
NUCLEAR EDUCATION A PREREQUISITE FOR THE PUBLIC ACCEPTANCE OF THE NUCLEAR FUEL CYCLE

Leslie G Keraeny
Fellow - Australian Institute of Energy

The Nuclear Engineering Group, School of Mechanical and Industrial Engineering
The University of New South Wales, Box 1, P.O. Kensington, N.S.W., 2033, Australia

1. INTRODUCTION

In January of 1984, speaking at the
Conference on The Hazard in Human Activities in
Florence, Italy, Sir John Hill (Chairman of
British Nuclear Fuels Ltd.) urged the view that
it is the trade-off between risk and benefit,
rather than risk alone which should be
considered in the choice of national and global
energy systems.

To put this thought into logical
perspective within the context of this paper,
all scientists and technologists are agreed that
the coal based fuel cycle is somewhere between
50 to 300 times more dangerous than the uranium
fuel cycle. Under these circumstances it is not
difficult to show that the replacement of the
Three Mile Island nuclear plant by an equivalent
2000 MW.(e) coal-fired plant could lead to an
additional

100 deaths per year
125,000 cases per year of chronic

respiratory disease
1,000,000 person-days of aggravated

heart-lung symptoms
$25,000,000 worth of property damage.

•̂The Three Mile Island incident has often been
cited as the 'skeleton in the cupboard1 of the
peaceful nuclear industry, yet even this event
has not dented the safety record of close on
thirty years of nuclear electricity and process
heat generation. Over this period there is not
a single recorded death or injury from nuclear
causes in the Western World.

It is in this area that misinformation and
misrepresentation is frequently used to cause
undue concern in Australian society. The
following Table 1 from "Health Physics" Vol. 36,
pp 707-722, June 1979 may come as a surprise to
many Australians.

The figures below are for the United States and
assume that all US energy sources are nuclear.
U.C.S., the Union of Concerned Scientists is the
most prominent group of anti-nuclear activistsl

•̂The author was also one of the first scientists
to visit the U.S.S.R. to investigate the
Chernobyl disaster. His findings have been
published elsewhere.

TABLE 1
LOSS OF LIFE EXPECTAHCY IN THE USA ( E) DUE TO VARIOUS CAUSES

Being unmarried - male
Cigarette smoking - male
Heart disease
Being unmarried - female
Being 30% overweight
Being coal miner
Cancer
20% overweight
{8th Grade education
Cigarette smoking - female
Low socioeconomic status
Stroke
Living in unfavorable state
Army in Vietnam
Cigar smoking

3500 Drowning
2250 Job with radiation exposure
2100 Falls
1600 Accidents to pedestrians
1300 Safest jobs - accidents
1100 Fire - burns
980 Generation of energy
900 Illicit drugs (US average)
850 Poison (solid, liquid)
800 Suffocation
700 Firearms accidents
520 Natural radiation (BEIR)
500 Poisonous gases
400 Medical X-rays
330 Coffee

41
40
39
37
30
27
24
18
17
13
11
8
7
6
6

731



TABLE 1 (continued)

LOSS OF LIFE EXPECTANCY IM THE USA ( E) DUE TO VARIOUS CAUSES

Dangerous job - accidents 300
Pipe smoking 220
Increasing food intake 100 cal/day 210
Motor vehicle accidents 207
Pneumonia - influenza 141
Alcohol (US average) 130
Accidents in home 95
Suicide 95
Diabetes 95
Being murdered (homicide) 90
Legal drug misuse 90
Average job - accidents 74

Oral contraceptives 5
Accidents to pedalcycles 5
All catastrophes combined 3.5
Diet drinks 2
Reactor accidents - UCS 2*
Radiation from nuclear - Rasmussen O.02*
Radiation fros nuclear industry O.02*
PAP test -4
Smoke alarm in home -10
M r bags in car -50
Safety improvements 196G-76 -110
Mobile coronary care units -125

2. WHY ALL THE FUSS ABOUT ENERGY ANYWAY?

There is no doubt that the world needs
energy and needs it in increasing quantities.
Less than one third of the world's population
consumes two thirds of the world's energy. To
bring everyone up to the current standard of the
development world would require more than a
doubling of supplies. If we now allow for
population growth the same per caput consumption
would, in 2025, require about six times present
energy supplies. Such a target is almost
certainly beyond our reach. It will of course
be reduced by determined conservation efforts
but it is still a very large requirement and it
includes no allowance for any growth in per
caput consumption in the industrial world.

Of course energy consumption is not an end
in itself. It is the benefits derived from its
use that matter. The availability of plentiful
supplies of cheap coal was essential to the
industrial revolution, as was the availability
of oil to the 'golden age1 of economic growth in
the 1950s and 1960s. The present living
standards in the industrial world are a direct
consequence of the application oC energy to
improve man's productivity and to free resources
that can then be used to further welfare and
cultural development. Energy underpins not only
our domestic comfort, industrial production and
transport but also agriculture, water supply and
the infrastructure of modern society.

In the near and medium term world economic
growth potential seems likely to be constrained
by limited oil production and this could persist
unless large quantities of energy can be
produced from other sources. The World Energy
Conference repeatedly stressed the need to
develop replacement energy sources as rapidly as
possible including nuclear, coal and the
renewables, to minimise the risks of getting
trapped in a period of persistent energy
constrained growth.

To some extent and given time, energy
sources are interchangeable. In the near term,
however, oil is essential to the world's
transport systems and could only be replaced by
more expensive synthetic products derived from
coal. In the longer term electric p.-opulsion
and hydrogen (derived by electrolysis) could
provide a substitute. Electricity is
particularly versatile both in its acceptance of
energy inputs from a wide range of sources
(fossil, nuclear, hydro, wind, waves, etc.) and
in its flexibility in use. It provides heat,
light, power, and the medium for information
transfer.

Of the potentially available energy sources
only coal, nuclear and hydropower look as though
they are capable of expansion on a sufficient
scale within the time scale set by our knowledge
of hydrocarbon resources. Oil will not disappear
overnight but by 2020 we could find oil and gas,
nuclear and coal contributing roughly equally to
the world's primary energy requirements, with a
smaller but significant contribution from
renewables including hydropower.

Oil and coal are better adapted to the
needs of the developing countries to replace
fuelwood, which because of over-consumption is a
depleting resource with serious consequences for
climate and agriculture. The efforts of the
development countries to replace oil as a fuel
for electricity generation are not only in their
own interest but also help to extend the life of
the resource, to advantage of the Third World.
Similarly, nuclear energy, which in many
countries is the cheapest way of generating
electricity, will play an important role in
keeping energy and electricity prices below what
they would otherwise be.

The danger of allowing a low energy future
path, such as that advocated by some pressure
groups, is that it may eventually become
dangerously self-fulfilling. The costs of
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inadequate energy supplies are not merely the
additional cost of the next best alternative but
also their influence on the balance of payments
of importing nations, plus the depressing impact
on productive output and hence living standards
throughout the world. Do we wish to plan for
such a future?

The benefits of economic growth are
unquantifiable. Gross domestic product is a
measure which captures some aspects but it is a
poor measure which inadequately reflects changes
in the quality of life and even to some degree,
material living standards. The benefits of
energy provision are even less definable because
of the complexity of the links between energy
and future growth. One can speculate, as has
Sir Fred Hoyle in his book "Energy or
Extinction". Should we, he asks, "be concerned
about the relatively minor risks of having
nuclear energy when, without it, the world would
be spiralling downwards towards the major risks
associated with severe political instability and
increasing international tension over energy
supplies". This view is arguable, but the risks
attached to failure to provide adequate energy
are an essential element of any equation. It is
the difference between the situations, whatever
ti-.̂ Si may be, with and without adequate supplies
that we would need to measure - but we cannot.

3. UNACCEPTABLE RISK?

On a more quantitative basis, the nuclear
ir.?ustry, in all countries, has an unblemished
safety record when compared with other sources
of base load energy. The comparison with coal

below.

ESTIMATED

(a)

Primary
Energy
Source

Coal(c)

TOTAL
Oil and Gas

TOTAL
Nuclear

TABLE 2

NUMBEU OF DEATHS DUE TO ACCIDENTS
PER GW:

OF ELECTRICAL :

Operation

Extraction
Transport
Generation

Extraction
Transport
Generation

ENERGY SENT OUT <b)

Deaths/GWy Sent Out
Deaths Caused By
Accidents

1.4
0.2
0.2
1.8
0.3

Insignificant
None reported

0.3
Extraction (USA) 0.1
Transport
Generating and

reprocessing

Insignificant
0.15

(d)
(e)
(f)

(9)
(h)
(f)

(i)

TOTAL 0.25

Noces

(a) Gigawatt years (giga =

(b) Based on average electricity supply from
stations for years 1972-74 reproduced in
Table 71, Digest of United Kingdom Energy
Statistics 1975 which shows relative
outputs, for nuclear, oil-fired and other
steam raising plants (of which the vast
majority are coai-fired).

(c) Based on underground raining figures only.
Opencast facilities are not included.
(They would have an insignificant effect on
the final figures).

(d) Based on an assumed figure of twenty-six
deaths in mining coal for power stations.

(e) Eased on estimated number of deaths
attributable to movement of coal by rail
not including accidents to the public.
Figures for death due to the movement of
coal by road considered insignificant.

(f) Based on number of deaths to CEGB employees
1970-1977. Information supplied by CEGB.

(g) Based on figures for fatal injuries in
exploration and production in the United
States published in the 46th Annual Review
of Fatal injuries report to the American
Pertroleum Institute. It is appreciated
that the bulk of the fuel oil used in UK
power stations is from the Middle East
where accident performance may differ
sharply from that of the USA. Figures for
the Middle East are not available and we
have therefore used the American figures as
the only available indicator. Making
allowance for the lower fuel oil
consumption of the UK, we have arrived at a
figure of approximately two deaths per
annum in overseas oil fields attributable
to the production of oil for UK. To these
we have added the figures for deaths in the
North Sea Oil extraction industry published
by the Department of Energy. This gives an
approximate figure of twelve deaths per
annum.

(h) We have been unable to obtain figures for
deaths due to the shipping of oil from
overseas oil producing countries.

(i) Based on figures from United States uranium
mining reproduced in USAEC Wash 1224
Comparative Risk-Cost-Benefit study of
alternative sources of electrical energy.
It is appreciated that the USA is not the
primary supplier of uranium for UK power
stations. Again we have used these figures
as they are the only ones readily
available.
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(j) Based on information supplied by CEGB (see
(f) above) and by British Nuclear Fuels
Limited for accidental deaths of employees
1970-1977. None of these deaths was due to
radiation effects.

More specifically, Table 3 gives a
dramatic indication of the life saving potential
for any country which seeks to switch from a
coal or oil based energy generating industry to
that based on the nuclear fuel cycle.

Source: The Hazards of Conventional Sources of Energy,Health and Safety Commission 1978.

TABLE 3
ENHANCED RISK OF DEATH PER YEAR FROM U.S. ELECTRICITY PRODUCTION

Age Normal Risk Enhanced Risk of Death per year
of Death/yr Coal and Oil Nuclear

1.0008 in 3,800
1.0001 in 700
1.0004 in 200
1.000000 in 40
1.00002 in 100

Source: American Medical Association Report C (A-' . 1978.

10
25
45
65
All aq

1
1
1
1

es 1

in 3,
in
in
in
in

800
700
200
40
100

1.38
1.07
1.02
1.0004
1.01

in
in
in
in
in

3,800
700
200
40
100

4. THREE MILE ISLAND

In the Western World today, it is almost
unconceivable to contemplate a worse "accident"
scenario than Three Mile Island. This was an
incident triggered off by a single innocuous
mechanical event which off itself would have
merely shut down the plant. Through inexcusable
operator inefficiency and mismanagement, the
"incident" became a serious economic liability
for the plant operators and an inconvenience for
the citizens of Harrisburg but certainly not a
"catastrophe" as two weeks of global
socio-political orchestration and media
manipulation would have led us to believe.

As seen by Milton Levenson and Frank Rahu
of the Electrical Power Research Institute of
Palo Alto, California, the realistic
consequences of nuclear accidents are always
amplifed out of proportion with the risks
normally accepted by society - see Tables 4 and
5 - because of phobic perceptions frequently
associated with new technologies. In Table 4 we
see reflected the consequences of hydroelectric
or water conservation reservoir failures.

TABLE 4

Table 5 shows the historical penalties
associated with the burning of coal and oil in
Great Britain.

TABLE b

LIST OF FOG DISASTERS OCCURRING IN U.K. CITIES
DURING PREVIOUS 100 YEARS

London 1873 Rise in death rate from bronchitis
by 268 in one week of chemical
fog.

London 1880 Rise in death rate from bronchitis
by 592 in one week of chemical
fog.

London 1891 Rise in death rate from bronchitis
by 572 in one week of chemical
fog.

Glasgow 1909 Average death rate from
respiratory disease of 57 per
week increased in five weeks of
chemical fog to 133,233,171,19..nnd.137.

Salford
1930/31

Year
1979
1977
1967
1963
1961
1960
1959
1959
1959
Source:
Power,

CATASTROPHIC DAM FAILURES

Place Fatalities
Morvi, India
Tenton, USA
Koyna, India
Vaiont, Italy
Kiev (Babi Yar) USSR
Oros, Brazil
Frejus, France
Vega de Tera, Spain
Bhakra, India

Greenhalgh: The Necessity
1980.

>3,000
911
180
2,600-3,000
145
1,000

421
123-150
10

for Nuclear

London 1952

London 1954

London 1962

Source: EU

Average death rate from
respiratory disease of 137 per
week increased in chemical fog to
592 in 9 days.
Three days of chemical fog
estimated to have caused 4,000
extra dea':hs in the London area.
1,000 deaths directly attributed
to respiratory and circulatory
disease resulting from exposure to
chemical fog.

750 deaths attributed directly to
chemical fog.
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The safety of nuclear power plants has been
defended - and attacked - on the basis of how
likely is that a major release of radioactivity
will occur. Nuclear advocates say once every
million reactor years at most; people opposed to
nuclear power say it can happen fairly often.
This dialogue has revolved around the
probability and neither side has bounded the
size of the public risk from the worst release
that could really happen.

The lethal content of a physical system is
not a measure of its risk. For example, a
swimming pool contains enough water to fill the
lungs and thereby drown about 100,000 people,
but no one considers this a true measure of the
hazard of swimming pools. Similarly, the air in
any small office, injected 50 cc at a time into
people's veins, is capable of killing over
500,000 people - but that 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 historical
reactor accident, every nuclear weapons
accident, as well as many experiments
demonstrate that the dispersal mechanisms act to
limit large releases of radioactivity. This is
why an accident causing widespread and serious
health effects to the public will not happen.

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 prrvent a public catastrophe from occurring.
This simple fact is often lost sight of in
discussions on the safety of nuclear powe^:
plants.

Now, in the aftermath of TMI, people are
perhaps more open to asking the questions: Why
weren't the public health effects greater? Was
it but for the grace of God? No! but it was due
to the grace of Nature. Engineered barriers,
after all, are always subject to failure. Not
so with natural phenomena. Our experience has
shown natural phenomena to be very effective in
containing radioactivity. These same natural
barriers will also act in future accidents. The
inherent safety of nuclear reactors rests on
these demonstrable phenomena - not on
theoretical arguments or hypothetical scenarios.
Whether an accident does or does not occur
depends on our skill, although some like to
think of it in terms of luck of probability.
But the consequence of such an accident is not a
question of skill, or luck, or probability -
natural processes will limit the dispersal of
significant radioactivity to the near vicinity
of the accident. As a result, a public
catastrophe will not occur.

The Pennsylvania Health Department has
refuted one of the most sensational charges
resulting from the March 1979 Three Mile Island
accident - that it caused an increase in infant
deaths in the surrounding area.

An eight page final report by the State
agency released a week before the second
anniversary of TMI, said the death rate for
infants (less than one year old) within a ten
mile radius of the plant was 'much' lower during
the critical third and fourth quarters of 1979
than it was immediately preceding the accident.
The rates per thousand live births dropped from
19.3 in each of the first two quarters to 12.7
and 13.4 respectively, in the third and fourth
periods, the reports said.

"If the accident had caused an increase in
infant deaths, we would have seen an increase
build throughout the remainder of the year
because of the timing of exposure in terms of
the gestation period", said Dr. George Tokuhata,
the Department's director of epidemiological
research. "There is no evidence to date that
radiation from the nuclear power plant influenced
the rise o: fall of statistics", he said.

5. THE BENEFITS OF NUCLEAR ENERGY

Around half a million years ago human
beings learned to make fire. By collecting and
burning wood, early man was able to warm
himself, cook food and manufacture primitive
implements. Thousands of years later the
Egyptians discovered the principle of the sail.
Later still came the discovery of the water
wheel. These are all various forms of different
energy sources - biological, chemical, solar and
hydraulic.

Before Europeans settled here, Australians
found their essential energy supply in the
consumption of other living things. Food intake
averaged around 8.4 megajoules - or 2,000
kilo-calories - per day of energy. Of this
approximately one-third was provided by the
hunters of wildlife and two-thirds by the
gatherers of the fruit, vegetable \nd insect
resources of the Australian bush. The use of
fire by the original Australians probably
increased their capital energy consumption by a
factor of three. But even the use of this
external energy was often dependent on the
application of muscular energy as heat was
generated to ignite kindling with the use of
fire sticks.

Those who arrived with the first Fleet came
from the world's first technological society and
their energy requirments were greater by a
factor of over 100 and over the next two hundred
years by a factor nearing 1000!
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Energy - 'the ability to do work1 - is
essential for world economic growth. Even if
the developed countries practise energy
conservation, two-thirds of the world must have
additional energy if they are to improve their
own living standards. Over the last few decades
the growth in world demand for energy has been
met by rapidly expanding supplies of fossil
fuels, particularly oil and more recently
natural gas. Today the world obtains almost 50%
its energy from oil but currently known
recoverable oil and gas reserves are expected to
last only until the beginning of the next
century, and already the ratio of world oil
reserves to production is falling. Oil will
therefore have to be conserved for its special
uses in transportation and the petrochemical and
agricultural industries.

Coupled with projections in the growth of
population and energy consumption these facts
suggest that before long, perhaps within the
next decade, a gap between energy supply and
demand will occur and continue to widen. The
gap can be closed by conservation and making the
best use of all energy sources available to us
but it is highly unlikely that it can be closed
by any single energy source.

Contributions will certainly be made by
greater use of solar energy, hydro electricity
and geothermal power, and perhaps wind and wave
power, but even with a great deal of optimism it
is difficult to see any of these either on their
own or together making a major impact on the
predicted energy yap. Many people argue sources
and in recent years the amount of time and money
spent on them has increased dramatically. They
all, however, present extremely complex
technical problems which will not be overcome in
the short term by simply spending immense sums
of money.

Some of the salient technical, economic and
environmental advantages of the nuclear fuel
cycle are cited and tabulated in the Appendix.

In his address to the final session of the
11th World Energy Conference in Munich in 1980,
the President of the National Committee for the
Federal Republic of Germany, Professor Klaus
Knizia, said: "The decisive factor in providing
energy for our world and thus for the transition
to the age after oil, will be rapid
implementation of nuclear energy by the
industrialised nations, in order to avoid
global economic conflicts, the industrialised
nations and the oil-exporting countries should
bear joint responsibility for themselves as well
as for the Third and Fourth World. Coal and
nuclear energy will cover nearly two-thirds of
all energy requirements, therefore coal refining
processes must be pursued with the aim of
converting coal into valuable energy sources
such ?.3 electricity, gas or liquid products."

In. summarising the results of the
Conference Professor Knizia emphasised the
following points:

The industrialised nations are urged to
base their energy policies on coal and
atomic energy in order to make mineral oil
available to the developing countries.

The implementation of nuclear energy will
lead to a reduction of tensions in the
energy situation, thus forestalling
international economic conflicts.

The semi-industrialised countries,
especially those having high population
densities, will also have to rely on
nuclear energy to solve their energy
problems.

The world coal market will not live up to
the high expectations placed on it and will
only be able to make a limited contribution
to world energy needs. Nevertheless, every
effort should be made to broaden its present
scope as much as possible.

. The contribution of supplementary *nd
renewable energy sources will be higher in
countries of the Third and Fourth World
than in the industrialised nations, but all
in all they will make only a very limited
contribution towards meeting energy
requirements.

Close co-operation is necessary between
those countries that can possess their own
primary energy sources and those that can
offer sophisticated technology. Only those
countries can export energy that receive
assurance of a secure future in return.

For the first time it is possible to place
the findings or scientists and engineers in
the overall framework of energy, society
and environment, thus descending from the
ivory tower of science and technology. The
first steps have now been made towards
applying these findings to the creation of
practicable policies.

He concluded:

"Long term rational action is essential and
we must not be influenced by opportunists
or pressure groups. The starving peoples
of our world have more basic fears than
those who live in affluent societies."

6. CONCLUSION

Just over one hundred years ago, the "American
Congressional Record" of 1875 minuted the
following interesting report:
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"A new source of power, which burns a
distillate of kerosene called- gasoline, has
been produced by a Boston engineer.
Instead of burning the fuel under a boiler,
it is exploded inside the cylinder of an
engine. This so-called internal combustion
engine may be used under certain conditions
to supplement steam engines. Experiments
are under way to use an engine to propel a
vehicle.

"This discovery begins a new era in the
history of civilisation. It mtiy some day
prove to be more revolutionary in the
development of human society than the
invention of the wheel, the use of metals,
or the steam engine. Never in history has
society been confronted with a power so
full of potential danger and at the same
time so full of promise for the future of
man and for the peace of the world.

"The dangers are obvious. Stores of
gasoline in the hands of the people
interested primarily in profit would
constitute a firs and explosive hazard of
the first rank. Horseless carriages
propelled by gasoline engines might attain
of 14 or even 20 miles per hour. The
menace to our people of vehicles of this
type hurtling through our streets and along
our roads and poisoning the atmosphere
would call for prompt legislative action
even if the military and economic
implications were not so overwhelming. The
Secretary of War has testified before us
and has pointed out the destructive effects
of the use of such vehicles in battle.
Further more, the cost of producing it is
far beyond the financial capacity of

private industry, yet the safety of the
nation demands that an adequate supply
should be produced. In addition, the
development of this new paper may displace
the use of horses, which would wreck our
agriculture.

" The discovery with which we are
dealing involved forces of a nature too
dangerous to fit into any of our usual
concepts."

Doesn't the language sound familiar within
the context of the dawn of the nuclear age?
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APPENDICES

(Taught as Introductory Material at the
University)

1. NUCLEAR POWER - THE GLOBAL OVERVIEW

Despite the recommendations of the first
A.S.T.E.C. Report (Reference 1) that Australia
should become involved in all aspects of the
nuclear fuel cycle, it is unlikely that, apart
from an overregulated uranium mining activity,
there will be any growth in further aspects of
the nuclear industry, which could range from
nuclear fuel element manufacture and leasing
through nuclear electricity generation, water
desalination and nuclear marine propulsion to
spent fuel reprocessing and high level
radioisotope storage (sometimes called "waste
disposal").

That such opportunities are being neglected
in Australia is a source of amazement and
sometimes amusement to the well informed world
nuclear community.

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.
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1.1 Electricity

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

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

New uranium power stations are being build
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. Total Australian electricity
generating capacity (mostly coal-fired) is
28,000 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.

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 has used as much uranium as
it produces domestically and will become
for the first time, a net importer of
uranium.

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.

1.3 Electric Power and International Trade

More than 500 million people depended on
uranium to generate from 10 to 40% of their

total electricity supply in 1981 - in
countries to which Australia exported over
$9,000 million worth of goods.

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.

62,000 MWe of electricity (12% of total)
was generated from uranium in 1982 in the
USA - Australia imports worth over $5,000
million included many articles made with
this electricity.

In 1981/82 Australia imported $4,500
million worth of goods from Japan, a
country which 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 exported 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 outputs
sold the annual value of exports in the
early 1990's 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,
wool, or iron ore.

In the Pacific Basin, Canada and Australia
are already exporters of uranium. Within
the next decade it is expected that the
People's Republic of China will be in a
position to export around 1000 tonnes of
U3O3 per annum and also a limited quantity
of uranium hexafluoride.
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