the remaining parts of the
plant and the site can be re-used without further control or the land can be
used for other purposes such as housing, offices or industry after demolition of
the plant.
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Since 1960 more than 65 small reactors have been decommissioned to one of
these stages, some as far as Stage 3.

6.8 Conclusions

High level radioactive waste (HLW) only arises from spent reactor fuel. HLW
may be separated from other constituents of spent fuel during reprocessing, or
the spent fuel may remain in indefinite storage.

Separated HLW can be immobilised by incorporation in a solid wasteform.
Borosilicate glass has already been extensively used overseas as a wasteform.
Other materials, including a synthetic mineral, Synroc, invented in Australia,
are under development and could ultimately offer technical and economic
advantages over glass.

The wasteform, commonly in the form of a cylinder, may be encased in a
metallic container and surrounded by highly absorbent buffer materials when
being placed in underground storage. Detailed technical evaluation of options
for shallow or deep disposal is proceeding, but it is not anticipated that any
new technology will be required for disposal under well-known geological
conditions.

I
Spent fuel from light water reactors is stable when in storage, and a relatively

small quantity of spent fuel is currently in existence. There is therefore no
pressing need to proceed at present to final disposal of spent fuel or HLW,
while the opportunity still exists to optimise the methods of disposal.
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Chapter 7

NUCLEAR POWER AND NUCLEAR WEAPONS
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Summary

The peaceful use of uranium to produce electricity has developed from
knowledge first applied to military applications of nuclear technology which
today is widely shared and wi l l not disappear. Any developed nation with
uranium and political determination probably can produce nuclear weapons.

Plutonium is produced in reactors and may be used in nuclear weapons.
However special facilities are better suited to manufacture for this purpose.
Plutonium from commercial reactors is less pure and is considered unreliable.

It is simpler, cheaper and easier to conceal military production reactors and
high enrichment isotope separation plants which are not covered by safeguards.

Termination of supply of uranium by Australia wil l not curtail either the civil
or military uses of nuclear energy.
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Sufficient nucJear weapons are already in existence with potential to cause
incalculable damage to the earth. Their existence is a political problem and

I will not be affected by the activities of the civil uranium industry.

7.2 Proliferation

I The principles involved in nuclear weapons are widely known and such
knowledge will not disappear or be unlearned. As shown earlier, many nations

(
have sufficient uranium within their boundaries to support a nuclear weapons
programme. Any nation with a reasonable degree of technological
development and domestic supplies of uranium, has the potential to develop
nuclear weapons. Proliferation, or non-proliferation, is therefore largely a
matter of political will.
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7. NUCLEAR POWER AND NUCLEAR WEAPONS

7.1 Is There a Connection?

Some critics of the uranium industry refer frequently to the fact that there is
a connection between the civil and military use of nuclear energy inasmuch as
they both require uranium. However such logic applies equally to computers,
aircraft or indeed steel which are critical ingredients for nuclear weapons.
Yet demands are not made for the closing down of the computer industry, civil
aviation or steel production because of their connection with nucleer
weapons. It is not logical to demand the closure of the entire civil uranium
electricity industry because one of its raw materials is an essential ingredient
for nuclear weapons.

7.3 Weapons Material

A nuclear weapon may use either highly enriched uranium or plutonium.
Highly enriched uranium is made in a specialised enrichment plant and does
not require re tor facilities of any kind. Plutonium, however, requires
irradiation cf uranium in a nuclear reactor.

For a country wishing to produce nuclear weapons, commercial reactors and
enrichment plants are not attractive from a strategic or economic point of
view. It is simpler, cheaper and easier to hide military production reactors
and high enrichment isotope separation plants which have not been placed
under safeguards.

7.4 What Is Plutonium and How Is It Made?

Plutonium is an artificial element which is inevitably created when uranium is
irradiated in a nuclear reactor. It is a metallic element, and is naturally
radioactive, but not excessively so. It may be made into various chemical
forms (just as uranium may be) and is commonly used in the form of the oxide,

When a uranium fuel element is placed in a nuclear reactor a number of
nuclear reactions take place in the U-238 isotope which have as their end
result the production of Pu-239.
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If the the fuel element remains in the reactor over a period of time, some of
the Pu-239 is fissioned and provides energy, and some converted to Pu-240.
Eventually some Pu-240 becomes Pu-2^1. The relative proportions of these
isotopes depend on the length of time the material remains in the reactor. On
removal from the reactor of the spent fuel, its plutonium content may only be
separated and recovered if the spent fuel is reprocessed.

Pu-239 and Pu-2^1 are both fissile materials, similarly to U-235. Pu-240 is not
fissile in this way.

I 7.5 Civil Uses of Plutonium

(
Plutonium has been made in reactors and separated by reprocessing, as
outlined above, for many years. Some of this plutonium has been "recycled"
for use as an alternative fuel in power reactors, In practice, some of the
reactor fuel elements would be loaded with plutonium rather than with

I uranium. This experimental approach to the use of plutonium as a reactor fuel

has been undertaken over the past 20 years both in USA and in Europe. The
results of this work do not as yet appear to indicate a special advantage for
the use of such recycled fuel, given that the cost of preparing plutonium for
use in a fuel element tends to be somewhat more expensive than the cost of
equivalent uranium fuel. A further disincentive is the fact that relatively
small amounts of plutonium are currently available from reprocessing.

I
I
1
I

I
i
I

An alternative use of plutonium as a reactor fuel is in fast breeder reactors
(FBRs). A basic purpose of the FBR is in fact to generate more of the same
fuel which is being used. This is why an FBR is called a breeder. Existing
LWRs are not capable of breeding in this way. FBRs have been developed in
several countries, but have only reached a relatively advanced stage in France
and the UK. The results of demonstration programmes in these countries
indicate that breeding is in fact possible, but as yet there is no clear evidence
of any future economic superiority of the FBR over the existing types of LWR.

I It has been suggested that the advantages of FBRs are that a complete closed

system could be established on the one site where plutonium is used as fuel,
new plutonium is generated in the reactor itself and separated out from its

I parent U-238, and then recycled for reactor fuel. It is clear that this process,

although technically feasible and well tested to date, has not yet shown the
economic advantages which are an essential prerequisite before such a system

_ is likely to be adopted by electricity generating utilities in any country.
• Some concern has been expressed over plutonium's health aspects. Like other

heavy elements, plutonium is radioactive and emits alpha particles. Alpha
1 particles are readily shielded by the thickness of a sheet of paper, and hencethe major precaution when handling plutonium is to cover the skin. If

plutonium were to be present in a finely divided, powdery form then it would
be important to prevent any inhalation of these particles, which would risk the
introduction of alpha-active material into the lung.
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There are very small l imits set for such inhalation, and this is why any plant
where plutonium is handled requires very stringent control of atmosphere and
precautions against inhalation of dust. The suggestion that plutonium is
dangerous when swallowed does not appear to be correct. From a biological
point of view, plutonium passes rapidly through the digestive system and does
not present a particular hazard in this area. Plutonium is chemically toxic,
but not more so than other heavy elements. The suggestion that plutonium is
the most toxic substance known to man is completely erroneous, and very
many other everyday chemical substances are some orders of magnitude more
toxic in the chemical sense than is plutonium.

7.6 Military Uses of Plutonium

I As mentioned above, the creation of plutonium in a reactor has as its result a
mixture of plutonium isotopes. The major military use of plutonium is as the

(
fissile material for a nuclear weapon. To make an effective and efficient
weapon the plutonium is required to be essentially pure Pu-239. In order to
make such pure plutonium it is necessary to irradiate the U-238 in a reactor
for brief periods, withdrawing i t within a few weeks before there is any

I buildup of Pu-240. The operation of civi l power reactors is based on an annual

change of fuel, and i t is therefore inevitable that the quality of plutonium
contained in spent power reactor fuel is essentially unsuitable for weapons use,
even after reprocessing and separation.
While i t may be true in principle that a country which had made a political
decision to use civil electricity generating facilities to make military grade
plutonium could do so, the technicalities of shutting down a civi l power station
every few weeks and changing fuel would make the exercise an extremely
laborious and inefficient one, the cost of which would be far greater than the
use of simpler facilit ies built for the purpose.

It would of course be contrary to the commitments made by a country which
has signed the NPT to set up unsafeguarded facilities of this sort.

To summarise the situation, the decision to make nuclear weapons, and to set
up the facilities to make the necessary materials, is essentially a political one.

7.7 Some Expert Opinions

The political and technical issues have been looked at by many eminent people.

I "Following the explosion of the first hydrogen bombs (thermonuclear
weapons), Bertrand Russell and Albert Einstein called the attention of

( scientists to the extreme dangers to mankind of the unrestrained
development and deployment of weapons of such enormous destructive
power.
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"This danger is now compounded by the fact that it is impossible to put
the clock back, to wipe out the nuclear knowledge which made the
weapons possible, or to forgo the peaceful uses of nuclear energy in a
world where fossil fuels, especially oil and gas, are being depleted
rapidly. The fact that nuclear power reactors produce plutonium,
from which weapons can be made, cannot restrain permanently this
peaceful use of energy from uranium. Uranium has proved to be far
more prevalent in the earth's crust than was thought to be the case
thirty years ago.

"Despite the non-proliferation treaty, or conditions placed on the use
of its uranium by a supplier, i t is now clear that any nation with a
reasonable basis of technology, which is determined to have nuclear
weapons, can do so.

"Withholding Australian uranium would not prevent the erection of a
single reactor, or the production of one nuclear weapon, in a world
where 50,000 - 60,000 such weapons already exist."

Extract from article by Sir Mark Oliphant in booklet "Challenge to Australia".

"Weapons proliferation is not an inevitable, nor even a probable, result
of expanded civil nuclear energy use. Indeed, no nuclear weapons
force has yet depended for its existence on civil nuclear power
development. A country embarking on nuclear armament might well
find that a self-sufficient civil nuclear power industry could shorten
the time needed to produce material for weapons. But easier and
cheaper routes to weapons acquisition are likely to lie through the
establishment, in the first place, of separate facilities committed to
military use.

"Moreover, having a substantial nuclear power industry which depends
on international trade may deter a government from risking that
portion of its national energy supply by embarking on a nuclear
weapons programme in defiance of its trading partners."

Quotation from "The 1980 Report of the International Consultative Group on
Nuclear Energy", sponsored by the Rockefeller Foundation, New York and the
Royal Institute of International Affairs, London.
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7.8 Conclusions

The peaceful use of uranium to produce electricity has developed from
knowledge first applied to military applications of nuclear technology which
today is widely shared and will not disappear. Any developed nation with
uranium and political determination probably can produce nuclear weapons.

Plutonium is produced in reactors and may be used in nuclear weapons.
However special facilities are better suited to manufacture for this purpose.
Plutonium from commercial reactors is less pure and is considered unreliable.

It is simpler, cheaper and easier to conceal military production reactors and
high enrichment isotope separation plants which are not covered by safeguards.

Termination of supply of uranium by Australia will not curtail either the civil
or military uses of nuclear energy.
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ECONOMIC BENEFITS TO AUSTRALIA FROM URANIUMI
I

Summary

The two operating uranium mines in Australia earn over $350 million per year
of export income. Potential exists to increase this level substantially by
allowing Ranger to expand ana other projects to go ahead. Resulting
construction and operating activities would stimulate large investment
expenditure, creation of employment directly and indirectly, associated
economic activity in other sectors of the economy, development of new towns
with high standard community facilities and infrastructure with special
benefits to Aboriginal groups. Further development of the uranium industry
provides the opportunity for rapid and significant economic benefits to
Australia.
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8. ECONOMIC BENEFITS TO AUSTRALIA FROM URANIUM

8.1 General

The current restricted level of mining and export of uranium from Australia is
producing significant export earnings. Considerable potential exists for
further development involving large scale construction projects, investment in
plant, equipment and community infrastructure, employment creation,
increased government revenues, greater export earnings and broad community
benefits.

8.2 Potential for Further Development

These benefits would flow from a Government policy which permitted
development of any uranium project which meets all normal criteria including :-

. firm contracts for sale within Government requirements as to terms
and safeguards;

. general project approvals including all environmental aspects.

Views on the amount of potential for increased sales vary widely. Advanced
negotiations by owners/operators of existing and potential uranium mines have
shown clearly the existence of market opportunities for their exports. Often
sales are based upon special relationships between participants, or special
suitability of project size or timing for the needs of a particular consumer.

The state of the spot market is not properly representative of the prospects
for term contract sales or prices. It is widely acknowledged that long term
contracts for uranium offer considerable attractions because of the benefits
attached to secured supplies at a known price from a reliable exporting
country. Contracts are usually for supply at least 5 to 6 years in advance, and
power authorities are most anxious to ensure security of fuel sources when
committing large expenditure to uranium power stations.

Australia is in a potentially favourable position to secure further long term
contracts as it is seen as a reliable exporting country and has high quality
deposits which enable it to produce uranium at a comparatively low cost.

8.3 Forms of Economic Benefits

The major areas of benefit to the Australian economy offered by the mining
and export of uranium for use in power generation may be considered under
the following headings :-

. construction activities

. capital investment

. export earnings

. new "wealth" or "value" creation

. employment creation - direct and indirect plus multiplier effect

. government revenues

. community infrastructure and facilities, and

. special advantages to Aboriginal groups.
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I
In general terms, these positive effects are the same as those flowing from
any large project in the resource sector or other segments of the economy.

8.4 Construction Activities

All construction projects create employment in a wide range of industries

I supplying goods and services. Typical examples ire metal fabrication

workshops, equipment and machinery suppliers, wholesale and retail sectors,
transport, communications and general community services.

I These requirements create considerable economic activity throughout the
economy, locally and in other parts of Australia. As an example, the spread of
expenditure in constructing the Jabiluka project is estimated as follows :-

I
I
I Studies of the effect of the Olympic Dam Project estimate the impact on the

South Australian economy during the construction phase as ranging from $233
million per year during the early stage up to $578-$638 million per year.

I The details below of the two operating projects and some other potential
ventures show the large scale economic activity involved.

I
The construction of Ranger involved costs of about $330 million over about IS

I months, employing approximately 1,200 construction workers. Creation of

further expenditure and employment will occur during the expansion phase.

. Nabarlek construction costs were $90 million over 12 months, employing 600.

• (ii) Potential Projects (Using 1984 $A values)I
I

State

Victoria
N.S.W.
South Australia
N.T.
Queensland

Capital Expenditure
$ million

59
122
30

234
5

(i) Existing Operations With Expansion Potential

Estimates for Jabiluka are $543 million over 3.5 years, with 1,600 construction
employees.

Koongarra would involve 500 construction jobs over 2 years and expenditure of
$110 million.

I
The Olympic Dam joint venture is estimated to involve $1,520 million
including the mine, metallurgical plant, infrastructure and town with a peak
construction work force of more than 3,000.

I
I
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Ben Lomond has been estimated to involve a $110 million construction cost
over 3 years, creating 400 jobs during its development.

During a construction period of 18 months, Lake Way would create 250 jobs
with expenditure of $50 million.

Development of Honeymoon from the present small capacity plant to full
operation would require expenditure of $19 million and involve 50 construction
workers over 12 months.

Yeelirrie is estimated to create construction employment of 700 jobs over 2
years with expenditure of $293 million.

8.5 Investments

These figures may be summarised as follows :-

Mine Capital Cost

$ million

Existing

Ranger 330 *

Nabarlek 90

Potential (1984 $)

Jabiluka 543
Olympic Dam 1,520
Yeelirrie 293
Koongarra 110
Ben Lomond 110
Honeymoon 19
Beverley 40
Lake Way 54

• Additional expenditure would result from expansion of Ranger.
On average, about Z5% of the capital cost of new mineral projects is spent
within the Australian construction and manufacturing industries.

8.6 Export Earnings

Preliminary figures for 1982/83 show mineral products earning in excess of
$8.78 billion for Australia, including $354 million from sales of uranium,
making it the fifth largest export revenue earning mineral product and the
tenth most valuable export.
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Examples of the potential value of uranium orebodies are as follows:-

Project Contained LhOs Value
USFmlllion (at)

Ranger
Nabarlek
Jabiluka
Koongarra
Olympic Dam
Yeelirrie
Ben Lomond
Honeymoon
Beverley
Lake Way

TOTALS

Tonnes

134,000
12,000

207,000
13,000

360,000*
52,000
4,800
3,400
16,200
2,900

805,300

I
I
I

US$35/lb

I
I
I
I
I
I
I
I
I
I
I
I
I
I

62,326

Calculation based upon statement by Sir Arvi Parbo, Chairman of WMC
Holdings, on 4 November 1983 - "Recent exploration and development
work has established within the mineralised area a probable 450 million
tonnes of higher grade ore averaging .... 0.8 kg/tonne

It is clear that uranium can contribute huge amounts of export earnings. The
potential benefits to Australia are obvious.

8.7 New "Wealth" or "Value" Creation

An important aspect of mining (and other primary and some secondary
industries) is that it creates new "value" or "wealth" by winning minerals which
are sold, mostly (&C% of total production) on export markets to bring revenue
into Australia. This contrasts with the service industries, which are important
in terms of employment opportunities, but to a large degree involve
circulation of existing "wealth". The creation of "new wealth" is vital for the
continuing health of the Australian economy to pay for imports and enable
strong growth including capital inflow.

The contribution of mining and mineral related manufacturing to gross
national product (GNP) is of the order of 12%. When considered as a share of
"new wealth" within the GNP, the mineral sector accounts for almost 30%.

8.8 Employment Creation

Whilst employment in the mining and production of uranium is not large
relative to the capital investment involved, the industry is able to make a
considerable impact on the (often remote) mining localities by direct and
indirect employment opportunities and local expenditure on goods and
services.
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Estimates of direct permanent employment creation are as follows :-

Mine Permanent Employment

Existing

Ranger 400 *

Nabarlek 113

Potential

Gabiluka 880
Koongarra 150
Olympic Dam 2,400
Beverley 85
Yeelirrie 430
Ben Lomond 280
Honeymoon 60
Lake Way 120
TOTAL 4,918

* An increase in permanent employment would result from expansion of
Ranger.

Estimates of the multiplier effect of employment creation from major
projects range from as low as 1.25 to 2.5 jobs (or higher) in indirect
employment for each person directly employed. A commonly used but
conservative figure is 1.5. This would give indirect employment creation of
almost 7,400 jobs (using 1.5) or over 12,000 (using 2.5).

SeveraJ major studies have been carried out to assess the economic impact of
the Olympic Dam Project. These provide estimates of indirect job creation
during the construction phase which range from over 9,000 up to more than
18,000 jobs, depending on economic conditions and the ability of the South
Australian economy to accommodate the additional business. These studies
estimate permanent indirect employment during production will be 5,700 to
8,500 positions making a significant continuing increase in economic activity
in South Australia, probably in excess of $100 million per annum.

Impact statements on other potential uranium mines show similar major
contributions to direct and indirect employment and general stimulation of
economic activity. The combined contribution to national income up to the
year 2000 by uranium mines in the Northern Territory (assuming Ranger and
Nabarlek continue producing, Ranger expands and Jabiluka and Koongarra
commence) has been estimated at more than $10 billion.

8.9 Government Revenues

Each of the potential new projects offers substantial flows of increased
Government revenues in the form of royalties, payroll tax, corporate taxes and
income taxes. At the same time, direct and indirect employment will
represent major savings in government expenditure. The general increase in
economic activity boosts Government receipts in associated areas.
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8.10 Community Infrastructure and Facilities

In most cases, uranium projects are in relatively remote areas where it is
necessary to create new communities and facilities, or substantially improve
existing facilities. An example is the totally new township of Habiru built to
service the Ranger and Oabiluka mines. This has become a regional centre,
providing high grade community facilities and infrastructure in the areas of
education, health and recreation. Other economic activities such as tourism
benefit from these establishments.

In the case of Olympic Dam, it is planned to construct a new town with
provision for a population of 9,000 people, but allowing for an ultimate
population of 30,000. Lifetime of the project is from 30 years up to 100 years.

8.11 Special Advantages to Aboriginal Groups

Particularly in the Northern Territory, present and potential uranium mining
offers major benefits to Aboriginals by :-

lease payments,
royalty-type payments
business opportunities
direct and indirect employment, and
vastly improved community facilities such as health and
education.

Estimates of the value to the Aboriginal community of various projects are as
follows :-

Mine Benefits per Year

Ranger $12.5 million
(at present production levels)

Nabarlek $3.5 million
Jabiluka $8.5 million
Koongarra Direct equity (25%) in

project. Other payments
not yet determined.

Assuming each of these mines were to go ahead, total payments to Aboriginals
by the year 2000 would be in the order of $350 million.

It is not possible for Government assistance to match benefits of this scale,
nor the employment opportunities or dramatically improved community
facilities.

8.12 Conclusions

The two operating uranium mines in Australia earn over $350 million per year
of export income. Potential exists to increase this level substantially by
allowing Ranger to expand and other projects to go ahead. Resulting
construction and operating activities would stimulate large investment
expenditure, creation of employment directly and indirectly, associated
economic activity in other sectors of the economy, development of new towns
with high standard community facilities and infrastructure with special
benefits to Aboriginal groups. Further development of the uranium industry
provides the opportunity for rapid and significant economic benefits to
Australia.


