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OREGCN DEPARTMENT OF-GEOLOGY & MINERAL INDUSTRIES

Mission: “Provide Earth Science Information To Make Oregon Safe and Prosperous”

EARTHQUAKES & TSUNAMIS

Lidar Earthquake/Tsunami Science Educate & Mitigate




oday’s Presentation

-Earthquake Science

-Two Kinds of Tsunami: Distant vs. Local
-Lessons from Japan

10,000-year History of Oregon Earthquakes
-New Tsunami Maps

-How You Can Prepare



Earthquake and Tsunami Science



- Earthquakes occur along a
fault or fault system

- Epicenter =the location on
the earth’s surface directly
above the origin of the
earthquake

- Magnitude = a measure of
how much energy iIs
released in all directions

Earthquake Basics

- Bigger faults make bigger
earthquakes

- Bigger earthquakes last a
longer time
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Do you know Oregon’s four kinds of
earthquake sources?

0 Cascadia Subduction Zone
Example: the 1700 earthquake that caused

shaking and a tsunami that inundated the
OR coast and reached as far as Japan.

@ Interplate
Example: the 2001 Nisqually, WA

earthquake that affected Washington and

NORTeAMERICAN PLATE

& northwestern Oregon.

@ \olcanic
Example: the 1980 Mount St. Helens
eruption-related earthquakes.

@ Crustal
Example: the 1993 Scotts Mills and
Klamath Falls earthquakes. Crustal

Mendocino Fault

earthquakes also occur in SE Oregon

where the crust is pulling apart.



Earthquake Frequency & Size

Number of Number of Energy
Earthquakes | Earthquakes Released

per Year per Year Earthquake [Number of
(World) (USA) Magnitude | Atom Bombs]
1,300,000 ? 2.0 0.00
130,000 ? 3.0 0.00
13,000 380 4.0 0.00
1,319 57 5.0 0.03
134 6 6.0 0.79
15 1 7.0 25
1 - 8.0 791
- - 9.0 25,003
9.1 35,005
9.3 75,010
9.5 137,518

There are many earthquakes each year, only some are felt.

Examples

Klamath Falls ('93)

LA ('84) SF ('89) Kobe ('95) Haiti ('10)
China ('76)

Sumatra ('04), Japan ('11)

Alaska ('64)
Chile ('60)



What Controls the Level of Shaking?

- Magnitude: More Energy Released
« Distance: Shaking declines with distance

- Local Soils: the soil type can amplify the shaking
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Possible Shaking Intensity/Effects

Ay  |Notfelt| Weak | Light |Moderate| Strong |Very strong| Severe | Violent | Extreme

PEET&‘EL nane none none | Very light | Light Moderate |Moderate/Heavy| Heavy [Very Heavy
PEAK ACC.(%g) <17 A7-1.4 | 1.4-39 39-9.2 2.2-18 18-34 34-65 65-124 =124
PEAK VEL.(emfs) | <01 |0.1-1.1| 1.1-3.4| 3.4-B.1 | B.1-16 16-31 31-60 60-116 =116

v | v [ww [ w [ v [ v [ i

lll. Weak — Felt indoors, especially on upper floors of buildings. Vibrations similar to a passing
truck.

V. Light — Vibration felt like passing of heavy trucks. Stopped cars rock. Windows, dishes,
doors rattle. Wooden walls and frames creak.

V. Moderate — Felt by nearly everyone; sleepers awakened. Small, unstable objects
overturned. Doors swing. Pictures move. Pendulum clocks stop.

VI. Strong — Felt by all. People walk unsteadily. Some heavy furniture moved. Small objects
fall off shelves. Pictures off walls.

VII. Very strong — Difficult to stand or walk. Noticed by drivers of cars. Slight to moderate
damage in well-built structures; considerable damage in poorly built structures.

VIIl. Severe — Steering of cars affected. Extensive damage to buildings with partial collapse.
Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned.
Wood-frame houses moved on foundations if not bolted.

IX. Violent — General panic. Damage to buildings ranges from collapse to serious damage.



M3.5 Earthquake Might be Felt

February 16, 2012 M3.5 — San Francisco Bay Area, California

Thursdsy. Febwaary 16, 202 & 09 13 20 Local

« San Francisco Area -
_ | Maps || Graphs || Responses | Downioads  Did You Feel h? — Tell Us |

- Magnitude 3.5 o
Community Intarnat Intensity Map
SAN FRANCISCO BAY AREA. CALIFORMNIA

Feb 18 2012 0912320 AM local 38 0TRIN 122 234W M35 Depth: 8 bon ID-nc7 1738658

- 5 miles deep
- 9:13am local time

- Reported as Felt by 1,912
people

38N

Note the shaking intensity colors




M5+ Earthquake Usually Felt

M5.6 — Northern California

February 13, 2012 s SR et i
« Northern California - |
- Magnitude 5.6 e e
USGS Community Internal Intansity Map
NORTHERMN CALIFORNIA

Feb 13 2012 01:07:02 PM local 41.1432N 123 TR03W W38 Depth: 28 km IDeneTi 734741

- 17 miles deep
- 1:07pm local time

- Reported as Felt by 3,028
people

44°N

AN

Note the shaking intensity colors
40'N

pawsar | nom | erw | nore [veryigen | Lignt | Modersse: | Mederstabiany | Hewey |V Hosy
Froveamsd S Feb 18 30 30 233013




M7 Earthquake

- Ground Can Shake Moderately For
30 Seconds

- Poor Soils Can Amplify Effects

- Damage Can be Moderate to Heavy
(even with current building codes)

Note the shaking intensity colors
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Other Earthquake Effects:

- Liquefaction
- Subsidence/Uplift
- Landslides

. Fires
« TSUNAMIS



Large Earthquake Frequency

& USGS

A History Of Large Earthquakes

Chile
0, _
Alaska

Kamchatka

Magnitude
(8 ¢]
on

7.5

1900 1910 1920 19-30 1940 1950 1960 1970 1980 1990 2000 2010
Year

Data: USGS PAGERCAT 1900-2008, USGS-NEIC & gCMT 2008-present

Figure courtesy of Charles Ammon, after Ammon et al., SRL, 2010



A 10,000 year history of
‘great Cascadia earthquakes in Oregon

CASCADIA EARTHQUAKE TIME LINE

b .
b s & ol ¥ e & F
& & & s S S 3 & &
o & o & a0 ol o ¥ o &
EVENTS ¥ fﬁ & & & & f ﬁg ég—ﬁ} & ﬁf‘ F& & e £
& - ) & y of >
HISTORY & & v & & & s & 0§ ¢ o8 &
) & S ) a3
o & & & ¥ & & & & F S F 8 e ﬁé
YEARS BC BCDO 1000 et =000 4000 3000 miL 1000 0 S 2000 YEARS AD
KNOWN CASCADIA EARTHQUAKES ALONG THE CASCADIA SUBDUCTION ZONE IN NORTHERN CALIFORNIA, OREGON, AND WASHINGTON YOU ARE

HERE!
I Earthquake of Magnitude 9+ (fault breaks along entire subduction zone)
| Earthquake of Magnitude 8+ (fault breaks along southern half of subduction zone)
Comparison of the history of subduction zone earthquakes along the Cascadia Subduction Zone in northern Califernia, Oregon, and Washington,

with events from human history. Ages of earthquakes are derived from study and dating of submarine landslides triggered by the earthquakes.
Earthquake data provided by Chris Goldfinger, Oregon 5tate University; time line by lan P. Madin, DOGAMI.

The last big Cascadia earthquake and local tsunami in
the Northwest was on January 26,1700.
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Plates Move in 3 Ways:
- Slide Past
- Spread Out
- Dive Under (Subduction)




Cascadia Subduction Zone (CSZ)

North American Plate Overrides Juan de Fuca Plate Along
Cascadia Subduction Zone at a rate of 1.5 inches/year
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What to do: Earthquakes

Indoors: Drop, cover, and hold on. Drop to the floor, take cover
under a sturdy desk or table, and hold on to it firmly.

In Bed: Hold on and stay there, protecting your head with a pillow.

Outdoors: Move to a clear area if you can do so safely ; avoid
power lines, trees, signs, buildings, vehicles, and other hazards.

Driving: Pull over, stop, and set the parking brake. Avoid
overpasses, bridges, power lines, signs and other hazards. Stay
iInside the vehicle until the shaking is over.

At the beach: Drop, cover and hold on until the shaking stops.
Evacuate to high ground on foot as quickly as possible



What Is a tsunami?

*A tsunami is a series of waves usually
caused by an undersea earthquake that
displaces the ocean floor.

*But a tsunami is not really a “wave” that
moves up and down; it's actually the
ocean moving sideways as a massive
surge or a wall of water. It's also known
as a tidal wave. The Japanese word
tsunami means “harbor wave.”

*A tsunami can generate waves for 12 to
24 hours. And the first wave is not always
the biggest!

Japan, 2011 A tsunami travels across the open ocean

The Boston Globe at over 500mph, the speed of a jet
airplane. As it reaches shallower water
and approaches shore, it slows down but
grows in height.

*A tsunami can happen at any time of day
or yeatr.



How are tsunamis created?




How are tsunamis created?
Between earthquakes




How are tsunamis created?
During an earthquake

Earthquake starts tsunami

Stuck area ruptures,
releasing energy
in an earthquake




How are tsunamis created?
Minutes later

Tsunami _
waves spread




Tsunamis are more than a “wave”

- Waves break on shore . Tsunamis are a higher
ocean surface that just
keep coming

Wind waves come and go without flooding higher areas.

Tsunamis run quickly over the land as a wall of water.




Two Kinds of Tsunami:
Distant vs. Local
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Two Kinds of Tsunamis

Your response should be very different,
depending which kind of tsunami is coming.
Know where to go (and when!).



Distant Tsunamis
caused by earthquakes across the Pacific Rim

In a tsunami...

You won't feel the far-away earthquake.
There’s time for an official warning.

First wave arrives 4 hours or more after
earthquake in Alaska or elsewhere
around the Pacific Rim.

If you're already outside hazard area,
please stay there.

~ ﬁ AnD ToumamI T RTHAUAKES . 1f your area has tsunami sirens, you

| ,? might hear them. If not, a sudden sea

level change is your last-ditch warning.



Distant Tsunami from Alaska, 1964

1964 earthquake, magnitude 9.2. Fourth Avenue in Anchorage, Alaska.

A 2x6 wooden plank driven through a
ten-ply tire by the tsunami that hit nearby
Whittier, Alaska.



Distant Tsunami from Alaska

Elapsed
Time:

04 hr
00 min

UTC:

1964
28 Mar : 1
07:36 7 T 3 = Tsunami
Warning

Taunami Canter

Wave

Amplitude
[+ meters)
=

1.00

0.75

0.50

0,25

- 0.10

0.05

o0

/' OUTSIDE HAZARD AREA Generally smaller waves thaq from a
local earthquake and tsunami.
ﬁ LOCAL CASCADIA EARTHQUAKE
AND TSUNAMI
v ' 'Nearest source is

DISTANT TSUNAMI

4 hours away in Alaska




Distant Tsunami from Alaska, 1964
Damage in Cannon Beach

foundation of house .
shown above

[
L




Distant Tsunami from Alaska, 1964
Damage in Seaside

Five lives were lost in Oregon,
and 11 in northern California.

LOCAL CASCADIA EARTHQUAKE
AND TSUNAMI




What to Do: Distant Tsunamis

You'll have at least
four hours to
respond, and
could be notified
by one or more of
these methods...

2\ Citizen Alert
Notification Sign Up b

Q jud

, - Weather Radio
n‘:*‘_- e

MDA Rariensl el e Sarvice
]




L ocal Tsunamis

caused by an earthqguake near Oregon’s coast
- You will feel shaking: the Big One!

- Drop, cover, and hold on until
shaking stops. Protect yourself.

- Waves are larger than from a
distant tsunami.

- First wave arrives 15-20 minutes
after earthquake. But first wave is
not always the biggest!

- Don’t wait for an official warning.
Evacuate immediately!

- Evacuate on foot (bridges fall,
roads blocked, traffic jams).

R . .- Don't delay. Have a “grab and go”
OUTSIDE HAZARD AREA bag of emergency supplies.

- Tsunami sirens not likely to work.

. Stay on high ground for 12-24
C( 5, DISTANT TSUNAMI : .
‘_ hours until waves are finished!




What to Do: Local Tsunamis

DROP! COVER! HOLD ON!

Protect Yourself During Earthquakes

GO TO HIGH GROUND!

The Shaking is Your Tsunami Warning

STAY THERE!

Tsunami Waves May Arrive for Hours




In review...
Know Where to Go! (or not)

In a tsunami... In a tsunami...
First wave arrives 4 hours or more

« First wave arrives 15-20 minutes

after earthquake after earthquake in Alaska or
_ elsewhere on Pacific Rim.
- Evacuate on foot. Why? Bridges
_ . If already
fail, roads blocked, traffic jams.
stay there.

- Have a “grab and go” bag ready. Time for an official warning

- If your area has sirens, you might
hear 3-minute siren blast. If not,
sudden sea level change is last-ditch

ASSEMBL\'Q AREA Warning.

AREA REUNION

QUTSIDE HAZARD AREA: Evacuate to this
area for all tsunami warnings or if you feel an
earthquake.

LOCAL CASCADIA EARTHQUAKE AND
TSUNAMI: Evacuation zone for a local tsu-
nami from an earthquake at the Oregon coast.

)

DISTANT TSUNAMI: Evacuation zone for a
distant tsunami from an earthquake far away
from the Oregon coast.




Lessons from Japan’s
Local Tsunami, March 2011



Subduction Zones — Japan vs. Oregon

Subduction zone offshore Japan

OKHOTS5K PACIFIC
PLATE PLATE

Subduction zone offshore Oregon
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{left) Green zone is the exact footprint of the Tohoku rupture zone. (right) Green zone indicates a region
where earthquakes can occur in the Pacific Northwest.



ShakeMap Comparison

ShakeMap for March 11, 2011 Tohoku ShakeMap for Simulated M9
M9 Earthquake Cascadia Earthquake
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"Eﬁﬁ'ﬂ,"'g’ Not felt| Weak | Light |Moderate| Strong |Very strong|  Severe Violent | Extreme

W&L none none nong | Very light | Light Moderate |ModeratefHeavy| Heavy |Very Heavy
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Japan’s Local Tsunami
March 2011

How long did the earthquake shaking last?
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Japan’s Local Tsunami
Water Elevations in Japan

e L'-nv

Water Heights (meters)

tor

50 ft 100 ft

e First tsunami surges
arrived in 15 minutes
(Japan, 2011)



Japan’s Local Tsunami
Wave energy across the PaC|f|c Ocean

It was a local tsunami for Japan,
but a distant tsunami for Oregon. Make sense? ©



Japan’s Local Tsunami
Rivers and creeks are danger zones, too!
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Defenses Failed




Infrastructure Failed

Overturned and Underwater Central Pier

- Tsunami wave height reached 39 feet

- Six spans of this bridge washed from
1,000 to 1,300 feet away

- Railroads no longer usable




Vertical Evacuation Failed

In this City: 31 of 80 designated
tsunami evacuation centers
destroyed

Figure 8. The approximate inundation zone in Minimisanriku Town. The
tsunami surges destroyed the town center and went up the narrow Hachiman
River (center) and the Sakura River (on left) and the Oretate River (on right).
Black arrow is 2 km long. (A) marks the location of the disaster management
building shown in Figure 10 and (B) shows the tsunami evacuation building in



Go to high ground!

Disaster Management HQ
30 officials went to the roof...11 survived
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Wood Buildings
Perform Well in Earthquakes,
But Poorly in Tsunamis

Wood Houses Destroyed By Water Depth & Velocity
= At 6.5 to 8 feet deep: 72% destroyed

= 65% of “destroyed buildings” were
simply washed away



Reinforced Concrete Buildings
Survive Better Than Wood




Tsunami water carries an enormous
amount of debris




Before Tsunami at Sendal

Arahama in Sendai




After Tsunami at Sendai




Lessons from Japan

- Prepare your evacuation plan and “go bag” now

- When the ground shakes hard for a long time,
evacuate immediately to high ground on foot

- Vertical evacuation is a “last resort” option

« Tsunami waves will arrive for several hours
First wave may not be the largest

- Wood buildings will not survive
Not all concrete or steel frame buildings will survive

- Help may not arrive for several to many days

You can survive if you prepare and take action!



- M9.0 Great Earthquake

Western Oregon will experience strong
to violent shaking lasting for 2 or more
minutes

This experience will be unmistakable

Bridges will fail; Expect to walk to high
ground

15 to 30 minutes later = start of
tsunami

Tsunami waves will continue for at
least 4 hours

What should you expect in Oregon?

ShakeMap for SIMULATED M9 Cascadia earthquake
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10,000 Year History of Earthguakes
In the Pacific Northwest



Locations of soil core samples taken off the
Oregon coast

Juan de Fuca Plate




e Offshore landslides that have been
generated from CSZ earthquakes produce
turbidites.

e These turbidites can be measured from
core samples like the one pictured here.

 The measuring of this mass, in addition
to other sand deposits left in onshore
estuaries, allow scientists to date and
measure historical CSZ events.

e These historical CSZ events are then
correlated between samples to create a
comprehensive history of cascadia
subduction zone events.

Offshore Landslides Record Earthquakes

A, T5-T1D

Rogue Charmel Cascada Charnai
i [T Py

A RIS ERNARIEES

C. T41-T20

Angus Cranne Juan de Fuza Chasnal




larger but
much less
frequent
tsunamis

smaller but
more frequent
tsunamis

(Modified from
Witter and athers,
2011; DOGAM!

Special Paper 43)

19 CSZ Events in Past 10,000 Years

Occurrence and Relative Size of Cascadia Subduction Zone

Megathrust Earthquakes

BOO0
7000
GO0
oo
000
1000
2000
1000
o
1000

Research-indicated radiocarbon age of CSZ event (most recent in January 1700)

1l - Average offshore landslide turbidite mass used as a proxy for earthquake size.

JO00

1500

1000

S00)

Average Offshore Landslide Turbidite Mass



Science Team Modeled Many
Tsunami Scenarios

Rob Chris
Witter Goldfinger

_. 5 Final Local CSZ
| 7= = . Scenarios
(S, M, L, XL, XXL)

Genfgé | “Keli Laura - - and -
. Priest = ' ’ - Stimely
= - = e 2 Distant Scenarios

(AK64 and AKMax)

Reference:

Simulating tsunami inundation at Bandon, Coos County, Oregon,
using hypothetical Cascadia and Alaska earthquake scenarios

Authors: Witter, R.C., Zhang, Y., Wang, K., Priest, G.R.,
Goldfinger, C., Stimely, L.L., English, J.T., and Ferro, P.A.

Oregon Department of Geology and Mineral Industries Special
Paper 43



DOGAMI Tsunami “T-Shirts”

Average Slip Maximum Slip Time to Earthquake

Earthquake Size  Range (ft) Range (ft) Accumulate Slip (yrs) Magnitude
XL DS9to72 116 to 144 1,200 ~9.1
XL b6 to 72 115 to 144 1,050t 1,200 ~9.1
- L 36to 49 72 to 98 650 to 800 ~9.0
B v 2330 46 t0 62 4250525 ~89
- 5 13to 16 30to 36 300 ~8.7

INUNDATION

PROPOGATION

GENERATION



Historical Event Size & Frequency
Relate to the 5 Scenarios

Occurrence and Relative Size of Cascadia Subduction Zone
Megathrust Earthquakes

XXL

larger but
much less
frequent
tsunamis

smaller but

more frequent
tsunamis

(Modled from Research-indicated radiocarbon age of CSZ event (most recent in January 1700)

Witter and ofhers,

Wm I - Average offshore landslide turbidite mass used as a proxy for landslide size.

Average Offshore Landslide Turbidite Mass



°jWhat the computer model looks like ©

L\

L, X; ¥ init_D_MHHW, post_D MHHW, Wet Dry, Elev_NGVDZZ3, Elev NAVDBE, Elev MHHW, flow _depth, max vel, u_comp, v_comp
1,-123.4124823,48.1177411,0.0000000e+00,0.7269597,1,0.9362,1.9842,-0.858E-01,0.6411%7,0.223E-01,-0.217E-01,0.507E-02
2,-123.3451%70,48.1170438,0.0000000e+00,0.620038,1,0.718,1.766,-0.304E+00,0.316038,0.171E-01,0.150E-01,-0.821E-02
3,-123.3876455,48.1850616,0.0000000e+00,0.624265,1,1.166,2.214,0.144E+00,0.768265,0.198E-01,-0.181E-01,0.820E-0D2
4,-123.491%613,468.260068155,5.6301000e+01,57.02c440,1,0.%673,2.0153,-0.547E-01,56.5971740,0.443E-01,-0.443E-01,0.1c7E-02
S5,-123.4260540,408.2530752,1.0826700e+02,108.8687654,1,1.375,2.423,0.353E+00,109.240654,0.202E-01,-0.200E-01,0.251E-D2
6,-123.4645425,48.32105%6%,5.2585000e+01,53.15%657%,1,0.5%,1.548,-0.122E+00,593.074575%,0.321E-01,-0.321E-01,-0.276E-03
J,-123.5422453,48.3078662,0.0000000e+00,0.763511,1,0.882,1.93,-0.140E+00,0.623511,0.637E-01,-0.637E-01,0.236E-02
B8,-123.4422246,408.1634134,8.5617200e+01,50.2355514,1,1.0747,2.1227,0.527E-01,590.408614,0.255%E-01,-0.250E-01,0.65cE-0D2
S,-123.4687333,46.2073812,5.3053400e+01,53.8351689,1,0.5%701,2.0161,-0.515%E-01,53.7683289,0.257E-01,-0.247E-01,0.691E-02
10,-122.47400%4,48.1252864,1.0000000e-04,0.8359128,1,0.5548,2.0028,-0.672E-01,0.771%28,0.283E-01,-0.272E-01,0.773E-0D2
11,-123.53366894,48.2181953,9.7700800e+01,98.565458,1,0.9382,1.9862,—-0.838E-01, 98.481658,0.538E-01,-0.537E-01,0.389%E-02
12,-123.5477731,48.2613762,1.03605108+02,104.443073,1,0.5366,1.5%846,-0.854E-01,104.357673,0.645E-01,-0.644E-01,0.388E-02
13,-123.5%997704,48.2762571,1.161%160e+02,117.12761%,1,1.0607,2.1087,0.387E-01,117.16631%,0.772E-01,-0.768E-01,0.781E-02
14,-123.6050%86,48.3135779%,1.0066500e+02,101.551608,1,1.1157,2.1637,0.937E-01,101.645308,0.802E-01,-0.750E-01,0.134E-01
15,-123.4804545,48.1525553,8.275e000e+01,83.5824594,1,0.5718,2.015%8,-0.502E-01,83.5322%4,0.2%7E-01,-0.288E-01,0.700E-0D2
le,-122.45036081,48.1747650,5.4158100e+01,54.5%81175%,1,0.5%c02,2.0082,-0.¢18E-01,54.5153759,0.2%2E-01,-0.287E-01,0.545E-02
17,-123.522649%,48.1840083,9.4302200e+01,95.185473,1,0.9438,1.59%18,-0.782E-01,%5.107273,0.407E-01,-0.405E-01,0.360E-02
18,-123.4984604,48.1342013,1.00000002-04,0.889827,1,0.9765,2.0245,-0.455E-01,0.844327,0.344E-01,0.331E-01,-0.924E-02
1%,-123.5541540,48.1830143,1.0203360e+02,102.554448,1,0.5483,1.%5%63,-0.737E-01,102.520748,0.53cE-01,-0.534E-01,0.532E-02
20,-122.5824c88,48.1%35587,1.10035%80e+02,111.081533,1,0.5557,2.0037,-0.663E-01,110.555633,0.650E-01,-0.646E-01,0.712E-02
21,-122.5847500,48.2318036,1.1638%80e+02,117.358557,1,0.5575,2.0055,-0.6453E-01,117.254457,0.713E-01,-0.711E-01,0.644E-0D2
22,-123.6349726,48.2421504,1.4080520e+02,141.88%640,1,0.5%658,2.0138,-0.562E-01,141.833440,0.838E-01,-0.835E-01,0.718E-02
23,-1232.6625985%¢6,48.2860035,1.325965010e+02,140.735451,1,0.5412,1.5%852,-0.808E-01,140.654651,0.878E-01,-0.874E-01,0.884E-02
24,-123.6638855,48.3275073,1.006e500e+02,101.6745988,1,0.537,1.585,-0.850E-01,101.5695%88,0.831E-01,-0.805E-01,0.204E-01
253,-122.5155600,48.15635%25,8.4513600e+01,85.414770,1,0.59705,2.0185,-0.5153E-01,85.363270,0.337E-01,0.334E-01,-0.455%E-02
26,-123.5475761,48.1622547,1.00530%0e+02,101.504770,1,0.5511,1.5551,-0.7053E-01,101.433870,0.425%E-01,-0.456E-01,0.232E-02
27,-1232.5229%115,48.1351161,1.0000000e-04,0.5935272,1,1.0873,2.1353,0.653E-01,1.004572,0.365E-01,0.35%E-01,-0.625E-02
28,-122.579%807,48.1667515,1.0448020e+02,105.535706,1,0.5421,1.9%501,-0.7%%E-01,105.455806,0.53%5E-01,-0.58%E-01,0.868E-02
29%,-123.6121547,48.1720770,1.1027770e+02,111.418%77,1,0.5%4,1.988,-0.820E-01,111.336%77,0.707E-01,-0.6%5%E-01,0.107E-01
30,-122.6227535,48.2004240,1.226295%0e+02,123.754661,1,0.5555,2.0075,-0.625E-01,123.6€52161,0.76B8E-01,-0.763E-01,0.856E-02
31,-122.6645%625,48.2077845,1.3718330e+02,138.433214,1,0.5551,2.0031,-0.66%E-01,138.366314,0.87cE-01,-0.873E-01,0.746E-0D2
32,-122.6821205,48.2470625,1.55%2825%0e+02,160.505%58,1,0.555,2.003,-0.670E-01,160.442558,0.594%E-01,-0.%48E-01,0.367E-02
33,-123.722%283,48.265%3001,1.7100520e+02,172.319753,1,0.5%222,1.%702,-0.9%8E-01,172.219%53,0.100E4+00,-0.100E+00,0.256E-02
34,-1232.7208599,48.3068316,1.4621140e+02,147.4335921,1,0.9032,1.551,-0.119E+00,147.3145%21,0.931E-01,-0.5%27E-01,0.822E-02
35,-1232.7180876,48.3507275,0.0000000e+00,1.115322,1,0.891,1.535,-0.131E+00,0.5984322,0.860E-01,-0.845E-01,0.160E-01
36,-123.5475817,48.14339%2,1.0066500e+02,101.665324,1,0.9766,2.0246,-0.454E-01,101.6159924,0.3%6E-01,-0.3%1E-01,0.642E-02
37,-123.5724745,48.1470402,1.0066500e+02,101.72%6%3,1,0.59472,1.95%52,-0.748E-01,101.65485%3,0.523E-01,-0.515E-01,0.897E-02
38,-1232.559732678,48.150675%6,1.0066500e+02,101.754258,1,0.542¢6,1.5%%1¢6,-0.784E-01,101.715858,0.651E-01,-0.641E-01,0.112E-01
3%,-123.6223558,48.15368234,1.0066e500e+02,101.873202,1,0.5424,1_5504,-0.7%cE-01,101.753c02,0.737E-01,-0.726E-01,0.124E-01



DOGAMI Turns Models to Maps

- Turn Model Output Into Inundation Maps
- 5 Local CSZ “Tsunami T-Shirt Scenarios”
- (S, M, L, XL, XXL)
- Occurs at High Tide

- Land Subsidence Taken Into Account

- Maps Include Other Relevant Information such
as Wave Time Series, Inundation Exposure, and
Wave Elevation Profiles

| Phstant-source Ghlazsa-Weuian biand
| Sutadurbo Foned suharny mundistion moap

4 - 2 Distant Alaska Scenarios
s . (Alaska 1964 (M9.2) & Alaska Max)

i distnt sece (omnge)

Combine the SCETHD from sl gy .

- Use XXL (worst local) and Alaska Max
(worst distant) for Evacuation Brochures




New Tsunami Maps



Two Kinds of New

Tsunami inundation maps (TIMSs)

- 87 publications for Oregon’s coast,
each with two maps (local and distant).

- Available for purchase via
www.OregonTsunami.org

eT————
et ey Aot Lo e -
prlsslrasyel ¥

sunami Maps

Tsunami evacuation brochures

- 42 maps for Oregon’s coast, covering
population centers. Free maps.

Do you live outside the map areas?
See Evacuation Zone Map Viewer at
www.OregonTsunami.org

Q& TSV EVACUATION AP s e——
WARRENTON, OREGON mmmmrne s e




- NEW! ”

. TSUNAMI EVACUATION MAP /=7
&%) Evacuation Maps

BANDON, OREGON

EVACUATION
ROUTE

WF YO FEEL AN EARTHQUAKE:

» Drop, cover, ard hold

+ Kowe immediately inkand to higher ground
= Dia ot Wit Tor an ofcial warning

S/ USTED SIENTE EL TEMBLOR: -

 Tirerse al suslo, clbrass, y sspers f’f

« Dirijase de inmediato a un kigar |

LOCAL CASCADIA EARTHOUAKE AND: MAREMGTO LOCAL (teremote de Cascadia):
THUMAMI; Evacuaion zone o a |ooal e Znr da SYASURCEEN (A un Hunami lesal da un
i from an sathiuake al e Cregon sl fembler cerca & la oosta S Gregon.

\ DISTANT zone fara Zonade
mas alo que el nivel del mar hesan! tsurami from an earthauake faraway  para un fsunami distarte de un femblor isos
+ Ma espere por un aviso oficial fram the Qragan coast. e I cerila da Oragon.

Show two scenarios:

- Worst-case local tsunami (XXL,
N

« Worst-case distant tsunami e
(Alaska maximum) in orange |-

~MAP SYMBOLS |
SIMBOLOS DEL MAPA

@ oo Municpsidad
S Bridga | Puseta

AND TSUNAMI

c Law erdancemeant | Policla

e Fira Dapartmant | Bomberos
< o Lighmauss ( Farn
Teunaml waming siren { Sirena
B @ o avso oa Isunami
| e Airpart ) Asroouerio

&= 35" Elevation, in fest

DISTANT TSUNAMI

SCALE | ESCALA




If you feel an earthquake,
a tsunami may be
coming...

WHAT TO DO

+ DROP, COVER, HOLD unol the
earthquies s over_protect poundd
* MOVE IFMMEDAT ELY INLAMND 0

high ground and away fom low bying
coastal areas.

LOW EVACUATION ROUTE SIGNS

I WAIT for an ofical waming

. 4 FOOT atall possible

* DONOT PACK or delay

* DONOT RETURSN o the beach —
large waves may continue (o come
enshone for sevenal hours

* WAIT for an“all cdear” from local
emergoncy oficak before resurning o
Iaw-ying areas

www.OregonTsunami.org

BE PREPARED!
:‘::r.:;l.::;;h with  lnaet a 3.day supply

B STIOMER A

medicatbn.
« Wt bt s fiRratkon o teatment sapsies
capable d providing 1 galon per parson par day,
= Mo peritha bl focadi rendhy 1o-cal meaks,

it ey

annediood babyfood, barsy

. Ml’ﬂﬂ::’ n-\::gl panar, Sarnc®
orother heat soure.

« Matchasin water -proof cont dna or |

« Shoker oty shephg bags bhnbuw

« Partalsle radss, NOAK weather racha. flasklght,
andenra batteries.

« Rain gear, st andy footwaar, @i chthing.

« Took snd wwppdies {peciet it oot off womes,
disct tapa, gloves, whitles platic bags
= Cmh,

Heow 1 bl it o e | swnn o mmrn s

i oo o ity

« stant a b buddy sytem

= mako an d distribut e emorgency packs

- Inthieor [ beal dnes: program
« Wit CvegonTumnami o1g te frg

‘more greaat resour cod

WHATTO KNOW about tsunamis

A tsunamiis a series of sea waves, usually caused by a displacement of the ocean floor by an
undersea earthquake. As tsunamis enter shallow water near land, they increase in height and can
cause great loss of life and property damage.

Recent research suggests that tsunamis have struck the Oregon coast on a regular basis. They can
occur any time, day or night. Typical wave heights from tsunamis occurring in the Pacific Ocean
over the last 500 years have been 20-65 feet at the shoreline. However, because of local conditions
a few waves may have been much higher — as much as 100 feet.

We distinguish between a tsunami caused by an undersea earthquake near the Oregon coast (a
local tsunami) and an undersea earthquake far away from the coast (a distant tsunami).

‘ WHAT TO DO for both local
, and distant tsunamis

/ I. Evacuate on foot, if at all possible.

Climb to
Assembly
Area

EVACUATION
ROUTE

Follow evacuation signs and arrows
to an Assembly Area.*

2. If you need help evacuating, tie something
white (sheet or towel) to the front door knob. Make it large
enough to be visible from the street. If the emergency is a
distant tsunami, then help may arrive. In the event of a local
tsunami, it is unlikely that anyone will help you, so make a plan
and be prepared!

3. Stay away from potentially hazardous areas until you receive
an ALL CLEAR from local officals. Tsunamis often follow river
channels, and dangerous waves can persist for several hours.
Local officials must inspect all flooded or earthquake-damaged
structures before anyone can go back into them.

Local tsunamis

A local tsunami can come onshore
within 15 to 20 minutes after the
earthquake — before there is time

for an official warning from the - - = o
national warning system. Ground 4. After evacuation, check with local emergency officials if

shaking from the earthquake may you think you have special skills and can help, or if you

be the only warning you have. need assistance locating lost family members.
Look for these hazard zone signs Evacuate quickly!
d;::,be Ir::a:?y tco lﬁ”f ::e;]rea b{ ' *Assembly areas @ are shown on the map. Do not confuse Assembly Areas with
PRSRCEI Hgn/ Evacuation Centers, which are short-term help centers set up after a disaster occurs,
y Distant tsunamis

A distant tsunami will take 4 hours or more to come ashore. You will feel no earthquake, and the tsunami will generally
be smaller than that from a local earthquake. Typically, there is time for an official warning and evacuation to safety.

Evacuation for a distant tsunami will generally be indicated by a 3-minute siren blast (if your area has sirens) and

an announcement over NOAA weather radio that the local area has been put into an official TSUNAMI WARNING.

In isolated areas along beaches and bays you may not hear a warning siren. Here, a sudden change of sea level should
prompt you to move immediately to high ground. If you hear the 3-minute blast or see a sudden sea level change, first
\ evacuate away from shoreline areas, then turn on your local broadcast media or NOAA weather radio for more information.



Community Determines Evacuation Elements

MAP SYMBOLS /
SiMBOLOS DEL MAPA
7 Evacuation route / Ruta de\ ~
evacuacion \

\

Assembly area / Area reuni-:‘:-n,
o — -

Hospital / Fospital

School / Escuela

City Hall f Municipalidad

Bridge / Puente

Law enforcement / Policia

Fire Department / Bomberos

Tsunami warning siren / Sirena
de aviso de tsunami

Airport / Aeropuerto

co00)(ecED !

'LOCAL TSUNAMI
VACUATION
'\ ZONE

+
¥
o

Elevation, in feet

ASSEMBLY AREA
AREA REUNION

IF YOU FEEL AN EARTHQUAKE:

OUTSIDE HAZARD AREA: Evacuate to this ZONA DE PELIGRO EXTERIOR: Evacue a esta
* Drop, cover, and hold
» Move immediately inland to higher ground

area for all tsunami wamings or if you feel an  area para todas las advertencias del maremoto

earthquake. 0 si usted siente un temblor.
* Do not wait for an official warning

LOCAL CASCADIA EARTHQUAKE AND MAREMOTO LOCAL (terremoto de Cascadia):
SI USTED SIENTE EL TEMBLOR: TSUNAMI: Evacuation zone for a local tsu- Zona de evacuacion para un tsunami local de un

» Tirese al suelo, cabrase, y espere

* Dirijase de inmediato a un lugar
mas alto que el nivel del mar

» No espere por un aviso oficial

nami from an earthquake at the Oregon coast.  temblor cerca de la costa de Oregon.

DISTANT TSUNAMI: Evacuation zone for a MAREMOTO DISTANTE: Zona de evacuacion
distant tsunami from an earthquake far away  para un tsunami distante de un temblor lejos
from the Oregon coast. de la costa de Oregon.




www.OregonTsunami.org
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Oregon Tsunami learinghouse

Home | Coastal Residents | Visitors | Kids & Teachers | Community Planners | Scientists

Frontpage Evacuation Zone Map Viewer Evacuation Brochures Regulatory Maps Resource Library Calendar

Is your family prepared for disaster?

TsunamiReady, .

Tsunami Evacuation Zone

Map Viewer

Search by address or coastal area.

wrah man | iPhoma anm | Andrndd anm

TsunamiPrepared News
> e P DOGAMI = RO ‘ Tsunami news around the
— Events - web
T
1% ,.; ;ﬁ Calendar :
T = Fishing float rides 2 tsunamis --

|1' t
* a8
WAL

» 05/ 06,13 - TIM series
inundation maps complete for

NECNews.com (blog)
Geologists are still puzzling

=N Douglas Fﬂ“ﬂt}’ . over the unusual Haida Gwaii
0 A » upcoming: Tsunami earthquake, which surprised
& Readiness Rallies: scientists because of its
- May 7- Lincoln City unexpected style.

Tsunami Evacuation

Brochures
For coastal communities,

May o-Waldport

May 11-Newport

May 14-Florence

May 21-Lakeside/Hauser
» 05/01/12 - Evacuation

Understanding what caused the
quake will help them forecast
the region's earthquake and
tsunami hazards. Two tectonic



Evacuation Zone Map Viewer
www.OregonTsunami.org
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App for Smartphones
For IPhone and Android. Free!

2:19 PM ) » Bl il Verizon 3G 2:20 PM

LOCAL CASCADIA
EARTHQUAKE AND TSUNAMI

Evacuation zone for a local tsunami from

™ an earthquake at the coast

Seas'deif Local subduction zone earthquakes and

tsunamis occur without warning at any time

of the day. The odds of you and your loved

101 ones all being home when the earthquake

' strikes is slim. It is important that you and
your loved ones know what to do, and what
not to do. It is important to plan in advance.

Make a tamily emer

What to do: The proper instruction is for
everyone to individually survive the
earthquake by ducking under something

sturdy, covering your head from debris, and

hnldinAa nan nntil tha ehakinn etnne \WWhan tha
i {




And now for the good news:
You can survive if you prepare and take action.

How You Can Prepare



sunami Outreach Oregon

- To assist coastal communities in creating
a local culture of preparedness and response
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Mapping and modeling

TsunamiReady™ communities

Grass-roots outreach and education




Tsunami Readiness Rallies

Helped to Spread the Word
13

Technical Mane
Tsunami| P
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Tsunami Readiness Rallies
for Clatsop County




How You Can Prepare
At Home
Free booklet available from

P oregon.g m m n in dmagazine_final.pdf
/earthquake/shakygroun .

http: on.gov/omd/oem/plans_trai h

Ott B//V(\:,\;vl\lli\:’.lgrOregon Emergency Management at (503) 378-2911 extension 22237

roy

T H E s E v E N i Te:rnfftlli!pagnndplltitnnyqur

refrigerator, bulletin board or other prominent
FOR EARTH QUAKE & place. Make copies for other family members,

OREGON Before an earthquake of tsunami - PREPARE During the earthquake - PROTECT
MIS LN
EARTHQUAKES AND SUNE 1 Identify hazards (pg 14) 5 Protectyoursels during an earthquake (pg 2q)
HOW TO SURVIVE * 18enttty torns hat miay ol togpia, or siide « DROP #0 the floar
+ Securs Polentialty hazardous and valuable items * TAKE COVER under asturdy table or degir
. Dmrmmm(youlm, WOk, or play ina tsunamj » HOLD ON until the shaking stops
) ’ hazard zome

2 Create a disaster preparedness blan (pg 16)  After the earthquake - recOvER
* Practice “Drop, Cover, and Hold on” drifls

+ Collect critical suppiioe 6 Evacuate if necessary, check for injuries
! Shoose a mesting place and an out-of-area contact and damage (pg 21)
* Recogrize the ratural and official warnings of * Ifyouareina tsunami hazard 2omg, immediately
tsunami ang knew how to responyd WALK to higher ground or intand away from coast
* Check for infuries and damage
3 Prepare survival kits {Pg 17}
* Create kits for home, work, ang car 7 Follow your plan (pg22)
+ Ba prapared io e isolated for at least a woelk * Ifyou evacuated coastal areas—stay away angil
officials permit Youtoreturn
4 ldentify weaknesses (pg 18) * Ba In comumunication —tise your radio for inge
+ Identify wealmassay in your buflding ane fixthem = Expect aftershocks— some Inay belarge ehough
K: S |'_] . by J * Contact your lacal government and find out what todo additional damage

L {sunami plans are in youy community
case OF E fKLAND DAMAGE IN DOWNTOWN KLAMAT
W i GRO FALLS EROMA MACNITUDE S o
L‘H u EARTHOUAKE IV 1993

0 Hi

IMPQRTANT INFORMATION
Out-of-Area Contact Name

Email

Neighborhood Meeting Place__

Rlpona'Mush»g Place
Doctor/Office ___

Medical tnsurance _ e Palicy No.

Pharmacist __
BaMo

Home/Rental Insurange_

~—~— Account No.
Ry Na.,__‘,__k,__,ﬁ__,a,‘ No.
——— Policy No. __

THE
LINAM DAMAGE [N SEASIDE FROM
3&; GREAT ALASKAN EARTHQUAKE

Veterinarisn/Kennel ————— Account No.

WEB RESOURCES FOR. Oregon Emergancy Management US Geologizal Survey Earthquake Preparednass
FURTHER INFORMATION www_oregan.ge J |.rthu|h.u_ss:.;wlhlmin‘fpnpnru‘lrm
Qtegon Department of Geology NOAA Tsunami Preparedness
and Mineral induseries tsunami-ncan gou/prepare. html

w0 regonGeslogy.org Ve Canst and Alasks Trunami Wasning Camter
vrww.OﬂcunT:umm--arl Weatwe.arh.noaa.goy




Three things to keep next to your bed:
1. Headlamp (so you can see when
electricity goes out and it's
nighttime)
Gloves (so you can pick up broken
glass and other sharp objects in
your way)
Boots or shoes (so you can walk
safely over all the sharp, broken
detf; without cutting your feet)

. ':_;-_‘g; Darth Vader headlamp.
« Cool! i

‘xk I ‘; ﬁ




Assemble emergency kits with at least a 3-day supply
for each family member:

Local map showing safe evacuation routes to high ground

- First-aid supplies, prescriptions and non-prescription

medication

Water bottle and filtration or treatment supplies
capable of providing 1 gallon per person per day
Non-perishable food (ready-to-eat meals,
canned food, baby food, energy bars)

- Cooking and eating utensils, can opener, Sterno®

or other heat source

- Matches in water-proof container or lighter
- Shelter (tent), sleeping bags, blankets

Portable radio, NOAA weather radio, flashlight,
and extra batteries
Rain gear, sturdy footwear, extra clothing

- Personal hygiene items (toilet paper, soap, toothbrush)
- Tools and supplies (pocket knife, shut-off wrench,

duct tape, gloves, whistles, plastic bags)

« Cash



How You Can Prepare
At Home

Action Plans :
I a : A
P ' e Sunam)
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How You Can Prepare
Your Neighborhood

Neighborhood & I ! Remember...
: " . mmedia
Map : Disaster 4 X & e disasters, follow the 9
Readiness LW ERLER Steps described in this

Your S IBIZE booklet.
Neighborhood | |

¥ An easy 9-step‘)rogram 1(0) gé’t.:you_rs"'e'lf and your neighbors
prepared for disaster. _ ‘i‘ .

8 More info at http://www.preporegon.org/MYN_overview



How You Can Prepare
Join your local CERT group!

r' B

COMMUNITY EMERGENCY
RESPONSE TEAM

- Educates people about disaster preparedness for hazards

- Training in basic disaster response skills, such as fire safety,
light search and rescue, team organization, and disaster
medical operations.

- CERT members can assist others in their neighborhood or
workplace following an event when professional responders
are not immediately available to help.



How You Can Help

- Prepare at home, work, and school
- Talk to your friends, family, and neighbors

- Do the Map Your Neighborhood exercise with your
Immediate neighbors

- Get emergency notifications via phone, cell, emaill, text,
etc. Sign up at your county government’s website via

emergency management department

Thank you!



Shake
Out.

Join Us

P e for the Largest
916‘ Earthquake Dill
October 17,10:17 am. t| in Oregon History.

Register at / www.ShakeOut.org/or




More Information

www.OregonTsunami.org
Oregon Dept. of Geology and Mineral Industries (DOGAMI)
(971) 673-1543

Or from your local fire station or city hall



