Case Study: Uranium (Disposal of a Pure Substance)
Introduction
The following is a teacher-directed walkthrough of the process students will use to research, organize, and present information and ideas about how to best dispose of a pure substance (in this case Uranium) or mixture (like crude oil).  It should be used a lead up to the final task (assessment of learning).
If your students already have a good grasp of research techniques, or you are only teaching them science and not assessing language per se, then you may want to truncate or eliminate the use of this case study to save time.  
The accompanying file Research Sample Uranium provides you with the results of the research that I have done for this pure substance as a guide to what you might expect from your students.
Reference Material Used
· YouTube Videos (Uranium)
	Title
	Channel
	Time
	 Notes

	Where do we store Nuclear Waste?
	D News (Seeker)(2014)
	3:26
	https://www.youtube.com/watch?v=Nkt95IhNqjU

Fast talking overview of what Nuclear waste is and options for storing it in the United states (with special reference to the WHIP facility in New Mexico).  Discusses the dangers of storing it where it can be accessed for nuclear weapons, how much of it there is, and why scientists don’t agree on where or how it should be stored.  Reference to sending it to the sun.  Really? 

	The New Solution to our Nuclear Waste Problem
	D News (Seeker)(2014)
	2:58
	https://www.youtube.com/watch?v=HQKT4axR6RU

Excellent discussion of the process of “vitrification” or storage of Uranium waste (that still has 95% of its original radiation after it is no longer able to be used in Nuclear Reactors) by converting it into glass using sugar (very expensive, but reduces the total volume of waste by 90%) and experimentally by binding with waste from blast furnaces.  Does a good job of discussing whether we should continue to use nuclear power or convert to “greener” energy regardless of initial costs.  Eventually, we’ll run out of space.

	Nuclear Waste- How it’s destroyed
	AWE me
(2017)
	5:53
	https://www.youtube.com/watch?v=lcSp3RkgG54

Discusses the wide range of options that humans have used or suggested for disposal of nuclear waste from reactors in an organized fashion.  Though engaging, they do include exaggeration and misleading information in the form of graphics and movie clips.  This is addressed intelligently in the comments section.  Watching this with a critical eye is important.


	The Nuclear Waste Problem
	Wendover Productions (2017)
	11:08
	https://www.youtube.com/watch?v=uU3kLBo_ruo

Calm.  Comparison of Nuclear vs. coal in production.  Discusses the Chernobyl and Fukushima disasters as a precursor to discussion to waste.  Explains how fission works. Great mix of text, video clips, photos and computer simulation.  Cools in storage pools, that must be cooled themselves, for 10-20 years before moved to barrels.  
Uses the context of how long governments are in power to make the point that we need a storage facility that will outlive our civilization.  There is mention of leaving a warning to the future vs. not leaving a message at all to stop people from even finding it.   Neat take on the long term considerations of permanent containment.



Text Sources
http://large.stanford.edu/courses/2011/ph241/ali2/
· A good, referenced, brief overview of the options available.  2001.
http://barc.gov.in/publications/eb/golden/nfc/toc/Chapter%2017/17.pdf
· In depth background on geological methods for teacher who want to know more.  
http://www.grid.unep.ch/products/3_Reports/ew_nuclear.en.pdf
· United Nations report with lots of text features and details about numbers of nuclear facilities and nuclear tests worldwide.  Good references, but a little dated. 2007.
https://www.nrc.gov/reading-rm/basic-ref/students/what-is-nuclear-energy.pdf
· Great overview, in student friendly language, of nuclear use and waste management by the department of energy in the US.  2017.
https://www.nrc.gov/reading-rm/basic-ref/students/for-educators/unit4.pdf
· Good Q and A  background for teachers by the American NRC
Science and Technology Perspectives 7. 2009. Nelson. Pg 75-76.
· Good overview of what nuclear energy is, why it is important to Ontarians, and the difficulties with its use and disposal.
Background video for Physical and Chemical Property definitions and examples, if needed for review:
https://courses.lumenlearning.com/chemistryformajorsxmaster/chapter/physical-and-chemical-properties-2/
Outline for Case Study: Uranium
 Purpose
· To select and defend, using research and your own ideas, what you find to be the best method of disposal of a pure substance.
Timeline
· 5-7 hours
· 1 hour introduce the final task expectations, learning goals and assessment rubric. 
· 1hour show two articles and have students go through, taking notes and discussing as a class
· 1 hour students find and share own resources including videos and links to articles.  Posting them, along with their names, in a common domain.
· 1 hour research using shared resources and selecting which method of disposal that they find most valuable using evidence of their research.
· 1 hour of class time (+ their own time) to create a paragraph or series of paragraphs defending their selection. (This class would be used by the teacher to conference with students to confirm that they have made a choice and look at the evidence that they are using. (This paragraph will be assessed for both Language and Science as an assessment of learning)
Overview of Lessons and Scaffolding for the Final Task Project
During this case study, students will be guided through selected video and text research materials.  Students will take notes on these research materials using which ever methods have been taught in your classroom. I find Cornell method is really helpful to compare notes from different sources. 
 In summarizing the ideas found in the articles and videos, students have now generated a factual basis for their project in their own words and can compare between sources.  Students then search, select, and share materials of their own on this topic.  Assessment opportunities are available for language expectations (summarizing and prioritizing information from a variety of sources) and science (using vocabulary) with these tasks. 
I have students record their references (We used MLA style in class) in a common domain (anchor chart, shared google doc etc.) that all students can access for additional research.   
We then discuss, as a class, the methods for disposal of nuclear waste found during research.  Title a chart paper for each method.  Place these chart papers at different table groups.  With markers, students can add facts (with references) to the chart at their table.  After a few minutes the group rotates to the next table to read the information on the chart paper and to add to it.  After each group has added to every paper, post them for common reference.  
Students then choose, individually, what they think (based on the evidence and their own ideas) which method of disposal is the most valuable to implement.   I also encourage students to suggest modifications to or to explore novel methods of disposal, based on facts provided by their research.
Next, they will produce a paragraph or series of paragraphs (or the format of your choosing) describing or defending their choice of method.  This written description can be used for assessment of Overall Expectations 1 and 2 of the Ontario Curriculum for Pure Substances and Mixtures.  Since much of the process for the Uranium case study has been controlled by you as the teacher, a follow-up independent project where the student can choose a pure substance of interest will serve as summative assessment for their knowledge of the unit.  
If you wish to allow students to research mixtures and solution disposal, review the work they have done as a class on oil spills and oceans and how commercial oil is recycled for use.  I have added extension questions (see below) for the disposal of a variety of mechanical mixtures and solutions.  That way, when the time comes to do the final task, students have already had at least two opportunities to ask questions, research, summarize, make judgements, and report on their understanding of disposal of a variety of pure substances and mixtures that are used by humans.        
[bookmark: _GoBack]Teacher Guided Inquiry 
Introduction  
Provide rudimentary background into how nuclear reactors generate electricity.  This topic should be of particular interest to students in Ontario as this method is used to generate a great deal of the electricity in the province.  Some back ground on the Uranium-235 that is used for fuel, and the properties that make it such a good fuel for this purpose is important.  Further focus on the effects of radioactivity in the environment and the extreme longevity of the radioactivity are the crux of the problem for disposal.

Engagement  
  	Now that they know what the problem is, they can begin the inquiry process by asking the questions that will help them to solve it.  What do students already know (or think they know) about nuclear energy or the disposal of the waste products?  Based on what they know so far, what might be some ideas they would have about the disposal of nuclear waste?  Record these responses.  
	Watch a couple of the suggested short videos, have students take notes and ask more in depth questions based on the knowledge obtained from the videos. 
	Read one or more of the suggested text sources and have the students repeat the process.  

Explore  
Now that students have a few sources and a common understanding of the methods they can search for and share further resources that will help them to solve the initial problem.  Provide them with the research organizer table (found below) to help them focus on the particular impacts of disposal on the factors that interest us (environmental, medical, social, and economic).  The file named research sample: Uranium  contains preliminary answers that will help to guide you through the information your students will encounter.
Research Organizer: Impacts of a Given Solution for Uranium Disposal

	Realm of Impact
	Positive impacts
	Negative impacts
	references

	Medical


	



	
	

	Economic

	
	
	

	Social

	
	
	

	Environmental

	



	
	



Explain
	Students interact with one another about their research and ideas concerning the different methods of uranium disposal and their impacts.  
Extend
	What other questions or ideas do students have?  Is there additional research they need to do before they choose a preferred method of disposal? 
Evaluate 
	This is the task where the students need to judge for themselves the best method for disposal of nuclear waste and be able to explain their choice using evidence and persuasive argument.
	The method I have used is through organized paragraphs (we focussed a lot on PPE this year), but assessment can be done by a variety of other means including: presentation, speech, poster, and video.  
	A Final Task Rubric that has been designed for the paragraph based report model has been included to guide assessment.  I use it both for the Uranium write-up by the students, providing feedback from the Uranium example so they can improve on the final task with the pure substance or mixture of their own choosing.  
Final Task
	Now that your students have completed Case Study: Uranium, they have all the research and writing tools that they need to select a pure substance or mixture of their own to explore.  Since they have been receiving on-going feedback about their work, they are prepared to complete this task independently. You may wish to provide students with a list of substances and mixtures to get them started, or allow them to locate their own.
	Below are some questions students can ask themselves as they are previewing resources.  These will help them to stay on purpose.    
Important questions students should be asking to guide their research:
What are some pure substances that impact us in our homes?  Our family at work?  Our environment?
What are the physical and chemical properties of one of these materials?
When we are finished using them, how do we dispose of them? (Consider landfill, recycling, repurposing etc.) 
What are some positive and negative impacts for the main method of disposal? (Consider medical, social, economic and environmental effects). 
Describe some of the alternative methods of disposal.  How do they compare with the most used method?
Which method do you think is the most effective?  Defend your choice with published evidence.

Important question extensions for mixtures:
What methods can we use to separate the mechanical mixtures? The solutions? 
Are some components more difficult to separate than others? 
How do we dispose of the separate components?  
Would it be easier/safer to dispose of the entire mixture?  
What components can we reuse?	  
