Building Resilience to Oregon’'s Next Great
Cascadia Subduction Earthquake

Why is Cascadia our biggest threat?

How do Cascadia earthquakes compare to the 2011
Tohoku earthquake?

What controls earthquake vulnerability and risk?
How vulnerable is Oregon?

What are the likely consequences of a Cascadia
earthquake in Oregon?

How do we decrease our vulnerability and increase our
resilience?
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Although there are many faults that threaten Oregon with future earthquakes,
The Cascadia Subduction zone is by far
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Hidden behind all the images of dramatic damage was a success story, the
remarkably quick restoration of services outside the tsunami zone. Years of good
seismic design and construction paid off.
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Power outside of the tsunami zone was almost fully restored in one week: well
prepared infrastructure makes the Japanese system very resilient.
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Effect of Magnitude and location: Size matters, distance matters
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How likely is our next great subduction earthquake?
The last 10,000 years of the geologic record includes:
» 19 certain great (~M g) earthquakes
* 12 certain not-so-great (M 8.5-8.8) earthquakes
* 10 likely even-less-great (butstill over M 8) earthquakes
The odds ofan M g event in the next 50 years is 7-12% (about the same
probability that a 30 year old American male will die in the next 30 years)
Average time between M g earthquakes is about 530 years, but can be as little as 100

or'as great as 1000
300 years since the last event, we are not overdue!

CASCADIA EARTHQUAKE TIME LINE
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KNOWN CASCADIA EARTHQUAKES ALONG THE CASCADIA SUBDUCTION ZONE IN NORTHERN CALIFORNIA, OREGON, AND WASHINGTON YOU ARE
HERE!

| 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 California, 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 State University; time line by lan P. Madin, DOGAMI.
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Site amplification due to soft soil will increase damage at many locations
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- Oregon Resilience Plan Earthquake Scenario
3 Simulated Cascadia M 9 Earthquake and Tsunami
- Damage Potential

A

Ml/Damage Potential

None: Felt indoors by many, outdoors by few, some awakened at night, Dishes,
windows, doors, rattle and move, stationary cars rock

Very Light: felt outdoors, sleepers wakened; liquids disturbed or spilled; small
unstable objects upset; doors swing, pictures move.

Light: felt by all; windows crack; dishes, glassware, books fall off s helves;
pictures fall off walls; furniture moved; weak plaster, adobe buildings and poorly
built mas onry cracked.

Moderate: difficult to stand or walk; furniture broken; damage to poorly built
masonry buildings; weak chimneys break; plaster, loose bricks, cornices,
unbraced parapets and porches fall; some cracks in better masonry buildings.

Moderate/Heavy: steering of cars affected; extensive damage to unreinforced masonry
buildings, including partial collapse; fall of some masonry walls; twisting and falling of
chimneys and monuments; unsecured wood frame houses move on foundation.

Heavy: general panic; serious damage to collapse in old masonry buildings; wood

frame structures rack and shift off foundations if unsecured; underground pipes broken.

Very Heavy: poorly built structures destroyed with their foundations; bridges and
well-built wooden structures heavily damaged and in need of replacement.
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A magnitude g earthquake will cause landslides on sloping terrain over much of the §
western half of the state, many will be severe, particularly in the Coast Range .

Oregon Resilience Plan Earthquake Scenario
M 9 Cascadia Simulation
Permanent Ground Deformation (PGD) due to landslide

PGD Class

None

Low

Medium

High
Very High
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Landslide Inventory Map of the North Fork Siuslaw Watershod
Lane County, Oregon
mnz

If the models show high landslide
susceptibility during Cascadia
earthquakes and there have been
over 40 in the last 10,000 years,
shouldn’t the Coast Range be full of
old landslides?

It is! The North Fork Siuslaw
watershed contains 1,316 mapped
landslides, covering 22% of the

basin.
Map by Bill Burns, DOGAMI
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In the Little North Santiam, landslides occupy 37% of the lower basin and 4% of the
upper basin. 91% of the suspended sediment came from the lower half of the basin,
and 28% came from a single 23 acre landslide that covers only .0004% of the basin.
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A magnitude g earthquake will cause liquefaction of susceptible soil over much of
the western half of the state, it will be particularly severe along the Coast.
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Oregon Resilience Plan Earthquake Scenario
M 9 Cascadia Simulation
Permanent Ground Deformation (PGD) due to Liquefaction Lateral Spreading
PGD Class
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Oregon has many highlyvulnerable critical buildingsand schools. Buildings designed before 1974 did 4
not consider earthquakes in their design. Subduction zone earthquakes have only been considered in
design since 1993.Even today, the building code earthquake design goal is to protect the lives of the
building occupants, not to ensure that the building will be useable after the earthquake.
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In Portland earthquakes were not considered in building design before 1956, and
subduction earthquakes were not considered before 1993, leaving large numbers of
potentiallyvulnerable buildings.

Legend

Commercial, Industrial and Multi-Family Residential
YEARBUILT
B 1ssc - 1956

1957 - 1993

B 1984 - 2012

48% (out of 21,041 total) of the commercial and industrial buildings
in Multnomah County are pre-1956, 45% were built between 1956
and 1893, and 7% were built since 1993,

Pata-from-METRO2ou-taxlot-database.
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The majority of residences in Portland were built before codes required that houses be bolted to
their foundation, leaving large numbers potentially vulnerable to damage that would make them ¥

uninhabitable.

Legend

Single Family Residential

YEARBUILT
. 1846-1980

P 1981-2012

11,620 out of 146, 828 residences (8%) in Multnomah County were built after 1880

Data from METRO 20mu taxlot database
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M9 Cascadia Earthquake

Estimated Debris
thousands of tons

less than 50
B 50 to 250

250 to 500

500 to 1,000

B 1,000 to 1,500

Damage models show that

~ 110,000 buildings will be
extensively or completely
damaged, most will be torn
down. This will contribute to
the nearly ten million tons of
debris in an Mg is estimated to
generate.
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—

Oregon Highway Bridges:
Year Built
® 1905 - 1958 No seismic design provisions
0 1959 - 1995 Sesimic design without Cascadia
1996 - 2013 Seismic design for Cascadia




Lifeline Vulnerability: 1238 out of
located on mapped landslides
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528 inventoried transmission towers in Oregon are
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Damage in the tsunami zone will be nearly complete. The M g tsunami zone in
Oregon contains 1900 businesses and 10,500 housing units occupied by 22,000
residents.

1e




Co-seismic subsidence will accompany the next Cascadia earthquake,
instantlyand permanently changing local sea level
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The Oregon Resilience Plan
Executive Summary

Reducing Risk and Improving Recovery
for the Next Cascadia Earthquake and Tsunami

Report to the 77" Legisiative Assembdly
from Oragon Seismic Safety
Policy Advisary Commission {OSSPAC)

Salem, Oregon
Febrsary 2013
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2013 Oregon Resilience Plan
Prepared by OSSPAC at request of Legislature

+18 month effort by ~200 volunteers

* Evaluated likely performance of systems
needed to sustain commerce

*Identified desired post earthquake
performance goals

*(ap analysis and recommendations to close
the gap


http://www.oregon.gov/OMD/OEM/osspac/docs/Oregon_Resilience_Plan_Final.pdf
http://www.oregon.gov/OMD/OEM/osspac/docs/Oregon_Resilience_Plan_Final.pdf

Cascadia Scenario Impact Zones

Cascadia_Subduction Zone
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Resilience Plan defines Cascadia M g Scenario impact zones

*Damage in the Tsunami zone will be extreme

*Damage in the Coastal zone will be heavy

*Damage in the Valley zone will be moderate, but affect most of Oregon’s population
*Damage in the Easternzonewill be light
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Oregon Resilience Plan evaluates the gap between expected and desired seismic performance:
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Businesses will start to leave after one month without
services, and the gap analysis shows that most services will
take much longer to restore.

Critical Service “ Estimated Time to Restore Service

Top-priority highways (partial Valley 6 to 12 months
restoration)
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Oregon Resilience Plan

Some Plan recommendations include:

Assess

Inventory public and private buildings and lifeline systems and evaluate their seismic
vulnerability. Improve earthquake damage and loss estimates

Upgrade

Seismically retrofit or replace public buildings, transportation systems, lifelines, privately
owned dangerous buildings.

Educate

Teach Oregonians about Cascadia earthquake threats, tsunamievacuation and the need for
two-week self-sufficiency Train additional post earthquake damage inspectors

Lead

Establish State Resilience office, building seismic safety rating system, improve seismic design
review.

Engage

Develop community preparedness rating to inform residents, build business partnerships
with Emergency Operations Centers,

Plan

Plan for business continuity, forshelterand transport for resident and tourist populations, for
effective tsunami evacuation, for relocating critical facilities out of tsunami zone and
rebuilding of coastal economies

lan Madin, DOGAMI EQC briefing 12/10/2015






Institutional Preparedness
Address structural hazards at your facilities $$$
Address non-structural hazards at your facilities $$
Plan for post-earthquake continuity $

Engage Customers and vendors $

Engage state and local government $

Engage trade and professional associations $

Support your staft! $
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Personal Preparedness

Make a family disaster plan

Prepare for 2 weeks of self sufficiency

Secure your home; water heater, chimney, foundation
bolts.

Engage your neighbors

Engage state and local politicians

Know your tsunami evacuation route

Red Cross, Oregon Emergency Management, FEMA are

o00d resources
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Short Term Environmental Impacts

Fires following earthquake
Spilled materials

Dust

Limited Response Capacity

Long Term

Tsunami debris: wide range of materials distributed onshore, in estuaries,
nearshore

Inland Debris: volume, sorting/recycling, transportation, hazardous
materials

Sewage: long restoration times for urban systems, large population sheltered
in place or in shelters/camps

Interdependency: long times to regain monitoring, inspection and
remediation capacity

Sediment: long term input of sediment from co-seismic landslides.
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Questions?
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