Topic:Local Tectonic Hazards
Lesson Plan Earth Science

Introduction:

The unit plan is designed to for five, 63 minute class periods and addresses the Earth Science Core Curriculum standards for the State of Utah. Students at this school meet in a block schedule (A/B Days), therefore this unit will take approximately 2 weeks to complete. The demographics for students in this class are as follows:  

Latino 40%
Asian 16%
Middle Eastern 15%
Pacific Islander 15%
Caucasian 10%
African American 2%
Native African 2%

Approximately 45% of these students are English Language Learners. Two students receive special education services and have an IEP. The standards for this lesson are as follows:

Standard 2
Students will understand Earth's internal structure and the dynamic nature of the tectonic plates that form its surface.

Objective 3
Demonstrate how the motion of tectonic plates affects Earth and living things.

e. Design, build, and test a model that investigates local geologic processes (e.g., mudslides, earthquakes, flooding, erosion) and the possible effects on human-engineered structures (e.g., dams, homes, bridges, roads).

[bookmark: _GoBack]General Technology Standards (Grades 9-12) 

Standard 7 
Routinely and efficiently use on-line information resources to meet needs for collaboration, research, publications, communications, and productivity. 
Standard 8 
Select and apply technology tools for research, information analysis, problem-solving, and decision-making in content learning. 

General Content Objectives 

SWBAT

· E. Design, build, and test a model that investigates local geologic processes (e.g., mudslides, earthquakes, flooding, erosion) and the possible effects on human-engineered structures (e.g., dams, homes, bridges, roads). 

Essential Question: What are the primary and secondary tectonic hazards? (Volcanoes, Earthquakes, Tsunamis, and Landslides) What tectonic hazards exist here in Utah?

General Language Objectives

SWBAT 
· utilize new vocabulary and apply it to real world applications.
· search and retrieve information from maps and visuals and cite their findings verbally to peers and in written form in their science notebooks. 
PART 1 : MOTIVATION
Technology Used:
For this portion of the lesson plan a visual image is projected onto the screen and used to elicit student responses and class participation. Following this exercise, direct instruction is given using a Power Point Presentation that has text and visuals embedded within. 
Rationale:
The purpose behind the use of the image is that it replicates the environment in which students use their observations to create inferences. They are able to verbally cite their evidence for the claims that they make to the class. I have also found highly visual Power Point Presentations to be effective for my ESL students as the images give them a context for the vocabulary that is needed for the lesson. 
· PICTURE DESCRIPTION 
Students are shown an image and asked to make observations regarding it. They are to make verbal inferences based on their observations. Once multiple students have had a chance to participate the teacher reveals the details regarding the image. Hawaii Tsunami 1946 (Hilo Bay) Students are shown the learning objectives for the class period and asked to write the essential question in their science notebooks. 
[image: https://lh6.googleusercontent.com/_LS3geiuMTxWIMKfz7rn5i-dfgM4M2uJgYBmBgna7xdzJCKWdhNfWtqdHkHgBZytIUF9XuKP9swFGJHNzwBbhx7GeBuyQ7HLULFoYrRwq4PH8Dpe7vjrElZ1eroBcLgZZiPVY_mF]
· Using DIRECT INSTRUCTION with PPT review primary and secondary tectonic hazards.
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· THINK-PAIR-SHARE activity with elbow partners discussing the most common tectonic hazards in Utah.

TEACHING BASIC CONCEPTS:
Materials used for teaching: For this portion of the lesson we will use manipulatives as well as technology in order to engage student learning. We will access the University of Utah’s website that is linked to various seismic stations in order to see “real time” earthquakes happening across the state. We will access a video of the Christchurch earthquake and see some realistic hazards as they occur that are also common to Utah. Students will then build models using manipulatives to further understand the shaking hazards that exist for the different structures here in Utah. Students will also use an approved list of websites in order to complete a Treasure Hunt in small groups. 
Rationale: Using a combination of the websites and the manipulatives gives students an opportunity to connect the experiments done in class with the real world applications of events on Earth. 
· DEMONSTRATION of P and S waves using a “slinky”. Real time local P and S waves are shown to the class using the following link: http://www.seis.utah.edu/helicorder/utah_webi.htm    

· VIDEO and DISCUSSION 

Many of the homes in SLC are made of unreinforced masonry/brick. Show students the Christchurch earthquake video. Instruct them to follow the man dressed in black in the background of the scene. Also, direct their attention to the cracks that appear almost instantaneously in the sidewalk in the foreground. Remind students to STAY INSIDE in the event of an earthquake until the shaking has stopped. https://www.youtube.com/watch?v=duoS7hwJlrU 

· MODEL 

High and low frequency waves are modeled using marshmallows and uncooked spaghetti by students and the effects on large and small buildings is recorded in their science notebooks. 


APPLYING KNOWLEDGE:

· DIRECT INSTRUCTION WITH PPT regarding Earthquake Hazards: Earthquake 
Hazards:
Building/structure collapse
Rupture
Landslides
Fires
Liquefaction
Tsunami- luckily not a possibility in UTAH :)
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· DEMONSTRATION 
The teacher begins the liquefaction demonstration. Students will discover how and why liquefaction would occur and relate to how that would affect citizens in Utah. Students are instructed to record their observations and conclusions in their science notebook. 

· TREASURE HUNT
As a class four discussion questions will be used to initiate analyzing and critical thinking. Students will use an approved list of websites in order to obtain the answers. For each correct answer, the teacher will give them a letter to a fill in the blank question listed on the board. 
Approved list of websites:
http://www.ce.washington.edu/~liquefaction/html/what/what1.html 
http://www.resorgs.org.nz/images/stories/pdfs/Organisationsfacingcrisis/rural-organizational-impacts-mitigation.pdf
http://geology.utah.gov/hazards/earthquakes-faults/liquefaction/
The questions are as follows:
1. What conditions need to be present in order for liquefaction to occur? U & T
2. How can this affect cities, farms, wildlife, rivers, or others? A & E
3. Does the Salt Lake Valley have conditions relating to liquefaction? R & T
4. What can governments do to protect against damage from liquefaction. S & A

S      A        T         U       R       A        T        E
        ______   _______  ________  ________   _______  _______   _______  _______

Once all groups are finished, students are asked how the Treasure Hunt word relates to liquefaction and to Utah tectonic hazards. 


· GUEST SPEAKER

A community support liaison, from the Utah Department of Public Safety will come in at this point in the lesson plan and speak with the students about the hazards of earthquakes along the Wasatch Front, and how to prepare for such an emergency. The guest speaker will cover how different parts of the valley may be affected differently, specifically their community and the home structures that are prevalent. The speaker will discuss what community resources and national resources (e.g. FEMA) are available to them and how they get access to these resources. Time allotted for the guest speaker is 30-40 minutes, with a question and answers portion factored in. During this portion students will be taking notes in their science journals in their K-W-L charts on what they have learned about earthquakes hazards.

LESSON CLOSURE:
Materials Used for Teaching: In order wrap up the lesson students will use a mix of different types of media. Students will work in collaborative groups with current maps of the Salt Lake Valley in order to identify the specific hazards that exist at locations with which they are familiar. Students will also watch a video that made by the State of Utah made to educate the public in the event of an earthquake. Lastly, students will use their cell phones to report on the hazards that they find in their homes.  
Rationale: Using the up-to-date maps students can relate the information they find directly to their personal lives. Seeing places that are familiar and gaining knowledge about them is empowering in the event of an earthquake. The video serves as a good overview of many of the points that were covered over the last two weeks. Students will complete the lesson by using their cell phones to text or email images to the teacher in order to highlight any earthquake hazards they find in their home. This will engage the students and their parents with the project as well as give them the tools to mitigate these hazards. 
· COLLABORATIVE WORK + LAB
 
Students will work in small groups and complete the Salt Lake Shake/ Liquefaction Lab. Using two different UGS maps students will locate significant places in the valley and report the shaking potential, liquefaction potential and potential outcomes in the event of an earthquake in the Salt Lake Valley.

· VIDEO 
Students will watch THE GREAT SHAKE OUT, a 5 min video that depicts a realistic outcome of a plausible earthquake along the Wasatch Front. Potential ways to mitigate the hazard is discussed.
https://www.youtube.com/watch?v=8Z5ckzem7uA 
· SCAVENGER HUNT 

Due the next class period students will evaluate the possible hazards that exist in their homes in the event of an earthquake. Students will be given a handout (see appendix) and be asked to complete steps 1-2 in their own home. The will draw from information learned about earthquake hazards from the guest speaker. Students will be asked to take pictures of hazards they find with their cell phone cameras, and email or text them to the teacher. Students are encouraged to share these possible hazards with their parents and neighbors and to educate and hopefully negate these potential dangers in their homes and community. 
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When liquefaction occurs, the strength of the soil
decreases and, the ability of a soil deposit to support foundations for
buildings and bridges is reduced — see the overturned apartment
complex buildings in Niigata in 1964. SECONDARY HAZARD
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Categories of tectonic hazards

Social — Death of people and destruction
to human-built objects

Environmental — Changes in the
environment, like added gas to the
atmosphere, changes in mountains, etc.

Economic — Destruction of supplies or

financial assets, like crops
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Landslide
® Rock falling down a steep slope

® Earthquake only one of the causes!

® Steep land has landslides, tectonics
creates topography

® Landslides in water cause tsunamis
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Worldwide Landslides

Two factors: topography and rain

Londside Risk
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Earthquakes

®Found mostly at plate boundaries
Plate boundaries are one or more faults

®Bigger the fault, bigger the quake
®Subduction causes biggest and deepest

earthquakes
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Preliminary Determination of Epicenters
358,214 Events, 1963 - 1998
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Scale

®0n “Richter” (moment magnitude) Scale, each
number up is ~32X bigger and 10X less
common
® There are 100 mag 7 for every mag 9

® Mag 9is about ~900 times more energy than
mag 7

® Mag 3=start to feel, mag 6=start damage
®Mercalli scale — Strength of shaking, intensity

® | (weak) to XII (catastrophic) I
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Earthquake frequency and destructive power
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Earthquake hazards

Building/structure collapse
Rupture

Landslides

Fires

Liquefaction
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Structure collapse
® Steel>wood>brick

+ But costis also steel>wood>brick

® Dams, tall buildings, public buildings are
usually built to higher standards

® Retrofitting — making things safer for
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Rupture

Breaking the ground with the fault itself
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Fires
Things shift, breaking lines

Gas line breaks, leaking to pilot light

Water lines break, so no water pressure to
stop fire
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Liquefaction

Wet soil loses water when shaking, making
ground like quicksand and unstable
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Tsunami

® Giant wave caused by sudden movement
of ocean floor

® Earthquakes main cause, but landslides too
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How a tsunami is formed:
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Volcanos
Caused by rising magma/lava

Magma rises becauseit (liquid rock) is less
densethan solid rock
Form at divergent boundaries (mid-ocean
ridges and rifts), subduction zones (island
and volcanic arcs), and hot spots
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Volcanic hazards

Lava

Lahar
Pyroclastic flows
Gases
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Lava Flows
Covers everything in its path, though
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Lahars

Ash falls on steep volcano slope, then it
rains, and ash washes downhill in mudslide
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Pyroclastic Flows
Volcano erupts hot rock up, then collapses
downward

Travels over 400 mph at 1000°F!
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Average volcanic eruption is 1+% water vapor

Volcanos emit 1% of yearly greenhouse
gases

Lake Nyos (Cameroon) had a CO2 eruption in I
1986 that killed 1700 people
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Volcanic winter

Volcanic gases and ash block sunlight, cooling
the planet
« 1816, Year without a summer

Toba Catastrophe theory
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LIQUEFACTION-POTENTIAL MAP FOR
A PART OF SALT LAKE COUNTY, UTAH
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Salf Lake Shake!
Instructions: You will ook at several maps of what scientists think might happen in the
next big earthquake in Salt Lake Valley. For each location. you will need to find the
shaking potential, the liquefaction potential. and write up a brief 1-2 sentence description
of what may happen at that location. For example: At 123rd S & Redroad. shaking
‘potential is 0.3-0.4. liquefaction potential is very low. Therefore. I predict strong shaking,
cracks in my walls, maybe a bookcase falling over. but no foundation repair needed.

Draw a chart in your book on the page instructed:
Where? | Shaking Potential | Liquefaction Potential | Description of what might happen

My house
Temple
Square
ESA

Maverick
Center

U of Utah
Mouth of

Big Cottomwood

Canyon

Airport

Draper

West Valley

Bingham Mine

At the bottom of your page, answer these questions in complete sentences. Read the text
on the map for hints.

1) Where is the safest place to be in the next earthquake?

2) Where is the most dangerous place to be in the next earthquake?

3) How often do big earthquakes happen on the Wasatch fault, and how long has it been
since the last one?

4) What factors make one place more dangerous than another in an earthquake?

5) Why is liquefaction so strong in the northwest part of the valley?
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'WHAT SHOULD 1 D0?

STEP1

The first step to carthquake safety is to look
around your home and identify all unsecured
objects that might fall during shaking.

by moving heavy furniture, such as
bookeases, away from beds, couches, and other
places where people sitor sleep. Also make sure
that exit paths are clear of clutter.

Simple and inexpensive things that you can
do now will help reduce injuries and protect
belongings in a quake. Most hardware and
home-improvement stores carry earthquake-
safety straps, fasteners, and adhesives that you
can easily use to secure your belongings.

The following tips describe simple solutions to.
situations n your home that could be dangerous
during earthquake shaking. f these have not yet
been done in your home, take action now:

& Check the boxes!

Many people thinkthat allnjuries n earhquakes are
used by collapsing buldings. Actually, most njuries
0 Quakes arefom objects that beak or all on ppl.
For example, i the 1994 magnitude 6.7 Northidge:
earthquake 5 pecent ofquakereated
njuris were Gaused by faling I
Objcts,suchastelevisins, | !
pictures and miros,

and heavy gt
ftures.
=
éﬁa

2

Identify Potential Hazards in Your
Home and Begin to Fix Them

Hanging objects

Artand other heavy objects hung
on walls may fall,and glass in oy
pictures and mirrors may shatter. .

O Pisce only softat,such 35
unframed posters o ugs
and tapestris, above beds or
o

O Hang mirors,pictures and

other hanging objects on
closed hooks.

Objects on open shelves and tabletops

Colectibles and other loose:
objects can become dangerous
projectiles.

O Hold collctbls,pottery,
and lamps in place by using
removable earthauake putty,
museum wax,or quake gel

Tall top-heavy furniture, such as
bookeases and entertainment
centers, may falland injure you.

O Store heavyiems and
breskables on ower shelves.
O Secureboth top comers o tall
furmiture into 3 walstud, ot

justto the dywal.

O Flexble-mount fasteners, such
25 nylonstraps,sllow frniure
independent movement from
thewal reducing strain on
stuc.
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FOLLOW THE SEVEN STEPS TO EARTHQUAKE SAFETY
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and g3 connectons. In the garage or utility room

D0 Water heaersshould be anchored to wall studs or
masonry with metalstaps and g Hemsstoredin arages and ity rooms can fal, causing
Screws Kitsare avalbie o injoies, damage,and hazardous splls o lesk.
Rardware stores and home.
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'WHAT SHOULD 1 D0?

Willeveryone in your household know how toreact during and
after strong earthquake shaking? To be ready for the quakes
that are certain to happen in Utah, it is important that your
family have a disaster-preparedness plan. Hold occasional
carthquake drils” to practice your plan. Share your disaser
plan with your neighbors and discuss key points with babysit-
ters, house sttes,and house guests. Your plan should include
mostof the fllowing:

Plan NOW to be safe during an earthquake

in a strong earthquake, individual survival skills will
be crucial:

O Practice "DROP, COVER, AND HOLD ON? (See STEP 5, page:
25)

D0 ety safe spotsin every room, such as under stury
desks and ables

D Learm how to protectyourselfno mateer where you are:
when an earthauake strkes. (5ee STEP 5, page 25)

Plan NOW to respond after an earthquake

Doing the following will enable you to help your
family and others after a strong quake:

D1 Keep shoes and a working flashlight next o each bed.

D0 Teach everyone n your household to use emergency
whistles and (or to knock three times repeatedly if
wapped. Rescuers searching collpsed buildings willbe

ing fo sounds
the needs of ousehold members and neighbors

special requirements o situations, such as se of .

wheelchairwolking aids,specil diets, or mecication.

D1 Toke 2 Red Cross fstaid and CPR (cardiopulmonsry
resuscitation) traning course. Lear who in your
neighborhood s trained n frt aid and CPR.

D Know the locations of utity shutoffs and keep needed
tools nearby. Know how o turn off the gas, water, and
elctricity to your home. Only tum offthe gas if you smell
or hearleaking . (See STEP 6, page 29)

O Get taining from your localfire department in how to
properly use afire extinguisher.

Instll smoke alarms and test them monthly. Change
the battery once  yea, orsoonerfthe alarm emits 3

2

Y|4 A Create aDisaster-Preparedness Plan

chirping" sound (ow batterysignal)

D3 Check ith your fire department to e f here .
Community Emergency Response Team (CERT) i your
res. o, sk how to sart one.

Plan NOW to communicate and recover after an

earthquake

Donftwaituntilthe next earthquake to do the following:

D Locate  safe place outside ofyour home fo your famly
tomeet aftr the shaking stops.

D Establish an out-of-area contact person who can be called
by everyone n the househald to rlay information.

D Provide alfamily members with a st of important
contact phone numbers,

D Determine where you might ive i your home cannot
be occupied afteran earthquake or other disoster (ask
friends o eltive),

D1 Learn about the earthauake plan developed by your
childrensschool or day care, and keep your chikrens
chool emergency elease cads current.

D3 Keep copies ofinsurance policie,financial records, and.
other essential documents ina scure location, such a5
with your household dsaste kit Incude  household
inventory (3 st and photos or video of your elongings).

Your family may be
sleeping when therext
strong quake hits Utah.
afte theshaking stops,
thellghts may beoutand
broken glass and other
dangerousdebris may
litter the floor making it
unsafe to waik barefoot.
Keepa lashightand
apairof sturdy shoes
secured toorwithin reach
of everyone’ bed. A good
way todo thisis tousea
drawstring bag ted toa
bedpostatthe headof the.
bedforeach occupant.
(Photo courtesy USGS)
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EARTHQUAKES
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Loma Prieta
epicenter
PRIMARY
(San Francisco
1989)

Marina District
badly affected
Foundations on

rubble infill after
1906 earthquake.

Lessons not learnt
so repetition of
disaster.
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Leninakan Armenia

PRIMARY HAZARD

On December 7, 1988, a
magnitude 6.9 earthquake

shook northwestern Armenia

Collapse of floors leaving walls
standing in building in
Leninakan.

This three-story building is one
of the older buildings.

Most of the newer one-and two-
story dwellings and two- and
three-story commercial
buildings in Leninakan received
little damage.

250000 deaths.




