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Earthquake Setting Earthquake Setting 
-- When, where, how big?When, where, how big?
-- Pacific Northwest’s Cascadia Subduction Zone FaultPacific Northwest’s Cascadia Subduction Zone Fault
-- Crustal faultsCrustal faults

Damaging EarthquakesDamaging Earthquakes
Earthquake HazardsEarthquake HazardsEarthquake HazardsEarthquake Hazards

--Rupture, Shaking, Liquefaction, Landslides, TsunamisRupture, Shaking, Liquefaction, Landslides, Tsunamis

PREPARE for resiliencyPREPARE for resiliencyPREPARE for resiliency PREPARE for resiliency 



Plate Tectonics MapPlate Tectonics MapP ate Tecto cs apP ate Tecto cs ap

Earthquakes are concentrated at plate boundariesEarthquakes are concentrated at plate boundaries



Evidence of 
> 20 Cascadia> 20 Cascadia  
earthquakes

Last Cascadia quake 
on Jan 26, 1700on Jan 26, 1700
about Magnitude 9



SEISMICITYSEISMICITYSEISMICITYSEISMICITY
Green = No Amer plateGreen = No Amer plateGreen = No. Amer. plateGreen = No. Amer. plate
Red = Juan de Fuca platRed = Juan de Fuca plateSeattleSeattle

Urban Corridor Urban Corridor 
lies in alies in aPortlandPortland lies in a lies in a 
seismically seismically 

i fi f

PortlandPortland

active foreactive fore--arcarc
basinbasin

Courtesy: RBlakely





Rupture Plane under Coast RangeRupture Plane under Coast Range

Source: B. Atwater



Not “if,” But… Not “if,” But… ,,
When, where, how big?When, where, how big?

Can’t predict when (yet…)Can’t predict when (yet…)Can t predict when (yet…)Can t predict when (yet…)
Certain regions are prone to quakesCertain regions are prone to quakes
Subduction zones produce megaSubduction zones produce mega--quakesquakes
More future megaquakes in Pacific NorthwestMore future megaquakes in Pacific NorthwestMore future megaquakes in Pacific NorthwestMore future megaquakes in Pacific Northwest
OutcomeOutcome----Catastrophic disaster or resiliency? Catastrophic disaster or resiliency? 



198819881988198819881988
Known Known 
19881988
Known Known 
Active Active 

F lt iF lt i
Active Active 

F lt iF lt iFaults in Faults in 
WashingtonWashington

Faults in Faults in 
WashingtonWashingtonWashington Washington 

& Oregon& Oregon
Washington Washington 

& Oregon& Oregon

Noson et al., 1988,



2004 2004 
Active Faults Active Faults 

in W. in W. 
W hi tW hi tWashingtonWashington

& N Oregon& N Oregon& N. Oregon& N. Oregon



Cascadia & local faultsCascadia & local faultsCascadia & local faultsCascadia & local faults

Portland Hills Fault



1976 PGA 1976 PGA -- 10% P.E. in 50 yrs10% P.E. in 50 yrsyy
((Algermissen & Perkins)Algermissen & Perkins)

%g%g



1994 UBC Zone Map1994 UBC Zone Map1994 UBC Zone Map1994 UBC Zone Map

ZoneZone





2008 USGS ground shaking map2008 USGS ground shaking map2008 USGS ground shaking map2008 USGS ground shaking map



Earthquakes Damage & LossesEarthquakes Damage & LossesEarthquakes Damage & LossesEarthquakes Damage & Losses
1994 Northridge, CA (M6.7) 60 killed & >$40 
billion lossesbillion losses

1995 Kobe, Japan (M6.9) >5,500 killed & $200 
billion losses

1999 Chi-chi Taiwan (M7 6) 24 000 killed & $151999 Chi chi, Taiwan (M7.6) 24,000 killed & $15 
billion losses

2001 Gujarat, India, 20,023 killed

2003 Bam Iran 26 200 killed2003 Bam, Iran, 26,200 killed

2005 Pakistan/India, >80,000 killed

2008 China (M7.9), >70,000 & counting



May 12 2008 China QuakeMay 12 2008 China QuakeMay 12, 2008 China QuakeMay 12, 2008 China Quake

Sichuan 7,000 dams, 70% built 1950s Sichuan 7,000 dams, 70% built 1950s -- 60s 60s 
5/13 5pm inspections: safety problems at:5/13 5pm inspections: safety problems at:

391 reservoirs (2 big, 28 medium, 361 small)391 reservoirs (2 big, 28 medium, 361 small)( g, , )( g, , )
4 provinces4 provinces

D f d i & d &D f d i & d &Damage: foundations & dam structures, & Damage: foundations & dam structures, & 
bearing capacity lossbearing capacity loss
21 earthquake21 earthquake--triggered landslide dams (“barrier triggered landslide dams (“barrier 
lakes”)lakes”)

http://www.probeinternational.orghttp://www.probeinternational.org

lakes )lakes )



PrePre & Post quake satellite image& Post quake satellite imagePrePre-- & Post quake satellite image& Post quake satellite image

http://news.bbc.co.uk/2/hi/asiahttp://news.bbc.co.uk/2/hi/asia--pacific/7404614.stmpacific/7404614.stm



If the dam system had failed, Dujiangyan "would be swamped"If the dam system had failed, Dujiangyan "would be swamped"y j gy py j gy p
China China Ministry of Water Resources. Photo: Guang Niu/Getty ImagesMinistry of Water Resources. Photo: Guang Niu/Getty Images



Subduction Zone Earthquakes:  Subduction Zone Earthquakes:  qq
biggest & tsunamisbiggest & tsunamis

1939 Chile M 7.8 28,000 killed
1960 Chile M 9.5 >2,000 killed,
1964 Alaska M 9.2 15 killed
1970 Peru M 7 8 >70 000 killed1970 Peru M 7.8 >70,000 killed
1985 Mexico M 7.9 9,500 killed
2004 Sumatra M 9 1 230 000 killed2004 Sumatra M 9.1 230,000 killed



What Happened in Sumatra?What Happened in Sumatra?
Magnitude 9 1 Subduction EarthquakeMagnitude 9 1 Subduction EarthquakeMagnitude 9.1 Subduction Earthquake Magnitude 9.1 Subduction Earthquake 
Shaking Felt Across the Indian Ocean Shaking Felt Across the Indian Ocean gg



Tsunami Run Up Heights in Sumatra (100 ft)Tsunami Run Up Heights in Sumatra (100 ft)p g ( )p g ( )

Source: USGS



“Distant” Tsunami in Thailand“Distant” Tsunami in Thailand
(Photographer: unknown)(Photographer: unknown)

Krabi (kodak)Krabi (kodak)



Thailand’sThailand’sThailand sThailand s
“Distant” “Distant” 
TsunamiTsunami



Khao Lak: Blue Village PakarangKhao Lak: Blue Village PakarangKhao Lak: Blue Village PakarangKhao Lak: Blue Village Pakarang
before & afterbefore & after



United States & Indonesia   United States & Indonesia   
Ground Shaking Maps Ground Shaking Maps 

PGA 10 % probability of being 
d d i 50 ( k)

PGA 10 % probability of being 
d d i 50 ( k)exceeded in 50 yrs (on rock) exceeded in 50 yrs (on rock) 

(USGS, http://eqhazmaps.usgs.gov) (USGS, http://neic.usgs.gov/neis/world/indonesia/gshap.html)



Comparing Plate SettingsComparing Plate Settings
Cascadia Subduction Zone

Pacific Northwest US
Sumatra Earthquake:

Sunda Trench

Comparing Plate SettingsComparing Plate Settings
Pacific Northwest, US Sunda Trench

(USGS, http://earthquake.usgs.gov/eqinthenews/2004/usslav/)



Comparing Damage StatisticsComparing Damage StatisticsComparing Damage StatisticsComparing Damage Statistics
Sumatra EarthquakeSumatra Earthquake Cascadia “Model” QuakeCascadia “Model” Quake

Magnitude 9.1Magnitude 9.1 Magnitude 8.5Magnitude 8.5--99

Sumatra EarthquakeSumatra Earthquake Cascadia “Model” QuakeCascadia “Model” Quake

gg
Shaking for 10 minutesShaking for 10 minutes
Generated TsunamiGenerated Tsunami

Minutes of ShakingMinutes of Shaking
Generates TsunamiGenerates Tsunami
LLLong term recoveryLong term recovery

230,000 fatalities230,000 fatalities

Long term recoveryLong term recovery
Est. >5k fatalities (Oregon)Est. >5k fatalities (Oregon)
Est b ilding lossesEst b ilding lossesCost unknownCost unknown

Tsunami Hit 12 countriesTsunami Hit 12 countries
S h ki 125 iS h ki 125 i

Est. building lossesEst. building losses
>$32 billion (in Oregon)>$32 billion (in Oregon)
Strong shaking in valleyStrong shaking in valleyStrong shaking >125 miStrong shaking >125 mi Strong shaking in valleyStrong shaking in valley



Geologic HazardsGeologic HazardsGeologic HazardsGeologic Hazards

Fault RuptureFault Rupture
Ground shakingGround shaking
Gro nd response (Soil amplification)Gro nd response (Soil amplification)Ground response (Soil amplification)Ground response (Soil amplification)
Liquefaction & lateral spreadingLiquefaction & lateral spreadingLiquefaction & lateral spreadingLiquefaction & lateral spreading
LandslidesLandslides
TsunamisTsunamis



Fault RuptureFault Rupturepp



Fault rupture damage to dam



New water fall and collapsed bridge sectionNew water fall and collapsed bridge section 
caused by about 7 m of fault rupture



Shaking Amplification (soft soils)Shaking Amplification (soft soils)Shaking Amplification (soft soils)Shaking Amplification (soft soils)



Soil LiquefactionSoil Liquefaction
Before

During Shaking
After

qq

Sand supports loads Fluid pressure rises Sand is compactedSand supports loads
through grain-to-grain
contacts

Fluid pressure rises
Grains float apart
Sand loses strength
& can flow downhill

Sand is compacted
Sand volcanoes on
surface

& can flow downhill
Water, sand ejected

Courtesy: ERoeloffs



Sand boils, Nisqually Wildlife Refuge.Sand boils, Nisqually Wildlife Refuge.
Photo:  Nisqually Earthquake Clearinghouse

Courtesy: ERoeloffs



Liquefaction at Waste water plantLiquefaction at Waste water plantLiquefaction at Waste water plantLiquefaction at Waste water plant



Water Main broke at river crossingWater Main broke at river crossingWater Main broke at river crossingWater Main broke at river crossing



Lateral Spreads at Sand mine by IncineratorLateral Spreads at Sand mine by Incinerator

Photo credit: A.Tang



Lateral spreading at Port Lateral spreading at Port p gp g



Coastal Highway landslidesCoastal Highway landslidesCoastal Highway landslidesCoastal Highway landslides



Bonneville Hydroelectric Facility on earthquake Bonneville Hydroelectric Facility on earthquake 
t i d l d lid ?t i d l d lid ?triggered landslide?triggered landslide?



LANDSLIDE TRIGGEREDLANDSLIDE TRIGGERED
BY EARTHQUAKE?



Hazard Maps: examplesHazard Maps: examplesp pp p

Liquefaction hazards inLiquefaction hazards in
Mid Willamette Valley



EEExposureExposure

YWang, 5/22/08, NW Hydrowww.oregongeology.com (DOGAMI)



Lower Willamette RiverLower Willamette RiverLower Willamette RiverLower Willamette River



Willamette River PortlandWillamette River PortlandWillamette River, PortlandWillamette River, Portland



1999 Turkey Mw 7.4 

Transformer
Bushing

Surge ArresterSurge Arrester

EERI
NO 

Anchorage

YWang, 5/22/08, NW Hydro

Slide: Leon Kempner, BPA, 11/05



http://mdn.mainichi-msn.co.jp/photospecials/graph/070716earthquake/



1999 Tai an M 7 3
Live Tank Circuit Breakers

1999 Taiwan Mw 7.3 Lightning Arresters
Ceramic Insulators
Gas Insulated Line Relays
Gas Circuit Switches
Rigid Bus Failures

EQE

YWang, 5/22/08, NW Hydro

EQESlide: Leon Kempner, BPA, 11/05



BATTERIESBATTERIESBATTERIESBATTERIESBATTERIESBATTERIESBATTERIESBATTERIES

Taiwan
Matsuda

Back up batteries at cell control houses?

YWang, 5/22/08, NW Hydro

Taiwan
Slide: Leon Kempner, BPA, 11/05



Earthquake Risk AssessmentEarthquake Risk AssessmentEarthquake Risk AssessmentEarthquake Risk Assessment



PREPAREPREPAREPREPAREPREPARE

System Seismic vulnerability assessmentSystem Seismic vulnerability assessment
InterdependenciesInterdependencies-- e.g., water systeme.g., water system-- drinking,drinking,InterdependenciesInterdependencies e.g., water systeme.g., water system drinking, drinking, 
fight fires, cooling telcom, waste water, etcfight fires, cooling telcom, waste water, etc
L i i i li d i i iL i i i li d i i iLong term, institutionalized mitigation programLong term, institutionalized mitigation program



QUESTIONS?QUESTIONS?
Hokusai no

QUESTIONS?QUESTIONS?



Columbia River Basin

www.fwee.org/basin.html



Ex ConsiderationsEx ConsiderationsEx. ConsiderationsEx. Considerations

Falling hazards, rockfalls, etcFalling hazards, rockfalls, etc

Bridal Veil I-84 off-ramp I-84 E. of  Hood River



Seismic risks considerationsSeismic risks considerationsSeismic risks considerationsSeismic risks considerations

Evaluate hazards impacting transportation systemEvaluate hazards impacting transportation system-- components, components, 
vulnerability, reliability, redundancy vulnerability, reliability, redundancy y, y, yy, y, y
Risk Assessments: direct losses, indirect losses &  functionalityRisk Assessments: direct losses, indirect losses &  functionality
Asset management, emergency routes, priority routes (e.g., to Asset management, emergency routes, priority routes (e.g., to 
hospitals) restoration planshospitals) restoration planshospitals), restoration planshospitals), restoration plans
CoCo--located lifelines (e.g., on bridges)located lifelines (e.g., on bridges)
Interdependencies (e.g., electricity for signage, movable bridges)Interdependencies (e.g., electricity for signage, movable bridges)d p d ( g , y g g , v b b dg )d p d ( g , y g g , v b b dg )
Prioritized MitigationPrioritized Mitigation
Post disaster response Post disaster response 



S R d tiS R d tiSome RecommendationsSome Recommendations

Strengthen schools & emergency facilitiesStrengthen schools & emergency facilities
Strengthen existing vulnerable communitiesStrengthen existing vulnerable communitiesStrengthen existing vulnerable communitiesStrengthen existing vulnerable communities
Mitigate critical lifelines, incl. transportationMitigate critical lifelines, incl. transportation
Build smarter to avoid disastersBuild smarter to avoid disasters
Build tsunami evacuation buildingsBuild tsunami evacuation buildingsBuild tsunami evacuation buildingsBuild tsunami evacuation buildings



Ex ConsiderationsEx ConsiderationsEx. ConsiderationsEx. Considerations
Bridges (incl movable bridgesBridges (incl movable bridges-- poor performers)poor performers)Bridges (incl. movable bridgesBridges (incl. movable bridges-- poor performers)poor performers)

Source: ODOT, Highway 35, 2006



USGS Poster of recent quakeUSGS Poster of recent quakeUSGS Poster of recent quakeUSGS Poster of recent quake



Seismic Belts Around IdahoSeismic Belts Around Idaho

Courtesy: ERoeloffs



Earthquake Intensity:Earthquake Intensity:
Perceived Shaking and DamagePerceived Shaking and DamagePerceived Shaking and DamagePerceived Shaking and Damage

1983 Borah Peak Earthquake1983 Borah Peak Earthquake
Magnitude 7.3Magnitude 7.3
Idaho’s largest historic Idaho’s largest historic 

th k ( f )th k ( f )earthquake (so far)earthquake (so far)

Courtesy: ERoeloffs



Movable bridgesMovable bridgesMovable bridgesMovable bridges
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