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Westinghouse Electric Company strives to educate students on 

the various forms of energy currently used in the world today 

and those that may be used in the future. A basic understanding 

of energy itself is a great start and we hope this educational 

booklet will help you begin this journey!  

To teachers: Thank you for using our educational materials to 

help your students understand energy.  This booklet is geared 

for grades 3 – 7.  As you move through the booklet with your 

students, you will notice that the information becomes more 

detailed and advanced.  
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Hi!  I am George Westinghouse 
and I want to walk you through 
this book to discover energy  
with me. Let's go!
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What is electricity  
and how is it made?  
 
Energy is the capacity to do work. Electricity is a form of energy. 

Electricity is primarily made by a device called a generator. A generator 
spins a coil of copper wire around inside large magnets, which create 
electricity. 
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Electricity and water are similar in many ways. Electricity 
flows and moves, as water does. Electricity travels easier 
through a pathway in a large wire and water travels easier 
through a pathway of a wide river. Electricity is a flow of 
tiny particles called electrons. Moving electrons produce 
a magnetic field.  If you spin a magnet inside a coil of wire, 
it pulls on the electrons inside that wire much like wind 
can pull on the surface of a lake to make waves. When the 
electrons move through the wire, they have energy, just 
like a moving stream and they can be used to do work.
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The different types of power plants that exist today are fossil fuel (gas, coal and oil), hydro, wind, 
solar and nuclear.  

Fossil fuels are widely available domestically and they have low construction costs.  However, 
burning them gives off emissions into the air we breathe and mining can be dangerous.  In 
addition, they are nonrenewable. This means when we run out of fossil fuels, there will be no 
way for us to produce more.  

What kinds of power plants 
exist in the United States?
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Hydro power, which means water power, can provide a lot of power in itself. The plant is 
emission free, which means it does not damage our air or ozone. However, it disrupts the natural 
flow of a river, and ultimately impacts the environment by taking up a large amount of land.

Wind power is an infinite fuel and is emission free.  On the downside, it can injure wildlife, affect 
scenery, is costly and is intermittent.  

Nuclear power is stable.   However, it is costly to build a plant. But once the plant is built, the 
cost to operate it and emit energy is low. Nuclear power is also emission free and reliable.
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Most power plants, whether they are nuclear, hydro, wind, 
coal fired or oil burning, operate in a similar way.  

While power plants are large and complex, the principles on  
which they operate are actually quite simple.  

Imagine a tea kettle filled with water.  If you put that kettle on 
a hot gas stove, the water inside will boil and start to whistle 
through the hole covering the spout.  If you put a pinwheel over 
the hole, the escaping steam will push on the wheel,  
causing it to spin.  In a power plant, that pinwheel  
is called a turbine.  The turbine turns a generator  
to make electricity. The process is similar to a  
coal fired or oil burning power plant.  

What is a power plant  
and how does it work?
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A nuclear plant is very similar except it does not burn a fossil fuel. A fossil fuel is a source of 
energy made from the remains of ancient plants and animals. Oil, gas and coal are all fossil fuels.

Now imagine you took the same tea kettle as before, but instead of putting it on the stove, you 
carefully placed some hot stones from a camp fire inside the pot.  Those rocks would boil the water 
and turn the pinwheel the same as the flame from the stove, only from inside the pot.  

The walls on a nuclear power plant are so strong that if a nuclear power plant was your next door 
neighbor, you would receive more radiation in one day from natural sources like the sun, outer 
space and even foods like bananas than you would receive in an entire year from the nuclear  
power plant.
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Nuclear Industry - 1%

What is radiation?
Radiation is defined as energy released in the form of particles or electromagnetic 
waves.  It is part of our natural environment. 

We are exposed to radiation from materials in the earth itself, from naturally occurring 
radon in the air, from outer space, from inside our own bodies (as a result of the food 
and water we consume) and even the sun. This radiation is measured in units called  
millirems (mrems).

The average dose per person from all sources is about 620 
mrems per year. It is not, however, uncommon for any of us to 
receive less or more than that in a given year (largely due to 
medical procedures we may undergo). International Standards 
allow exposure to as much as 5,000 mrems a year for those 
who work with and around radioactive material. 

Medicine - 14%

Building/Soil - 18%

Cosmic - 14%

Radon - 42%

Food/Drinking Water - 11%

Sources of Radiation
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So, radiation is not always bad.  It 
can be used to help us with x-rays 
or to advance our society with 
products that can save our lives, 
like smoke detectors.  Do you have 
a smoke detector in your house?   
I bet you do!
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•	 Many	smoke	detectors—installed	in	nearly	90	percent	of	U.S.	homes—	 	 	
 rely on a tiny radioactive source to sound an alarm when smoke is present. 

•		 Computer disks “remember” data better when treated with radioisotopes. 

•		 Treating nonstick pans with radiation ensures that the coating will stick to   
 the surface. 

•		 Photocopiers use small amounts of radiation to eliminate static and    
 prevent paper from sticking together and jamming the machine. 

•		 Radiation sterilizes cosmetics, hair products and contact lens solutions,   
 removing irritants and allergens. 

•		 Radiation sterilizes medical bandages and a variety of personal health and   
 hygiene products. 

Radiation is everywhere...
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Let’s talk more about 
what nuclear energy 
is...Come on!…   
Come on!
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In	the	United	States,	there	are	actually	two	most	widely	used	
styles of nuclear power plants.  But keep in mind that, in the 
future, new technologies will be introduced.   

There are two main 
types of nuclear power 
plants...let’s find out 
what they are...
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Boiling Water Reactor
The first style is called a boiling water reactor (BWR) and is most similar to the simple 
example of the hot rocks in a tea kettle.  The uranium heats water, which boils inside 
the reactor, leaves through the top and drives a turbine.  It is then condensed back into 
water in a giant radiator of sorts and then is pumped back into the reactor.  

A BWR is one of the simplest 
reactors because the coolant water 
in the reactor is also what drives the  
turbine.  The downside of the  
BWR is that the steam is  
radioactive, which means that 
additional radioactive shielding  
is needed around all of the  
turbines and pipes that go to  
these turbines.

Reactor

Turbine

Condenser

Generator

Pump
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Pressurized Water Reactor 
The other style of reactor	used	in	the	United	States	is	called	a	pressurized  
water reactor (PWR).  Just like a BWR, this reactor has coolant water that  
takes heat energy away from the hot uranium.  However, unlike a BWR,  
this water is pressurized to a pressure of over 2,000 pounds per square 
inch (a normal tire has 30 pounds of air per 
square inch) using a pressurizer.  

A pressurizer is a vessel with 
heaters and sprayers, much like a 
giant, electric hot water heater.  
The heater boils water inside 
the vessel to create a steam 
bubble.  This bubble presses 
on the water, putting it 
under pressure.  When 
pressure gets too high, a 
sprayer will spray cool water 
into the steam, causing 
condensation that reduces 
the pressure.  

Turbine
Generator

Steam Generator

Reactor

Pressurizer

Condenser

Pump

Containment
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Because of this extreme pressure, the water cannot boil.  This hot water is passed 
through a heat exchanger called a steam generator.  The water goes through little 
tubes in a big heat exchanger.  On the other side of these tubes is nonradioactive, 
pure water that boils to drive the turbine.  The advantage of this arrangement is that 
the turbines do not become radioactive, allowing for easier maintenance.  However, 
because the PWR is complex, these plants tend to be more expensive to build.  

There is no right or wrong when comparing these two plants.  Both of them have 
many more pluses and minuses than discussed and different power plant operators 
often prefer one or the other based on their own set of circumstances.  
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TRuE oR FalsE:  A nuclear reactor is not the same 
as a nuclear bomb. 
TRuE: It is impossible for a nuclear reactor to explode 
like a nuclear weapon. Nuclear weapons contain very 
special materials in particular configurations. These are 
not present in a nuclear reactor. 

TRuE oR FalsE:  It is not safe to transport the 
radioactive materials.
FalsE: Since 1971, there have been more than 20,000 
shipments of used fuel and high-level wastes (over 
80,000 tons) over many million kilometers. There has 
never been any accident in which a container with highly 
radioactive material has been breached, or has leaked. 

TRuE oR FalsE:  The smoke coming out of the 
nuclear reactors is harmful.
FalsE: That “smoke” is not smoke at all. It is only hot 
water (steam) coming out of the nuclear cooling towers. 
Nuclear power plants are designed and operated safely, 
with multiple backup safety systems, including automatic 
shutdowns. 

True or
False
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TRuE oR FalsE:		Accidents	at	Three	Mile	Island	(U.S.),	Chernobyl	(Ukraine)	and	the	recent	
Fukushima Daiichi (Japan), led to significant improvements in nuclear plant safety.
TRuE: All commercial nuclear power plants now have emergency response procedures in the 
event of an accident or security event. Among other actions, the industry established the Institute 
of Nuclear Power Operations (INPO) to promote excellence in operator training and plant 
management and operation. As more is learned about the Japanese events, lessons
learned	will	be	applied	to	the	existing	fleet	of	plants.	The	U.S.	nuclear energy industry has
already	started	an	assessment	of	the	events	in	Japan	and	is	taking	steps	to	ensure	that	U.S.	
reactors can respond to extreme events that may challenge safe operation of the facilities.

TRuE oR FalsE:  There is no solution for the huge amounts of nuclear waste being generated. 
FalsE: All of the used nuclear fuel generated in every nuclear plant in the past 50 years would fill 
a football field to a depth of only 10 yards. Also, 96 percent of this waste can be recycled.  

TRuE oR FalsE:  Americans get most of their yearly radiation dose from nuclear power plants.
FalsE: We are surrounded by naturally occurring radiation. Only 0.005 percent of the  
average American’s yearly radiation dose comes from nuclear power; 100 times less  
then we get from coal, 200 times less than a cross-country flight and about the same  
as eating one banana per year. 
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TRuE oR FalsE: Nuclear power plants create hundreds of high-paying jobs at the plants and in  
the surrounding communities.
TRuE: A nuclear power plant creates up to 700 permanent jobs and pays 36 percent more than the 
average salaries in the local area. The plants also create an equivalent number of additional jobs in 
the local area to provide the goods and services to support the plant workforce.

TRuE oR FalsE:  Nuclear power is very expensive.
FalsE: Nuclear power has a lower productions cost than coal or natural gas, so it helps reduce 
the price of electricity for consumers. Average electricity production costs at nuclear power plants 

have declined more than 30 percent in the past 10 years. This includes the cost of operating and 
maintaining the plant, purchasing nuclear fuel and managing the used fuel. 

TRuE oR FalsE: Nuclear energy is bad for the environment.
FalsE: Nuclear reactors emit no greenhouse gases during operation. Over their full 
lifetimes, they result in comparable emissions to renewable forms of energy such as 
wind and solar. Also, nuclear energy requires less land use than most other forms  
of energy.  
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TRuE oR FalsE:  Most Americans do not support nuclear power.
FalsE: In surveys conducted in 2009, it was found that 70 percent of Americans support nuclear 
power. Further, 84 percent of Americans see nuclear energy as an important source of electricity for 
the future and 70 percent would accept a new reactor at the nearest nuclear power plant site. 

TRuE oR FalsE: The	first	U.S.	town	to	be	powered	by	nuclear energy was in Idaho.
TRuE:	The	first	U.S.	town—Arco,	Idaho,	population	1,000—was	powered	by	 
nuclear energy from the experimental BWR BORAX III. 

TRuE oR FalsE:  A lot of people were injured and died at the Three  
Mile Island nuclear plant accident.  
FalsE:	As	the	only	commercial	U.S.	reactor accident in history, damage was limited  
to inside the reactor, and no one was injured. 
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TRuE oR FalsE: Nuclear energy has the smallest environmental impact of any clean-air 
electricity source.
TRuE: A 1,000-megawatt wind farm would occupy 78 square miles. A 1,000-megawatt nuclear 
plant would occupy less than five percent of that area. A 1,000-megawatt power plant can meet 
the needs of a city the size of Boston or Seattle. 

TRuE oR FalsE:  One person could store their own nuclear energy waste in their    
refrigerator.
TRuE:  If all of an individual’s electricity needs for a 70-year lifetime were supplied by nuclear 
generation, their 70 years of nuclear waste would weigh two pounds and fit into a soda can.  
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Boiling Water  
Reactor 
 – A nuclear reactor in which 
water is boiled in the reactor 
vessel; the resulting steam 
drives a turbine to generate 
electricity. 

Glossary

Electrons  
– An electron is an 
elementary particle, and it 
is the carrier of the negative 
electrostatic charge. It can 
be thought of as a building 
block, along with the protons 
and neutrons that comprise an 
atomic nucleus, of an atom.

Energy  
– The capacity to do work.

Fissile 
 – Capable of capturing a 
slow (thermal) neutron and 
undergoing nuclear fission, 
e.g.,	materials	U-235,	U-233	 
or Pu-239.

Radioactivity
The property possessed by some elements, such as 

uranium, of spontaneously emitting alpha or beta particles, 
or gamma rays.

Radon
A radioactive gas which occurs in nature that cannot be 
seen, smelled, or tasted.  Current estimates indicate that 
radon is responsible for the major portion of our exposure 
to background radioactivity.

Relief Valve
A valve that automatically opens to release steam and 
prevent excessive pressure buildup in the reactor coolant 
system.

Reactor Trip
An automatic procedure by which control rods are rapidly 

inserted into the core of a reactor to stop the chain reaction.

22
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Radiation
Refers to the process of energy emitted in the form of rays 
or particles which are thrown off by disintegrating atoms;  
may consist of alpha, beta, or gamma radiation.

Alpha Radiation
The least penetrating type of radiation, comprising alpha-particles.  Alpha radiation can be 
stopped by a sheet of paper.

Beta Radiation
Beta radiation consists of electrons 
emitted by atoms. Beta radiation can 
be stopped by an inch of wood or a thin 
sheet of aluminum.

Gamma Radiation
A form of electromagnetic, high energy 
radiation emitted from a nucleus.  Gamma 
rays are essentially the same as x-rays and 
require heavy shielding, such as lead or 
concrete, to stop them.
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Fossil Fuel 
– Carbon-based fuel resulting 
from millions of years of 
biological decay. Coal, oil 
and natural gas are the most 
common examples.

Nuclear 
–	Used	in,	or	produced	by,	a	
nuclear reaction.

Pressurized 
Water Reactor  
– The most common type 
of light water reactor, it 
uses water at very high 
pressure in a primary 
circuit and steam is 
formed in a secondary 
circuit.

Pressurizer  
– A high-strength tank  
containing steam and water  
used to control the pressure of  
the reactor coolant in the  
primary loop.

Radiation 
– The emission and 
propagation of energy by 
means of electromagnetic 
waves or particles.

Fission 
– The splitting of atoms into 
smaller atoms to release 
energy.
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Radioactivity
The property possessed by some elements, such as 

uranium, of spontaneously emitting alpha or beta particles, 
or gamma rays.

Radon
A radioactive gas which occurs in nature that cannot be 
seen, smelled, or tasted.  Current estimates indicate that 
radon is responsible for the major portion of our exposure 
to background radioactivity.

Relief Valve
A valve that automatically opens to release steam and 
prevent excessive pressure buildup in the reactor coolant 
system.

Reactor Trip
An automatic procedure by which control rods are rapidly 

inserted into the core of a reactor to stop the chain reaction.

22

Radioactive  
– An adjective used to 
describe a substance 
that emits radiation.

Reactor (Nuclear 
Reactor)  
– The heart of a nuclear power 
plant or nonpower reactor, in 
which nuclear fission may 
be initiated and controlled in a 
self-sustaining chain reaction 
to generate energy or produce 
useful radiation.

uranium  
– A mildly radioactive element with 
two isotopes that are fissile is the 
basic fuel of nuclear energy.

Turbine 
– A rotary engine made with 
a series of curved vanes on a 
rotating shaft, usually turned 
by water or steam. Turbines 
are considered the most 
economical means to turn 
large electrical generators.

u

Radioisotope – 
An unstable portion 
(isotope) of an element 
that decays, releasing 
radiation. There are 
currently about 5,000 
known radioisotopes.
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To learn more about nuclear energy and careers in engineering, read 
our high school level booklet.  For more information on how to obtain 
this booklet, email rapalit@westinghouse.com.
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