
Reading Essentials 131

What do you know about nuclear energy? Write what you
know about nuclear energy on the lines below.

Before You Read

Nuclear Fusion
A different type of nuclear reaction, thermonuclear fusion,

is the source of the Sun’s energy. In fusion, two very small
nuclei collide and stick, or fuse, together at very high temper-
atures. The most common fusion in the Sun fuses two hydro-
gen ions into a helium nucleus. This reaction makes even
more energy than fission. A small amount of mass is con-
verted into energy. Fusion is the most concentrated energy
source known.

What are the advantages and disadvantages 
of fusion?

Fusion has advantages and disadvantages. One advantage is
it uses hydrogen as fuel. Hydrogen is abundant on Earth.
Another advantage is that a fusion reaction produces helium,
which is not radioactive. One disadvantage is that fusion can
take place only at extremely high temperatures. A great deal of
energy needs to be used to reach these temperatures. The
amount of energy used in this process can be more than the
energy produced in the reaction. Another problem is how to
contain a reaction that happens at such high temperatures.
Until solutions to these problems are found, the use of fusion
as an energy source is not possible.

Read to Learn

chapter Energy Sources and the Environment

section ● Nuclear Energy

8
2

What You’ll Learn

■ how a nuclear reactor
works

■ advantages and 
disadvantages of
nuclear energy

Make Flash Cards For
each heading in this section,
think of a question your teacher
might ask on a test. Write the
question on one side of a flash
card. Then write the answer on
the other side. Quiz yourself
until you know the answers.

Study Coach
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132 CHAPTER 8 Energy Sources and the Environment

Using Nuclear Energy
Electric power plants that do not burn fossil fuels have been

developed. Some of these are nuclear power plants. Since fossil
fuels are not burned, nuclear power plants do not cause 
pollution or release carbon dioxide. Nuclear power plants 
convert nuclear energy to electrical energy through a process
called nuclear fission. Nuclear fission is the process of breaking
apart the nucleus of an atom. This releases energy. In the
process, an extremely small amount of matter is converted into
a huge amount of energy. Today almost 20 percent of the
electricity produced in the United States comes from nuclear

power plants. Nuclear power plants produce about nine percent
of all the energy used in the United States. In 2003, there were 
65 nuclear power plants in the United States. These plants 
contained 104 nuclear reactors.

Nuclear Reactors
A nuclear reactor uses the energy from controlled nuclear

reactions to generate electricity. Nuclear reactors can have 
different designs, but they all have the same major parts.
Nuclear reactors contain a fuel that can undergo nuclear 
fission. They also have control rods that can speed up or slow
down the nuclear reactions. Nuclear reactors have a cooling 
system that keeps the reactor from being damaged by the heat
that is produced. The actual fission of the atoms of the fuel 
happens in a small part of the reactor known as the core.

What is nuclear fuel?
The fuel for a nuclear reactor must be an element whose

nucleus can undergo fission, or split. One element that is used is
uranium. Uranium dioxide is the fuel that is used most often in
nuclear reactors. One isotope of uranium, called U-235, has a
nucleus that can split. However, only about 0.7 percent of
naturally occurring uranium is the U-235 isotope. Uranium
must be enriched to increase the amount of U-235. Uranium
used as nuclear fuel is enriched so that it contains three to five
percent U-235.

●B Summarize Use a sheet
of notebook paper to make the
following Foldable and summarize
what you learn about the process
of nuclear fission.

Nuclear Fission

1. Identify How is nuclear 
fission controlled in a
nuclear reactor?
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Reading Essentials 133

What is in the reactor core?
The reactor core contains small, enriched uranium dioxide

pellets that are sealed inside metal fuel rods. The pellets look
like pencil erasers. They are placed end to end in a tube. The
tubes are bundled into what are called fuel rods. Then they
are covered with a metal alloy. A typical reactor core contains
about 100,000 kg of uranium in hundreds of fuel rods. For
every kilogram of uranium that undergoes fission in the core,
1 g of matter is converted into energy. The energy released by
this 1 g of matter is equal to the energy released by burning
more than 3 million kg of coal.

How does nuclear fission happen?
The figure shows a uranium nuclear fission reaction. When 

a neutron hits the nucleus of a U-235 atom, the nucleus splits
into two smaller nuclei. Two or three neutrons are released at
the same time. The smaller nuclei are called fission products.
The neutrons from the first reaction hit other U-235 nuclei.
Every uranium nucleus that splits apart releases neutrons that
cause other uranium atoms to split apart. This process is called
a nuclear chain reaction.

What happens when a nucleus splits?
The number of nuclei that split in a nuclear chain reaction

can more than double at each step of the reaction. So, a huge
number of nuclei can be split after only a small number of
reactions. Nuclear chain reactions take place in less than a 
second. If nuclear chain reactions aren’t controlled, the chain
reaction could create an explosion.

� Neutron

Neutron

Neutron

Smaller nucleus

Smaller nucleus

U-235

Nucleus

Energy

Energy

2. Calculate Suppose that 
over a period of time, 
100 kg of nuclear fuel is
converted to energy in a
nuclear power plant. How
many kilograms of coal
would have to be burned 
to release the same amount
of energy? Write your
answer in both numerals
and words.

Applying Math

3. Identify Circle the fission
products.

Picture This
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134 CHAPTER 8 Energy Sources and the Environment

How is the chain reaction controlled?
To control a nuclear chain reaction, some of the neutrons

that are released when U-235 splits apart must be stopped from
hitting other U-235 nuclei. Control rods containing boron or
cadmium metals are used to absorb some of the neutrons from
the reactions. The rods are inserted into the reactor core.
Moving the control rods deeper into the reactor makes them
absorb more neutrons. This slows down the chain reaction.
Eventually, only one of the neutrons released in the fission of
each of the U-235 nuclei strikes another U-235 nucleus. When
this happens, energy is released at a constant rate.

Nuclear Power Plants
Nuclear fission reactors produce electricity in almost the

same way as other power plants. Thermal energy from the
reactor is used to boil water and produce steam. The figure
below shows a nuclear reactor. Cool water, or coolant, is
pumped through the reactor. The coolant absorbs heat from
the core and then is pumped to a heat exchanger in the boiler.
The thermal energy is transferred from the coolant and boils
water to make steam. This steam then drives a turbine. The
turbine rotates an electric generator.

The overall efficiency of nuclear power plants is similar to the
efficiency of fossil fuel power plants.

The Risks of Nuclear Power
Nuclear power plants don’t use fossil fuels. They don’t

release pollutants into the atmosphere. They don’t produce
carbon dioxide. These are all advantages over fossil fuel power
plants.

Containment shell

Control rod

Pump

Pump

Boiler
Condenser

Pump

Reactor core Cooling
water

High-pressure steam

Turbine

Generator

Low-pressure steam

4. Identify In the figure,
circle where the coolant
absorbs heat, put a box
around where the heat is
exchanged, circle the 
turbine, and put a box
around the generator. 

Picture This
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Reading Essentials 135

However, there are disadvantages to producing energy 
from nuclear fission. The mining of uranium can damage the
environment. Also, water that is used as a coolant in the
reactor core must be cooled before being released into streams
and rivers. If the water is not cooled properly, its excess heat
could harm fish and other animals and plants in the water.

What happens when radiation is released?
A serious risk of nuclear power is the escape of harmful 

radiation from power plants. If released, radiation could damage
living organisms. To prevent accidents, nuclear reactors and
plants have many safeguard systems, strict safety precautions,
and highly trained workers. Yet, accidents have happened.

A reactor overheated in 1986 in Chernobyl, Ukraine. The
building was partially destroyed, and radioactive materials
escaped. As a result, 50 people died of radiation sickness. Up to
600,000 people may have been exposed to radiation that was
carried by winds.

The Disposal of Nuclear Waste
The U-235 in nuclear fuel is used up after about three years.

The used rods contain radioactive fission products and the
remaining uranium. Nuclear waste is any radioactive 
by-product that is created when radioactive materials are used.

What happens to nuclear waste?
There are two kinds of nuclear waste. One is low-level

waste and the other is high-level waste.
Low-Level Waste Low-level nuclear wastes contain a small
amount of radioactive material. They usually do not contain
radioactive materials that have long half-lives. A half-life is
how long it takes for half of the material to decay. Products
of some medical and industrial processes are low-level
wastes. These include items of clothing used in handling
radioactive materials. Air filters from nuclear power plants
and discarded smoke detectors are also low-level wastes.
Low-level nuclear wastes are usually sealed in containers and
buried deep in the ground. When it is diluted enough, low-
level waste sometimes is released into the air or water.
High-Level Waste High-level nuclear waste contains larger
amounts of radioactive material. High-level waste is made
by nuclear power plants and nuclear weapons programs.
Some of this material has long half-lives and will remain
radioactive for tens of thousands of years. High-level waste
is usually stored in deep pools of water or disposed of in
extremely strong and long-lasting containers.

6. Draw Conclusions What
would you say is the main
risk from nuclear power
plants and nuclear fuel?

5. Explain What can happen
if a person is exposed to too
much radiation?
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136 CHAPTER 8 Energy Sources and the Environment

1. Review the terms and their definitions in the Mini Glossary. Explain how nuclear reactors
and nuclear waste are connected.

2. Complete the outline to help you organize what you learned about nuclear energy.

3. How could you use the flash cards you made to study for a test?Study Coach

fission: when a small amount of mass energy is converted into

a tremendous amount of thermal energy

fusion: when atomic nuclei combine at very high temperatures

resulting in a small amount of mass being converted into a

large amount of thermal energy

nuclear reactor: a system that uses the energy from

controlled nuclear reactions to generate electricity

nuclear waste: any radioactive by-product that is created

when radioactive materials are used

After You Read
Mini Glossary

Nuclear Energy

I. How does nuclear fission happen?

A.

B. The nuclei split, producing energy and more neutrons.

C.

II. How does a reactor work?

A. Coolant absorbs heat from the core.

B.

C. Steam drives a turbine that turns a generator.

III. What are advantages of using nuclear energy?

A.

B. Doesn’t cause air pollution or release carbon dioxide.

IV. What are disadvantages of using nuclear energy?

A.

B. Harmful radiation could escape.

End of

Section
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