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Nuclear
Powerplant Safety:
Design and Planning

Safety in our nation’s nuclear energy power-
plants is no accident. Careful planning, good
engineering and design, strict licensing and
regulation, intensive training of operators, and
thorough environmental monitoring help to
ensure that nuclear powerplants operate safely.

Powerplants that make electricity from nuclear
energy are not very different from other kinds
of power-producing plants. First, water is
heated and becomes steam. The high-pressure
steam turns the blades of a turbine, which spins
the shaft of a huge generator. Inside the
generator, coils of wire and magnetic fields
interact to create electricity.

The main difference is that in conventional
powerplants, the water is heated by fossil fuels
such as coal, natural gas, or oil. In nuclear
powerplants, the water is heated by the energy
from a process called nuclear fission.




Energy in Action

As shown below, when a high-energy neutron
strikes the nucleus of an atom of uranium

(U-235), the uranium atom will split apart, or
fisson. Uranium-235 is the form (or isotope)

of uranium which undergoes fisson most effi-
ciently. When an atom of U-235 fissions, it releases
a great amount of energy, as well as more neutrons
which in turn strike other atoms. This process of
one fission response triggering others and those
triggering still others is called a chain reaction.

The uranium that is used in a nuclear reactor is
shaped into hard pellets about the size of the end
of your finger. These fuel pellets are stacked end-
to-end in 12-foot long tubes made of zirconium, a
metal alloy. Bundles of fuel rods make up fuel
assemblies, and groups of fuel assemblies form the
nuclear reactor core.
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To control the nuclear chain reaction, some rods
in the reactor contain materials that absorb
neutrons and prevent them from hitting

atoms and causing more fission. The nuclear
reaction can be increased or slowed down by
varying how many of these control rods are
withdrawn, and how far. If the control rods are
inserted completely into the core, the fisson
reaction stops. Water flowing up through the
fuel assemblies and control rods removes the
heat of the chain reaction.

Containing the Radiation

Ionizing radiation, like x-rays or the radiation
produced by a nuclear chain reaction, must be
carefully contained and controlled. Nuclear
powerplants have many protective barriers
designed to prevent a release of radioactive
materials.
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The first barrier is the form of the fuel itself.
When it is made into reactor fuel, uranium is
compressed into extremely hard ceramic pellets
which will not dissolve or melt, even at tem-
peratures above 2,000°F. This is much hotter
than the reactor core's operating temperature.
The radioactive by-products of fission remain
locked inside the pellets.

As a second barrier, the fuel pellets are con-
tained inside rods made of zirconium. Zirco-
nium is a metal alloy which resists radiation,
heat, and corrosion.

A massive steel pressure vessel around the
reactor core is the third barrier. A typical
vessel weighs more than 500 tons and has a
9-inch thick wall of carbon steel lined with
stainless steel.
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The final barrier to a release of radioactive
materials is a robust containment structure.
This structure is made of steel-reinforced
concrete, with walls up to three or more feet
thick. The Nuclear Regulatory Commission
(NRC) requires that the containment structure
for a nuclear powerplant be capable of
withstanding severe outside events such as an
u earthquake, a tornado, or the impact of a
large aircraft.




