Mining Uranium, Minding Uranium — The Nuclear Fuel Cycle Game

Teacher Tools

Prepare index cards with phrases/phases of uranium mining, print and distribute handout on nuclear fuel cycle.  See below.

Aim

· To learn about uranium mining and nuclear energy

· To use memory skills in identifying the steps of the front end of the nuclear fuel cycle

· To think critically about uranium mining, uranium enrichment and nuclear waste

Motivation

In accordance with the recommendations of the United Nations Study on Disarmament and Non Proliferation Education, students should be encouraged to think critically.  Critical thinking about nuclear weapons should also include an overview of the nuclear fuel cycle and the production of fissile materials.  Through interactive learning, followed by group discussion, students come to understand better the social, historical and political context of uranium mining and its connection to nuclear weapons through the nuclear fuel cycle.

INTRODUCTION

Uranium enrichment has been in the news a lot lately.  The permanent five members (P-5) of the UN Security Council have been meeting to discuss Iran’s uranium enrichment program, and are prepared to levy heavy sanctions against Iran unless the program stops.  The fear is that Iran will use the fissile material for bombs instead of for nuclear power, as it claims to be doing.  Meanwhile Japan is developing a plutonium economy through its Rokkasho Mura plant. Located on northern tip of the main island, Rokkasho Mura has started operational ‘tests’, using tons of spent fuel to separate out further tons of plutonium.  By 2009, the plant could be operating at full capacity, producing 800 tons of plutonium annually, enough weapon fuel to manufacture 100,000 Nagasaki sized nuclear bombs.
 
Though Japan, a technological giant, could development a nuclear bomb far more rapidly than Iran, this fact is little reported in the media. Students may wonder, why is Iran so much in the news while Japan is not?  Why can some countries enrich bomb-grade materials and others cannot?  These may be questions for your classroom discussion.  But first we need to understand the fundamentals.  How is uranium enriched?  How is plutonium produced?  Though the details might be difficult to discern, the overall picture of the nuclear fuel cycle is fairly straightforward.  And it all begins with the mining of uranium.

About Australia

Underneath the surface of Australia there is an enormous amount of uranium — approximately 40% of the world’s inventory. The government plans to expand export to China and more alarmingly to India, a non-signatory of the NPT
.  Although Australia maintains that the uranium exported is for nuclear power programs only, there is no way to guarantee that recipients will not use its uranium as fuel for a weapons program. And any economic arguments for uranium exports do not hold water.  Of all the minerals exported by Australia, uranium makes up a mere 1% — about half the value of cheese exports.  Furthermore, the majority of Australians do not want new mines.  According to a News Poll of 30 May 2006, 66% of Australians are opposed to mines developed for uranium extraction.  

These and other points can be used to introduce the lesson.  For more information see Six Reasons Against Uranium Mining, Sept, 2006, Australian Conservation Foundation.  
DIRECTIONS

Step One: establish a safe environment in your classroom

Begin by establishing ‘classroom ethics’ so that students can feel safe to speak about their feelings and opinions.  Have students brainstorm a list of classroom ethics by asking them:  What are some things that we each need to feel a part of the classroom community?  Write their ideas on the board.  Examples include: 

Respect each other.

Only one person speaks at a time.

Listen to each other. 

Everyone has a right to their own opinion.  

Once a list is drawn up, review it together with the students, and have them agree to these guidelines for the duration of the class period in order to build a respectful environment. 

Step Two: create a web on uranium and the nuclear fuel cycle

It always good to figure out what your students already know.  Many educators are surprised by the level of knowledge students have about nuclear issues.  Even if they are not discussed in the classroom, students hear the news and often pick up quite detailed information about current nuclear dangers.  

Write ‘uranium and the nuclear fuel cycle’ on the board and circle it.  Ask the students to say ANYTHING they think of when they hear these words.  Draw a line from the circle to connect each idea to the central theme (see “example web” below).  Write down everything students report, to affirm their knowledge.  This will help the class to outline basic information about the nuclear fuel cycle, and can also serve to correct any false assumptions.  

Some questions teachers can ask to stimulate students’ ideas include: 

Which countries have uranium? 

What is the nuclear fuel cycle? 

Is uranium mining dangerous?  

What is radiation?

Here is an example of a web on uranium and the nuclear fuel cycle:
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To finish up the web brainstorm, educators can encourage students to summarize the discussion.  Ask for a few volunteers to come up and make connections between different strands of the web.  For example, points from the above web could be summed up as “Uranium is often mined on aboriginal lands, that affect their communities, like Pine Gap and Ranger, causing cancer and ill health.  Radiation lasts a really long time, but John Howard doesn’t seem to understand that and has invited corporations to consider dumping nuclear in the Australian interior ….”  Students’ summaries are useful to reiterate their collective knowledge and provide a segue to the main activity. 

Step Three: research the fuel cycle

After the web exercise hand out the description of the nuclear fuel cycle and ask students to read quietly in-class.

Step Four: describe the fuel cycle 

Divide the class into small groups of 5 students.  Have prepared, as below, a set of 16 index cards for each group.  Before handing them out, ask the students to together review the steps of the nuclear fuel cycle.  Then pass out the shuffled index cards.  Set a timer to 5 minutes wherein the students together figure out the correct order of cards identifying the front end of the nuclear fuel cycle.  Once the five minutes is up, ask one representative from each group to volunteer to report to the class on the following points:  how did your group organize the index cards?  Did you complete the task?  Did you work collectively?  

After each group has reported back, pass out 3 WASTE index cards to the small groups.  Again give the students 5 minutes, but this time, ask them to allocate waste cards to steps along the nuclear fuel cycle that create waste.  Tell the students that they may need more than 3 or fewer than 3 cards to identify the points along the fuel cycle where waste is created.  There are no wrong answers, as each step creates waste.  Allow the students to discover that themselves.  After five minutes again ask for a volunteer from each group to report to the class on the following points:  where did your group place the waste index cards?  Explain why they were placed where they were placed.  

Step Five: Reconvene

After each small group has shared, reconvene the class as a whole.  Hold an informal discussion, and ask for volunteers to share their thoughts or feelings about the exercise and what they experienced.

This sharing may lead to a wider classroom discussion. You may want to end the session by having students brainstorm/create a web about questions they have about the nuclear fuel cycle that could lead to further study and action.

Exploring Further:  where to get more information

http://www.wise-uranium.org/

The World Uranium Hearing.  Poison Fire Sacred Earth:  testimonies, lectures and conclusions.  Munich: published in-house by The World Uranium Hearing, 1993.

TEACHER TOOLS  INDEX CARDS

Make sets of index cards with the following words or phrases, 1 for each card a total of 16 per set.

Prospect for Uranium

Build a Mine

Mine Uranium

Mill Uranium

Enrich Uranium, making Uranium 235

Make Uranium 235 Fuel Rods

Put Uranium 235 Fuel Rods in a Nuclear Reactor

Make Nuclear Fission Happen

Nuclear Fission Creates Enormous Heat

Enormous Heat Boils Water

Boiling Water Turns Turbines

Turning Turbines Creates Electricity

Nuclear Fission Also Creates Plutonium

Plutonium Can Be Separated from the Nuclear Waste

Plutonium Can Be Used to make Nuclear Weapons

Make sets of 3  index cards for the second half of the exercise

RADIOACTIVE WASTE

RADIOACTIVE WASTE

RADIOACTIVE WASTE

http://www.wise-uranium.org/index.html

TEACHER TOOLS  IN-CLASS READING

From uranium to plutonium — a US Perspective


Throughout the Southwestern U.S. (Colorado, Utah, Nevada, New Mexico) there are many uranium mines.  Mining uranium ore is carried out, more or less, in the same manner as any type of mining with the exception that uranium is a radioactive element.  As an ore it is only mildly radioactive although special precautions, such as wearing dust masks and protective clothing, need to be taken. Uranium in its natural state cannot be used in a reactor.  The type of uranium that can be used in a reactor is uranium-235.  Natural uranium ore contains 99.3% uranium-238 and only 0.7% uranium-235.  Uranium-235 is used for producing a fission reaction in a nuclear reactor.  That is why uranium must be "enriched", to increase the relative proportion of uranium-235 from 0.7% to around 4%.


Once the uranium ore has been mined it is taken to a nearby mill where the ore is crushed and ground to dissolve the uranium oxide.  This technique is used to separate out and consolidate the uranium oxide from the uranium ore.  That is, to extract a concentrated percentage of the uranium oxide from the crushed uranium ore.  The powdery substance which results from this process is called "yellow cake".  From mine and mill, this substance is then shipped to the Feed Materials Production Center in Fernald, Ohio.  



At Fernald, the yellow cake is changed into uranium green salt crystals in a process of chemical transformations.  This is part of the process of enrichment.  Enrichment requires changing uranium oxide into uranium hexafluoride in its solid state and then changing uranium hexafloride into a gaseous state.  By changing uranium oxide into the gaseous state of uranium hexafluoride, uranium-235 isotopes can be sorted out from the uranium-238 isotopes.  Separating and concentrating the uranium-235 is the desired goal of enrichment.  Uranium hexafluoride in its solid state is called "green salts".  At Fernald, these green salts are heated together with magnesium granules for approximately four hours at 1300 degrees Fahrenheit.  Once a gaseous state is achieved, the uranium-235 is separated out.

 
The Fernald facility is referred to as, the Feed Materials Production Center because this facility feeds the rest of the nuclear weapons complex with the fissionable uranium-235 metal it produces.  From Fernald, the uranium-235 metal is sent to Reactive Metals, Inc. in Ashtabula, Ohio (300 miles northeast of Fernald).  After further processing, the uranium-235 metal, at a red hot heat of 1100 degrees Fahrenheit, is inserted into the uranium metal extrusion press.  The press squeezes molten uranium-235 ingots into long tubes.  This process produces the long uranium-235 metal tubes which are called "fuel rods".  Once cooled these uranium-235 fuel rods are ready to be sent to U.S. military reactors.  



The main military reactors that provide plutonium-239, or weapons grade plutonium, for plutonium pit production are located at the Hanford Reservation in Washington State and the Savannah River Plant in South Carolina
.  The enriched uranium in the form of fuel rods are loaded into a reactor and undergo a fission reaction by being bombarded with slow neutrons.  This reaction is similar to the primary stage of a hydrogen explosion, that stage being mostly comprised of a fission reaction.  As a result, there is a vast amount of heat generated, which heats water, turns turbines and provides electricity, but unique to a nuclear reactor is the by-product, plutonium-239.  

The plutonium is extracted from the reactor fuel rods and concentrated into plutonium ingots or buttons.  This involves robotic reprocessing in massive human built "canyons" at the Savannah River Plant.  These buildings are called canyons because of their immense size.  No human beings have been inside the Savannah River canyons since they were sealed in the early 1950s.  It is speculated that due to intense radioactivity within these walls, the concrete floors now have a sponge like consistency.  Remote control machinery extracts the plutonium from the fuel rods and transports the plutonium from within the canyon to the outside.  The finished product, weapons grade plutonium, is shipped to Rocky Flats for final fabrication into the plutonium pits, the fission trigger of every US nuclear weapon.  The processes involved in transforming uranium ore into uranium-235 and finally into plutonium-239 make up the front end of the nuclear fuel cycle.




uranium and the nuclear fuel cycle








� If 4 tons of plutonium makes 500 atomic bombs, then divide 800 tons by 4 and multiply by 500 and you get a prospective yield of 100,000 atomic bombs.


� Under the Nuclear Non-Proliferation Treaty, countries that forego nuclear weapons development are rewarded with assistance for their nuclear power programs.  India, with a growing nuclear arsenal, is not a signatory of the NPT and is therefore not meant to receive any aid from NPT signatories, such as Australia, or the US for that matter which is currently providing nuclear assistance to India.
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