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THE 21st CENTURY
Introduction
Anything nuclear generates controversy, especially nuclear power, nuclear weapons, waste
disposal and even the new reactor at Lucas Heights.
The media is highly polarised, usually only reporting bad news.
There are two small groups: pro-nuclear developers and anti-nuclear activists. Both
groups claim to want to protect the environment and give us a better life !!
Five topics are of concern to many persons
1.

The safety of nuclear reactors after the Chernobyl disaster

2.

Do high capital costs make nuclear power uneconomic

3.

Can radioactive waste be managed for long periods of time

4.

Risks of proliferation of nuclear weapons and terrorist attacks

5.

Is there enough uranium for nuclear power to be sustainable?

FEAR, FACTS AND HALF-TRUTHS ?
Half-truth high capital costs
make nuclear power
uneconomic

When the fear began.
The first atomic
bomb on Hiroshima
6 August 1945

Fact - The sun
rises and sets
every day
There are 440
NPPs operating

But first, an introduction to the history of uranium and nuclear energy

Historical Background to Uranium and Nuclear Power
* Uranium discovered by Klaproth in Germany in 1789
and named after the newly discovered planet Uranus.
Uranium was largely a scientific curiosity for many years
and only used as a yellow pigment in glass and ceramics.
* Uranium was first confirmed in Australia as a mineral in a
cobalt deposit in Carcoar, NSW, in 1894.
* Becquerel discovered radioactivity
in uranium minerals in Paris in 1896 and
uranium and its daughter product
radium quickly rose to fame.
* The main use for uranium for the next 40 years was as a source
of radium for cancer therapy and luminous paint.

Remember Carcoar, NSW, with the help of a little trivia !
* Uranium was first confirmed in Australia as a mineral in a
cobalt deposit in Carcoar, NSW, in 1894.
* Carcoar is also famous for the first bank robbery in Australia
by Ben Hall and his bushrangers in 1863.

Historical Background to Uranium and Nuclear Power (continued)
* Everything changed in 1938 when uranium was shown to
undergo fission by neutrons with the release of additional
neutrons and enormous energy. The proof of concept was at
Alamagordo, NM, on 16 July 1945, followed by the dropping of
atomic bombs on Hiroshima and Nagasaki on 6-8 August 1945.

* The first production of electricity from nuclear power was in 1950 in
an experimental fast reactor in Idaho, USA. The first land-based nuclear
power station connected to the grid was in 1956 at Calder Hall, UK.
The latest NPP order for the EPR in France is shown above.

Is Nuclear Power Unsafe ?
• Two major accidents –
* Three Mile Island (US, 1979)
* Chernobyl (Ukraine, 1986)

• Nuclear power has a very good safety record
except for Chernobyl where 31 died in 1986 and
controversy still rages about how many have
died since or will die. TMI was a total loss but
not one person died or was injured. Deaths
from fossil fuel industries are very high.

• Earthquake prone

• Reactors designed to withstand earthquakes;
recent ones in Japan caused no damage to NPP.

• Risk of terrorist strike

• Risks and consequences are relatively low as
core of reactor surrounded by massive concrete
and the containment will limit releases.

• Radiation risk to the public
and operators in normal
use and in accidents
• Transport risks for fuel
and waste

• Design and operating rules make radiation
risk negligible in normal operation; safety
culture is good in the western world
• There has never been a serious transport
accident in 50 years of operations

The Safety of Large Scale Production of Energy
If we compare fatalities in the various energy supply systems, then nuclear
industry clearly has the lowest rate compared with fossil fuels and hydro:
Average fatalities per Terawatt-year of energy are:
LPG – 3280; hydro – 883; oil – 418; coal – 342;
gas – 85; nuclear – 8.
At Chernobyl 31 died immediately and argument rages
as to how many 100s or 1000s may die in the future.
** Did you know that 6,000 coal miners died in China last year.
** 112 died in the Australian coal industry in the last 25 years !
These are very worrying statistics and make you realise that
industry is a dangerous place to work.

Is nuclear power uneconomic versus coal, gas and renewables ?
Evidence presented

Some facts

• Capital costs very high

• Capital costs are high due to high level of quality
and redundancy for safety but are coming down;
fuel costs are much lower than coal or gas over the
plant lifetime. Therefore lifetime costs are lower in
many countries, eg. France, Finland, Japan, China,
Korea, Russia, eastern states of Canada and USA.

•

High cost of waste

• High government subsidy
eg. insurance

• Cost of waste management is not high and is
funded by a charge on every kWh produced;
it is factored into the cost not like coal and gas.
Cost of air pollution with coal is very high and
potential cost of global warming is enormous.
• All forms of energy production are subsidised by
governments; opposition now in Germany to high
subsidies given to wind power. US pays out huge
insurance for black lung disease/silicosis for coal.

Information on Economics
The high capital cost of nuclear plants is claimed by some to make nuclear
power uneconomic, but the lower fuel costs are often overlooked. When all
costs are taken into account, the levelised cost of electricity from a nuclear
plant is economic against many other forms of energy in many countries
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Can radioactive waste be managed safely ?
Radioactive waste and plutonium are claimed by anti-nuclear activists
to be highly dangerous, unmanageable, and too big a risk to counteract
the benefits of nuclear power.
The facts are very different. Deep geological disposal is recommended for high
level waste by nearly all nuclear scientists and engineers knowledgeable in this
field. This solution can easily be afforded from the funds built up over many
years, but its deployment has been held up legally for decades by a minority of
nuclear activists in democratic countries, especially in Germany and the USA.
<< Yucca Mt,
Nevada, USA

Carlsbad salt
cavern, USA >>

Even the disposal of low level waste has been prevented in South Australia and
some other states. This waste has very low risk to the public. The problem is
the same as for many other industrial wastes, new airports or dams, NIMBY !!.

High Level Radioactive Waste – How long is it toxic?

Yucca Mountain, Nevada, USA

Storage of High-Level Wastes under Yucca Mountain

Is plutonium produced in nuclear reactors highly dangerous ?
Plutonium is claimed by some to be the most dangerous substance on earth, and is
too big a risk to counteract the benefits of nuclear power.
The basic fear arises from its use in the bomb on Nagasaki. Very few scientists, or the
public, realise that plutonium is generated inside the fuel in every nuclear power reactor
and provides 20-30% of the heat and electricity produced. It has been used safely in
reactors for 50 years.
Pu has also been processed in tonne amounts over that time without any serious accident
to the public. Of course it is dangerous, but there are many more dangerous substances in
common use which can and have killed many people, eg semtex.

New EPR 2 Advanced Reactor, France, can use Pu fuel

Loading Pu fuel element into store

Claim – Nuclear power, uranium mining and research are linked to nuclear
weapons and nuclear weapons proliferation is inevitable
Anti-war and anti-nuclear critics claim that if a country has
nuclear power and uranium and a research program then
these will lead inevitably to nuclear weapons.
The facts are that only 5 major and 2 other countries have
developed nuclear weapons over 50 years whereas over 100
have signed the NPT and agreed not to develop them.
The start of fear : the bomb

A decision to have nuclear weapons is a political decision not a
technical one. If that decision is taken it is possible for a state
to develop weapons relatively easily, but not a terrorist group.
This decision does not rely on having nuclear power.
A uranium mine

The end of the Cold War led to decommissioning of many
weapons but a lot remain and this has to be addressed. The
NPT is a valuable Treaty but is not perfect; it can be improved
Biological or chemical weapons are much easier and cheaper to
develop and deliver if one wants weapons of mass destruction.

Lucas Heights
Research Laboratories

If terrorism is the objective, conventional explosives can cause
enormous damage to life and property.

Claim – Nuclear power cannot solve global warming
This is a typical half-truth.
No one energy source can solve global warming.
The population will inevitably increase over the next 50 years. Developing
countries will want to obtain a better standard of living and they need energy.
If they and developed countries continue to burn fossil fuels inefficiently the
inevitable result will be global warming with serious economic and
environmental consequences and even another World War.
The consequences of global warming on public health and the environment could
be enormous and far outweigh the potential risks of an accident at a nuclear
power station or a nuclear waste repository. Environmentalists are changing sides.
France generates 78% of its electricity by nuclear energy and has a low per capita
production of carbon dioxide. Australia is the exact opposite.
It is essential to include nuclear energy in the mix of energy sources, especially in
countries with no coal or gas resources. Wind and solar can only make a small
contribution because of their costs and intermittent nature.
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Is there enough Uranium ?
There are large resources of uranium in the world, but these are not
uniformly distributed. Countries with large low-cost uranium resources
are Australia, Canada, several African countries, Kazakhstan, The
Russian Federation. These supply the bulk of the world’s production.
These resources will
last 30 years and
Estimated Additional
Resources another 30
years.
Recycle instead of
once-through will
extend this to 100
years.
Fast breeders will
extend to 500 years.

September 2005

Views of Three Australian Uranium Mines
<< Ranger mine and plant, NT,
5,000 tU/a

Olympic Dam plant, SA Mine
is underground, 5,000 tU/a, to
be increased
<<

Beverley ISL plant, SA,
1,000 tU/a capacity

Ultimately, uranium can be extracted from sea water at three times the
current cost of uranium from land sources. This would only increase the
cost of nuclear electricity by about 5% and give complete sustainability.

FINAL REMARKS
Nuclear power is alive and well in many parts of the world. This is despite
the major setback of the Chernobyl accident in 1986 and the onslaught of
anti-nuclear activists out to save the world from potential destruction.
There are currently 440 nuclear power plants operating in 30 countries and 24
under construction. In France 78% of electricity is generated by nuclear power.
Nuclear power is cheaper than burning fossil fuels in many countries.
I am convinced that nuclear power is safe and wastes can be handled safely.
The continued use of vast amounts of fossil fuel could lead to serious
environmental, health and industrial problems and even wars to get access
to decreasing resources which will inevitably increase in price.
The consequences of global warming could be far more serious than the
potential risks of nuclear accidents at reactors or waste repositories.
The bottom line – We need conservation, energy efficiency, cleaner coal & nuclear:
What do we want? Nuclear! When do we want it? Now !!

Thank you for your invitation to speak on the
Pros and Cons of Nuclear Technology.
If you want more detailed information on all aspects of nuclear science
and technology, I recommend the best website in the world at:

www.uic.com.au
If you want to know more about the history of nuclear science and nuclear
politics in Australia, I recommend my history of the AAEC –

“Atomic Rise and Fall; the AAEC, 1953-1987”
Published by Glen Haven Publishing, Peakhurst, PO Box 85, NSW 2210
Price $44 including GST and P&P

