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DTEEnergy and National Energy Foundation  
(NEF) have partnered to bring THINK! 

ENERGY to teachers and students throughout the 
DTE service territory. DTE, a Detroit based utility 
providing both natural gas and electricity to Michigan 
consumers, is expanding its support of the THINK! 
ENERGY program as a part of a commitment 
to educating students and their households on 
energy awareness and management. The program 
promotes energy efficiency and delivers real energy 
savings.

A pilot program was implemented in 2010 and 2011, 
with over 4,000 Michigan students and teachers 
participating. Based on the pilot’s success, DTE 
determined in the spring of 2012 to expand the 
program throughout its combined gas and electric 
territory, with additional program growth in the works. 

NEF’s Michigan programs have been anchored since 
2009 by Consumers Energy, with Efficiency United 
and DTE joining in 2010. The programs have been 
a source of employment opportunities in Michigan. 

A local staff has been key in presenting energy 
education to thousands of young people across the 
state. 

With the growth to the DTE program and to better 
serve Michigan educators, NEF has opened a new 
Detroit area office that will serve as the statewide 
hub for implementation. Janet Salley is the office 
manager while Tammi Phillippe and Tanya Hill 
are program coordinators. All three women have 
previously worked in the programs and will bring 
experience and professionalism to their leadership 
of the staff.

The Michigan Department of Education serves the 
THINK! ENERGY programs in a consulting role 
ensuring that the instructional presentation and 
materials are correlated to the Michigan Grade Level 
Content Expectations for grades four and six. This 
collaborative partnership assists the partners in 
providing relevant educational support to educators. 
Students learn that energy efficiency is not only good 
for the environment, but can be fun and interesting 
as they are empowered to make a difference in their 
families’ energy use. 

The DTE expansion takes the Michigan programs 
to a new level of service to teachers, students and 
their households. Thank you to DTE Energy for 
their commitment to energy education and their 
communities.

DTE Expansion Boosts NEF Michigan Effort

Summer 2012 – Cultivating and promoting an energy literate SoCiety
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NEF is proud to partner with multiple energy providers 
in Michigan to increase the number of students and 

teachers reached by THINK! ENERGY this year. The 
Michigan growth is not limited to the new DTE program; 
Consumers Energy, Lansing Board of Water and Light 
(BWL) and Efficiency United (EU) have also expanded 
the scope of their THINK! ENERGY programs. 

In addition to Consumers Energy’s existing program, 
they are joining BWL in extending the opportunity to an 
additional 1,250 teachers and students. The two utilities 
teamed up for students who receive natural gas service 
from Consumers Energy and electricity service from 

BWL. The partnership allows these students to receive 
energy efficiency technologies and energy efficiency 
education that save both electricity and natural gas.

The enthusiasm for energy efficiency in Michigan is 
further emphasized by Efficiency United, a collaboration 
of small utilities from throughout the state, who continue 
to sponsor THINK! ENERGY. The THINK! ENERGY 
with Efficiency United program will reach over 2,700 
students this year. In all, the Michigan programs will have 
a combined 44,000 participants; a new record for the 
state of Michigan and also NEF. 

Record Numbers in Michigan
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Michigan students participating in the THINK! ENERGY program 
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NEF’s Conference Attendance 

National Energy Foundation is attending energy 
conferences all over the country. The wide range 

of energy related topics help NEF to keep our program 
materials and curriculum current. Renewable energy, 
energy efficiency, oil and gas, and unconventional 
fuels are just a few of the topics covered in the past six 
months. Increasing conference presence allows NEF 
to keep a finger on the pulse of the energy industry. 
Meeting other energy experts to share strategies and 
information helps create a comprehensive approach 
to accomplishing our mission of “promoting an energy 
literate society.” 

Conferences Attended 
Energy efficiency conferences

• Midwest Energy Efficiency Alliance, January 
11 – 14, 2012, Chicago, IL

• Association of Energy Service Professionals, 
May 15 – 17, 2012, Baltimore, MD

• Northeast Energy Efficiency Partnership, June 
14 – 16, 2012, Stamford, CT

Oil, gas and mining conferences

• University of Utah Unconventional Fuels 
Conference, May 15, 2012, Salt Lake City, UT

• Rocky Mountain Coal Mining Institute, May 17 
– 18, Price, UT

• Interstate Oil and Gas Compact Commission, 
June 3 – 6, 2012, Vancouver, BC 

Other conferences

• Milford Renewable Energy Fair, April 28, 2012, 
Milford, UT

• Edison Electric Institute, June 3 – 6, 2012, 
Orlando, FL

• National Energy and Utility Affordability 
Conference, June 11 – 13, 2012, New 
Orleans, LA   

Ian Wright at the Midwest Energy Efficiency Alliance conference (left) and the Utah Genius Awards ceremony (right)
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Water Efficiency
As our population grows and our water demands 

increase, we must use this valuable, vital resource as 
efficiently as possible. Using wise behaviors like turning water 

off and using it only as needed increases efficiency. Using 
efficient water technologies will also help ensure 

sufficient water resources for our future.

Hydrologic Cycle

The amount of water on earth has remained

the same through the ages because of the hydrologic cycle. 

This cycle is powered by energy from the sun. The sun heats water and 

changes it to vapor, which rises into the atmosphere and is carried by 

wind. The water vapor then cools and condenses into rain 

and snow and falls back to earth.

Water and Energy

Water and energy are interconnected. It takes energy

 to pump, treat, transport and change the temperature of 

water, making it available for human use. It also takes a great 

deal of water to produce different forms of energy 

that we rely on to maintain our lifestyles.

Water is Vital

Water is vital for the survival of all living 

things. Water is necessary in breaking down and 

carrying nutrients to all parts of plants and animals. 

Water is used in agriculture to grow or raise the foods 

we eat. From the food we eat to the water we 

drink, water is vital for our lives.

Water Treatment

Water must be treated before it is ready for a 

wide variety of human uses. This applies to raw water from 

nature and to human wastewater. A number of steps can 

be used for water treatment, including: screens, grit 

removal, aeration, chemical addition, flocculation, 

clarifiers, filtration, disinfection,

digestion and dewatering.
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National Energy Foundation is pleased to announce 
revisions of two popular educational posters. 

NEF’s Water and Nuclear posters have been updated. 
Both posters have new art on the front and eight new, 
one-page panels of curriculum on the back. 

The front of the posters demonstrate the newest 
technologies and science in water and nuclear fields. 
These posters take difficult subject matter and make 
it easily understandable for students, teachers and 
parents. Each poster is a stand-alone informational 
piece; a class will get a great overview of the topics 
with just these posters alone.

NEF would like to extend gratitude to Luke Bockewitz, 

from ComEd and Elizabeth McAndrew-Benavides from 
Nuclear Energy Institute for providing their expertise 
in revising the Nuclear poster. Also, NEF would like 
to extend appreciation to professional engineer J. 
Holland Scott for providing his expertise in the revision 
of the Water poster.

NEF undertakes curriculum revisions every year to 
remain current and provide the best quality energy 
education available. New art and updated information 
will assure that these two posters will continue to be 
effective and informative!

Be sure to check out the new online NEF store at 
store.nef1.org. 

New Nuclear and Water Posters

Daily Water Use
Because three quarters of the earth’s surface is covered with water, it is sometimes difficult to understand the 
importance of using water resources carefully. We must understand that only a small amount of the earth’s 
water is fresh, potable water available for human use.

It is also important to understand the great demand for water in our homes. Water can be used efficiently 
in two ways. First, we can use wise behaviors such as taking shorter showers or turning off the water when 
we brush our teeth. We can also use water efficient technologies such as high-efficiency showerheads or 
automatic sprinklers. Learning and implementing ways to use our water as efficiently as possible will help 
conserve and protect our water supply. We cannot afford to waste this valuable resource.

Find all the water uses represented in the picture below. Determine which efficiency tips from the Water 
Efficiency panel could apply to each usage. Then decide if each tip is a wise behavior or an efficient technology.

Nature’s Purification System
We can determine uses for water based on its quality. Water that is not suitable for drinking can irrigate crops. 
The water cycle helps to clean the earth’s water. However, “pure” water in nature is difficult to find because it 
has the ability to dissolve many contaminants.
 
Pollution
Many forms of pollution affect water quality. High water flows, silt deposits or toxins contaminate water. In the 
atmosphere, particles of dirt, salt and smoke can combine with gases to form weak acids that are carried 
to the earth’s surface by precipitation. Observable signs of water contamination include discoloration, odor, 
cloudy or silty water, excess algae growth, and damage to living things. 
 
If a single source, such as a sewage plant, can be identified as the cause of contamination, the pollution 
is referred to as a point source. In nonpoint source pollution, the origins of contamination cannot be easily 
identified or controlled. This type of pollution occurs as water flows over the land, picking up sediments, 
organic wastes, toxic substances, bacteria and other pollutants. Such contaminants can make their way into 
the groundwater where they can remain for decades or even centuries.

Careers
Advanced technology has changed water management for industry agriculture 
and utilities. Highly skilled technical and professional individuals are needed to 
manage water distribution and quality.

Water utilities need individuals to collect, treat and distribute water to 
municipalities across our nation. Hydrologists solve water related problems 
in our communities. Supervisors, plant operators, laboratory technicians, 
equipment operators, service persons, maintenance mechanics, meter repair 
persons, pipe fitters, meter readers, construction workers and scientists are just 
a few of the people who keep water supplied to buildings and homes.

Project designers, administrators, engineers, planners and engineering 
technicians make certain that industrial operations and businesses have 
adequate quantities of water. Accountants, analysts and controllers are kept 
busy in companies dealing directly with water and in companies dependent on water for business.

Limited Resource
Water is a limited natural resource essential to life. People can survive about two months without food but only 
a few days without water. In the last 100 years, population in the United States has increased more than three 
times while the average water usage has increased more than 10 times. Agricultural and industrial usage have 
increased even more drastically. Not only are there more people using water, but they are using a lot more of it. 
Water is being used faster than surface water sources (rivers, lakes, reservoirs) or underground water sources 
(groundwater and aquifers) can be replenished.

There are many reasons to use water as efficiently as possible. The cost of a monthly water bill is only a part 
of the price consumers pay for fresh, clean water. There are many other costs to consider. Water doesn’t just 
come from the faucet, it comes from pumping stations, wells, reservoirs, pipelines, water treatment plants, 
even wastewater treatment plants which all have a price tag. Fresh, clean water can be` expensive. Conserving 
water and using it wisely can reduce treatment, transportation, distribution, and heating costs. This results in 
saving not only water, but saving energy, resources, and money as well.

Water is considered a renewable resource, but it is possible to use it faster than it can be naturally recirculated. 
Vast amounts of water are used to produce our energy, grow the food we eat, provide our daily needs, 
maintain our homes and cities, fight fires and provide for transportation and recreational purposes. Because it 
is essential to every aspect of our lives, water must be used wisely.

Water Efficiency Tips
Which of these practices does your family implement?

• Take quick showers instead of baths.
• Install high efficiency showerheads and faucet aerators. 
• Turn the water off while you brush your teeth or wash your hands.
• Run the dishwasher only with a full load.
• Check all water fixtures for leaks and fix or replace leaky faucets and toilets.
• Use a broom to clean the driveway instead of a hose.
• Always wash full loads of laundry using cold water whenever possible.
• Use a trigger nozzle when washing your car. 
• Put a water flow restrictor in the tank of your toilet to save water.
• Keep a pitcher of water in the refrigerator for a cold drink.
• Use mulch in gardens and choose plants that use less water.
• Wash and rinse dishes by hand in a basin of water instead of under running water.
• When purchasing new appliances, look for the most water efficient models.
• Conduct a home water audit to see where water usage could be more efficient.

Water Timeline
• 6000 BC – Ancient Persians use irrigation systems to grow barley 

where natural rainfall is insufficient.
• 5300 BC – Ancient civilizations flourish around rivers and major 

waterways: Mesopotamia near the Tigris and Euphrates Rivers and 
Egypt near the Nile River; earliest evidences of sailing ships used for 
transportation.

• 4000 BC – Ancient Hindu writings recommend water treatment, such 
as filtration through charcoal, exposure to sunlight, boiling or straining.

• 1700 BC – Plumbers on the Island of Crete construct an elaborate 
sewage system, creating the first flush toilet.

• 400 BC – Hippocrates, a Greek physician, recommends boiling and 
filtering water for cleanliness.

• 312 BC – Aqueducts built in Rome to help meet ever-increasing water 
demand.

• 200 BC – Greeks invent the water wheel to mill flour, grind wood for 
making paper, crush ore and pound fiber for cloth.

• 1698 – Steam engine patented by Thomas Savery for the purpose of pumping water out of coal mines.
• 1804 – Lewis and Clark explore the Louisiana Purchase through major waterways to the Pacific Ocean.
• 1871 – Hydroelectricity is first produced at Niagra Falls.
• 1890 – First drinking water treatment systems are built in the United States to reduce contamination.
• 1914 – First water quality standards are established for drinking water in the United States.
• 1930s – Dust Bowl years are the worst droughts in the history of the United States.
• 1933 – The Hoover Dam is built to control floods, provide irrigation water and produce hydroelectric 

power.
• 1972 – The Clean Water Act is passed to clean up and protect water resources.
• 1989 – Surface Water Treatment Rule makes new requirements for filtration and disinfection of surface 

water to prevent waterborne disease caused by viruses.
• 2000 – Norway, Democratic Republic of Congo, Paraguay, and Brazil produce over 85 percent of their 

electricity from hydropower.
• 2007 – World’s largest desalination plant operating in Jebel Ali in the United Arab Emirates uses multistage 

flash distillation to produce 300,000 cubic meters of desalinated water per year.

To meet our future water needs, with an ever-growing population and continually increasing demand, we look 
to utilizing poorer water sources such as greywater (household wastewater), seawater and brackish water 
(slightly saline) to water plants and flush toilets. Also, improved water treatment technologies will increase 
available water sources. Oceans can help power future energy needs; they represent a vast untapped source 
of renewable energy carried by waves, tides, salinity and temperature differences. This energy has potential of 
providing a substantial amount of electricity and renewable energy around the world.

Water History
Water is Vital for Life
An adequate supply of water is vital to life on earth. All known living things need water. The human body feels 
solid but it is actually about 70 percent water. Safe drinking water is essential; an average adult should consume 
about two quarts of water per day. Evaporation from the skin in the form of perspiration helps regulate body 
temperature. Tears bathe eyes, saliva soothes throats and aids in digestion. Water is necessary in breaking 
down and carrying nutrients to all parts of plants and animals. The nutrients are transformed into energy or into 
materials used for growth and repair, with the assistance of chemical reactions. Chemical reactions within an 
organism primarily occur in water solutions. Water also helps an organism expel waste products.

A water molecule has two hydrogen atoms and one oxygen atom. This explains its chemical formula, H2O. 
The electronic forces that make water molecules cling together also make them cling to the atoms of other 
substances such as salts, pulling them apart so they dissolve. This makes water an ideal medium for the 
chemical reactions that are the basis of life.

How Much Water is Available
Looking at Earth from space, you see a beautiful blue planet. It is blue because 
more than 70 percent of the earth is covered by water. However, if all the earth’s 
water could fit in a gallon container only two tablespoons of it would be available for 
human use. Water has three states of matter, solid (ice), liquid (water), and gas (water 
vapor). Earth is unique in the solar system in having abundant liquid water. However, 
scientists estimate that less than one percent of the water on earth is available for 
human use.

The oceans contain 97 percent and glaciers comprise another two percent of the water on the earth. Half 
of the water available for human use lies at least a half mile (2649 ft., 0.8 km) below the surface of the earth, 
currently beyond the reach of conventional and economical drilling technologies. Our remaining fresh water 
supply is found in rivers and lakes. Each year the demand for water increases. In some cases, water is being 
withdrawn from aquifers faster than it can be replenished.

How Much Water Do We Use?
The average North American uses approximately 92 gallons (350 liters) of water per day.1 Water is used 
for cooking, cleaning, bathing, and disposing of waste. Most items used every day require water in their 
manufacturing. People have learned they must cultivate land where rainfall is insufficient for crop production. 
They have devised methods to make “rainfall” when and where they want it through massive sprinkling systems. 
It requires approximately 792,516 gallons (3,000,000 liters) of water per year to provide one person with food.2

1 The Conference Board of Canada 
2 Water Energist, National Energy Foundation

The Water Cycle/Hydrologic Cycle
The never ending circulation of the earth’s water supply has come to be known as the water cycle, or hydrologic 
cycle. The hydrologic cycle is a gigantic system powered by energy from the sun. Large bodies of water, such 
as oceans and lakes, are heated by the sun’s energy. This heat causes some of the water to evaporate, or 
change from a liquid to a gaseous state, thereby transferring water to the atmosphere in the form of water 
vapor. Wind carries the water vapor across the earth as rain, snow, sleet, or hail, all of which are forms of 
precipitation. Most of the precipitation returns to the oceans by way of streams and rivers, however, a portion 
of the water seeps into the ground. 

Groundwater
Groundwater is one aspect of the hydrologic cycle. The major source of groundwater is precipitation. It seeps 
into the ground, filling the poreous space between rocks and sediments. With the exclusion of glacial ice, 
when only liquid water is considered, over 94 percent of our fresh water is groundwater. Different geologic 
formations hold varying amounts of water but those that yield water in usable quantities are called aquifers.

Aquifers
Groundwater flows slowly through an aquifer. An aquifer is any natural material that contains water in sufficient 
amounts to be recovered by drilling wells. Many aquifers are being depleted or contaminated. Aquifer depletion 
occurs when more water is pumped out than is replaced by the water cycle.

Watersheds
Watersheds are areas where surface water flows toward a particular water body, such as a stream. A ridge or 
other area of elevated land, called a divide, separates one watershed from another. Streams on one side of 
the divide flow a different direction from streams on the other side.

Stream Systems
Stream systems include surrounding watersheds, stream channels, in-
stream habitats, stream banks, ponds, reservoirs, lakes, and rivers. 
Whether in the mountains or flatlands, all natural stream systems 
possess a great diversity of plants and animals. A decline in the number 
of different organisms (diversity) or the total number of total organisms 
(density) occurs when the system is in some way disturbed, such 
as when polluted. Some natural pollutants can create problems for 
streams, ponds, lakes, and rivers. However, most problems result from 
human activities such as runoff from agriculture or lawns which contain 
dissolved fertilizer.

Wetlands
A wetland is an area with water saturated soil, either permanently or 
seasonally. Wetlands contribute in positive ways to the environment 
and the water cycle. The plants and animals that inhabit wetlands are 
unique, and many are protected by the Endangered Species Act. The 
wetlands that make up the remaining 10 percent are coastal or tidal 
and contain salty or brackish water. Once thought of as wastelands, 
wetlands support more wildlife and plants than any other habitat.

Water Treatment
Treatment is used to purify raw water coming from nature for potable use as drinking water and to clean 
wastewater following human use. A number of steps may be used in combination to treat both types of water.

• Screens remove large objects from water. 

• Flocculation, a gentle stirring, causes particles to stick together. 

• Particles sink to the bottom of clarifiers where they are removed with pumps. 

• The surface of wastewater clarifiers can be skimmed to remove things that float, like oil and grease.

• Filters are used to remove some of the smallest of particles. Granular media filters use things like sand 
and coal to filter out particles. More recently, very thin membranes have been used to strain out particles.

When wastewater is treated, it goes to aeration basins filled with microorganisms. There, oxygen is added to 
the wastewater enabling the microorganisms to break down organic pollution into mostly harmless carbon 
dioxide and water.

Before treated water is sent for potable use, or treated 
wastewater is released to the environment, the water is 
disinfected. In the disinfection process, chemicals like chlorine, 
or chlorine dioxide, or ozone molecules that kill harmful 
pathogens, are added to the water to make it safe for drinking 
or swimming. Often after disinfection, treated wastewater, or 
grey water, is reused for things like irrigation.
 
The water treatment process is not final even when potable 
water is ready for use. Biosolids, or sludge, that was taken out 
of water during treatment must have excess water removed 
before disposal. Similarly, the wastewater treatment process 
is not complete until the sludge is stabilized. Stabilization 
further reduces biosolids and eliminates its pathogens. This is 
most often done using processes called anaerobic or aerobic 
digestion. Finally, the biosolids are dewatered and disposed of, 
or used as fertilizer.

America’s Clean Water Act
In 1972, in response to citizens’ demands that the government 
do something to clean and protect our water, Congress passed 
the Federal Water Pollution Control Act Amendments. This 
“Clean Water Act”, managed by the Environmental Protection 
Agency, made discharge of pollution to U.S. waters unlawful. 
One of the goals of the law called for water to be clean enough 
for swimming, fishing and other recreational uses. Congress 
revised and expanded the Clean Water Act in 2002.

The Connection Between Water and Energy
Water and energy are connected in many ways. It takes a great deal of energy to pump, treat, heat, cool 
and transport water necessary for human use. Up to 40 percent of the total cost of operating a wastewater 
treatment plant is its energy use.1 In turn, energy production is responsible for a significant portion of the 
water we use. For example, nearly half of U.S. water use is involved in generating electricity with steam driven 
generators.2 Hydropower and nuclear are forms of energy that involve large quantities of water.

Hydropower
About one-fifth of the world’s energy comes from hydropower. 
The potential of water at an elevation above sea level is one of 
the “purest” forms of energy available. The power of water is 
essentially kinetic energy, or energy possessed by something 
due to its motion. Humans have learned to understand and 
take advantage of water’s movement from higher to lower 
elevation.

Hydroelectric dams are constructed not only to control the 
flow of water, but to increase the head. Head is the difference 
in elevation between the water’s surface in the reservoir behind 
the dam and the stream below the dam. The water pressure 
is proportional to the depth of the reservoir created by the 
dam. Therefore, head is a measure of water pressure. Higher 
dams have greater water force to push the turbine and can 
generate more electricity. Pipes called penstocks channel the 
flow of water from the reservoir, through the dam. Once in the 
dam, water drives turbines, which spin generators to produce 
electricity. Hydroelectric plants produce very few pollutants, 
have relatively low operating and maintenance costs, and 
long life spans.

Nuclear Power
Nuclear energy is found inside the nucleus of atoms. Nuclear power plants release this energy from atoms 
through nuclear fisson (splitting the atoms to form smaller atoms). Uranium is used as the fuel to split atoms in 
a nuclear reactor core. This produces a large amount of heat, which turns water into steam. Steam turns the 
turbine blades, driving the generators, which create electricity. 

After electrical generation, nuclear power plants use water again. Steam is cooled back into water in a cooling 
tower. In addition, radioactive decay continues to produce heat after fission stops. Nuclear power plants must 
get rid of more waste heat than other electrical generation systems to avoid damage. Unlike other types of 
electrical generation systems, nuclear generation cannot rely on flues or stacks to discharge waste heat. 
Instead, water is most commonly used for this cooling. Because nuclear power generation is so dependent 
upon water, plant sites are often selected based on its availability. 

1 R. Bruce Lung, Alliance to Save Energy
2 U.S. Geological Survey, 2009

Water is Vital Water on the Earth

WATER FUN!
The hydrologic cycle is affected by weather and the seasons. To find out why, fill two glass containers with 
water. Place one container in a warm, sunny area. Place the second in a cool, dark area.

What happened to the water in the two containers after a period of time? Which had the faster rate of 
evaporation? Why?

WATER FUN!
Water early in the morning, avoid shallow watering, and do not cut lawns too short to decrease the 
amount of water a lawn needs. Watering to a depth of one inch is optimal for most lawns. 

To determine proper watering, place several shallow containers in different places on a lawn. Measure the 
water in each container after the sprinklers run. Adjust watering times if measurements are more or less 
than one inch.

Water Treatment

Water and Energy Water in the HomeWater Efficiency

About National Energy Foundation
National Energy Foundation is a unique 501(c)(3) nonprofit 
educational organization dedicated to cultivating and promoting 
an energy literate society. 

NEF would like to recognize the contributions of Jon Burton, 
Dari Scott, Janet Hatch, Jenell Brimhall, Janet Smith, Kelly Van 
Dusen, and Michael Bonner to this poster’s development. A 
sincere thank you to advisors J. Holland Scott, PE Consultant; 
and Brianna Ariotti, Utah Division of Water Quality. We also 
appreciate the support of NYSERDA in the development process.

4516 S 700 E, Suite 100, Salt Lake City, UT 84107
800-616-8326 – www.nef1.org
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Water Efficiency
As our population grows and our water demands 

increase, we must use this valuable, vital resource as 
efficiently as possible. Using wise behaviors like turning water 

off and using it only as needed increases efficiency. Using 
efficient water technologies will also help ensure 

sufficient water resources for our future.

Hydrologic Cycle

The amount of water on earth has remained

the same through the ages because of the hydrologic cycle. 

This cycle is powered by energy from the sun. The sun heats water and 

changes it to vapor, which rises into the atmosphere and is carried by 

wind. The water vapor then cools and condenses into rain 

and snow and falls back to earth.

Water and Energy

Water and energy are interconnected. It takes energy

 to pump, treat, transport and change the temperature of 

water, making it available for human use. It also takes a great 

deal of water to produce different forms of energy 

that we rely on to maintain our lifestyles.

Water is Vital

Water is vital for the survival of all living 

things. Water is necessary in breaking down and 

carrying nutrients to all parts of plants and animals. 

Water is used in agriculture to grow or raise the foods 

we eat. From the food we eat to the water we 

drink, water is vital for our lives.

Water Treatment

Water must be treated before it is ready for a 

wide variety of human uses. This applies to raw water from 

nature and to human wastewater. A number of steps can 

be used for water treatment, including: screens, grit 

removal, aeration, chemical addition, flocculation, 

clarifiers, filtration, disinfection,

digestion and dewatering.
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things. Water is necessary in breaking down and 

carrying nutrients to all parts of plants and animals. 

Water is used in agriculture to grow or raise the foods 

we eat. From the food we eat to the water we 

drink, water is vital for our lives.
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Water must be treated before it is ready for a 

wide variety of human uses. This applies to raw water from 

nature and to human wastewater. A number of steps can 

be used for water treatment, including: screens, grit 

removal, aeration, chemical addition, flocculation, 

clarifiers, filtration, disinfection,

digestion and dewatering.

© 2012 • 4516 SOUTH 700 EAST, SUITE 100, SALT LAKE CITY, UT 84107 • 800-616-8326 • FAX (801) 908-5400 • WWW.NEF1.ORG • INFO@NEF1.ORG THIS IS AN ARTIST'S REPRESENTATION AND IS NOT INTENDED TO BE A TECHNICAL ILLUSTRATION. • PRINTED ON RECYCLED PAPER IN THE USA

Water-Poster-Front-120423.indd   1 4/23/12   9:04 AM

TM

5
Summer 2012 interNEF

Nuclear power plants are complex facilities that require many types of employees such as technicians, engineers and 
other professionals. To support nuclear power plants, engineering and design firms, fuel fabricators and transportation 
companies hire many employees. In addition to nuclear power generation, there are careers in radiation safety, nuclear 
medicine and other industries that use nuclear technology. 

maiN tyPes oF Workers iN Nuclear eNergy

•	 Engineers – nuclear, electrical, chemical, mechanical, systems, computer, materials and civil/structural engineers

•	 Professionals – health physicists, quality assurance experts, radiation protection technicians, chemists, analysts, 
accountants, instrumentation and control experts, maintenance, information technology, business management, 
document control, fire protection, industrial safety, security and training

•	 Skilled workers – electricians, welders, pipe fitters, machinists, carpenters, engineering technicians, instrumentation 
technicians, millwrights and heavy equipment operators

resources to learN more about Nuclear eNergy
American Nuclear Society and Canadian Nuclear Society, ans.org/pi and cns-snc.ca, have resources for teachers and 
students, including teacher workshops, Ask an Expert, and links to many nuclear-related websites.

World Nuclear Association, world-nuclear.org, has a wealth of information in the public information service section, 
including nuclear basics, statistics, information on nuclear power in different countries, the nuclear fuel cycle, and up to 
date information on nuclear reactor designs and key issues.

U.S. Department of Energy Nuclear Office, www.ne.doe.gov, provides a nuclear energy student zone with classroom 
activities, fact sheets and background documents.

Energy Solutions Foundation, energysolutionsfoundation.org, offers educational resources on nuclear energy, plus 
educational games and career information and “Ask a Scientist” and “Ask an Engineer” academic interaction pages.

Nuclear Energy Institute, nei.org, has information on key issues in nuclear energy, as well as a career and education 
page that includes the “Test Your Nuclear IQ” quiz.

Merriam-Webster Visual Dictionary Online, visual.merriam-webster.com/energy/nuclear-energy.php, has definitions and 
great visuals on the types of reactors and reactor components.

ackNoWledgemeNts
National Energy Foundation (NEF) acknowledges Jon Burton 
for the poster artwork, Robin Reinarts and Kelly Van Dusen 
as curriculum development specialists and Michael Bonner 
for layout of the poster. NEF extends appreciation to Elizabeth 
McAndrew-Benavides, Nuclear Energy Institute and Luke 
Bockewitz, Commonwealth Edison for consultation.

about NeF
National Energy Foundation is a unique 501(c)(3) nonprofit 
educational organization dedicated to the development, 
dissemination and implementation of supplementary 
educational materials, programs and services. These 
resources for education relate primarily to energy, water, 
natural resources, science, math, technology, conservation, 
energy efficiency and the environment. They recognize the 
importance and contribution of natural resources to our 
economy, to our national security, the environment, and our 
quality of life.

Careful planning, good engineering and design, strict licensing and regulation, intensive training of operators and 
thorough environmental monitoring help to ensure that nuclear power plants operate safely. 

desigNed For saFety
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, fission 
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 power plants have many protective barriers designed to prevent a release of radioactive materials.

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 and will only 
melt at temperatures 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 contained inside rods made of zirconium. Zirconium is a metal alloy 
which resists radiation, heat and corrosion. 

The massive steel pressure vessel around the reactor core made of carbon steel lined 
with stainless steel is the third barrier. The water surrounding the fuel rods is another 
barrier, particularly effective in slowing down neutrons.

The final barrier to a release of radioactive materials is the containment structure, made of steel-reinforced concrete, 
with walls approximately three feet (one meter) thick. The containment structure for a nuclear power plant is capable of 
withstanding events such as earthquakes, tornados or the impact of a large aircraft.

Numerous safety systems help to prevent reactor accidents and to minimize the effects if an accident were to occur 
due to equipment failure, human error or a natural disaster. Safety systems automatically come on as soon as the 
temperature in the reactor rises above normal levels. All crucial safety systems have backups.

Nuclear power plants have systems that shut down the reactor when monitoring instruments find a problem. Leak 
detection equipment lets operators know any time the cooling system fails. In addition to the main cooling system, 
reactors have separate and independent emergency cooling systems, which automatically come on when safety sensors 
detect a loss of coolant. In case of a power failure, backup generators provide power to operate cooling pumps and 
emergency equipment. The barriers included in the reactor design help to prevent radioactive materials from escaping 
the plant if there were an accident in the core.

regulatioN
Nuclear power plants are heavily regulated. In the U.S., the Nuclear Regulatory Commission (NRC) approves all plans, 
monitors operations and licences reactor operators. In Canada, the Canadian Nuclear Safety Commission (CNSC) 
has the same regulatory role. Power plant personnel must establish programs and conduct audits, inspections and 
environmental monitoring to ensure that the plants are operating safely and are in compliance with local and national 
laws.

FiNd it oN tHe FroNt:
Find the pressure vessels and containment buildings on the three different types of reactors. The CANDU reactor has a pressure 
vessel around each fuel rod.

Websites:
Learn about nuclear safety and security at nrc.gov and nuclearsafety.gc.ca.

Nuclear Power Safety
Radioactive isotopes and radiation have many applications that benefit all of us. These include uses in agriculture, food 
safety, medicine, powering spacecraft and radioactive dating of artifacts.

Food aNd agricultural uses oF Nuclear tecHNology
Insects and food spoilage are major agricultural problems that can be combated with nuclear 
technology, reducing the use of insecticides and preservatives. The Sterile Insect Technique 
involves irradiating large numbers of insects with gamma radiation to sterilize them. With repeated 
releases of sterilized males, the population of insect pests in a given area is dramatically reduced. 
Food irradiation is used worldwide to preserve food by exposing raw or frozen foods to high levels 
of gamma radiation, killing bacteria and other harmful organisms. The nutritional value of food is 
not affected and there are no chemical additives. Irradiation of food does not make it radioactive. 
The radura symbol is placed on all irradiated food.

medical uses oF Nuclear tecHNology
Radioisotopes are an essential part of medical technology used in diagnosis, sterilization of 
equipment, as well as treatment of cancers. Unlike X-rays, nuclear medicine allows both bone and 
soft tissue to be imaged successfully. Radioactive tracers are very important for doctors to be able 
to gauge organ function and follow molecules through the body.

A major use of radioisotopes for diagnosis is in radio-immunoassays for biochemical analysis of 
blood samples. Very low concentrations of chemicals in a sample can be measured with these 
techniques. The patient never comes in contact with the radioisotopes used in the diagnostic tests. 
Some 40 million such tests are carried out each year in the U.S.

Gamma sterilization of medical equipment is safe and less expensive since it can be done after 
the item is packaged. Medical products sterilized by radiation include syringes, cotton, wool, burn 
dressings, surgical gloves, heart valves, bandages and surgical instruments. 

Nuclear tecHNology iN smoke detectors
A common household use of radioisotopes is in smoke detectors, which contain a small amount of americium-241. This 
isotope emits alpha particles which ionize the air and conduct a current between two electrodes. If smoke enters the 
detector it absorbs the alpha particles and interrupts the current, setting off the alarm.

iNdustrial uses oF Nuclear tecHNology
Radioisotopes which emit gamma rays can be used to check welds of new gas and oil pipeline systems, with the 
radioactive source being placed inside the pipe and the film outside the welds. This is more convenient than employing 
X-ray equipment.

radioisotoPe PoWer sources
Some radioisotopes emit a lot of energy as they decay. Such energy can be harnessed 
for pacemakers or to power navigation beacons and satellites. The decay heat of 
plutonium-238 has powered many space vehicles.

radioisotoPic datiNg
Analysis of radioisotopes is of vital importance in determining the age of rocks and 
other materials that are of interest to geologists, anthropologists and archaeologists.

FiNd it oN tHe FroNt:
Find the nuclear medicine department of the hospital, food preservation plant, and nuclear-powered space probe. 

Websites:
Visit nei.org/howitworks to learn more about non-power uses of nuclear science. 
View a video on nuclear space power at www.doe.gov/science-innovation/energy-sources/nuclear.

Uses of Nuclear Technology
Uranium is a slightly radioactive metal found in the earth’s crust in about the same abundance as tin. It is found in rocks, 
soil and sea water. Most of the radioactivity in nature is not due to uranium, but to other minerals and elements formed 
as uranium decays. Less than one percent of naturally occurring uranium is uranium-235, with more than 99 percent 
being uranium-238. It is uranium-235 that readily fissions, releasing energy. Uranium oxide ore is abundant in both the 
United States and Canada.

stePs iN tHe Nuclear Fuel cycle

Mining – Uranium can be mined with traditional surface or underground mines, but in 
situ leaching is also common. Open pit mining is used for deposits near the surface, 
while underground mining is used if the ore is found deeper than 390 feet (about 
120 meters) below the surface. In situ leaching is a growing method for extracting 
uranium with little disruption to the environment. Ore is left in the ground, generating 
no tailings. Oxygenated water is pumped into the ore body to dissolve it and carry the 
uranium to the surface, where it is separated from the water.

Milling – Milling extracts uranium oxide from the ore by using a strong acid or base 
solution. The concentrate, called yellowcake, is dried and packaged. The leftover 
tailings are much more radioactive than the yellowcake, and are carefully stored.

Conversion and Enrichment – Yellowcake is refined to uranium dioxide, which can 
be used by CANDU reactors (see How Nuclear Power Works for reactor descriptions). 
Yellowcake is also often converted to uranium hexafluoride (UF6). UF6 is processed to separate uranium isotopes 
by mass, enriching it from 0.7 percent to 3.5-5 percent uranium-235. The enriched UF6 is then converted into 
uranium oxide and formed into fuel pellets.

Reprocessing and Recycling – Used fuel from most reactors contains almost one percent uranium-235, one 
percent usable plutonium and waste fission products. Reprocessing of the uranium and plutonium can produce 
new mixed oxide (MOX) fuel pellets, but it is not currently done in North America. Reprocessing results in much 
less waste and lower radioactivity in the waste.

Waste Disposal – Waste is classified into levels 
(low, intermediate or high) by how radioactive 
it is. Most waste is solid low-level waste (LLW), 
which gives off little radioactivity. Only half of the 
LLW generated in the U.S. comes from nuclear 
power plants. Low-level wastes are disposed of 
using methods similar to chemical waste. Used 
fuel (high-level waste) is often stored on-site at 
the nuclear reactor if not reprocessed. Other 
waste is solidified in concrete for safe disposal. 
Geologic repositories for used nuclear fuel are 
being developed for long-term management of 
high-level radioactive waste.

FiNd it oN tHe FroNt:
Find fuel pellets, the fuel cycle, an in situ leaching uranium mine and waste disposal site.

Websites:
Learn more about the steps of the fuel cycle, uranium mining and waste storage at world-nuclear.org/info/inf03.html and  
nei.org/keyissues/nuclearwastedisposal.

Nuclear Energy Careers
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Websites: 
Find a wealth of information on nuclear energy at the U.S. Department of Energy’s Nuclear Energy Student Zone at  
www.ne.doe.gov/students/Track_teachers.html. 
Canadian information is available at nrcan.gc.ca/energy/sources/uranium-nuclear/1194. 
Test your nuclear IQ at nei.org/iq.

The center of an atom, the nucleus, contains protons and neutrons. Atoms can have different numbers of protons 
and neutrons but are classified according to the number of protons found in the nucleus. Atoms with one proton are 
called hydrogen atoms, helium atoms have two protons, carbon atoms have six protons and so on to the last naturally 
occurring atom, uranium, which has 92 protons. Atoms of the same element (same number of protons) with different 
numbers of neutrons are called isotopes. Some isotopes of an element may be radioactive, meaning their nucleus is 
not stable. For example, there are three isotopes of hydrogen: “regular” hydrogen with no neutrons, deuterium with one 
neutron, and radioactive tritium, which has two neutrons. Uranium, the fuel for most nuclear reactors, has two main 
isotopes, uranium-235 with 92 protons and 143 neutrons, and the much more common uranium-238 with 92 protons 
and 146 neutrons.

HoW is Nuclear eNergy released From aN atom?
The nucleus of an atom stores a tremendous amount of energy per unit volume. In 
the nucleus every proton is repelling every other proton because they are positively 
charged. So, why doesn’t the nucleus fly apart? The particles in the nucleus are held 
together by an even stronger force that scientists call the strong force that stores 
nuclear binding energy.

The strong force that holds the nucleus of an atom together is much stronger than a 
chemical bond and stores much more energy. This is why nuclear reactions release so 
much more energy per ton of fuel than fossil fuels.

There are two types of nuclear reactions, fission and fusion. The nuclei of two atoms are joined through fusion, resulting 
in the creation of a new element and particles such as a free neutron. Heat is produced when the free neutron collides 
with other atoms, converting kinetic energy into heat.

The sun and stars get their energy from fusion, mainly the joining of hydrogen nuclei to 
produce helium. Scientists have been attempting to imitate this process for many years, 
but it requires extremely high temperatures. Although scientists have been unable to 
develop a container capable of holding such extremely hot material, one promising 
effort involves containing the material within a magnetic field while it is being heated to 
150,000,000°C. Construction on the international ITER project to build a fusion reactor, 
which is designed to produce ten times as much power as it consumes, began in 
Southern France in 2010.

Fission is the splitting of atoms. Fission reactions using uranium-235 as the fuel 
produce enormous amounts of heat capable of turning water into steam for use in 
generating electricity. The heat is produced from the collision of fissioned particles with 
other atoms, again converting kinetic energy into heat. 

The release of two or three neutrons in fission is very important. These neutrons can 
make other uranium-235 nuclei fission, releasing more neutrons which are absorbed by 
new atoms causing them to fission, releasing more heat and neutrons. The repeating of 

this process over and over is a chain reaction, and can continue as long as enough uranium-235 nuclei and neutrons 
are present. The amount and configuration of uranium-235 needed to sustain a chain reaction is called a critical mass.

1789 – 1935 learNiNg about radiatioN aNd tHe Nature oF tHe atom
The history of nuclear energy began with the discovery of uranium in 1789 by a German chemist, who named the new 
element after the planet Uranus. Radiation was first discovered by Wilhelm Roentgen in 1895, when he produced X-rays 
in his laboratory. Henri Becquerel discovered minerals containing uranium gave off radioactive particles, darkening 
photographic plates. Other discoveries followed quickly, notably Pierre and Marie Curie’s discovery of additional 
radioactive elements. In 1896, radiation was first used to treat cancer patients. In 1898, Samuel Prescott used radiation 
to kill food-borne bacteria.

The early 1900s marked a period of great discovery about the structure of the atom. Rutherford’s famous gold-foil 
experiment proved the existence of the nucleus. He also realized that the alpha and beta particles discovered by 
Becquerel could be used to rearrange the nucleus and create new types of atoms. Frederick Soddy first explained that 
elements have a number of different isotopes, which are forms of an atom with the same number of protons, but different 
numbers of neutrons. In 1935, Enrico Fermi conducted many experiments to create new elements by bombarding many 
different atoms with neutrons. Some of these experiments created new, lighter elements from uranium. Nuclear fission 
had just been discovered! Calculations of the energy released by this process were the first confirmation of Einstein’s 
mass-energy equivalence theory, E=mc2.

1935 – 1945 HarNessiNg tHe PoWer oF tHe atom
German scientists realized that fission released not only energy, but additional neutrons 
that could be used to strike other uranium atoms and create a chain reaction. Niels 
Bohr realized that the uranium-235 isotope was more effective for this process than 
uranium-238. Natural uranium is 99.3 percent uranium-238, so for fission to be 
harnessed in a chain reaction, the uranium must be enriched to increase the amount of 
uranium-235. 

The final pieces of the puzzle needed for useful nuclear fission were discovered in 1939, 
when Francis Perrin introduced the concepts of critical mass and moderation to control 
the chain reaction (vital for a nuclear power plant). Scholarly journals on the subject 
were published two days before the official start of World War II. Scientists realized the enormous amount of heat 
produced could be tapped for direct use, as in driving a propeller, or to generate electricity and by 1940, research into 
the atomic bomb had begun.

1945 – today Nuclear PoWer
Post-war research focused on “Atoms for Peace,” as Eisenhower put it. Electrical generation using a nuclear reaction 
was first achieved in a test reactor in Idaho in 1951. The first nuclear power plant began operation three years later in 
Russia. In the U.S., Admiral Rickover led the development of nuclear reactors for use on submarines. Rickover’s focus 
on safety led to the design of the pressurized water reactor, a reliable reactor that was compact and safe, and that, 
with some modifications, could also be used on land. The first commercial nuclear power plant began operating in the 
U.S. in 1960. The first Canadian nuclear plant started up in June of 1962, with a very different reactor design from the 
U.S. reactors. Commercial nuclear power generation became competitive with fossil fuels in the 1960s, but still only 
accounted for 19 percent of U.S. electrical generation and 15 percent of Canadian electrical generation in 2010.

In 2011, 30 countries worldwide were operating 433 nuclear reactors for electrical generation. Sixty-two new nuclear 
plants were under construction in 13 countries. Today 104 commercial nuclear reactors at 65 power plants in the U.S. 
generate about 20 percent of the nation’s electricity. Seventeen Canada Deuterium Uranium (CANDU) reactors generate 
approximately 15 percent of the electricity in Canada.

Nuclear power plants use fission, the splitting of atomic nuclei. The nucleus of an atom is a bundle of protons and 
neutrons held together by a very strong force. If that force can be overcome, a tremendous amount of energy is 
released. Some atoms are more likely to split than others. Uranium, more specifically uranium-235, is the atom of choice 
for nuclear power plants worldwide.

In the fission process, a nucleus of a uranium-235 atom is bombarded by a neutron, which is absorbed. The absorbed 
neutron causes the atom’s nucleus to split apart or “fission” into two atoms of lighter weight, releasing energy, neutrons 
and radioactivity. Fission reactions produce enormous amounts of heat that turns water into steam for generating 
electricity. 

WHat is a cHaiN reactioN?
The release of two or three neutrons in fission is very important. These neutrons can make other uranium-235 nuclei 
fission, releasing more neutrons that are absorbed by new atoms causing them to fission, releasing more heat and 
neutrons. The repeating of this process over and over is a chain reaction, and can continue as long as enough 
uranium-235 nuclei and neutrons are present. 

WHat is a Nuclear reactor?
A nuclear reactor is basically a piece of machinery that contains and controls chain 
reactions while releasing heat at a controlled rate. The reactor vessel, a tank-like 
container weighing nearly 450 tons (408 tonnes) with eight to 10 inch (20 —25 cm) thick 
steel walls, is located at the base of the reactor building. The core, located at the bottom 
of the reactor vessel, holds the fuel assemblies.

The basic components of a nuclear reactor are:
• The fuel consists of enriched uranium dioxide formed into small ceramic pellets, 

encased in 12 foot (4 meter) long metal tubes called fuel rods, bundled to form 
fuel assemblies, and placed in a part of the reactor called the core. 

• The control rods contain materials that absorb neutrons, such as cadmium and silver, and are used to regulate 
the rate of the chain reaction. Control rods are fastened to machinery that can move them in or out of the core 
while the reactor is operating.

• The coolant, usually water, is pumped through the reactor to carry away the heat produced by fission. Reactors 
may use normal water or heavy water, which contains H-2 (deuterium) rather than H-1, the more common isotope 
of hydrogen. American reactors are all Light Water Reactors (LWRs), using normal water, while the reactors in 
Canada are Heavy Water Reactors (HWRs).

• The moderator is material used to slow neutrons down and is essential to maintaining a chain reaction. Fortunately, 
water is an excellent moderator, so reactors can be moderated by the same water used as the coolant.

The three main types of nuclear reactors used in North America are: Boiling Water 
Reactors (BWR), Pressurized Water Reactors (PWR), which are both LWRs, and Canada 
Deuterium Uranium (CANDU) reactors, which are HWRs that can use unenriched 
uranium or depleted uranium as fuel. Both CANDU and PWR reactors use three water 
loops: one circulating the moderator into a steam generator, one carrying the steam 
to the turbine and condenser then back to the steam generator, and one circulating 
cooling water from the condenser to the cooling tower. BWRs do not have a separate 
steam generator.

Small amounts of radioactive materials can be found in our bodies, in products we use daily, in the ground, in building 
material, and in outer space. They are a natural part of our everyday life.

WHat is radiatioN?
Radiation is energy and particles that are released as an atom undergoes 
radioactive decay. Radioactive decay is the process by which the original element, 
called the parent, becomes a different element, called the daughter product, as it 
releases particles. One parent may go through many different decays, creating a 
decay chain with many different daughter products until finally a stable element is 
formed, as seen in the decay chain of uranium-232, at right.

Radioactive elements decay at a predictable rate known as the half-life. Half-life 
is defined as the amount of time it takes for one-half of a radioactive substance 
to decay. A substance with a long half-life is less radioactive than one with a 
short half-life, since particles are being emitted over much longer time periods. 
For example, uranium-235 has a half-life of 700 million years, while strontium-91 
has a half-life of 9.5 hours.

There are several different forms of radioactive decay. The most common forms are 
called alpha, beta and gamma decay. Alpha (α) decay occurs when a nucleus loses 
two protons and two neutrons, reducing its atomic number by two and atomic mass 
by four. The emitted alpha particle cannot penetrate a sheet of paper, as shown in the 
diagram. Beta (β-) decay occurs when a neutron breaks down into a proton and an 
electron. The electron (also called a beta particle) is ejected, and the atomic number of 
the nucleus increases by one. Gamma (γ) decay does not change the atomic mass or 
atomic number of an element, it is simply the release of high-energy gamma rays. These 
high-energy electromagnetic rays have great penetrating power, as do neutrons.

If we examine the decay curve of uranium-232, we can see that it undergoes eight different decays before ending in a 
stable daughter product, lead-208. The first step is alpha decay with a half-life of 69 years. Notice the short half-lives of 
some of the intermediate products, such as radon-220 at 56 seconds.

sources oF radiatioN
We are exposed to ionizing radiation every day. Nearly 50 percent of the radiation we are exposed to each year is from 
naturally occurring sources, nearly all from radiation in the soils and rocks, called primordial or terrestrial radiation. 
Radiation that comes from space is called cosmic or cosmogenic, most of which is blocked by the atmosphere and 
earth’s magnetic field, although flight crews are monitored for cosmogenic radiation exposure. The other 50 percent of 
our radiation dose comes from artificial sources—mainly from medical X-rays, some from consumer products, industry, 
research and a tiny bit (less than one percent) from power generation.

radiatioN saFety
Radiation may change the structure of cells that can affect cellular processes. Some damage is easily repaired, other 
damage may lead to cancer or cellular death. The type of damage that occurs depends on the radiation dosage, the 
type of radiation and the type of cell. It is also important to look at whether the exposure was external (less dangerous) 
or internal. Alpha and beta radiation is unlikely to cause damage unless it is internally absorbed, through inhalation or 
ingestion.

FiNd it oN tHe FroNt: 
Find the PWR, BWR and CANDU reactors.
Websites:
Get an overview of nuclear fission and reactor workings at science.howstuffworks.com/nuclear-power1.htm.
Learn more about CANDU reactors at candu.org/candu_reactors.html.

FiNd it oN tHe FroNt: 
Find the nuclear submarine and aircraft carrier.

Websites: 
World Nuclear Association history page world-nuclear.org/info/inf54.html
Get an updated list of the world’s nuclear reactors at world-nuclear.org/info/reactors.html.

Websites:
Visit radiationanswers.org to learn more about radiation types, sources, and factors affecting radiation exposure.
Calculate your annual radiation dose at new.ans.org/pi/resources/dosechart from the American Nuclear Society or  
nrc.gov/about-nrc/radiation/around-us/calculator.html.
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FISSION
Fission is the splitting of atomic nuclei, 

the process used in nuclear reactors. When a 
nucleus splits apart, it releases energy 

and more neutrons that can 
strike other nuclei.

FUSION
Fusion is the joining of small nuclei into 

a larger one at very high temperatures, the 
process that fuels stars. Hydrogen nuclei join 

to form helium nuclei through a series 
of reactions in our sun.

USES OF NUCLEAR TECHNOLOGY
Nuclear technology is used to kill bacteria 

in food, determine the age of artifacts, power 
space probes, find leaks and flaws in tanks 

and machines, to diagnose disease 
and treat cancers.
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Uranium, the fuel for most nuclear 
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Nuclear plants have provided reliable power 
in North America for over 50 years.

IN SITU LEACHING
In situ leaching allows uranium ore to 

be dissolved by water and pumped to the 
surface, through boreholes drilled into a 
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to the environment. 
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NUCLEAR ENERGY AND ELECTRICITY
Nuclear power plants operate much like conventional power plants, 

creating steam to turn a turbine and spin a generator. Heat to generate 
steam is made by the fission of uranium in the three types of reactors 

pictured above. The reactor is encased in a containment 
building and is connected to the turbine by a series 

of pipes carrying water and steam.
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NEF has the ability to create a custom version of posters 
or materials by prominently displaying a sponsor’s 
logo. These posters, along with most NEF materials, 
are adaptable to fit sponsors’ or customers’ needs. 
Some recent materials collaborations have been with 
Georgia Power, Gulf Power, Johnson Controls, Inc. and 
NYSERDA among others. A custom poster is a great 

way for a utility or any other company or organization 
to demonstrate commitment to community and 
education. 

For further information about customizing for 
your organization, please contact Ian Wright at  
800-616-8326 or by email at ian@nef1.org.

Customization Opportunity
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C2 Think Twice

Adding to a long-standing and effective partnership, 
Vectren and NEF have implemented a new adult 

education program, C2 Think Twice. Employees of 
Vectren Energy in Indiana are training on a range of 
subjects related to energy efficiency. C2 Think Twice 
puts in place procedures for “E-Team Captains” who are 
trained to be energy managers around their offices and 
homes.

Each of six trainings will have a different theme and focus. 
Subjects cover furnace fundamentals, transportation, 
appliances, water, lighting and weatherization to form 

a comprehensive energy ef-
ficiency education program. The 
E-Team Captains each receive an 
information guide with activities 
that will help Vectren employees 
use less energy.

This new guide is customized for 
Vectren employees and has a 
section dedicated to each train-
ing. Every section has an energy 
challenge to make participation 

more fun and interesting. For example, in June, employees 
were encouraged to record their plug loads and energy 
use and measure what potential impact a Smart Strip® 
power strip would have on total energy usage.

In all, over 550 Vectren employees will be trained on 
maximizing efficiency with energy usage at home and 
in the workplace. NEF appreciates the opportunity to 
partner on Vectren’s C2 Think Twice initiative.

New Employee Program

National Energy Foundation 
announces Marvin S. Fertel, 

president and chief executive officer 
at the Nuclear Energy Institute (NEI), 
as its new chairman of the board of 
directors.

Mr. Fertel has led NEI since 2009 
and previously had been the 
organization’s chief nuclear officer 
for six years. He has more than 

40 years of experience in consulting electric utilities 
on issues related to designing, siting, licensing and 
managing both fossil fuel and nuclear energy facilities.

Prior to his responsibilities with the Nuclear Energy 
Institute, Mr. Fertel worked as an executive with 
organizations such as Ebasco, Management Analysis 

Company and Tenera. He joined the U.S. Council 
for Energy Awareness in 1990 as Vice President 
of Technical Programs and in 1994 became Vice 
President of Nuclear Economics and Fuel Supply 
for NEI. He directed industry-wide efforts to ensure 
exceptional levels of security at nuclear power plants 
and to address technical issues related to commercial 
nuclear energy facilities.

Mr. Fertel has an extensive background in many 
different aspects of the energy industry. He is a 
member of the Department of Energy’s Nuclear Energy 
Research Advisory Committee and the U.S. Chamber 
of Commerce’s Committee of 100 leading executives. 
National Energy Foundation would like to thank Marvin 
S. Fertel and welcome his leadership as its new 
chairman.

Marvin S. Fertel

Elissa Richards presenting at a Vectren training session

NEF Announces New Chairman
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Energy by Design

Energy by Design (EBD) is a poster contest sponsored by Nicor Gas in Illinois for students from kindergarten 
through grade eight. The goal of EBD is for students to demonstrate environmental stewardship through a 

creative process. There were 1,261 student projects entered from 165 teachers. All of the students who enter the 
contest attend schools within the Nicor Gas territory. Below are a few of the outstanding winners! 

Citizens Energy Savers Contest

Citizens Gas in Indiana challenged Marion County students, kindergarten through grade eight, to a creative 
competition similar to EBD. The rules were simple; students were asked to create a unique poster explaining 

ways to conserve energy in their community and at home. Here are the grand prize winners of Energy Savers!

Solar For Schools Slogan Contest

Johnson Controls Inc., the Utah State Energy Program and National Energy Foundation 
sponsored the Solar for Schools Slogan Contest. This contest allowed for Utah 

students to come up with a slogan to demonstrate the importance of solar energy. 
Teachers submitted entries and the winning class received $250 in NEF materials and 
their slogan was put on the new NEF Solar for Schools poster. The poster was sent to all 
of the teachers that entered.

Roger Wilcox and his students from Canyons Technical Education Center (High School) in 
Canyons District were the winners with the slogan “Watts up with our school, sun?”

Congratulations Contest Winners

6-8 Grand Prize Winner
Aamerah, Tefft Middle School, 

7th Grade

6-8 Grand Prize Winner
Laura 6th grade

K-2 Grand Prize Winner
Ellis 1st grade

3-5 Grand Prize Winner
Ethan 

5th grade

3-5 Grand Prize Winner
Lauren, 

St. Cletus School, 

5th Grade

K-2 Grand Prize WinnerMaksym, Gombert Elementary, 2nd Grade
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There is an old proverb that states, “Failure to plan, is planning to fail.” Slightly different 
variations of this quote have been attributed to different people from different cultures 

throughout the years, but the idea that by not considering the future, we are setting ourselves up 
for failure is the consistent message. The way we plan for our future energy use and production 
will play an important role in determining social, economic and political stability. 

Planning a future with successful energy management is much like planning a retirement 
portfolio. In order to give ourselves the best possible chance at success, we need diversity in 
the natural resources we use. As technological advances continue, Americans have become 
accustom to the many aspects of life that use a lot of energy. To maintain the way of life that 
we have come to appreciate, it will be beneficial for us to use the wide range of energy sources 
available. 

As a country, we need an energy plan that will be sustainable for generation after generation. About five percent of the 
world’s population lives in the United States but we use one-fourth of the world’s energy. Since energy markets tend 
to fluctuate, it is important to not get caught up in energy trends that may be the flavor of the month. Keeping an eye 
on the big picture of energy diversity is important even if both people and markets are drawn to one energy source or 
another. 

The best way to safely secure our energy future and sustain the ability to freely utilize energy is to develop wise 
practices with coal, natural gas, nuclear, oil, renewable resources and any other source that may gainfully contribute to 
our energy portfolio. When we employ a range of viable energy options with energy efficiency, then a sustainable plan 
will more thoroughly be developed. Adapting technology, behavior and public opinion will allow for future energy use 
without compromising comfort or convenience. 
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