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Historically, uranium was used as a coloring agent in decorative glass and ceramics. From the
late 1940s to 1970s, the United States experienced a uranium mining and milling boom driven
by the demand for nuclear weapons and nuclear power. Along with the mining and milling
boom, scientists were testing nuclear weapons and conducting environmental studies with
radioactive waste. These activities have impacted Native Americans, Alaska Natives and their
lands.

Today, the greatest use of uranium continues to be for power generation. Uranium is also used
in industrial and research processes. Uranium mining and milling continues today in the U.S.,
but on a small scale.

Target Audience and Activity Topics

The Uranium activities are designed to teach middle and high school students about the
significance of uranium and its decay products, such as radium and radon. Students will learn
about the penetrating powers and effects of radiation and analyze the benefits and impacts of
radiation exposure. Students will examine related radiation myths and facts and explore
uranium and radiation-related science and engineering jobs. With a greater understanding of
uranium and radiation, students can dispel myths and fears and be advocates for their
community.

NOTE: The term “radiation” used in these activities generally refers to ionizing radiation, unless
otherwise indicated.

Activity Times

All U.S. Environmental Protection Agency (EPA) Radiation Education Activities can be used
individually or modified and combined to create multiple lessons. Activity options allow you to
customize the activities to fit the time you have available (e.g., 1-2 class periods) and meet the
needs and interests of your students.

The time needed to complete activities is between 45-60 minutes, not including optional
activities or extensions.

Next Generation Science Standards

The concepts within these activity sets can be used to support the following science standards:
e PSI1. Structure and Properties of Matter
o PS4. Waves and Electromagnetic Radiation
e ESS3. Earth and Human Activity

Common Core State Standards (CCSS)

The concepts in the Vocabulary Activities align with the following CCSS English Language Arts
Standards for Literacy in History/Social Studies, Science, & Technical Subjects:

e Key Ideas and Details: CCSS.ELA-LITERACY.RST.6-12.2

e Craft and Structure: CCSS.ELA-LITERACY.RST.6-12.4

e Vocabulary Acquisition and Use: CCSS.ELA-LITERACY.L.6-12.6
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Uranium: Teacher Background Information

Uranium is a trace element commonly found in rocks, soil, water, plants and animals.
Geologically, uranium is generally found in sandstone deposits, with some found in volcanic
remanants (for example, breccia deposits of the Grand Canyon). The main U.S. sandstone
deposits of uranium are in the Colorado Plateau, Northern Arizona, the Wyoming Basin, the
Texas Coastal Plain and Nebraska. The largest single source of uranium ore in the U.S. is the
Colorado Plateau located in the Four Corners intersection of Colorado, Utah, New Mexico and
Arizona.

Uranium Mining and Milling

The U.S. mining industry extracts (removes) uranium from the ground through several methods:
1. Physically removing the rock ore through open-pit
mining or underground mining.

e Open-pit mining involves stripping away or
excavating the topsoil and rock that lie above the
uranium ore.

¢ Underground mining involves extracting rock
through a tunnel or opening in the side of a hill or
mountain, or digging a shaft from the surface into
the underlying ore zone.

2. Chemically dissolving the uranium out of the rock ore is SRR
done through either heap leaching or in-situ leaching Open pit mining.
: Source: U.S. Geological Survey

e Heap leaching (not presently used in the U.S.) is the
process of sprinkling chemicals on above-
ground piles of crushed ore-bearing rock in a Monitor Wells
lined pit and collecting uranium through
underground drains. Either acid or alkaline
solutions may be used to remove uranium from Sids cla
the host ore rock.

¢ In-situ leaching (presently the most common
method used in the U.S.) involves drilling wells
deep underground and using chemicals
(typically alkaline and include sodium
bicarbonate and oxygen mixed with water) to
dissolve the uranium before it is pumped to the
surface as a liquid through wells.

Monitor

From Plant To Plant

Uranium Deposit

Milling is the process that removes uranium from the
ore. The ore is crushed and ground-up, treated with In-situ leaching.
chemical solutions to dissolve the uranium, and Source: U.S. Nuclear Regulatory Commission
separated from the solution. The final, dried uranium

product is commonly called “yellowcake.”

Tailings (waste produced from the milling processes) contain radioactive elements like thorium,
radium, polonium and radon, along with other chemical elements. Tailings are placed in huge
mounds called tailings piles, stored in special waste disposal facilities with underground liners to
keep contaminated fluids from contaminating groundwater, or covered with water to reduce the
amount of radon gas released into the air. Tailing piles and disposal sites are generally located
close to mining and milling sites.
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Benefits and Impacts

The uranium mining boom began with the U.S. Atomic Energy
Commission buying and stockpiling uranium for nuclear power
and weapons development. Today, uranium is used as fuel for
nuclear power generation, for industrial purposes, and in
manufacturing and research.

Radium, thorium and other radioactive elements are mined with
uranium and are found in the tailings. Radium was historically
used for medicine and in consumer products like hair tonic,
toothpaste, ointments, elixirs and glow in the dark watches and
clock faces. Today, radium is only used in research.

Uranium miner.
Source: National Institute of
Environmental Health Sciences

During the boom, uranium mines provided economic

advantages for tribal communities including jobs, development of new roads and airstrips for
airports, and money spent by non-tribal workers for food, lodging and other services. However,
tribal communities are facing many environmental and public health concerns. The Navajo
Nation has more than 500 abandoned uranium mines, four inactive uranium milling sites and a
former dump site that have not been properly cleaned up. The lasting impacts of these sites
have led the Navajo Nation to ban uranium mining and exploration on its lands. Most of the
world’s production of uranium today comes from mines in Kazakhstan, Canada and Australia. In
2012, six underground mines and five in-situ leaching operations were in operation within the
U.S. As of 2014, five in-situ leaching sites were in operations and two conventional mills were in
standby (not in operation).

Radiation Exposure

Radioactive dust and high levels of radon in abandoned mine and milling sites and former dump
and testing sites makes these areas unsafe. Radioactive materials that are not properly cleaned
up can be spread by wind and water runoff, affecting surrounding areas, humans and animals.
Structures built close to abandoned uranium mines, or with contaminated materials from mining
areas, are at risk of having elevated radiation and radon levels.

lonizing radiation, emitted (given off) from these radioactive elements, can damage living tissue
by changing cell structure and damaging DNA. The amount of damage depends on the type of
radiation, the exposure pathway, the radiation’s energy, the rate which the energy is absorbed
(dose rate) and the total amount of radiation absorbed.

Children are more sensitive to ionizing radiation than adults because children are still in the
process of growing. There are more cells dividing and a greater opportunity for radiation to
disrupt the growth process. The U.S. Environmental Protection Agency’s (EPA) radiation

protection standards take into account the differences in sensitivity due to age and gender.

Radiation Protection

People should NEVER:
e Enter an abandoned mine, or herd lifestock in them.
Disturb abandoned mine, mill, dump or test sites.
Handle, dispose or re-use abandoned equipment at these sites.
Swim or drink water from open pit mine lakes.
Drink the water from streams and springs near these sites.
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e Remove rock or soil from these sites or use materials from the sites for building
construction.
People living near former uranium mines, mills and dump and testing sites can contact their
local or state geological survey office or bureau of health to determine if they are at risk due to
increased levels of radiation in the area where they live.

Basic radiation protection concepts can be applied separately
or in combination to help limit people’s exposure to increased
radiation levels:
e Time: limiting time near the radiation source.
o Distance: increasing the distance from a radiation
source.

e Shielding: placing material or a barrier between a
person and a radiation source. Time, Distance and Shielding

Highlights in Uranium History

1400s
1789

1871

1896
1938

1939
1942 to
1946
1945

1945 to
1991

1945 to

1992
1946

1947

Historical Events

Uranium was mined to create a red-orange color in ceramics.

Martin Klaproth, a German chemist, discovered uranium and named it after the
planet Uranus.

The first radium/uranium ore was discovered in the U.S. in gold mines near
Central City, Colorado.

Henri Antoine Becquerel discovered that uranium is radioactive.

Otto Hahn and Fritz Strassman discovered that uranium could be split to
release energy (fission).

World War Il begins.

The Manhattan Project was led by the U.S. and supported by the United
Kingdom and Canada. The project researched and developed the first atomic
bombs during World War II.

The first atomic bomb is tested in New Mexico before the bombing of Japan in
Hiroshima and Nagasaki during the final stages of World War II.

The Cold War as a long period of tension and distrust between democratic and
communist countries. During this period, the U.S. and the Soviet Union
(viewed as superpowers) raced to develop stockpiles of nuclear weapons.
Nuclear testing took place in the U.S. and around the world in attempts to find
peaceful uses for atomic energy.

The Atomic Energy Act was signed to regulate civilian and military use of
nuclear materials and promote atomic energy development for safe and
peaceful use.

Uranium mining and milling boom began in the U.S. Before World War I, the
U.S. purchased uranium from other countries or got it from vanadium deposits
in Utah and Colorado on the Colorado Plateau. During the boom, mine
operators extracted nearly 4 million tons of uranium ore from the Navajo
Nation alone. Uranium mining also took place in the Lakota lands in the Black
Hills of South Dakota, the Spokane reservation in Washington, and the
Tohono O’odham Nation, west of Tucson, Arizona. The boom continued until
the early 1970s.
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Historical Events

1949 to Colorado and the U.S. Public Health Service began a study of radiation safety

1956 in uranium mines and mills. They conducted environmental studies of the
mines and epidemiological studies of the miners.The mine studies concluded
in 1956, but the epidemiological study continued.

1959 Miners are provided with a U.S. Public Health Service pamphlet warning them
of possible radon exposure while working in the mines. This is the first
government-issed document addressing the possible health risks to the miners
from working in the mines. The pamphlet was not widely distributed and some
mine operators downplayed the possible radon exposure.

1960 The U.S. Public Health Service released a report to the mining states
highlighting the link between uranium mining and lung cancer. However, the
federal government continued to defer to the states for the creation and
enforcement of safety measures in mines that were not Atomic Energy
Comission property.

1965 Utah, Colorado and New Mexico study pollution from uranium mills and
discover twenty miles of the Animas River devoid of life downstream from
Durango, CO mill. New Mexico and Colorado pass regulations requiring
maintenance of abandoned uranium mill tailings piles and outlawing direct
discharges to rivers. Industry largely ignored the rules.

1967 The U.S. Secretary of Labor announced a federal standard for radon and its
daugthres in uranium mines supplying the federal government.

1970 to Uranium mining and milling decreased greatly after the Atomic Energy
present Commission no longer needed to purchase uranium. The demand for uranium
started to exceed the worldwide supply in the mid- to late-2000s.

1978 The Uranium Mill Tailings Radiation Control Act made the federal government

liable for the pollution and required the cleanup of abandoned uranium mills,
mill tailings, and homes built with contaminated mill tailings (waste containing
radioactive elements like thorium, radium, polonium and radon). States
contributed 10%, the federal government 90%.

1979 The Church Rock Spill occurred in New Mexico. Radioactive dust from
uranium mining and milling was contained in a man-made lake. The dike broke
and 93 million gallons of radioactive material (uranium, thorium, radium and
polonium) flooded the land and went into the Rio Puerco. Animals died from
drinking the contaminated water and people who came in contact with the
water experienced burns.

1979 The Three Mile Island accident occurred when there was a partial nuclear
meltdown in one of the two Three Mile Island nuclear reactors in Pennsylvania.
1986 An explosion and fire occurred at the Chernobyl Nuclear Power Plant in

Ukraine. Radioactive particles were released into the atmosphere which
spread over much of the western Soviet Union and Europe.

1987 The National Institute for Occupational Safety and Health (NIOSH) released a
major study that recommended lowering the occupational radon dose for
uranium miners from 4 WLM/year (approximately 5 rem per year) to 1
WLM/year. The recommendations were not followed and remain at 4 WLM/y
today.

1990 Congress passed the Radiation Exposure Compensation Act (RECA). RECA
represents an official government apology to victims of America’s Cold War
nuclear program. RECA expressly acknowledges the U.S.’ failure to warn
three groups of victims: uranium miners, on-site atomic test victims and
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Historical Events

downwind communities exposed to fallout from the atomic bomb tests.

2005 The Navajo Nation became the first indigenous government to ban uranium
mining and exploration on its lands.

2006 and = Congress, led by Henry Waxman (D-California, Chair of the Budget and

2007 Government Oversight Committee) sought direct testimony from Navajo
officials and demanded a plan of action from the five federal agencies
responsible for what Waxman described as a “40 year history of bipartisan
failure and a modern American tragedy.”

2008 to Congress authorized a comprehensive 5-year plan to coordinate the cleanup

2012 of contaminated structures, soil and water in the Navajo Nation. The joint effort
involves the EPA, Department of Energy, Nuclear Regulatory Commission,
Bureau of Indian Affairs and the Indian Health Service.

2011 Japan’s Fukushima Daiichi nuclear disaster occurred when the nuclear power
plant was hit by a tsunami that was triggered by an earthquake.

Additional Resources:

e RadTown USA: www3.epa.gov/radtown

o Radiation Basics: http://www2.epa.gov/radiation/radiation-basics

e Radiation: Facts, Risks and Realities: http://www2.epa.gov/sites/production/
files/2015-05/documents/402-k-10-008.pdf
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Uranium Vocabulary Activities

The concepts surrounding radiation can be complex. By conducting a vocabulary activity before
beginning an activity or series of activities, students will have a shared base knowledge.

Materials and Resources

e Vocabulary Materials document.
e Materials noted in activity suggestions.

Common Core State Standards (CCSYS)

The concepts in this activity align with the following CCSS English Language Arts Standards for
Literacy in History/Social Studies, Science, & Technical Subjects:

o Key ldeas and Details: CCSS.ELA-LITERACY.RST.6-12.2

e Craft and Structure: CCSS.ELA-LITERACY.RST.6-12.4

e Vocabulary Acquisition and Use: CCSS.ELA-LITERACY.L.6-12.6

Vocabulary by Activity

e Atom e Radioactive atom

e Electron ¢ Radioactive decay
Activity 1: Uranium, e Neutron e Radium
Radium and Radon e Nuclear energy e Radon

e Proton e Uranium

e Radiation e Uranium mining

e Atom e Radioactive atom

e Alpha particle Radioactive decay
Activity 2: Radiation e Beta particle e Radiation exposure
and Uranium Myths e Gamma rays e Radon
and Facts ¢ lonizing radiation e Uranium

e Nuclear energy e Uranium mining

e Radiation e Uranium milling
Activity 3: Uranium e lonizing radiation e Uranium mining
Ore Sources in the e Uranium e Uranium milling
U.S.

e |onizing radiation e Radon
Activity 4: Uranium e Radiation e Uranium
Mining Methods ¢ Radioactive atom e Uranium mining

e Radium e Uranium milling

e Direct exposure ¢ Natural (background)

. L e Exposure pathways radiation

Activity 5 R_adlat|on o InhF;Iation i ’ e Radioactive contamination
Contamination and .
Exposure * Ingestion * Radon

e lonizing radiation e Uranium

e Man-made radiation e Uranium mining
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Activity 6: Radiation e lonizing radiation e Uranium
Cleanup and e Nuclear energy e Uranium mining
Advocacy e Radiation exposure e Uranium milling
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Activity Suggestions

e I|dentifying images.

o Print the applicable images from the Vocabulary Materials document.

o0 Display the images around the room or spread them out in an open area on the floor.

0 Pronounce the vocabulary words one at a time. NOTE: You can provide the
definition of the given word at this time or after students have identified the words.

0 Have students take turns identifying the words in an active manner. Suggestions
include having students move to and identify the correct image, use a flashlight to
point to the correct image (being careful to avoid light in another person’s eyes),
drive a remote control car to the correct image or throw a bean bag to land on the
correct image.

e Matching words and images.

o Print the applicable words and images from the Vocabulary Materials document.

0 Give each student a vocabulary word or image. Options: Fold or ball up the copies
and let each student select one. Have students trade their copy with another student
once or twice. NOTE: You may need to participate to have an even number of
participants.

o Direct students to find the person with the matching word or image.

0 Review the matches to confirm they are correct.

o Pronounce each word and provide a definition.

e Spelling the words.
o Print the applicable words and images from the Vocabulary Materials document.
o Display the words and images at the front of the classroom.
o0 Pronounce each word and provide a definition.
0 Conduct a spelling activity:
= Have students create a word scramble or word find activity; trade papers and
complete the activity.

= Play spelling basketball. Divide the class into two teams. Pronounce a
vocabulary word. Have a student (alternating between teams) spell or write the
word on the board. Students that spell the word correctly are given an
opportunity to shoot a basket (use a trash can) with a ball of paper (ball) from a
designated distance (or varying distances for a different number of points). The
team that scores the most points wins. You can have students provide a
definition for extra points.

o Creating definitions.

o Print the applicable words and images from the Vocabulary Materials document.

o Display the words and images at the front of the classroom.

0 Pronounce the vocabulary words.

0 Have students work in pairs or small groups to hypothesize and create a definition

for each vocabulary word.

Options: Direct one student from each pair/group to rotate and join another

pair/group or have two pairs/groups join together. Direct the newly formed groups to

compare their definitions and modify them if desired.

0 Review each pair/group’s definitions, have students discuss what they
agree/disagree with and confirm the accurate definition.

o
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Activity 1: Uranium, Radium and Raden

Objectives

Students will:
e Determine the atomic structures of uranium, radium and radon.
e Describe the characteristics of each.
e Examine the benefits and risks of each.

NOTE: Students should have an understanding of the periodic table and how to use the
information to determine the atomic structure of elements.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standards:
e PS1. Structure and Properties of Matter.
e ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
e Vocabulary Materials.
o Uranium Past and Present images (one per student, pair or group or display with a
computer and projector).
e Uranium, Radium and Radon Worksheet (one per student, pair or group) and Uranium,
Radium and Radon Teacher Answer Key.
e Periodic Table of Elements (one per student, pair or group).
e Student computers with Internet access or provide print versions for students (optional):
0 RadTown: www3.epa.gov/radtown
0 Nuclear Power Plants: www3.epa.gov/radtown/nuclear-plant.html
o Uranium Mines: www3.epa.gov/radtown/uranium-mines.html|
0 Radionuclide Basics: Uranium: http://www2.epa.gov/radiation/radionuclide-
basics-uranium
Radionuclide Basics: Radium: http://www2.epa.gov/radiation/radionuclide-
basics-radium
0 Radionuclide Basics: Radon: http://www2.epa.gov/radiation/radionuclide-
basics-radon

o

Time
45-60 minutes, not including optional activities or extensions.

Vocabulary
e Atom e Radioactive atom
e Electron ¢ Radioactive decay
¢ Neutron e Radium
¢ Nuclear energy e Radon
e Proton e Uranium
e Radiation e Uranium mining
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Directions

1. Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

2. Share the Uranium Past and Present images. Explain that a uranium mining boom took
place in the U.S. from the mid-1940s to 1970s. During this period thousands of uranium
mines were in operation, primarily in the Western part of the U.S.

3. Ask students why uranium was mined and how it is used today. Uranium was mined
primarily for the development of nuclear weapons and then for power generation. The
images show the industrial uses today include:
¢ A nuclear power plant: Nuclear power plants produce electricity through a heat-
generating process known as "fission" in which neutrons split uranium atoms to produce
large amounts of energy.

e A nuclear-powered supercarrier: A small nuclear reactor powers submarines,
supercarriers, icebreakers and other ships. In the defense industry, depleted uranium
metal is used for armor plating and armor-piercing projectiles.

4. Distribute the Uranium, Radium and Radon Worksheet. Direct students to use the Periodic
Table of Elements to complete the activity. The atomic number will provide students with the
number of protons and electrons. They can calculate the neutrons by subtracting the atomic
number from the atomic mass. Resources may include information from the Environmental
Protection Agency (EPA) webpages listed in the Materials and Resources section.

5. Review student responses as a class using the Uranium, Radium and Radon Teacher
Answer Key. Conclude by asking students to share at least one thing they learned about
uranium, radium or radon.

6. Optional activities or extensions: Have students examine:

e The atomic structure and physical characteristics of each element.

e The types of radiation each emits (alpha particles, beta particles and gamma rays), the
potential exposure pathways (direct exposure, ingestion and inhalation), the potential
health effects and the potential protection measures people can take to avoid exposure
to these elements. Information about uranium, radium and radon can be found online at:
http://www2.epa.gov/radiation/radionuclides.

o Explore how the uranium to lead decay chain can be used in radioactive dating to
calculate the age of rocks or organic material.
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Uranium Past and Present

Uranium Mining Boom: 1947 to 1970

o)

Uranium miner (left) and prospectors with a large uranium ore (right).
Source: National Institute of Environmental Health Sciences

Industrial Uses Today

Source: White House photo by David Bohrer
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Uranium, Radium and Radon Worksheet

Name: Date:

Use a periodic table to complete the following table and determine the number of protons,
electrons and neutrons.

Element | Symbol | Atomic | Atomic | Atomic Structure Group/Family and
Number | Mass Properties
Uranium Protons:

Electrons:

Neutrons:

Radium Protons:
Electrons:

Neutrons:

Radon Protons:
Electrons:

Neutrons:

1. How are we exposed to these elements?

Natural (background) sources:

Man-made sources:

2. What is the connection between these elements?

3. Explain how the elements’ atomic structures relate to their radioactive properties.

4. Why is exposure to these elements a concern?

—
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Uranium, Radium and Radon Teacher Answer Key

Element | Symbol | Atomic | Atomic | Atomic Structure Group/Family and
Number | Mass Properties

Uranium | U 92 238 Protons: 92 Part of the actinide
Electrons: 92 series; silvery white,
Neutrons: 330 weakly radioactive

metal

Radium | Ra 88 226 Protons: 88 Alkaline earth metal;
Electrons: 88 naturally radioactive,
Neutrons: 138 silvery-white metal

that blackens when
exposed to air

Radon Rn 86 222 Protons: 86 Noble gas; colorless,
Electrons: 86 odorless, and
Neutrons: 136 tasteless radioactive
element

1. How are we exposed to these elements?

Natural (background) sources: Uranium, radium and radon are naturally occurring
radioactive elements found in soil, rock and water.

Man-made sources: Man-made activities, like digging and mining, can bring these
elements to the surface. These elements may also be found in radioactive waste from
human activities like mining, milling and nuclear power generation.

2. What is the connection between these elements?
Uranium decays to form radium and radon. Exposure to radon can cause lung cancer.

3. Explain how the elements’ atomic structures relate to their radioactive properties.
An atom is unstable (radioactive) if the forces among the particles that make up the
nucleus are unbalanced from an excess of either neutrons or protons. Unstable
nuclides of any element can exist. However, almost all elements that are heavier than
bismuth, which has 83 protons, have an unstable nucleus; they are radioactive and
are known as "heavy nuclides.”

4. Why is exposure to these elements a concern?
These elements tend to pose more of a concern when they exist in high
concentrations (e.g., in radioactive waste) rather than in their natural state.
Concentrations of these elements can contaminate the soil, water and air. People and
animals may also be contaminated by or exposed to these elements. Exposure to
these elements may pose health effects. For example, radon can cause lung cancer.

ﬁ
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Activity 2: Radiatien and Uranium Mythg and Facts

Objectives

Students will:
e Explore their views of radiation and uranium.
e Assess their knowledge of radiation and uranium.
e Examine and correct any radiation and uranium misconceptions they may have.

el

Next Generation Science Standards

The concepts in this activity can be used to support the following science standards:
e PS1. Structure and Properties of Matter.
PS4. Waves and Electromagnetic Radiation.
e ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
Vocabulary Materials.

e Uranium Myths and Facts Quiz (one per student, pair or group) and Uranium Myths and
Facts Teacher Answer Key.

Uranium Views Worksheet (optional; one per student, pair or group).
e Board or computer and/or projector for listing students’ responses (optional for step 2).

Time
45-60 minutes, not including optional activities or extensions.

Vocabulary
e Atom e Radioactive atom
e Alpha particle e Radioactive decay
e Beta patrticle e Radiation exposure
e Gamma rays ¢ Radon
e |onizing radiation e Uranium
e Nuclear energy e Uranium mining
e Radiation e Uranium milling

—
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Directions

1.

Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

Ask students to share what they know about radiation, radioactive elements like uranium,
and radiation exposure. List their responses for all to see.

Review the list and ask the class to decide whether each is a fact or myth. If students have
not previously done so, ask them to provide examples of myths (such as radiation exposure
will make you glow).

Explain that we may receive misinformation from various sources (like movies, comics,
video games, other media sources and people) and perceive it to be true when in fact it is
not.

Explain to the students that they will be completing a myths or facts quiz. The quiz is not to
be graded but is a fun way to determine what students know about uranium. Let them know
that it's okay if they don’t know the answers to the quiz. It's meant to be a learning tool.
Distribute, and direct students to complete, the Uranium Myths and Facts Quiz.

Conclude by reviewing the correct responses using the Uranium Myths and Facts Teacher
Answer Key. Determine what the greatest misconceptions were for the class based on
incorrect responses. Discuss how this activity has changed or confirmed students thinking
about radiation. Explain that an important part of science and gaining knowledge is to
investigate and verify information with reliable resources.

Optional activities or extensions:

e Have students share the Uranium Myths and Facts Quiz (or create another quiz or
survey to share) with community members, siblings or parents. Analyze the responses
and determine how educated community members are about uranium-related radiation.

e Direct students to complete the Uranium Views Worksheet by talking with friends, family
and community members. Answers from students will vary.

e Select all or several events from the Highlights in Uranium History (see the Uranium:
Teacher Background Information) and print each event on a separate sheet of paper.
Options include printing the dates with the event, having students research the event to
determine the date or range of dates, or providing the dates after students form
predictions about when the events occurred. Provide students with an event and direct
them to create a timeline by lining up in the order in which the events occurred. Review
and confirm the correct order of events. Discuss how these events have potentially led to
myths that exist today and how these events have also led to us learning facts about
uranium and radiation.

e Have students create public messages that educate the public and address
misinformation and misconceptions. Ideas may include brochures, posters, cartoons,
videos or radio announcements, raps, poems and articles. These materials could be
shared within the school and community.

—
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Uranium Myths and Facts Quiz

Name: Date:

Read each statement. Mark whether each statement is “True” or “False” depending on what you
think or believe to be correct.

O True O False 1. Uranium is a man-made element.

O True [OFalse 2. Uranium (V) is a silvery-white, weakly radioactive metal in the
actinide series of the periodic table.

[0 True [OFalse 3. Uranium atoms are unstable and decay (forming other elements
like radium and radon) until they become stable lead atoms.

0 True [OFalse 4. Uranium decays at a quick rate.

O True [OFalse 5. Anyamount of uranium exposure will cause you to develop cancer.

L0 True [OFalse 6. Waste from uranium mining and milling remains radioactive
forever.

O True [OFalse 7. Most of the radiation that we are exposed to is man-made.

O True [OFalse 8. Uranium gives off radiation (alpha particles, beta particles and
gamma rays) as it decays.

L0 True OFalse 9. Gamma rays produce short wavelengths at a high frequency and
can penetrate the body and damage living tissue.

0 True [ False 10.People are more at risk from radon exposure in their home than
living near a nuclear power plant.

0 True [OFalse 11.Uranium was discovered during World War Il when the atomic
bomb was developed.

O True [OFalse 12.Radioactive mining and milling waste can get into our food, water
and air supplies.

OO True [OFalse 13.1can reduce my risk of uranium exposure by using time, distance
and shielding protection measures.

0 True [ False 14.Children and adults are equally sensitive to radiation exposure.

—
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Uranium Myths and Facts Teacher Answer Key
T

O True ™MFalse 1. Uranium is a man-made element.

Uranium is a naturally occurring element found in rock, soil,
water, air and our bodies.

M True [OFalse 2. Uranium (U) is a silvery-white, weakly radioactive metal in the
actinide series of the periodic table.

Uranium (U) is a heavy metal with an atomic number of 92 and
atomic weight of 238. It serves as an energy source because it
is radioactive and gives off radiation that can be used for
many purposes.

M True [OFalse 3. Uranium atoms are unstable and decay (forming other elements
like radium and radon) until they become stable lead atoms.
Radioactive atoms emit energy waves (photons) or high speed
particles. This process is known as radioactive decay.

O True ™M False 4. Uranium decays at a quick rate.

Uranium decays at a slow rate. The decay process can take
billions of years.

OO0 True ™MFalse 5. Anyamount of uranium exposure will cause you to develop cancer.
The amount of damage depends on the type of radiation, its
energy and the total amount of radiation absorbed. Also, some
human cells are more sensitive to radiation.

O True ™M False 6. Waste from uranium mining and milling remains radioactive
forever.

The radioactivity of the waste reduces with time. However, it
can take many thousands of years before some of these
materials no longer pose arisk.

O True ™M False 7. Most of the radiation that we are exposed to is man-made.
Generally, half of our exposure to radiation comes from man-
made sources and half from natural (background) radiation.
The largest source of man-made radiation is medical
exposure.

M True [OFalse 8. Uranium gives off radiation (alpha particles, beta particles and
gamma rays) as it decays.

As uranium decays and forms other elements, some atoms
(like uranium-238, radium-226 and polonium-210) emit alpha
particles (positively charged; made of two protons and two
neutrons) from the atom’s nucleus. Most isotopes decay by a
combination of alpha particles, beta particles and gamma
rays.

M True [OFalse 9. Gamma rays produce short wavelengths at a high frequency and
can penetrate the body and damage living tissue.

Radiation is energy that travels in the form of waves or high
speed particles. Gamma rays produce ionizing radiation found
at the short wavelength, high frequency end of the
electromagnetic spectrum. The high energy of gamma rays
can penetrate the body like x-rays and damage tissue and
DNA.

—

U.S. EPA Tribal Education Activities: Uranium Page 21 of 40




M True [ False 10.People are more at risk from radon exposure in their home than
living near a nuclear power plant.

Radon exposure accounts for 37 percent of our annual
exposure to radiation, and living in a home or area with high
radon levels can be very harmful to your health. Radon can be
an issue in any region and living near a nuclear power plant
does not make you more or less likely to have a high level of
radon in your home or school. Nuclear power plants
implement many radiation protection measures to limit your
exposure to radiation. Therefore, living near a power plant
barely increases your overall radiation exposure.

0 True ™M False 11.Uranium was discovered during World War 1l when the atomic
bomb was developed.

Radiation is all around us and has been present since the
birth of this planet. Martin Klaproth, a German chemist,
discovered uranium in 1789. However, the demand for and
recognition of, uranium increased after World War 11.

M True [OFalse 12.Radioactive mining and milling waste can get into our food, water
and air supplies.

Radioactive waste that is not cleaned up or properly stored
can get into food, water and air supplies. This increases the
risk of inhaling, ingesting or experiencing direct exposure to
radiation.

M True [OFalse 13.lcanreduce my risk of uranium exposure by using time, distance
and shielding protection measures.

Basic radiation protection concepts (time, distance and
shielding) can be applied separately or in combination to help
limit people’s exposure to increased radiation levels.

0 True ™ False 14.Children and adults are equally sensitive to radiation exposure.
Children are in the process of growing. There are more cells
dividing and a greater opportunity for radiation to disrupt the
growth process. Recent U.S. Environmental Protection
Agency (EPA) radiation protection standards take into
account differences in sensitivity due to age.

ﬁ
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Uranium Views Worksheet

Name: Date:

Answer the following questions.

1. My community views uranium and radiation as:

2. What misconceptions did | (and my community) have about uranium and radiation?

3. What led to these misconceptions about uranium and radiation?

4. Explain how my views of uranium and uranium mining changed from this activity or why
have they not changed?

—
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Activity 3: Uraniupm Ore Seurces in the US.

Objective:

Students will:
e Examine a map of U.S. uranium mines.
e Share personal stories about the impacts of uranium mining on their family.
e Examine the benefits and impacts of uranium mining on communities.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standard:
e [ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
e Vocabulary Materials.

¢ Uranium Ore: Benefits and Impacts Worksheet (one per pair or group) and Uranium Ore:
Benefits and Impacts Teacher Answer Key.

e U.S. Uranium Mines map (display with computer and projector or copy and share with
students).

e Student computers with Internet access if allowing students to research in class.

Time
45-60 minutes, not including optional activities or extensions. Alternatively, students could
complete the activity outside of class and discuss their findings in the next class period.

Vocabulary
e |onizing radiation
e Uranium
e Uranium mining
e Uranium milling

—
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Directions

1. Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

2. Poll students to determine how many are aware of any active or abandoned uranium mines
within their state or region. In preparation, you may want to contact your regional
Environmental Protection Agency office (http://www2.epa.gov/radiation/forms/contact-us-
about-radiation-protection#tab-2) to confirm the location of any nearby mines.

3. Display the U.S. Uranium Mines map. Have students examine the map and proximity of
active or abandoned uranium mines near their community.

4. Allow students to share stories of family members who have worked in uranium mines and
any impact this has had on their family. Alternatively, you can share excerpts from The
History of Uranium Mining and the Navajo People
www.nchi.nlm.nih.gov/pmc/articles/PMC3222290/.

5. Explain that the U.S. uranium mining boom started in the mid-1940s during World War Il.
Once the U.S. built a stockpile of uranium in the 1970s, the mining industry slowed. Many
uranium mines were abandoned without restoring the land to its original state. Past mining
activities and the abandoned mines have greatly impacted Native American communities.

6. Distribute the Uranium Ore: Benefits and Impacts Worksheet to pairs or groups. Direct
students to research and identify benefits and impacts of uranium mining in the 1940s to
1970s. Students can use the Uranium: Teacher Background Information (Uranium Mines
section), The History of Uranium Mining and the Navajo People, family members and other
resources to complete the worksheet.

7. Conclude by discussing student responses as a class using the Uranium Ore: Benefits and
Impacts Teacher Answer Key and ask students to share something they learned from the
activity.

8. Optional activities or extensions: Have students:
e Prepare for and debate the pros and cons of whether uranium mining should
continue in the U.S. or in their area.
e Research the benefits and impacts of uranium mining in other countries including
Kazakhstan, Canada and Australia.
e Develop a skit or song about the benefits and impacts of uranium mining.

ﬁ
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U.S. Uranium Mines

Closed and Abandoned Uranium Mines

Source of Mine Information:

Lege nd EPA Uranium Location Database
Km N
X MAS/MILS Uranium Mines il $

Source: (ULS. EPA 2006h)

—
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Uranium Ore: Benefits and Impacts Worksheet

Name: Date:

Answer the following questions.

1. Research and identify the societal, economic and environmental benefits and impacts of
uranium mining and milling in the 1940s to 1970s.

Benefits Impacts

Societal

Economic

Environmental

2. How has your community benefited from or been impacted by uranium mining and milling?

3. What activities or regulations have been put in place to address the impacts of uranium
mining on Native Americans and Alaska Natives?

4. In 2012, six underground mines and five in-situ leaching operations were in operation within
the U.S. As of 2014, five in-situ leaching sites were in operations and two conventional mills
were in standby (not in operation). Should the mining and milling of uranium continue in the
U.S.? Explain your answer.

—
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Uranium Ore: Benefits and Impacts Teacher Answer
Key

1. Identify or hypothesize the societal, economic and environmental benefits and impacts of
uranium uses, mining and milling in the 1940s to 1970s.

Benefits Impacts

Societal People may have felt proud to People didn’t understand or were
support the Cold War and reduce | not fully told about the hazards or
our dependence on foreign oil risks.
and uranium supplies.

Economic For tribal communities, the Some miners began getting sick
mines provided economic and dying. That likely placed

advantages including jobs at the | economic burdens on the family.
mines and mills, development of | The Radiation Exposure

new roads and airstrips, and Compensation Act (RECA) was
money spent by non-tribal passed to compensate families.
workers for food, lodging and
other services.

Environmental | Some may have believed and Tribal lands were disrupted by
promoted the message that mining. Some mines were
nuclear power is clean energy abandoned (and sometimes not
with little impact on the restored to their original state).
environment. Water supplies were

contaminated.

2. How has your community benefited from or been impacted by uranium mining or abandoned
uranium mines?
Answers may vary.

3. What activities or regulations have been put in place to address the impacts of uranium
mining on Native Americans and Alaska Natives?
The Uranium Mill Tailings Radiation Control Act (UMTRCA) required the cleanup of
abandoned mill tailings, but not mines. RECA pays victims of the Cold War nuclear
program. Controls and radiation protection standards have been put in place to
protect uranium miners. The Navajo Nation has banned uranium mining and
exploration on its lands. Congress authorized a comprehensive 5-year plan to
coordinate the cleanup of contaminated structures, soil and water in the Navajo
Nation.

4. In 2012, six underground mines and five in-situ leaching operations were in operation within
the U.S. As of 2014, five in-situ leaching sites were in operations and two conventional mills
were in standby (not in operation). Should the mining and milling of uranium continue in the
U.S.? Explain your answer.

Answers may vary.

ﬁ
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Activity 4: Uranium Mining Metheds
Objectives:

Students will:
¢ Hypothesize and list the benefits and impacts of mining methods.
¢ Consider whether they would be for or against a particular mining method being used in
their community.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standard:
e ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
e Vocabulary Materials.

¢ Uranium Mining Methods Worksheet (one per student, pair or group) and Uranium
Mining Methods Teacher Answer Key.

Time
You may choose to have students complete the entire activity within one or two class periods. If

time or computer access is limited, the activity can be introduced, completed outside of the
class and concluded in another class period.

Vocabulary

lonizing radiation
Radiation
Radioactive atom
Radium

Radon

Uranium
Uranium mining
Uranium milling

—
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Directions

1. Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

2. Explain that the U.S. uranium mining boom started in the mid-1940s. Once the U.S. built a
stockpile of uranium in the 1970s, the mining industry slowed. Uranium mining is still in
operation, but on a much smaller scale. The U.S. mining industry uses two distinct methods
to extract uranium ore: physically removing the ore-bearing rock from the soil for processing
or chemically dissolving uranium from the ore at the site.

3. Provide students with a Uranium Mining Methods Worksheet and review the directions.
Students can form hypotheses based on their present knowledge or allow them to acess
any available resources, such as the Internet, library or school books or individuals who may
have insight on mining and environmental issues.

4. Conclude by having students share their responses. You can reference the Uranium Mining
Methods Teacher Answer Key. Compile the “for” and “against” votes to see which method
the class would be in most favor of, or if they would not want to allow mining in their
community.

5. Optional activities or extensions: Have students:
o Debate the pros and cons of the different mining methods.
o Develop models or drawings that show the mining process and impacts on the earth,
people and our environment.

ﬁ
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Uranium Mining Methods Worksheet

Name: Date:

Imagine that a company wants to mine uranium in your area. The company is trying to
determine which of the three mining methods it wants to use based on considerations like:
e Other radioactive materials like radium and radon gas that can contaminate the
environment and cause health concerns.

e Safe disposal or storage of the mining waste.

e The protection of the health of the workers, nearby community members and the
environment.

For each mining method:
o Hypothesize and list the benefits and impacts each mining method may have on the
local society, the economy and the environment.
o Check whether you might be for or against allowing the mining method in your area.

Underground mining involves digging and removing rock
through a tunnel or opening the side of a hill or mountain.
Miners must work underground in tunnels.

Benefits:

Impacts:

For Against

Open-pit mining involves stripping away or excavating the
topsoil and rock that lie above the uranium ore

Benefits:

Impacts:

For Against
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In-situ leaching involves treating ore deep underground with chemicals to dissolve the uranium
and then pumping the liquid to the surface. This method is feasible in deposits that are
saturated and have high permeability. This method is the most common method used in the

U.S. through wells.
Monitor

Well

To Plan
Monitor Wells Jiom Faok b

Uranium Deposit

Source: World Nuclear Association

Benefits:

Impacts:

For Against
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Uranium Mining Methods Teacher Answer Key

Mining Method

Benefits

Impacts

Underground
mining

Provides jobs

Brings money to the local
economy and may lead to
improved local facilities and
services

Permits mining operations
to be largely out of sight
Allows for production in all
kinds of weather conditions

Produces safety and health
hazards if unauthorized persons
enter mines or fall in openings
Presents numerous safety and
health risks for workers working
underground

Releases radon and radioactive
dust into the environment
Produces contaminated soil,
water and tailings that can impact
the surrounding soil, air and
water if not managed properly

Open-pit mining

Provides jobs

Brings money to the local
economy and may lead to
improved local facilities and
services

Allows for high production
of uranium that brings
money to the company

Produces safety and health
hazards if unauthorized persons
enter or fall in pits

Releases radon into the
environment

Produces tailings/radioactive
waste that can contaminate the
soil, air and water

In-situ leaching

Provides jobs

Brings money to the local
economy and may lead to
improved local facilities and
services

Reduces risk of employee
accidents and exposure to
radiation

Costs less than other mining
methods

Eliminates the concerns of
open pits, radioactive dust
and uranium mill tailings

Risk of spills, leaks and
contamination of groundwater
and potential drinking water
Releases radon into the
environment

Produces waste slurries and
waste water that could
contaminate the environment if
not managed properly

Leaching chemicals may impact
or contaminate groundwater, soil
and rocks

Only feasible in deposits that are
saturated and have high
permeability

ﬁ
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Activity 5: Radiation Centamination and Expesure
Objectives:

Students will:
¢ Develop a radiation web or model to show how radiation can contaminate the
environment, animals and people.
e Examine the three main exposure pathways: inhalation, ingestion and direct (external)
exposure; and basic radiation protection measures.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standard:
e ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
Vocabulary Materials.

o Art supplies for students; for example, paper or poster board, magazines, colored
pencils and markers (optional for Step 4).

e Materials to create a watershed (optional for Step 4). Search for materials and directions
online using keywords (build a watershed or crumpled paper watershed) or visit Build
Your Own Watershed: water.epa.gov/learn/kids/drinkingwater/activity grades_ 9-

12 buildyourownwatershed.cfm.

Time
You may choose to have students complete the entire activity within one or two class periods. If

time or computer access is limited, the activity can be introduced, completed outside of the
class and concluded in another class period.

Vocabulary

Direct exposure

Exposure pathways
Inhalation

Ingestion

lonizing radiation
Man-made radiation
Natural (background) radiation
Radioactive contamination
Radon

Uranium

Uranium mining

—
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Directions

1.

3.

Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

Explain that natural (background) radiation is all around us and has been present since the
birth of this planet. However, many Native American and Alaska Native communities have
been further exposed to radiation as a result of man-made activities including uranium
mining and milling and nuclear testing. In the mid-1940s, with the dawn of the nuclear age,
hundreds of uranium mines and dozens of mills were established and significant nuclear
testing took place. Once the uranium supply exceeded the demand in the 1970s, uranium
mines and mills began to shut down. Nuclear testing continued until 1992. Some of these
mining, milling and testing sites were abandoned and not properly cleaned up. As a result,
some Native American and Alaska Native communities are deeply impacted by
contaminated soil, air, water and materials that were left behind.

Ask students how we might be exposed to radiation in contaminated soil, air, water and
materials. Confirm or explain that routes of radiation exposure include direct or external
exposure, inhalation and ingestion. We cannot see radiation, but if we are aware of radiation
sources (such as abandoned mines and equipment, mine tailings, high radon levels, and
contaminated water, soil and building materials) we can apply three basic radiation
protection concepts to reduce our exposure to radiation:

¢ Limiting time near a radiation source.

e Increasing the distance from a radiation source.

e Shielding by placing material or a barrier between a person and a radiation source.

Direct students to list, model or draw possible routes or pathways of exposure (direct or
external exposure, inhalation and/or ingestion) to radioactive materials for uranium mining,
milling, nuclear testing or nuclear waste. Students can also identify radiation exposure
pathways for natural radiation sources or accidents (e.g., transportation accident that
releases radioactive materials into the environment or a nuclear reactor meltdown).

e List ways in which people may be exposed to radiation according to the three main
pathways: direct or external exposure, inhalation and ingestion.

e Create a watershed model to simulate how radioactive soil can dissolve and
contaminate a common body of water that can serve as drinking water for people and
animals or be used for watering plant food sources. Students can use a spray bottle to
represent rain. Students can also use their breath or a small fan to model how materials
can be blown into the air or into water sources.

e Diagram exposure routes or pathways in the form of radiation webs (similar to the
example provided on the following page) using paper and art supplies or electronic
software to create their diagrams.

ﬁ
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Airberne
Uranium Dugt,

Natura] (backeround)  Contaminated
Radiatien and Raden  Building Materials

Radiation Web Example

5. Conclude by asking students to respond to the following questions orally or in writing:

o What exposure pathways had you not considered before this activity?

¢ How can you prevent or reduce your exposure to radiation based on the exposure
pathways (direct exposure, inhalation and ingestion)? Possible answers: Time,
distance and shielding are three basic radiation protection measures. Other
actions include testing radon and radiation levels in homes or buildings, taking
action if the levels are high, using water from regulated water sources, and
avoiding abandoned mining areas.

o Did this activity change your perceptions of or fears about radiation exposure? Explain.

6. Optional activities or extensions: Have students:

¢ Investigate the working conditions of uranium miners in the mid-1900s and the protection
measures required in mining operations today, or examine the life of the Inupiat Eskimos
living in Point Hope, Alaska and how they were impacted by Edward Teller's Project
Chariot.

o Examine the health effects and risks associated with their exposure (or potential
exposure) to radiation.

o Develop a play or skit about their experiences. Record and share the performance.

ﬁ
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Activity ¢: Radiation Cleanup and Advecacy

Objectives

Students will:
¢ Investigate how people and the environment have been impacted by radiation-related
events.
e Examine what cleanup and advocacy efforts have been, or need to be, completed
related to these events.
¢ |dentify advocacy efforts that they or others can implement.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standard:
e ESS3. Earth and Human Activity.

Materials and Resources

e Uranium: Teacher Background Information.
¢ Vocabulary Materials.
e Internet-accessible computer and projector or student computers with Internet access.
e Radiation Cleanup and Advocacy Worksheet (one per student, pair or group).
Time

You may choose to have students complete the entire activity within one or two class periods. If
time or computer access is limited, the activity can be introduced, completed outside of the
class and concluded in another class period.

Vocabulary

lonizing radiation
Nuclear energy
Radiation exposure
Uranium

Uranium mining
Uranium milling

—
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Directions

1. Start with a vocabulary activity if students are not familiar with uranium and the vocabulary
used in this activity.

2. Explain that uranium was primarily mined for nuclear weapons development in the 1940s
and for both nuclear weapons and energy production following World War Il. Nuclear testing
was also conducted and the safe disposal of radioactive waste has been a consideration
with the mining, testing and use of radioactive materials.

3. Investigate one of the following topics as a class or have students research the following
topics to learn about events that took place during the uranium boom, the impact it has left
on the people and the environment, and advocacy efforts and/or programs that may be in
place to clean up the affected areas. Events that have occurred locally can also be selected
as well as national events from the Highlights in Uranium History timeline found in the
Uranium: Teacher Background Information.

o The Return of the Navajo Boy is a documentary is based on a brother being reunited
with his family. The family uses the documentary to raise awareness and campaign for
the cleanup of abandoned uranium mines. Students can view the documentary trailer,
webisodes or information online (www.navajoboy.com).

e The Firecracker Boys: H-Bombs, Inupiat Eskimos, and the Roots of the Environmental
Movement is a book by Dan O’Neill. The book is based on Edward Teller (the father of
the hydrogen bomb) and his plan to detonate nuclear bombs off the coast of Cape
Thompson in Alaska. Related information can be found online by searching “Project
Chariot.”

o Bikini Atoll in the Marshall Islands is where the U.S. conducted nuclear weapons testing
between 1946 and 1958. Books and movies are available about the people of Bikini
Atoll.

4. Provide students with the Radiation Cleanup and Advocacy Worksheet. Direct students to
complete the worksheet based on the topic they researched or based on radiation-related
issues that may exist within their community, state or tribal nation. If the latter, investigate
potential local, regional or state issues in advance and help guide students to resources,
including people (e.g., advocates, environmental and health officials or staff, and regional
Environmental Protection Agency (EPA) staff) that they may use to answer the questions.
Consider inviting a speaker(s) to share information about local, regional or state issues and
actions. Note that the U.S. Department of Energy and EPA have programs to clean up
radioactive waste. The EPA’s Superfund program is part of the government’s effort to clean
up areas contaminated by hazardous waste.

5. Conclude by asking students to share what they or their community can do. Education and
advocacy are needed to ensure the proper clean up of radioactive waste and to prevent
future generations from experiencing the impacts of elevated radiation levels.

6. Optional activities or extensions:
e Encourage students to put their ideas into action by developing an advocacy project or
campaign. Advocacy ideas may include:
0 Those identified by students on the Radiation Cleanup and Advocacy Worksheet.
0 Writing letters to tribal leaders or Congress prompting action on a uranium-related
issue in their community or region.
o Creating an informational or call to advocacy video.

ﬁ
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0 Creating a social media campaign to raise awareness.
o0 Creating informative and educational posters that can be displayed at school and in
the community.

—
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Radiation Cleanup and Advocacy Worksheet

Name: Date:

Research and answer the questions.

1. What problems or concerns exist related to radiation and radioactive waste?

2. What has been done to address the concerns?

3. What still needs to be done to address the concerns?

4. What can I, my community or other communities do to raise awareness and action?

Demolition and rebuilding of a contaminated home in the Navajo Nation.
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