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BOX 1 THE ENERGY OF STARDUST SR e b Lt
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. Uranium has been here since the Earth formed. But how did it get here? i
" Uranium atoms were present in the_cloyd of dus_t and gas from vyhich the solar Below is Sizewell A, an advanced gas-
. system formed. They have their origins in a massive stellar explosion —asuper- = coo/ed reactor, and on the right, with
. nova — which occurred billions of years ago. _ the white dome, is Sizewell B, the UK’s'
14 When massive stars die, they collapse inwards, causing enormously high first pressurised water reactor.
' | pressures and temperatures. In these conditions, medium-sized atoms such as Bl A et e 2
; . iron and nickel ‘are forced together and merge (fuse) to form atoms of the
heaviest elements, including uranium. The star then explodes, flinging these
B heavy elements out into space. Later, this material condenses to form new
stars and planets.
So the energy we get from uranium in a nuclear power station is the stored
up energy. of the explosion which marked the end of a long-dead star.

sizewell nuclear power station in Suffolk."
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Positioning a fuel
rod crane over the
reactor core of a
US nuclear power
station. To the
right of the crane
is the new fuel rod
ready for insertion.
The top of the
reactor core is
covered with 10 m
of water to protect
workers from
radioactivity.

US Department of Energy/SPL

In a nuclear reactor,
some uranium
atoms are
transformed to
even heavier
elements such as
plutonium and
americium.

© Explain why,
when the Earth
formed, there must
have been a higher
proportion of 2*°U
than there is today.

Table 1 The two most common isotopes of uranium. The most useful
isotope, 2>°U, makes up only 0.7% of mined uranium

Isotope Number of Number of

235U
238U

protons
92
92

neutrons
143
146

Proportion in

Half-life

natural uranium (millions of years)

0.7%
99.3%

710
4500
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Left: Decommissioning of a pressurised water
reactor at Shippingport, USA. It was built in the
1950s and shut down in 1982. Here the wall from
the reactor pit is being removed.

ENVIRONMENTAL QUESTIONS

Nuclear power is being used increasingly, particu-
larly in Europe and North America. One argument
in favour of its use is that it does not produce green-
house gases, unlike power stations which burn fossil
fuels. So is nuclear power ‘clean’?

Of course not. To appreciate the problems, we
need to think about the complete fuel cycle, starting
with mining. Uranium ore contains only a small per-
centage of uranium, and extracting it produces large
volumes of radioactive waste. The uranium is then
usually enriched, to increase the proportion of 235U
relative to 23U, More waste results.

Once the fuel rods are spent, they must be removed
from the core and replaced. The old rods are highly
radioactive, and must be cooled in large tanks of water
for several months before they can be taken away and
stored. Sometimes the spent fuel is reprocessed; this is
what happens at Sellafield in Cumbria. The idea is to
extract any remaining 23U and re-use it; plutonium is
also separated, for use in reactors or bombs. The most
hazardous waste products are concentrated, with the
intention of storing them safely. However, no-one is
sure how best to do this. The problem will be around
for thousands of years, because of the long half-lives
of the substances involved.

At the end of its life, a power station must be
decommissioned. It is dismantled, and the most
radioactive parts are taken away for safe storage.
The site is eventually levelled and is unlikely to be fit
for other uses for several decades.

PROLIFERATING CONCERNS

In practice, nuclear power stations have proved
relatively safe. There have been some spectacular
accidents — notably the fire at Chernobyl in the
Ukraine in 1986, which resulted in thousands of
deaths and illnesses. The UK’s nuclear stations have
been carefully operated, but many are now reaching
the ends of their lives. Should they be replaced?

In fact, there is a glut of electricity, and prices have
fallen. Most new power stations use natural gas
(a fossil fuel), and nuclear power cannot produce
electricity as cheaply as these. Are we being short-
sighted, burning gas which is a non-renewable
resource and which contributes to climate change?

Keep an eye on these questions. The government is
developing an energy strategy for the next 20 years.
Will it give the nuclear industry a new lease of life?

David Sang writes textbooks and is an editor of
CATALYST.





