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accidents Unexpected and sometimes bad
things that happen.

atoms The smallest parts of elements.

fossil fuel Fuel, such as coal, natural gas, or
gasoline, that is made from plants that died
millions of years ago.

generate To make.
generator A machine that makes electricity.

gravity The force that causes objects to
move toward each other.

meltdown When the core of a nuclear power
plant gets too hot and lets harmful energy
escape.



microscopes Instruments used to see very
small things.

nuclear force The force that holds the
centers of atoms together.

nuclear reactor A machine in which nuclear
power is safely created.

pellets Small, round things.

reactions Actions caused by things that have
happened.

release To let go.

uranium A heavy metallic element that gives
off rays of energy.
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ave you ever wondered what holds your

house together? You may say it is nails or
wood. And as all things are, nails and wood
are made of atoms. But what holds atoms
together? The nucleus, or center, of an atom is
held together by something called the nuclear
force. This force is strong. When something
changes the nuclear force, atoms release lots
of energy. This energy is called nuclear energy.

The sun's light and heat are forms of nuclear
energy. They are released by nuclear reactions in
the sun. On Earth, people capture nuclear energy
by breaking uranium atoms apart. This reaction
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WHAT 15 NUCLEAR ENERGY?

releases heat that
we use to generate
electricity.

A LOOK AT ATOMS

Atoms are too tiny to
see, except with the
best microscopes.
However, atoms
themselves are

made up of even
smaller things, called
particles. These
particles have energy.
There are three kinds
of particles, called
protons, electrons,

All the things you see
around you—your house,

a soccer ball, and you—
and ne UtanS What are made of atoms.
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The center of an atom is the

nucleus. The nucleus of all atoms

has protons and neutrons. An
iron atom always has 26 protons.

vy

kind of element an
atom is depends
on the number

of protons it has.
For example, iron
always has 26
protons. Lead has
82 protons.

An atom'’s
electrons circle
around its nucleus.
Protons and
neutrons make
up the nucleus.
The protons and

neutrons are held together by the nuclear force.
Energy is released when these particles break

apart or come together.



Our sun is about 93 million miles (150 million
kilometers) away from Earth. But there is

a reaction that happens there that gives our
planet the energy we need for life. This reaction
that releases nuclear energy in the sun is
nuclear fusion. “Fusion”™ means putting smaller
things together to make something larger.

HYDROGEN TO HELIUM

In the sun, two atoms of the element hydrogen
fuse together to make one atom of the element
helium. Hydrogen atoms have one proton,
while helium atoms have two protons. This
reaction releases lots of energy.






NUCLERR FUSION IN THE SUN

The nuclear
force holding
together an
atom's nucleus
is so strong that
it is hard to form
or break. Atoms
do not usually
fuse together.
However, the
sun's center is
very hot, and
the gravity
there is very Nuclear fusion takes place at
strong. These the center of the sun.
conditions allow

fusion to happen.
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1789 Martin Heinrich Klaproth discovers
uranium.

1896 Henri Becquerel discovers radiation
in uranium.

1902 Ernest Rutherford and Frederick
Soddy suggest how radioactivity
WOTrKS.

1934 Enrico Fermi breaks apart an atom
and causes nuclear fission.

1942-1945 During World War Il, the United
States secretly builds an atomic bomb.
The bomb works. The war ends.

1957 The first big nuclear power plant
in the United States starts running in
Pennsylvania.
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1973

1979

1980

1986

2011

US power companies start building 41
nuclear power plants, the most ever in
one year.

Three Mile Island nuclear power plant
in Pennsylvania nearly has a partial
meltdown. Safety changes begin.

In the United States, more electricity is
made from nuclear power than from oil
for the first time.

The Chernobyl nuclear power plant
malfunctions. The core melts and
radiation escapes.

A tidal wave causes nuclear disaster
at the nuclear power plant in
Fukushima, Japan. Three cores melt
and radiation escapes. Clean up could
take up to forty years.
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H ow can scientists release the energy
contained in an atom? The answer is
nuclear fission. “Fission” means breaking
apart. In nuclear fission, atoms are broken
apart. People can make electricity with the
energy released during nuclear fission.
Scientists use certain uranium atoms for
nuclear fission.

BREAKING URANIUM ATOMS

Uranium atoms are very large. These big
atoms break apart more easily than smaller
ohes would. Scientists break up a uranium
atom with tiny neutrons. When a neutron hits

14



NUCLERR FISSION

the uranium atom, it breaks it into smaller
atoms. This releases energy and frees other
neutrons. The first neutron and the newly
freed neutrons hit other uranium atoms. Those
atoms break apart, too. Atoms continue to
break apart and energy keeps being released.

Cognl N SRS _ U T 4
‘ People dig uranium out of the earth. The uranium is
sent to places that make nuclear energy.
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CHAPTER 4

USING FISSION T
Mkt ELECTRICITY
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Anuclear reactor is a machine that can
make electricity. It uses the heat energy
given off during nuclear fission. The reactor
collects this heat and changes it to electricity.
The reactor holds uranium pellets. One
pellet is about the size of your fingertip. It
holds as much energy as 150 gallons (568
liters) of oil. The pellets are put inside long
metal rods and placed in a bundle, or core.
The core is a small room with thick, solid
walls. It is filled with cold water. The cold water
helps cool the heat from the uranium core.
Otherwise, the core can melt and lead to
a meltdown.

16



USING FISSION TO MARE ELECTRICITY

Once the nuclear
reaction starts, the
rods send off heat.
This boils the water.
The boiled water or
steam is pumped to
a generator that
uses its heat to
make electricity.

NUCLEAR ENERGY This nuclear reactor core

holds rods of uranium

|N HlSTORY pellets. When the rods are

_ _ used up, they are stored
Uranium is one of at the bottom of the pool

several elements of water.

whose atoms sometimes break apart naturally.
Scientists noticed this over 100 years ago.
They studied these elements and learned
about the particles that make up atoms. For
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years, scientists tried
to capture the energy
that is released by
uranium to make
electricity.

After World War
|l started in 1939,
many scientists tried
The San Onofre Nuclear to make bombs that
e B eE el used nuclear energy.
California, is one of more In 1945, American
than 60 nuclear power T
plants in the United States. scientists created the
The plants are located near first nuclear bombs.

water, so that the water can The bombs helped
be used to cool the reactors.

end the war. Soon
after, nuclear scientists started trying to make
electricity again. The first American nuclear plant
opened in 1957 in Shippingport, Pennsylvania.

8.



HAPTER S

N uclear power plants do not make as much
air pollution as fossil fuel power plants do.
But nuclear power is not perfect. When uranium
is removed from the ground, the digging tears
up land. Also, uranium is a honrenewable
energy source. This means that Earth's supply
of uranium could get used up over time.

NUCLEAR WASTE

Another problem with nuclear power is nuclear
waste. This is what is left over when uranium
pellets will no longer work in a reactor.
Nuclear waste leaks radiation, or energy that
hurts living things. The waste must be stored

13
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carefully. However, it will leak radiation for about
100,000 years. No one knows if we can store
nuclear waste safely for that long.

NUCLEAR ACCIDENTS

Engineers work hard to try to keep nuclear power
safe, but major accidents have happened. In
1979, engineers discovered that there was too little
liquid in the core of the Three Mile Island nuclear
power plant, near Middletown, Pennsylvania. There
is cool liquid in the cores of reactors so that they
do not gettoo hot. The plant had to be shut down
quickly. It took many years to clean up the damage.

In 1986, an even worse accident happened.
Ukraine’'s Chernobyl reactor ran out of cooling
liquid. The rods full of uranium pellets caught fire
and melted the core. Many thousands of people
got sick from the radiation.

ol)
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The most recent
nuclear disaster
happened in March 2011
in Fukushima, Japan. A
tidal wave from a major
earthquake destroyed
the water pumps that
cooled the reactor. The
damage was even worse Nuclear power plant waste
than at Chernobyl. Whole is buried in a disposal site
communities were not safe (RS
to live in. The cost of the cleanup will be over $50
billion. Cleaning up the damage to the land and
nearby ocean will continue for decades.

NUCLEAR ENERGY AND THE FUTURE

In 2016, the United States had 61 nuclear
power plants that ran 99 nuclear reactors.
The plants made a little less than a quarter

ol



NUCLERR ENERGY

A worker climbs on the
destroyed nuclear reactor
one year after the Fukushima
disaster in Japan. It was the
worst nuclear accident

since Chernobyl.

a5 of the electricity that
@7 Americans used that
%% . year. Other countries

had another 340

& | nuclear reactors. More
. . than 60 new reactors
| are being built.

What will happen
next? No one is sure.
Some people say the
problems that come
with nuclear power are
too big for us to use it

They worry about safety, both today and in the
years to come. Other people support nuclear
power because it produces little pollution. Many
people like that it takes only a little uranium to
make a lot of electricity. Nuclear power will likely

be around for a long time.

o,



FURTHER RERDING

Centore, Michael. Renewable Energy. Broomall, PA: Mason
Crest, 2015.

Dickmann, Nancy. Energy from Nuclear Fission: Splitting the
Afom. New York, NY: Crabtree Publishing Co., 2016.

Einspruch, Andrew. What Is Energy? New York, NY:
PowerKids Press, 2014.

Kopp, Megan. Living in a Sustainable Way: Green
Communities. New York, NY: Crabtree Publishing Co.,
2016.

Sneideman, Joshua. Renewable Energy: Discover the Fuel
of the Future with 20 Projects. White River Junction, VT:
Nomad Press, 2016.

Spilsbury, Richard. Energy. Chicago, IL: Capstone Press,
2014,

WEBSITES

Energy Star Kids
energystar.gov/index.cfm?c=kids.kids_index
Learn more facts about energy and how you can save
energy and help the planet.

NASA’s Climate Kids: Energy
climatekids. nasa.gov/menu/energy
Lots of fun facts and links about energy.

US Energy Information Administration
eia.gowkids
Read about the history of energy, get facts about the
types of energy, learn tips to save energy, and link to
games and activities.

|
=

El
| |



Book IndeXx

MNuclear Energy

Nuclear Energy Colin Grady. Saving the Planet Through Green
Energy New York, NY: Enslow, 2017. 24 pp.

In this book, readers will learn about nuclear power plants,
nuclear fusion, nuclear fission, and what nuclear energy is
exactly, how safe it is, and how it is used to make electricity to
fuel our world.

Index

A

accidents
1:20-1

atoms
16| 1141|178 |19 | 1:1416 | 1:17

bombs
1:18

c

Chernobyl
1:20

core
116 | 1:20

glectrons
1:7 |18

F



fossil fug
119

Fukushima
1

G

generator
117

M

meltdown
1:16

L

leakage, of radiation
119 | 1:20

M

neutrons
17 |18 | 1:14 |1:15

nonrenewable energy
1:19

nuclear fission
1:14-15 | 1:16

nuclear force
1618|111

nuclear fusion
18 111

P

pollution
1:19 | 1:22

power plant
118 | 119 | 1220 [ 1:M1

protons
1.7 118|149

R

radiation
119 |1:20

reactor
1146 [ 149 | 1220 | 1:21 | 122

storage, of nuclear waste



1:19 | 1:20

T
Three Mile Island
1:20

U

uranium
16 | 114165 | 116 | 147 | 118 | 149 | 1:20 | 1:22

w

waste
1:18-20



