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National Nuclear Science Week 

October 19 – 23 

  
 
 

Join Duke Energy in Celebrating National Nuclear Science Week 
 

What is Nuclear Science Week? 
Nuclear Science Week is a national celebration recognizing 
the important contributions of the nuclear science industry and 
those who work in it every day.  

  
Always the third week in October, Nuclear Science Week 
encourages educators, students and community members to 
“get to know nuclear” through hands-on activities and local 
events.  

 
Get Involved with Nuclear Science Week 
To celebrate Nuclear Science Week, this toolkit provides 
resources to introduce your students to nuclear science. On 
the following pages you’ll find activities, online resources and 
nuclear power basics to enhance your curriculum. 

 
In addition to classroom materials, Duke Energy invites you to 
take a field trip to one of our energy education centers near 
Charlotte, Raleigh and Seneca for hands-on exhibits and 
presentations.  

 
If you can’t make it to an education center, you can contact a 
Duke Energy nuclear facility to request a presentation at your 
school.  

 
 
Let’s Get Social:  
Share your Nuclear Science Week Activities 
Duke Energy is interested in what your school or class  
did to celebrate Nuclear Science Week. Whether you  
used one of our resources or  came up with your own,  
share your pictures with us on social media.  
 
Just use #nuclearsciweek and don’t forget to tag us:  
 
Twitter: @DukeEnergy 
Facebook: Duke Energy 
Instagram: @Duke_Energy   
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Nuclear Science Classroom Activities  
 

Half-life Activity 
Adapted from the American Nuclear Society 

 
Prep Time: 30 minutes to gather materials 
 
Activity Time: 45 minutes 
 
Materials: 

 Bag of: M&M’s ®, pennies or puzzle pieces 

 Paper  

 Graph paper and pencils 

 Plastic sandwich bags 

 Pencil 
 
Background 
If two nuclei have different masses, but the  
same atomic number, those nuclei are considered to be isotopes. Isotopes have the same 
chemical properties, but different physical properties.  
 
For example, natural uranium ore consists of three isotopes: uranium-238 (U238), uranium-235 
(U235) and uranium-234 (U234). All three isotopes contain 92 protons in the atom’s nucleus 
(which is what makes it uranium), but the U238 atoms contain 146 neutrons, the U235 atoms 
contain 143 neutrons and the U234 atoms contain only 142 neutrons. (The total number of 
protons plus neutrons gives the atomic mass of each isotope —238, 235, or 234, respectively.) 
 
When uranium is mined, it contains primarily U238. The fuel for nuclear reactors has to have a 
higher concentration of U235 than exists in natural uranium ore because U235 is what starts 
and sustains a nuclear reaction. To make nuclear fuel, natural uranium is enriched, meaning the 
amount of the U235 isotope is increased to about 5 percent.   
 
The nucleus of a radioactive isotope (radioisotope) is unstable. In an attempt to reach a more 
stable arrangement of its protons and neutrons, the nucleus will spontaneously decompose to 
form a different nucleus. During radioactive decay an unstable nucleus gives off radiation in the  
form of atomic particles.  
 
Not all of the atoms of a radioactive isotope (radioisotope) decay at the same time. Rather, the 
atoms decay at a rate that is characteristic to the isotope. The rate of decay is a fixed rate called 
a half-life. 
 

North Carolina Education Standard: PSc.2.3  

 PSc.2.3.1 Compare nuclear reactions 

including alpha decay, beta decay and 
gamma decay; nuclear fusion and nuclear 
fission.  

 PSc.2.3.2 Exemplify the radioactive decay of 

unstable nuclei using the concept of half-life. 
 
South Carolina Education Standard: H.P.3  

 H.P.3G.2 Develop and use models to 

communicate the similarities and differences 
between fusion and fission. Give examples 
of fusion and fission reactions and include 
the concept of conservation of mass-energy.  

 H.P.3G.4 Use mathematical and 

computational thinking to predict the 
products of radioactive decay (including 
alpha, beta, and gamma decay).  
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Procedure 

1. Give each student a copy of the data sheet, 10 M&M’s® candies and a plastic bag. Tell 
students the candies represent uranium, the fuel used in a nuclear reactor.  
 

2. Have the student put the M&M’s® into the zip lock bag, shake the bag and then pour the 
candies onto a flat surface. 

 
3. Instruct the students to pick up ONLY the candies with the “m” showing – these are still 

radioactive. Students should count the “m” candies as they return them to the bag and 
record the number under the next trial.  

 
4. Students should move the candies that are blank on the top to the side – these have 

now decayed to a stable state. 
 

5. Repeat steps 2 through 4 until all the candies have decayed or until they have 
completed Trial 7. 

 
6. Students should record the results for nine other groups in their data tables and total all 

the trials for the 100 candies. 
 
Discussion 

1. Define the term half-life. What does it mean when we say an atom has “decayed?” 
 

2. What happened to the total number of candies with each trial (half-life)? 
 

3. Did each group get the same results? 
 

4. Did any group still have candies remaining after Trial 7? 
 

5. Do the number of atoms you start with affect the outcome? Explain. 
 

6. Why do the totals for the 10 groups better show what happens during half-life rather than 
any other group’s results? 

 
7. Have students plot the total results on a graph with number of candies on the vertical 

axis and trial number on the horizontal axis. Is the result a straight or a curved line? 
What does the line indicate about the nature of decay of radionuclides? 
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Half Life Student Data Collection Sheet 
 
Procedure 

1. Place your candies into a plastic bag. Each group is starting with 10 candies, which is 
recorded as Trial 0 in the data table. All of the candies are radioactive. 

2. Shake the bag and spill out the candies onto a flat surface. 
3. Pick up ONLY the candies with the “m” showing – these are still radioactive. Count the 

“m” candies as you return them to the bag. 
4. Record the number of candies you returned to the bag under the next trial. 
5. Move the candies that are blank on the top to the side – these have now decayed to a 

stable state. 
7. Repeat steps 2 through 5 until all the candies have decayed or until you have completed 

Trial 7. 
8. Record the results for the nine other groups and total all the trials for the 100 candies. 

 
Results 

 

 Trial 0 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7 

Group 1 10       

Group 2 10       

Group 3 10       

Group 4 10       

Group 5 10       

Group 6 10       

Group 7 10       

Group 8 10       

Group 9 10       

Group 10 10       

Total 100       
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Critical Mass Activity 
Adapted from the American Nuclear Society 

 
Prep Time: 30 minutes to gather materials 
 
Activity Time: 30 minutes 
 
Materials: 

 Student Data Collection Sheets 

 1 Stopwatch per group of students 

 Balloons, ping pong balls, marshmallows  
or other lightweight balls (2 per student) 

 
Background 
Nuclear fission is the splitting of a nucleus into  
two fragments, each with a smaller mass than  
the original. A typical example of nuclear fission is the splitting of a uranium-235 nucleus.  
This is a reaction that is used in nuclear reactors to generate heat by which steam is produced 
and used to turn turbine generators that make electricity.  
 
The fission of uranium-235 begins when the uranium-235 nucleus captures a slow moving 
neutron and forms an unstable “compound nucleus.” The compound nucleus quickly 
disintegrates into two smaller nuclei and a tremendous amount of energy (~200 million electron 
volts per fission). 
 
Because the uranium-235 fission reaction produces two or three neutrons, it is possible for 
those neutrons to initiate a series of subsequent fission reactions. Each neutron released can 
initiate another fission event, resulting in the emission of more neutrons, followed by more 
fission events and so on. This is a chain reaction – one event triggers several others, which in 
turn trigger more events, and so on.  
 
In a nuclear power plant the chain reaction is controlled by restricting the number of neutrons 
available to collide with the uranium. This is accomplished by absorbing some of the released 
neutrons with various materials. 
 
There are two parameters needed to create a critical mass, the number of atoms and the 
spacing of the atoms. In this demonstration, each student represents a uranium atom inside a 
nuclear reactor. Each uranium atom releases two neutrons when it fissions.   
 
 
 

North Carolina Education Standard: PSc.2.3  

 PSc.2.3.1 Compare nuclear reactions 

including alpha decay, beta decay and 
gamma decay; nuclear fusion and nuclear 
fission.  

 PSc.2.3.2 Exemplify the radioactive decay of 

unstable nuclei using the concept of half-life. 
 
South Carolina Education Standard: H.P.3  

 H.P.3G.2 Develop and use models to 

communicate the similarities and differences 
between fusion and fission. Give examples 
of fusion and fission reactions and include 
the concept of conservation of mass-energy.  

 H.P.3G.4 Use mathematical and 

computational thinking to predict the 
products of radioactive decay (including 
alpha, beta, and gamma decay).  
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Procedure 

1. Arrange the students in a square array approximately three feet apart and give each 
student two balloons or lightweight balls.  
 

2. Designate a time keeper to time and record how long each reaction lasts which is when 
the last balloon is thrown in the air. 

 
3. Take a balloon for yourself. To begin the activity, throw your balloon up into the air. Any 

student that is hit with this balloon throws their two balloons straight up into the air. Any 
student hit by these balloons then throws their balloon into the air. The reaction 
continues until there are no more balloons in the air. The first time, the reaction will 
probably die out quickly, this is called subcritical. 

 
4. Repeat the process, but place the students only 1 foot apart this time and carry out the 

activity. This time, the reaction should be self-sustaining. This is called critical and a 
critical reactor is running at a steady state. 

 
5. Repeat the process a final time, but place the students in a tight array without any space 

between them. This time, there should be lots of balloons in the air at one time. This 
represents a supercritical mass, or when a reactor is increasing its power level. 

 
Discussion 

1. What happened during each trial and why? 
 

2. Discuss the differences between subcritical, critical and supercritical masses. 
 

3. How did the different arrangements of students affect the reactor reaching subcritical, 
critical and supercritical masses? 

 
4. How do you think nuclear power plant operators use this concept to power up or power 

down? 
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Perceptions of Risk Activity 
 
Prep Time: 15 minutes 
 
Activity Time: 30 minutes 
 
Materials: Risk ranking table 
 
Background 
Every decision we make carries a certain amount of risk. However, if we decide on a course of 
action, then we have decided, either consciously or unconsciously, that the benefits of the 
action outweigh the risks. Different individuals often perceive risks of varying types differently. In 
this activity, students have the opportunity to identify their perception of the risk associated with 
an activity, the opportunity to compare their ideas with their classmates and data on these 
activities. This activity helps the students understand some of the factors (e.g., emotion, 
knowledge) that go into their perception of risk. 
 
Procedure 

1. Ask each student to rate the activities and technologies on their sheet in terms of how 
risky they think those activities or technologies are. A ranking of 1 indicates the highest 
risk while a ranking of 10 is the lowest risk. 
 

2. Have the students provide their ratings and determine a class average. 
 

3. Compare the students’ ratings with actual statistical causes of death noted on the following 
page.  
 

Discussion 
1. How do individual rankings match with the class averages? 

 
2. Have the students discuss their rationale for ranking each activity. 

 
3. How did the class perceive the risk associated with nuclear power? Was anyone 

surprised by its actual ranking? 
 

4. Were the rankings affected by the emotional reaction to the activity? In other words, if 
the person liked the activity did it get a lower risk ranking? 

 
Extension 
Have students research one of the topics on their sheet and write an argument for or against it 
based on its actual risk. How might they persuade someone with the opposite view? 
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Student Risk Ranking Worksheet 

Activity Your Ranking 
Class Average 

Ranking 
Actual Ranking 

Aviation    

Motor Vehicle    

Motorcycle    

Firearm Discharge    

Firearm Assault    

Fireworks    

Hornets, Wasps, Bees    

Lightning    

Nuclear Power/Radiation    

Skiing    

Smoking    

Surgery    

Bicycle    

Swimming    

Asteroid Impact    
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Risk Table 

Activity Actual Risk Rank Source 

Aviation 1 in 2,067,000 11 
U.S. Department of 

Transportation 

Motor Vehicle 1 in 7,700 2 
U.S. Department of 

Transportation 

Motorcycle 1 in 91,500 5 
U.S. Department of 

Transportation 

Firearm Discharge 1 in 514,147 8 The Economist 

Firearm Assault 1 in 24,974 3 The Economist 

Fireworks 1 in 50,729,141 14 The Economist 

Hornets, Wasps, Bees 1 in 25,364,571 13 The Economist 

Lightning 1 in 10,495,684 12 The Economist 

Nuclear Power/Radiation 
(3 mrem exposure*) 

1 in 1,000,000 9 
U.S. Nuclear Regulatory 

Commission 

Skiing 1 in 1,556,757 10 Bandolier 

Smoking 1 in 5 1 
Center for Disease Control 

& Prevention 

Post – Surgery 
Complications 

1 in 117,519 6 The Economist 

Bicycle 1 in 410,000 7 
U.S. Department of 

Transportation 

Swimming 1 in 56,587 4 
Risk Communication 

Institute 

Asteroid Impact 1 in 74,817,414 15 The Economist 

*Radiological dose, which is how much radiation someone has received, is measured in millirems (mrem). 
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Energy from Atoms  
 
A nuclear reactor needs fuel that will fission (split). Reactors use uranium 235 (U235) because 
its atoms will easily split, emitting heat and causing a chain reaction. 
 

The Fission Process 
 A neutron hits the nuclear of a uranium 235 atom. 

 The nucleus splits, creating fission products and neutrons. 

 These neutrons hit other U235 atoms, which split and create more fission products and 
neutrons. 

 This process, called a chain reaction, continues producing energy in the form of heat.  

 The fission process is started and stopped in the reactor with control rods, which absorb or 
capture neutrons. 

 Because the chain reaction is controlled, the reactor can produce a specific amount of 
energy, which heats water to create steam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion Questions 
 
1. Why do nuclear reactors use U235? It splits easily, creating a large amount of heat. 

 
2. Explain what a chain reaction is and why it’s important for generating electricity. A 

chain reaction is a series of reactions where the byproduct from one reaction causes 
another. Controlled chain reactions are important because they continuously create heat,  
which is used to turn water into steam and ultimately generate electricity.   

Heat 
U235 U235 

neutron 

neutrons 

neutrons 

fission 

product 

fission 

product 
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Uranium to Electricity: How Nuclear Power Plants Work 

 

 

 

 

 

 

 

 

In a nuclear-fueled power plant – much like a fossil-fueled power plant – water is turned into 
steam, which in turn drives turbine generators to produce electricity. At nuclear power plants, 
however, the source of heat comes from the splitting of uranium atoms – a process called 
fission.  

There are two types of nuclear reactors in the U.S. – pressurized water reactors and boiling 
water reactors – that each generate steam in a slightly different way.  

Here’s how the process works.  

1. Nuclear fuel is placed in the reactor core. Energy from the splitting of the nuclear fuel 
heats water. 

2. In a pressurized water reactor, the heated water is circulated through tubes in steam 
generators, causing the water in the generators to turn into steam. In a boiling water 
reactor, water heated by fission actually boils and turns into steam. 

3. The energy from the steam is used to drive a turbine connected to a generator. 

4. The generator converts mechanical energy from the turbine into electrical energy.  

5. After passing through the turbine, the steam is converted back into liquid water, cooled 
and then returned to a nearby body of water such as a lake.  

Condenser cooling water to ocean, 

river or lake, with or without passing 

through a cooling tower 
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Uranium to Electricity: Student Worksheet 

 

 

 

 

 

 

 

 
Use the following words to complete the sentences. 

Turbine   Generator   Steam Reactor   Nucleus   Uranium Condense   Chain reaction   Neutron 

 
1. The energy source used to heat water in nuclear power plants is ______________________. 

2. A uranium atom will split when its nucleus is struck by a _____________________________. 

3. The continual splitting of millions of atoms is called a________________________________. 

4. The splitting of uranium atoms takes place in the___________________________________. 

5. The center of an atom is called the______________________________________________. 

6. The heat generated by the splitting of uranium atoms turns water into___________________. 

7. Power plants are located on lakes or rivers because water is needed to _________________ 

steam back to water.  

8. Steam turns the _________________________, which turns the ______________________. 

Condenser cooling water to ocean, 

river or lake, with or without passing 

through a cooling tower 
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Uranium to Electricity: Teacher Key 

 
1. The energy source used to heat water in nuclear power plants is uranium. 

2. A uranium atom will split when its nucleus is struck by a neutron. 

3. The continual splitting of millions of atoms is called a chain reaction. 

4. The splitting of uranium atoms takes place in the reactor. 

5. The center of an atom is called the nucleus. 

6. The heat generated by the splitting of uranium atoms turns water into steam. 

7. Power plants are located on lakes or rivers because water is needed to condense steam 

back to water.  

8. Steam turns the turbine, which turns the generator. 
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Duke Energy Nuclear Power Plants at a Glance 

  

Harris Nuclear Plant 

Commercial operation date: 1987 

Number of units:  1 

Station capacity: 928 megawatts    

Brunswick Nuclear Plant 

Commercial operation date: 1975 

 Number of units:  2 

 Station capacity: 1,870 megawatts    

Catawba Nuclear Station 

Commercial operation date: 1985 

Number of units:  2 

Station capacity: 2,290 megawatts    

McGuire Nuclear Station 

Commercial operation date: 1981 

Number of units:  2 

Station capacity: 2,296 megawatts    

Oconee Nuclear Station 

Commercial operation date: 1973 

Number of units:  3 

Station capacity: 2,554 megawatts    

Robinson Nuclear Plant 

Commercial operation date: 1971 

Number of units:  1 

Station capacity: 741 megawatts    
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Nuclear Power Frequently Asked Questions 
 
What does nuclear fuel really look like? 
Despite what you may have seen on “The Simpsons,” nuclear fuel is solid, not green “goo.” 
Uranium is the fuel used in a nuclear reactor. The uranium is mined, enriched and turned into 
small pellets, which are stacked end-to-end in fuel rods. Fuel rods are bundled together and 
form a fuel assembly. While the fuel in nuclear reactors does not have a “Simpsonian” green 
glow, it will glow with a light blue light under the right circumstances. 
 
How much used fuel does the nuclear industry generate? 
Another popular misconception is nuclear energy produces an immense amount of waste. Used 
nuclear fuel is stored in two forms: In large, robust, concrete containers, and concrete and steel-
lined storage pools. According to the Nuclear Energy Institute (NEI), “All the used nuclear fuel 
produced by the U.S. nuclear energy industry in 50 years of operation—approximately 75,000 
metric tons—would, if stacked end to end, only cover an area the size of a football field to a 
depth of about seven yards.” 
 
Do nuclear power plants expose people to radiation?   
People are exposed to small amounts of radiation every day from natural and man-made 
sources. Exposure occurs when radiation penetrates the body. We receive most of our 
radiological dose from the sun, earth and medical treatments. Radiological dose – how much 
radiation someone has received – is measured in millirems (mrem). The average person who 
lives in a brick house, receives 10 mrem of radiation in a year from the brick. In comparison, if 
you lived every day at the perimeter of a nuclear power plant, you will only receive one 
additional mrem of radiation each year.  
 
Can nuclear power plants explode? 
The makeup and the enrichment of the uranium in nuclear reactors is very different from that of 
a nuclear warhead. The concentration of uranium-235 within the reactor fuel is far too low to be 
explosive and all U.S. commercial reactors are self-limiting. During power operations, when the 
temperature within a reactor reaches a certain level, the fission process is naturally suppressed 
so the power level cannot spike. No one could intentionally or unintentionally alter a commercial 
nuclear reactor, its controls or its fuel to make it explode like a nuclear bomb. 
 
Can wind and solar power replace nuclear? 
In order to meet future energy demands, electric utilities will have to depend on a wide array of 
energy sources. Wind and solar cannot provide base-load demand (the minimum amount of 
electricity required to meet minimum energy demands) because neither technology yields 
enough power or offers a constant supply of electricity. So, while wind and solar continue to 
develop, they are not currently able to meet the demands met by nuclear power plants. 
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Careers in Nuclear Energy 
 
Be a Part of a Growing Workforce.  
Careers in the nuclear energy industry offer challenging work, competitive salaries and 
opportunities for advancement. Of the 100,000 currently employed in the industry, it is expected 
as many as 20,000 new, highly skilled nuclear workers will be needed in the next five years to 
operate and maintain existing reactors. 
 
Nuclear Energy Isn't Just for Nuclear Engineers.  
In fact, the majority of workers employed by the nuclear energy industry are non-nuclear 
engineers. Utilities like Duke Energy need workers across a broad range of disciplines from 
computer engineers and plant operators to pipefitters, welders and accountants. 
 
 
 
 
  

Field: Engineering 
Minimum Education: Bachelor’s degree 
Entry level salary: $55,000 - $77,000 

 

Field: Maintenance 
Minimum Education: High school 
Entry level salary: $51,000 - $71,000 

 

Field: Planning, Communications 
Minimum Education: Bachelor’s degree 
Entry level salary: $38,000 - $58,000 

 

Field: Plant Operations 
Minimum Education: Associate’s degree 
Entry level salary: $55,000 - $77,000 

 

Field: Chemistry, Environmental Health 
Minimum Education: Associate’s degree  
Entry level salary: $50,000 - $100,000 
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Nuclear Energy Resources 

 
Energy Challenge – An online game that simulates power generation decisions and shows the  
tradeoffs of choosing a cost-competitive energy mix that will meet customer demands while 
minimizing CO2 emissions.  
 
 
 

         The Nuclear Information Center – Duke          
       Energy’s weekly blog that provides an            
       insider’s view of industry issues and the latest 
       news about Duke Energy’s nuclear fleet.  

 
 
 
National Science Teachers Association Podcasts – A series of presentations from National 
Nuclear Science Week 2012 featuring nuclear science experts talking about nuclear technology 
and careers.  
 
Nuclear Fission 101 – A video from the Canada Science and Technology Museum explaining 
nuclear fission, when it was discovered and why it’s important.  
 
U.S. Department of Energy: The Harnessed Atom – An updated edition of a popular middle 
school STEM curriculum supplement focusing on nuclear energy.  
 
American Nuclear Society Teacher Resources – A comprehensive collection of resources for 
teaching nuclear science including lesson plans, a newsletter and workshop opportunities.  
 
Nuclear Regulatory Commission Classroom Activities – A series of teaching units and 
activities that introduce radiation and nuclear energy in the classroom. 
 
National Science Teachers Association Science Object: Atomic Structure – An interactive 
module designed to help teachers better understand atomic energy concepts.  
 
Nuclear Energy Institute Knowledge Center– Background information, statistics and 
frequently asked questions about nuclear energy.  
 
World Nuclear Association Nuclear Basics – Answers to key questions about nuclear 
energy.  

http://energychallenge.duke-energy.com/
http://nuclear.duke-energy.com/
http://learningcenter.nsta.org/products/symposia_seminars/NSTA/webseminar6.aspxhttp:/www.nrc.gov/reading-rm/basic-ref/teachers.html
https://www.youtube.com/watch?v=S-Ld1L0TObQ
http://energy.gov/ne/services/harnessed-atom
http://energy.gov/ne/services/harnessed-atom
http://www.ans.org/pi/edu/
http://www.nrc.gov/reading-rm/basic-ref/teachers.html
http://learningcenter.nsta.org/product_detail.aspx?id=10.2505/7/SCB-AS.3.1
http://www.nei.org/Knowledge-Center
http://www.world-nuclear.org/Nuclear-Basics/

