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Career, Technical, & Agricultural Education







PATHWAY:  
Energy Systems
COURSE:  

Appropriate and Alternative Energy
UNIT 6: 

ENRG-AAE-6 Nuclear Power
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Annotation: 
Students will learn how nuclear power is generated and the advantages and disadvantages that accompany its production and implementation. Covered topics will include uses of radiation, power plant and reactor types, nuclear energy generation, and nuclear waste disposal and storage. Students will also explore comparisons between the pros and cons of nuclear energy and other alternative sources.

Grade(s):  

	X
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
20 Hours

Author: 
Jess Bush

Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
ENGR-AAE-3. 
Students will discuss the advantages and disadvantages of using nuclear power in terms of its positive and negative impacts on the environment against other energy sources. 
a) Compare and contrast fusion and fission reactions as a means to generate nuclear energy. 

b) Describe the types of energy transformations that take place on a nuclear power plant to allow for the conversion of nuclear energy to electrical energy. 

c) Create a flow chart that details the Nuclear Fuel Cycle. 

d) Summarize the major characteristics of different types of nuclear reactors (e.g., thermal reactors, fast neutron reactors, and radioactive decay reactors) 

e) Discuss supply and demand for nuclear power. 

f) Create a technical report that includes international use, restrictions, and regulations of nuclear power including inequities of regulations and policies throughout the world. 

g) Develop an outline that provides information regarding present and future uses of nuclear power in the world. 

GPS Academic Standards:

SPS7. 
Students will relate transformations and flow of energy within a system. 
a) Identify energy transformations within a system (e.g. lighting of a match). 
SP2. 
Students will evaluate the significance of energy in understanding the structure of matter and the universe. 
a) Relate the energy produced through fission and fusion by stars as a driving force in the universe. 
b) Explain how the instability of radioactive isotopes results in spontaneous nuclear reactions. 
SP3. 
Students will evaluate the forms and transformations of energy. 
a) Analyze, evaluate, and apply the principle of conservation of energy and measure the components of work-energy theorem by
· describing total energy in a closed system, 
· identifying different types of potential energy, 
· calculating kinetic energy given mass and velocity, 
· relating transformations between potential and kinetic energy. 
b) Explain the relationship between matter and energy. 
f) Analyze the relationship between temperature, internal energy, and work done in a physical system. 
g) Analyze and measure power. 
SEV4. 
Students will understand and describe availability, allocation and conservation of energy and other resources.
e) Describe the commonly used fuels (e.g., fossil fuels, nuclear fuels, etc.) and some alternative fuels (e.g., wind solar, ethanol, etc.) including the required technology, availability, pollution problems and implementation problems. Recognize the origin of fossil fuels and the problems associated with our dependence on this energy source. 
MM3P4. 
Students will make connections among mathematical ideas and to other disciplines. 
c) Recognize and apply mathematics in contexts outside of mathematics. 
ELAALRC2. 
The student participates in discussions related to curricular learning in all subject areas. 
a) Identifies messages and themes from books in all subject areas. 
b) Responds to a variety of texts in multiple modes of discourse. 
c) Relates messages and themes from one subject area to those in another area. 
d) Evaluates the merits of texts in every subject discipline. 
e) Examines the author’s purpose in writing. 
f) Recognizes the features of disciplinary texts. 
ELAALRC3. 
The student acquires new vocabulary in each content area and uses it correctly. 
a) Demonstrates an understanding of contextual vocabulary in various subjects. 
b) Uses content vocabulary in writing and speaking. 
c) Explores understanding of new words found in subject area texts. 
ELAALRC4. 
The student establishes a context for information acquired by reading across subject areas. 
a) Explores life experiences related to subject area content. 
b) Discusses in both writing and speaking how certain words and concepts relate to multiple subjects. 
c) Determines strategies for finding content and contextual meaning for unfamiliar words or concepts. 
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Enduring Understandings: 
Nuclear energy has many advantages and disadvantages that must be considered before implementation. It has both positive and negative impacts on the environment, and a thorough understanding of the nuclear energy-generation process—including knowledge on the types of reactor power plants—will allow for better decision-making when comparing the energy source to others.
Essential Questions: 
· Why is it important to know the benefits and dangers of radiation?

· What are the advantages and disadvantages of using nuclear energy?
· Why is nuclear energy considered to be unstable and how does that affect implementation?

· Name the two types of reactor power plants in operation in the U.S. What are the significant differences and what do their differences imply, if anything, for nuclear power in the future?
· In what ways is the use of nuclear energy better than other energy options? 
· What are some challenges we face with nuclear waste disposal?
· Why is an understanding of the issues associated with nuclear wastes’ transportation so important to the process of implementing nuclear energy generation?

Knowledge from this Unit:  

Students will be able to:
· Identify various types of nuclear energy power plants and their differences.
· Compare and contrast fusion and fission reactions as a means to generate nuclear energy.
· Understand differences between specific types of nuclear reactors.

· Understand the supply and demand for nuclear power.

· Identify necessary technology for nuclear power and how it compares to other energy sources.
Skills from this Unit: 

Students will:
· Create a flow chart that details the Nuclear Fuel Cycle.

· Develop an outline that provides information regarding present and future uses of nuclear power in the world.
· Apply pros and cons of nuclear energy to pros and cons of other energy sources.
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Assessment Method Type: 
	
	Pre-test

	X
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

_X_ Unit test

	X
	Group project

	X
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	X
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

_X_ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences

__ Partner and small group discussions

__ Whole group discussions

__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Attachments for Assessments:
Nuclear Power Unit Test

Nuclear Power Unit Test Answer Key
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•
LESSON 1:  RADIATION

1.
Identify the standards. Standards should be posted in the classroom.



ENGR-AAE-3. Students will discuss the advantages and disadvantages of using nuclear power in terms of its positive and negative impacts on the environment against other energy sources. 
a) Compare and contrast fusion and fission reactions as a means to generate nuclear energy. 

b) Describe the types of energy transformations that take place on a nuclear power plant to allow for the conversion of nuclear energy to electrical energy. 

c) Create a flow chart that details the Nuclear Fuel Cycle. 

d) Summarize the major characteristics of different type of nuclear reactors (e.g., thermal reactors, fast neutron reactors, and radioactive decay reactors) 

e) Discuss supply and demand for nuclear power. 

f) Create a technical report that includes international use, restrictions, and regulations of nuclear power including inequities of regulations and policies throughout the world. 

g) Develop an outline that provides information regarding present and future uses of nuclear power in the world. 
2.
Review Essential Question(s). Post Essential Questions in the classroom. 


· Why is it important to know the benefits and dangers of radiation?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall.
	For detecting and measuring radiation:
	Nuclear Power Plants:

	Adverse
	Boiling water reactor (BWR)

	Curie
	Pressurized water reactor (PWR)

	Discernible
	Uranium-235

	Film badge Geiger counter
	Sodium helium

	Millirem
	Uranium carbide

	Rad
	Uranium-238

	Radiation dose rem
	

	Roentgen
	Fission

	Time, distance, shielding
	Fusion


4.
Interest approach – Mental set: Follow the steps for class discussion and lecture outlined in the Radiation Lesson Plan. Give each student an index card and write the word radiation on the board. Ask students to write on the card what the term radiation brings to mind; students should not put their names on the cards. Take up the cards and read some of their reactions (maintain students’ anonymity) to lead a discussion.  

5.
Ask students to explain what they know about radiation from science class.
6.
Following along with the Radiation Lesson Plan, instructors will find two experiments in this lesson plan that can be done in class called the “Cloud Chamber” experiment and “Using a Geiger counter;” materials needed are listed below under the heading “Materials and Equipment.”
7.
Distribute the Cloud Chamber Experiment Worksheet. Students can form groups to lessen the amount of materials needed to perform the experiment; instructors are encouraged to read the directions to the experiment ahead of time in case preparation and materials require additional time and planning. 

8.
Distribute the Using a Geiger Counter Activity Worksheet and perform the experiment. 
9.
Questions for discussion and critical thinking (which are also listed in the Radiation Lesson Plan):

· Why are elements that break apart called unstable?

· How do things become less radioactive as time goes by?
· What materials are best for shielding?

· What types of radiation particles have no weight in addition to, for example, Gamma radiation?

•
LESSON 2:  USES OF RADIATION

1. Review Essential Question(s). Post Essential Questions in the classroom. 

· What are the advantages and disadvantages of using nuclear energy?
· Why is nuclear energy considered to be unstable and how does that affect implementation?

2. Interest approach – Mental set: ask students to give examples of both beneficial and harmful uses of radiation.

3. Follow the steps for class discussion and lecture outlined in the Uses of Radiation Lesson Plan: Discuss the various uses of radiation, such as in the fields of medicine, criminal justice and science, and in the industrial sector. 

4. Uses of Radiation Lesson Plan does not contain experiments or activities but has discussion and critical thinking questions students should be prepared to answer on the unit test. Discussion questions listed include the following:
· How can we use radioactive isotopes to detect illness?

· How can we use radiation to detect a weakness in the construction of buildings?

· Have you ever had a bone x-rayed? Teeth x-rayed? How did this help your doctor or dentist

treat you?

· Do you think the additional radiation received when people have medical x-rays, about 40 millirems per year, is worth the benefits they receive?

· Are there advantages to using radiation instead of pesticides to control pests, such as insects?
•  LESSON 3: NUCLEAR REACTORS AND ENERGY GENERATION

1. Review Essential Question(s). Post Essential Questions in the classroom. 

· Name the two types of reactor power plants in operation in the U.S. What are their significant differences and what do their differences imply, if anything, for nuclear power in the future?
· In what ways is the use of nuclear energy better than other energy options? 
2. Interest approach – Mental set: Ask students if they know anyone who works at a nuclear power plant or if they have ever toured a nuclear plant; if so, ask them to share their stories. 
3. Follow the steps for class discussion and lecture outlined in the Nuclear Reactors and Energy Generation Lesson Plan, which includes diagrams out of which transparencies or printed handouts can be made; however, some key diagrams have been copied and pasted as separate attachments for instructors to distribute (directly below).
4. Distribute the Nuclear Power Plant: Basic Design and Components Handout. 
5. Distribute the Boiling Water Reactor Plant Diagram and Worksheet and the Pressurized Water Reactor Plant Diagram and Worksheet for students to complete as homework or in class. 
6. Summary: Ask students to discuss the process of energy generation within nuclear power plants.
•  LESSON 4: NUCLEAR WASTE

1. Review Essential Question(s). Post Essential Questions in the classroom. 

· What are some challenges we face with nuclear waste disposal?
2. Interest approach – Mental set: Ask students to give examples of potential problems with nuclear waste storage and disposal.

3. Distribute the WIPP Article Handout, and note to students that there will be a test question regarding information found in this article; students should know what the program in focus does and the type of nuclear waste the program stores (WIPP stands for Waste Isolation Pilot Project/Program).
4. Follow the steps for class discussion and lecture outlined in the Radioactive Waste Lesson Plan.
5. Distribute the Radwaste Handling System Handout. Instructors are encouraged to use projection equipment with this handout to explain and trace the waste paths with the students.

6. Summarize by asking students the following discussion questions (also listed in the Radioactive Waste Lesson Plan):

· Describe the characteristics and differences between low- and high-level waste, and discuss the pros and cons that accompany the allowance of high-level waste disposal.

· Describe the sources, handling, and disposal of radioactive wastes generated by nuclear power plants.
· List the governmental agencies that oversee the disposal and storage of radioactive waste.

•  LESSON 5: TRANSPORTING NUCLEAR WASTE


1. Review Essential Question(s). Post Essential Questions in the classroom.
· Why is an understanding of the issues associated with nuclear wastes’ transportation so important to the process of implementing nuclear energy generation?

2. Follow the steps for class discussion and lecture outlined in the Transport of Radioactive Waste Lesson Plan. 

3. Distribute the Radioactive Waste Transportation Handout, which contains a collection of labels from the Transport of Radioactive Waste Lesson Plan, to help further illustrate the extent of the caution taken with nuclear waste’s transportation and planning.
4. Using the Transport of Radioactive Waste Lesson Plan, review the handout above with students and explain each symbol’s significance (the lesson plan provides descriptions of each).

5. Summary: Ask students to identify the different types of packages used when transporting radioactive materials and to provide a brief description of each.

•
ATTACHMENTS FOR LESSON PLANS

Radiation Lesson Plan
Cloud Chamber Experiment Worksheet

Using a Geiger Counter Activity Worksheet
Uses of Radiation Lesson Plan 
Nuclear Reactors and Energy Generation Lesson Plan

Nuclear Power Plant: Basic Design and Components Handout

Boiling Water Reactor Plant Diagram and Worksheet

Pressurized Water Reactor Plant Diagram and Worksheet
WIPP Article Handout 
Radioactive Waste Lesson Plan
Radwaste Handling System Handout
Transport of Radioactive Waste Lesson Plan
Radioactive Waste Transportation Handout

•
NOTES & REFLECTION:


The Nuclear Power Unit Test is a short answer test consisting of questions provided at the end of attached lesson plans; the Nuclear Power Unit Test Answer Key provides suggested answers at their fullest extent according to the attached plans. Instructors may choose whether or not to require students’ answers to be as close to the suggested answers as possible to receive full credit; however, students’ answers should reflect a thorough knowledge of the subject being questioned.
[image: image6.jpg]% CULMINATING PERFORMANCE TASK




Culminating Unit Performance Task Title: 
Energy in Today’s Global Society: Energy Source Project 
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

There are additional activities and supplemental information in the Energy in Today’s Global Society Booklet. The “Energy Source Project” on page 15 of the attachment is an excellent way for students to combine their knowledge of the scientific aspects and the advantages and disadvantages of nuclear power generation, in addition to other options of energy sources. Students are to make a presentation as if they are town managers planning a new community. They may choose an energy source of their preference (list of energy sources is provided in the attachment), and argue why it is a better option than others through research on data and theories. Whether or not they choose to suggest nuclear power, they should include research to support their being for or against it. If instructors prefer to keep the project’s topic more focused to nuclear energy, students may choose solely whether they will argue for or against nuclear power in the new community and present their reasoning. There is also a rubric for grading on the pages following the project’s description.
Attachments for Culminating Performance Task: 

Energy in Today’s Global Society Booklet
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Web Resources:
http://www.nrc.gov/reading-rm/basic-ref/students.html#nuclear_energy
http://tonto.eia.doe.gov/kids/energy.cfm?page=nuclear_home-basics
Materials & Equipment: 

Materials needed for the Cloud Chamber Experiment Worksheet (Radiation Lesson Plan):

· small transparent container with transparent lid

· flat black spray paint

· blotter paper

· pure ethyl alcohol

· radioactive source

· masking tape

· dry ice

· styrofoam square

· flashlight
· gloves or tongs to handle the dry ice
Materials needed for measuring radiation with the Using a Geiger Counter Activity Worksheet (Radiation Lesson Plan):
· Geiger counter

· Radioactive sources such as cloisonné jewelry, commercially available source from a science supply house, luminescent clock face
· Shielding materials such as paper, aluminum foil, brick, jar of water, piece of wood, glass pane, sheet of lead

21st Century Technology Used: 
	X
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	X
	Website
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Engineering and Technology 
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